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Study on Slip-Resistance Measurements for Footwear (Ist report)
—Fundamentals of Measurement—

by Hisao NaGAaTA**

Abstract; Up to now, much interest in safety shoes has been given to the strength of toe cap and
the penetration resistance of outsole, and until now little attention has been paied to other
properties such as comiortability and slip-resistance of shoes in our country. Dozens of
slip-resistance measurements have been developed over the world during the past decades. But
no devices and techniques have got international acceptance for universal slip-resistance
measurements. In order to attain the goal to establish an internationally accepted universal slip
resistance measurement, the methodology of insuring the validity of a meter should be proposed
in the slip resistance studies of protective footwear.

Just as tribologists have emphasized, the coefficient of slip resistance is prone to be
dispersive and changeable by many measuring conditions, such as weight of load, test speed,
contact area, contact time with flooring materials, temperature and repetitions of measurements.
If we use the meter only in a certain test condition as given between lubricated stainless steel
floor and safety shoes, assurance of the meter may be obtained within a limit because of small
values of slip-resistance of lubricated surface and their small variance. In order to improve the
meter the following important points should be generally stressed:

1) Our ultimate goals are to establish reasonable criteria to assess the safety shoes in terms
of slip-resistance and to estimate risks of fall or slip in working environments, and not to analyze
complicated tribological phenomena in slippage of shoe and floor.

2) The new decisive methodology which deals with the tribological phenomena as a black box
is to be introduced into the study of slip-resistance measurements. Tribological methods will be
referred to, but not to be decisive.

The notion of slippage will be divided into slips and slipperiness. In slip-studies, very
slippery floors like lubricated surfaces will be adopted, and in slipperiness studies, a wide range
of slip resistance of surfaces would be involved. For example, in the latter case the lower limit
of slip-resistance is badly needed, but the upper limits is also required to avoid foot twisting or
cause falls in stopping, like on gymnasium floors by measuring maximum static friction, these are
used mainly in evaluating flooring materials. But in the former case they are used mainly in
evaluating safety shoes on slippery floors by measuring dynamic friction in slipping.

It is necessary to know what values measured from a tester mean, in order to evalute the
validity of a slip-resistance test for protective footwear. The values should indicate the rate of
occurrence of actual fall-or slip-resistance induced by foot-slippage. It is therefore very difficult
to obtain the actual rate for each combination of floors and footwear. In this report, the
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psychometric and biomechanical methods are applied to insure the validity of a slip-resistance meter,

and the paired comparison methods or ramp tests were executed.

As the results, each methods

would implicate the means to determine an optimum meter or to understand the properties of

slippage.

Keywords: Footwear, Slip Resistance, Slip Test, Coefficient of Friction, Floors, Slipping Accidents.
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Fig. 1 Explanation of the method of insuring the validity of atester
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Tribological screen evaluation of slip
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Biomechanical screen
Properties of slip resistance

Fig. 2 Explanation of various methods to make the
risk scale.
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Table 3 Results of analysis of variance of subjective
data.
FEMLRF -2 ONEHFER

Factor Sum of Dagree Unbiased Variance
squares of freedom variance ratio
Main effect 1113.2 9 123.69 417.80%*
Indivisual
effect in 60.6 99 0.01 2.07
main
Interaction
effect 103.0 36 2.86 9.66%*

Error 117.2 396 0.30
Total 1394.0 540

Table 1 List of shoes
oz b
No. Kmds}(:ie Sole Material I:I:;rsdr:)s s
1 | Sneakers Flat Natural 65
rubber
2 | Working Flat Natuyral 45
shoes rubber
3 | Safety With NBR 57
shoes heel
4 | Safety With Polyurethan 56
shoes heel foam
5 Safety With Polyurethan 64
shoes heel foam
6 | Safety Flat NBR 55
shoes
7 | Safety With | Polyurethan 52
shoes heel foam
8 | Safety With NBR 64
shoes heel
9 | Safety With NBR 70
shoes heel
10 | Safety With NBR 64
shoes heel

NBR: Acrylonitrile-butadiene rubber -

Table 2 Verbal scale for paired compafison_ methods

—WHBETHOWAEERE

Score Verbal scale

2 Pretty slippery

1 Slightly slippery
0 Neutral
— 1 | Slightly non-slippery

— 2 | Pretty non-slippery
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*x | Statistically significant by 1% critical rate.
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Table 4 Results of analysis of variance of data of ramp

tests.

BT X b F—FDOHEHTER

Factor Sum of Dagree Unbiased Variance
squares of freedom variance ratio
Main effect 915.91 9 101.77 242, 31%*
Indivisual
33.88 11 3.08 7.33%%
effect
Error 41.14 99 0.42
Total 990.93 119
%+ . Statistically significant by 1% critical rate.
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Tangentile values of inclined slope-

Fig. 4 Relation between tangentile values of inclined
slope and subjective evaluation values.
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