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It is well documented that slips, trips and falls on the same level (STFL) are a major cause of workplace
accidents in the UK. HSE Statistics for 2007/2008 show that UK workplace STFL accidents are the leading
cause of reported non-fatal major injuries (accounting for 32%), with almost 45,000 incidents reported. It
has been estimated that STFL accidents cost the UK economy as much as £750 million per annum, £300
million of which is directly attributable to UK employers.

The extent of the workplace pedestrian slipping problem has resulted in a series of HSE-funded research
projects into the causes and means of prevention of slips. Information collected during this research

has led to the formation of a strong knowledge base concerning pedestrian safety in wet-contaminated
conditions. However, field experience suggests that the presence of dry contaminants, such as flour in the
food industry or brick-dust in the construction industry, can also lead to a significant slip risk.

This report and the work it describes were funded by the Health and Safety Executive (HSE). Its contents,

including any opinions and/or conclusions expressed, are those of the authors alone and do not necessarily
reflect HSE policy.
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EXECUTIVE SUMMARY

Objectives

It has long been established that wet floors lead to pedestrian slips. Research carried
out previously by HSE and others has suggested that dry floor contaminants (such as
flour, salt or sand) could also make floors more slippery. The principle aim of this
work was therefore to build on previous research to devise relevant and robust
procedures to investigate dry contamination situations. Using the ‘pendulum’ friction
test, a selection of common dry floor contaminants were tested to determine the
effect they had on the slipperiness of floor tiles of various surface finishes, ranging
from very smooth to very rough. Some standard footwear types were also tested
using the ramp friction test to investigate the possibility of assessing the slipperiness
of footwear in dry-contaminated conditions.

These were experimental procedures, as although recognised standards exist for
both the pendulum and the ramp, these are principally concerned with fluid
contamination. There has been relatively little work to develop and validate
procedures where dry contamination is used.

Main Findings
Test results suggest that:

e Rz surface microroughness may be a useful indicator of floor surface slip
resistance in dry-contaminated conditions. However, the relationship between
the Rz surface microroughness and dry-contaminated slip resistance is not the
same as that observed for wet-contaminated conditions.

e The smooth surfaces studied were found to be less slippery in the dry-
contaminated condition than in the wet-contaminated condition.

e The experimental pendulum and ramp methods used during this work appear
to be usable and robust.

e There appears to be no simple way to predict how the characteristics of dry
contaminants will affect CoF. Particle size, shape, density or cohesiveness
could be factors, but no firm conclusions could be drawn.

e Ramp testing suggests that footwear characteristics may not be a determining
factor in controlling slip potential in dry-contaminated conditions.

e A number of issues must be addressed before a formal procedure for
slipperiness assessment using the ramp under dry contamination could be
implemented.
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2 EXPERIMENTAL PROCEDURES

2.1 MEASUREMENT OF SURFACE ROUGHNESS

Research has shown that the measurement of floor surface microroughness
(particularly ‘mean peak to valley height’, known as Rz) can yield useful information
regarding the slip resistance of flooring materials. Rz microroughness is therefore
widely used by HSL during forensic site investigations for HSE.

During the routine slipperiness assessment of a flooring material, 10 Rz
measurements are taken in a standardised three directional methodology to account
for surface directionality. As the current work aimed to characterise the floors as
completely as possible, a Mitutoyo SJ-201P microroughness transducer was used to
collect a much wider range of surface roughness parameters (Ra, Ry, Rz, Ry, Rt, Rp,
Rpc Rmrn R3z, Rs, Rsm), each of which describes a height, spacing or slope
characteristic of the roughness profile [Shaw, 2008].
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Figure 1. The Mitutoyo SJ-201P microroughness transducer

Despite the suitability of microroughness analysis techniques for the prediction of
floor surface slip resistance under fluid contamination, it is not yet fully understood
how this technique relates to the measurement or prediction of slip resistance under
contamination with dry or dusty materials. Therefore, although Rz measurements
have been taken from the flooring materials used, such measurements cannot
currently be used to assess the effects of dry contamination on slip resistance.

The Mitutoyo surface roughness transducer was calibrated against a UKAS
roughness standard and checked prior to use against a calibrated roughness plate.
Interpretations of Rz surface roughness data are based upon existing HSE
Guidance and the United Kingdom Slip Resistance Group (UKSRG) Guidelines
(issue 3, 2005), as described in Table 1.

Rz Surface Roughness | Potential for Slip
0-10um High
10um - 20um Moderate
20um + Low

Table 1. Summary of UKSRG guidelines (issue 3, 2005) on the interpretation of Rz
surface roughness data (applicable for water-wet, low activity pedestrian areas).





















Comparison of Slider 96 PTV under contamination with Water, Talc and
Sand

Comparison of Slider 55 PTV under contamination with Water, Talc and
Sand
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Figure 5.

The water-wet PTV of the smooth floors was much lower than those for the dry
contaminants. This suggests that dry contaminants are less of a slip risk than fluid
contaminants on smooth surfaces. A surface of moderate microroughness (Rz 10-
20um) appeared to be similar in terms of slip potential under dry contamination and
fluid contamination, especially for Slider 96. On the roughest surface the water-wet
PTV was higher than that for the dry-contaminated tests, although all three
contaminants would be classified as a low slip potential. However, with only 2
surfaces of Rz >20um tested, more data is required to support this suggestion
before any conclusions are drawn.

The ‘region of interest’ for Rz in water-wet conditions is up to about 30um. This is
the region which covers the range of slip potential from high to low (according to the
UKSRG) in the water-wet condition. Figure 4 illustrated that the water-wet PTV of
the test surfaces increased steadily from PTV 15 (High Slip Potential) at Rz 4um to
PTV 35 (Moderate-Low Slip Potential) at Rz 27um. The trendline then levels off
indicating a reduced level of increase in PTV relative to the increase in Rz. This
relationship has been observed previously and is the accepted relationship between
Rz and PTV. The results shown in Figure 6 suggest that basic relationships
between roughness and PTV under dry contamination appear to differ from this
accepted pattern, and that the relationship may be dependent upon the type of
contaminant.
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Figure 6. Rz vs PTV for Talc and Salt contamination. Linear trend line and R? shown.
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Figure 6 illustrates that there was little significant difference in the measured PTV
within the range of Rz <30um. The PTV measured under talc contamination
increased from 36 at Rz 4um to 44 at Rz 27um, a considerable improvement but
much less than the corresponding water-wet values for the same surfaces.

The assumption that wet and dry contaminants would be expected to behave very
differently to each other appears correct. It is also reasonable to anticipate that
different shapes and sizes of dry contaminant would behave differently during a slip,
in much the same way one would expect from fluids of different viscosity. Factors
such as particle size, shape or compressibility of the dry contaminant may cause the
observed difference between the relationships. This difference has been discussed
previously when describing the three discreet slip mechanisms — sliding, shearing
and rolling.

Rp is a very similar measure of roughness to Rz, which explains why the two
parameters showed a similar degree of correlation to water-wet PTV. Table 5
shows that Rp values were almost exactly half the corresponding Rz value. Graphs
similar to those for Rz (Figure 6) show almost identical distribution and trends for Rp
with PTV (Figure 7). The horizontal axis in Figure 7 is plotted on a scale half that of
Figure 6.
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Figure 7. Rp vs PTV for Talc and Salt contamination. Linear trend line and R? shown.

Rp/Rs showed the same significant relationship to PTV under talc contamination,
and the same insignificant relationship for salt contamination, as shown in Figure 8.
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Figure 8. Rp/Rs vs PTV for Talc and Salt contamination. Linear trend line and R? shown.
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