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Abstract. The objective of this study was to determine whether subjective measurement of 

slipperiness could be used as an subsidiary mean which made up for the demerit of indicators 

(roughness and coefficient of friction) of slipperiness. Two subjective rating methods for evaluating 

slipperiness—the Analytic Hierarchy Process (AHP) and the Friedman test—were used to measure 

perception of slipperiness on seven different floor surfaces contaminated with detergent 

solution(SLS). Twelve subjects wore the same footwear and walked on self-selected steps and 

cadence along the test floors. The safety criteria obtained with perceived slipperiness was similar 

with that of ANSI/NFSI B101.1. There was a higher correlation(r = 0.99) between the Friedman test 

and Ramp test parameter except for ground steel. There was also a high correlation(r = 0.92) 

between the Friedman and Rz parameter except for ground steel plate and profiled tile. The results 

showed that the perceived slipperiness could be used as indicator of slipperiness and supplement 

objective measurement of slipperiness. 

Introduction 

Falling accidents are the leading cause of industrial accidents in Korea. In 2006, 57.3% of all falling 

accidents at work in Korea were caused by slipping [1]. Slipping is also one of the most common 

causes of falling accidents [2]. Coefficient of friction (COF) has generally been used as a parameter 

for measuring slip resistance. Some researchers, however, have argued that slipperiness cannot be 

expressed in terms of friction directly. Until now, numerous comparative studies of friction 

measurement devices and methods have been published, examining the validity, repeatability, 

precision, and consistency [3,4]. However since many devices have its disadvantages which origin 

from operating principle, applied force, moving speed, etc. there have been controversies among the 

previous comparative studies. Although subjective measurements of slipperiness have been 

generally believed much less reliable than objective ones, they are directly relevant to human gait 

characteristics. The perceived slipperiness has been evaluated with different sensory organs and 

revealed that any differences were not founded among fingertip, palm, and foot in sensing 

slipperiness [5]. However, the reliability of the subjective measurement of slipperiness is still 

unclear in relation with actual slipping accidents. The objective of this study was to determine 

whether subjective measurement of slipperiness could be used as an subsidiary mean which made 

up for the demerit of indicators (roughness and coefficient of friction) of slipperiness. 

Methods 

Statistical and test method. Seven different floors were selected as independent variables and two 

perception ratings were selected as dependent variables in measurement of perceived slipperiness. 

For statistical analysis, the Analytic Hierarchy Process (AHP) and the Friedman test were used. 

AHP [6] was used for collecting subjective opinions of the subjects about perceived slipperiness. It 

enables a person to make a pair-wise comparison between surfaces to obtain a numerical ranking 

for each surface. The Friedman test shows an absolute rank of surfaces using mean rating scores [7]. 

Key Engineering Materials Vol. 627 (2015) pp 433-436
Online available since 2014/Sep/26 at www.scientific.net
© (2015) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/KEM.627.433

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 203.253.169.232-29/09/14,06:31:42)

http://www.scientific.net
http://www.ttp.net


The Friedman test was evaluated at a significance level of p = 0.01. The static coefficients of 

friction (SCOF) were measured using a BOT-3000 in line with ANSI/NFSI B101.1B under 

conditions identical to those under which subjects underwent walking trials. Four direction 

measurements were conducted on three separate tiles for each floor. The SCOFs measured by third 

operators were calculated in the same manner, and the third operator’s SCOFs were averaged. 

HSL’s ramp test was also conducted to compare with perceived slipperiness. Twelve separate 

measurements of the slip angle were made. Both the maximum and minimum angle measurements 

were discarded, and a mean value was calculated from the remaining ten values. This mean value, 

the critical angle, was recorded. The results were used to calculate the coefficient of friction. 
 

Tested floors. The surfaces used in the study were a steel plate and ceramic tile with different 

levels of surface roughness (Rz). They were ground steel plate (Tile S), polished marble tile (Tile 

A), smooth ceramic tile (Tile B), rough ceramic tile (Tile C, E, F), and profiled tile (Tile D). Fig. 1 

shows distribution of roughness for each tile used in this study. The steel plate was abraded with 

P60 grit abrasive paper to ensure it had a mean Rz of 1.6–2.5m. The surface roughness of floor was 

measured using a Surtronic Duo roughness checker. Although many different roughness parameters 

can be generated from the same surface profile, Rz parameter historically has a good correlation 

with friction [8]. The sample floor surfaces had an Rz of between 1.70 and 78.5m (see Fig. 1). The 

contaminant used in walking trials and SCOF measurement was a detergent solution with a 

concentration of 0.5% sodium lauryl sulphate (NaLS) in distilled water. Floor surfaces were evenly 

covered and thoroughly wetted with the contaminant. Tab water was only used in HSL’s ramp test. 

During tests the tap water was applied to the floor surface at a flow rate of approximately 6l/min to 

give a uniform coverage of the test surface. 
 

Subjects. Twelve healthy male subjects between 20 and 50 years old participated in this study. The 

subjects were 36.5±8.54years old (mean ± S.D.), 171±3.81cm tall, and had a mass of 72.7±5.29kg.  
 

Walking trials and rating scales. All test conditions (temperature and humidity) were 23±2°C and 

50±5rh%, respectively. All subjects wore the same footwear and were asked to walk on seven 

different floors at normal walking speed as far as possible. The walking procedures were the same 

as those used by Gao and Abeysekera [7]. To make pair-wise comparisons, a scale of numbers were 

selected as 1/5, 1/3, 1, 3, 5. The scale of numbers indicates how many times a slippery floor is over 

another floor with respect to the perceived slipperiness. In case of Friedman test, after walking on 

seven different floors, each subject was asked to determine the slipperiness on seven-point scale 

with 1 to 7, which the lower number means the more slippery. 
 

  
   Fig. 1 The roughness of tested floor samples Fig. 2 Correlation between two evaluating methods of 

perceived slipperiness. 

RESULTS 

Comparison of perception ratings. Table 1 showed the results of two subjective scores and rank. 

The results of the AHP showed that tile E had the most slip resistant (0.287), while tile A had the 

least (0.056). The scores of the Friedman test also showed the same rank of the slipperiness as that 

in the AHP; tile A was the most slippery (1.06), while tile E was the least (6.92). A higher score 
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meant that a floor had more slip resistance. Pearson’s correlation analysis between the AHP and the 

Friedman test was performed for each floor. The perceived slipperiness showed in Fig. 2 exhibited 

good correlation(r=0.96) between two evaluating methods for the seven floor samples. Although the 

AHP ranked the slipperiness, the resulting values only represented weighting factors. Therefore, it 

could not be used as a classification system for slip risk, whereas the Friedman test could place the 

perception rating under three different categories. The descriptions “very slippery,” “slippery,” and 

“a little slippery” were categorized as follows: a dangerous state (I); “moderate” and “somewhat 

slip resistant” as an appropriated state (II); and “slip resistant” and “very slip resistant” as the safe 

state (III). In this system, one kind of floor was categorized as safe flooring, three kinds of floors 

were categorized as appropriate flooring, and three kinds of floors were categorized as unsafe 

flooring. 
 

Table 1. Perceived slipperiness and rank for each 

floor 
Table 2 Mean values (standard deviation) obtained with BOT-

3000, Ramp test, and microroughness checker 

Tile 

name 

Perceived slipperiness 
Rank 

AHP(S.D.) Friedman 

Tile E 0.287(0.012) 6.92 1 

Tile S 0.211(0.017) 5.58 2 

Tile C 0.169(0.012) 5.17 3 

Tile F 0.120(0.012) 4.04 4 

Tile D 0.092(0.012) 3.17 5 

Tile B 0.065(0.009) 1.79 6 

Tile A 0.056(0.008) 1.06 7 

- 

Tile name 
BOT-3000 

(SCOF) 

Ramp test 

(COF) 

Roughness, 

Rz (µm) 

Tile E 0.745(0.032) 0.814(0.012) 78.5(16.17) 

Tile S 0.614(0.022) 0.047(0.003) 2.30(0.02) 

Tile C 0.579(0.055) 0.604(0.014) 28.9(12.89) 

Tile F 0.302(0.026) 0.446(0.006) 20.7(6.58)* 

Tile D 0.355(0.041) 0.419(0.010) 21.3(9.23)* 

Tile B 0.200(0.017) 0.121(0.010) 5.30(0.74) 

Tile A 0.571(0.059) 0.057(0.005) 1.70(1.06) 

* There was not statistically significant between these two floors (p>0.05) 

   
Fig. 3 Correlation between perceived 

slipperiness and SCOF measured by 

BOT-3000. 

Fig. 4 Correlation between perceived 

slipperiness and COF measured by 

Ramp tester. 

Fig. 5 Correlation between perceived 

slipperiness and roughness parameter, 

Rz. 

 

Comparison between perceived slipperiness and friction measurements, roughness. Table 2 

showed the results of friction and roughness measurements. The SCOF of tile D and tile A 

measured with BOT-3000 showed higher values than ones expected by perceived slipperiness. The 

COF of tile S measured with Ramp test (0.047) was much lower than one expected by perceived 

slipperiness. Although tile S was ranked next to last in roughness (Rz=2.30), it was placed second 

rank in perceived slipperiness and SCOF. Fig. 3 showed the relationship established between 

perceived slipperiness (Friedman) and SCOF measured with the BOT-3000. The relationship 

between perceived slipperiness and SCOF exhibited a good correlation (r = 0.96), except for tile A. 

Fig. 4 showed the relationship established between perceived slipperiness (Friedman) and COF 

measured with the Ramp test. The relationship between perceived slipperiness and COF exhibited a 

good correlation (r = 0.99), except for tile S. The safety levels of COF evaluated with perceived 

slipperiness were 0.45(for appropriated state) and 0.71(for safe state) respectively in this study. 

When compared with classification of the HSL UKSRG (United Kingdom Slip Resistance Group) 

Ramp test, appropriated state (0.45) was somewhat higher than suitable condition for use in wet 

(≥0.4) and safe state (0.71) was much higher than enhanced slip resistance condition (≥0.6). Fig. 5 

showed the relationship established between perceived slipperiness (Friedman) and roughness 
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parameter, Rz. The relationship between perceived slipperiness and roughness parameter exhibited a 

reasonable correlation (r = 0.92), except for tile S (abraded steel plate) and tile D (profiled tile). 

Discussion 

Two perception rating methods showed good correlation(r=0.96) in Fig. 2. It may be caused that 

this study was performed under the relatively simple conditions, namely just seven floor materials 

and one kind of contaminant. So, this test condition may alleviate the memory load. The safety 

levels of SCOF evaluated with perceived slipperiness were 0.42(for appropriated state) and 0.64(for 

safe state) respectively in this study. The SCOF (0.64) evaluated as safe state was somewhat higher 

than criteria (0.6) used in ANSI/NFSI B 101.1. Their result was also slightly higher than the criteria 

of ANSI/NFSI B 101.1. Nevertheless, the safety criteria of perceived slipperiness was not way out 

of line with that of ANSI/NFSI B 101.1 It also was not beyond the bounds of possibility that safety 

criteria could be established with perceived slipperiness. The safety levels of COF evaluated with 

perceived slipperiness were 0.45(for appropriated state) and 0.71(for safe state) respectively in this 

study. The COF (0.71) evaluated as safe state was much higher than criteria (0.6) used in HSL 

UKSRG Ramp test. 

Conclusion 

This study was to determine whether subjective measurement of slipperiness could be used as 

subsidiary means which made up for the demerit of indicators (roughness and coefficient of 

friction) of slipperiness. This study showed that perceived slipperiness had a potential to assess 

floor slip risk. The major findings of this study are as follows: 

1) The perception rating obtained with the AHP exhibited a high correlation with the Friedman test 

(r = 0.96). 

2) The perception rating obtained with the Friedman test exhibited a high correlation with the SCOF 

obtained by the BOT-3000 (r = 0.96), except for the polished tile floor. 

3) The perception rating obtained with the Friedman test exhibited a high correlation with the COF 

obtained by the Ramp test (r = 0.99), except for the ground steel plate 

4) The safety criteria obtained in this study were similar to those of ANSI/NFSI B101.1 and much 

higher than HSL UKSRG Ramp test. 
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