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EXECUTIVE SUMMARY

Slips & trips are the most common cause of major injuries at work and they occur in almost all
workplaces; 95% of major slips result in broken bones. Cleaning has been identified as a
significant factor in the development of slip accidents. Floor surface contamination is often
implicated in slip accidents, and therefore regular cleaning to remove contamination is
influential in reducing accidents. The process of cleaning can present slip and trip hazards to
those working in the area being cleaned. For example, smooth floors left damp by a mop may be
extremely slippery and trailing wires from a vacuum cleaner or buffing machine can present a
trip hazard. There have been very limited studies of the effects of cleaning on slip resistance in
the past. HSL, through its work supporting HSE has observed cases where cleaning floors in a
more effective manner can significantly improve the slip resistance of the surface. This study
examines in detail current floor surface cleaning practices in a diverse range of situations.
A wide range of premises were visited to evaluate current cleaning regimes in terms of their
effect on slip resistance. Premises included several food production facilities, a soft drinks
production plant, a car plant, a printing works, a shopping centre, several pub and restaurant
kitchens, a butchers shop, supermarket in-store bakery and a school. Some lab-based work was
also undertaken. This has allowed floors with a wide range of roughness levels and a variety of
types of contamination to be studied in terms of slip resistance.
The results of this study show how important and influential cleaning can be. Where cleaning is
carried out effectively, it can make the difference between a floor presenting an unacceptably
high slip risk or an acceptably low slip risk. Equally, the study shows the pitfalls of using
inappropriate cleaning, where visible contamination is removed, removing the visual prompt for
a user to proceed with caution, but leaving the floor as slippery as when heavily contaminated.
In a situation such as this, it may be safer not to clean than to clean badly!
The following conclusions were reached and further work identified:
•

The effect of cleaning on slips is not well understood by workers in the cleaning sector.

•

The process of cleaning is not well understood by workers in the cleaning sector.

•

There is a clear need for guidance from HSE.

•

The guidance needs to be accessible to all, from management to operatives.

•

Further study of simple techniques (mops and manual brillo scrubbers) and buffing
machines would be beneficial.
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1. INTRODUCTION

Slips & trips are the most common cause of major injuries at work and they occur in almost all
workplaces; 95% of major slips result in broken bones and they can also be the initial causes for
a range of other accident types such as falls from height and workplace transport accidents. In a
typical year, slips and trips account for 33% of all reported major injuries, 20% of over-3-day
injuries to employees and 50% of all reported accidents to members of the public. It is important
to realise that slips and trips are serious and that simple cost effective measures can reduce the
numbers of these accidents. Rarely is there a single cause of a slipping accident, and so a
holistic approach to reducing the number of slips and trips is required. Obviously the interaction
of a pedestrians’ shoe with the floor is the major factor in slip accidents, but what properties
does the floor surface present? How slip resistant are the shoe soles? And importantly, is there
contamination between the two?
Cleaning has been identified as a significant factor in the development of slips for two reasons.
Firstly, floor surface contamination is often implicated in slip accidents, and therefore regular
cleaning to remove contamination is influential in reducing accidents. Secondly, the process of
cleaning can present slip and trip hazards to those working in the area being cleaned. For
example, smooth floors left damp by a mop may be extremely slippery and trailing wires from a
vacuum cleaner or buffing machine can present a trip hazard.
There have been very limited studies of the effects of cleaning on slip resistance in the past.
Some useful ideas regarding mopping procedures have been published, but the measurements of
slip resistance to back up this work were unsatisfactory. We have taken the idea of immersion
mopping on board, and tried to evaluate its effectiveness using HSE and BSI’s accepted slip
measurement techniques. HSL, through its work supporting HSE, has observed cases where
cleaning a floor in a more effective manner can make a significant improvement to the slip
resistance of the surface. This study has been used to look at current practices in a diverse range
of situations in much more detail than is possible during HSE enforcement support visits.
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2. EXPERIMENTAL PROCEDURES

A wide range of premises were visited to evaluate the current cleaning regimes in terms of their
effects on slip resistance. Premises included several food production facilities, a soft drinks
production plant, a car plant, a printing works, a shopping centre, several pub and restaurant
kitchens, a butchers shop, supermarket in-store bakery and a school. This has allowed floors
with a wide range of roughness levels to be studied in terms of slip resistance, and in many
cases a variety of types of contamination on a given type of flooring. Where the duty holders’
cleaning was felt to be inadequate further cleaning was undertaken by HSL using simple
techniques. Some lab-based work was also undertaken to look at circumstances not seen in the
workplaces visited.
A series of full forensic slipperiness investigations were undertaken using standard HSL / HSE
techniques in accordance with the Guidelines Recommended by the United Kingdom Slip
Resistance Group, (Issue 2, 2000) where applicable. Due regard was also given to the protocols
outlined in BS 7976:2, 2000. Data generated during the assessments is reproduced in Appendix
A. Tables used during interpretation are given in Appendices B & C.
Measurements of floor surface “Slip Resistance Values” (SRV, closely related to Coefficient of
Dynamic Friction) were made using a calibrated Pendulum slipperiness assessment instrument.
Data was generated in [i] the as-found, dry condition, [ii] after application of low volumes of
potable water to the flooring by hand-spray, and [iii] after cleaning. Two test slider materials
were used as appropriate; Four-S rubber (Standard Simulated Shoe Sole, developed by the
UKSRG to represent a footwear material of moderate performance), and TRRL rubber (which is
used as a secondary standard shoe soling material by the Health & Safety Laboratory and the
UK Slip Resistance Group). Data was generated in three complementary test directions where
appropriate in order to account for the presence of floor surface directionality. Further testing
was undertaken using a calibrated surface microroughness transducer, set to the Rz parameter.
The UKSRG Guidelines have been used to interpret the pendulum SRV results given (relevant
tables and excerpts are reproduced in Appendix B); surface microroughness information has
been interpreted using the UKSRG Guidelines and HSE Information Sheet FIS22 (Appendix C).
Due regard was also given to HSE’s Slips & Trips 1 Information Sheet (Appendix D).
The test results presented relate only to the floor areas under study at the time of testing. The
performance of installed flooring materials may change significantly during their lifetime; slip
resistance is critically dependent on the level and type of contamination, treatment, maintenance
and effective cleaning subsequent to installation.
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3. RESULTS

For complete data collected during site work, see Appendix A.
The following is a summary of cleaning techniques which should be effective for a range of
types of contamination, in relation to the roughness of the flooring on which they were
encountered. The entries in the table refer to the advice relating to each technique that follows.
The entries refer to appropriate methods for removing contamination from a range of surfaces.
They do not take into account the potential for a given technique to present a slip hazard during
the cleaning process, this is covered in the descriptions which follow.

Table 1 Easy reference matrix
Microroughness Rz (µm)
Contamination

Water

Oily / Grease

Dry

0 - 20

20 - 30

S/D
Detergent
Mop
Wet Vac
Dried

S/D
Detergent
Mop
Wet Vac
Dried
Hose

S/D
Detergent
Fat Solve
Mop

S/D
Mop
Vac
Sweep

30 +

Profiled

S/D
Detergent
Dried
Hose

S/D
Detergent
Dried

S/D
Detergent
Fat Solve
Mop
Scouring Pad
Hose

S/D
Detergent
Fat Solve
Scouring Pad
Hose

S/D
Detergent
Fat Solve
Scouring Pad

S/D
Mop
Vac
Sweep
Hose

S/D
Vac
Hose

S/D
Mop
Vac
Sweep
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S/D – Scrubber–drier machines can be an effective way to clean large areas of most kinds of
flooring. Different designs of scrubber dryer lend themselves to different situations.
Consideration should be given to the following positive and negative aspects when selecting or
using a scrubber dryer:
-

-

The squeegee needs to be wide enough to recover all of the water put down by the
scrubber dryer. Single scrubber machines tend to throw water out to one side, and may
require an asymmetric squeegee to recover this.
The squeegee needs to be well maintained to ensure there is no leakage, which may, for
example, leave a smooth floor dangerously wet.
On very rough or profiled surfaces the squeegee may not be malleable enough to allow
adequate removal of water from the surface.
On greasy floors a detergent should be used to remove and hold the oil or grease in the
water.
The operator should be trained in the correct use of the machine, e.g. using the
appropriate level of water for the floor surface to reduce leaking and water trails.

Detergent – Detergent is essential if there is any greasy or oily contamination on the floor.
Water, whether it is cold or warm is not effective in removing this contamination without the
aid of a detergent. The detergent should be left on the floor for an adequate time period to allow
effective removal of grease prior to subsequent rinsing (For example when washing-up, heavily
soiled pots and pans require soak time in the detergent).
Fat Solvent - In very greasy environments a fat solvent may prove more useful than detergent.
Mopping – Mopping is usually only effective on smoother floors. Where smooth floors (Rz <
20µm) are mopped, care must be take to ensure the floor is left completely dry after cleaning,
and that only when the floor is completely dry are pedestrians allowed to use the area. To
restrict pedestrian access to dangerously wet and slippery floors, the use of physical barriers is
strongly recommended, as simple signs are frequently ignored. Consideration should be given to
the mopping process – how is the dirt removed from the floor and where does it go? Use a
separate dirty water bucket for ringing the mop out to increase the efficiency of dirt removal.
Greasy floors require contact time with the detergent solution – use an immersion mopping
technique, where the detergent is put down in one stage, and mopped up after a soak time in a
second stage.
Wet Vacuum cleaner – Effective at cleaning up liquid spills.
Spot cleaning – The use of a paper towel or rag to remove small areas of liquid contamination
from the floor is the cheapest and most effective method of removing water based spills. This
avoids spreading the contamination, or level of risk by mopping a large area. Specialist products
are available to achieve this kind of cleaning over a wider area in a short timescale.
Scouring Pad – Using a scouring pad or brush to agitate the surface, possibly in combination
with a detergent, increases the amount of contaminant removed.
Dry Vacuum cleaner – A dry vac can be used to remove dusty contaminants, particularly on
rougher floors.
Sweeping brush – On a smooth floor sweeping may be adequate to remove dry contaminants
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Hose / power washer – A high pressure water hose can be used to remove dusty or doughy
contaminants provided the floor has adequate surface roughness to cope with the water left
behind.
Squeegee – The situations investigated for this report in which the squeegee has been used have
shown it to have a negative effect. If a floor has sufficient roughness to be left wet, the volume
of water is not important and the squeegee is unnecessary. Where oily or greasy contamination
was present, the squeegee had the effect of spreading a thin layer of the contamination over a
wider area, or forcing the contamination into the rough surface, the outcome of both was a
surface that was more difficult to clean than when the squeegee was not used.

9

4. DISCUSSION

The following discussion builds on the information given in the results section, with regard to
the effectiveness and limitations of the cleaning regimes studied.
The results of this study show how important and influential cleaning can be. Where cleaning is
carried out effectively, it can make the difference between a floor presenting an unacceptably
high slip risk or an acceptably low slip risk. This may simply be achieved by cleaning smooth
floors in such a way as to leave them dry or may involve removal of greasy contamination to
restore the original properties of the flooring. Equally, the study shows the pitfalls of using
inappropriate cleaning, where visible contamination is removed, removing the visual prompt for
a user to proceed with caution, but leaving the floor as slippery as when heavily contaminated.
In a situation such as this, it may be safer not to clean than to clean badly!
Throughout the site visits undertaken during this study, two overwhelming impressions were
gleaned from those working in the cleaning sector. At management level, the actual cleaning
processes are often not well thought out. More consideration needs to be given to the type of
contaminant, how it can be removed, and whether the cleaning system actually removes the
contamination effectively. For example, where grease or oil is present, rinsing with water has
very little effect, as neither grease nor oil are soluble in water, regardless of the water
temperature. To remove this kind of contamination successfully, the cleaning solution must
contain a detergent. Assuming that a detergent is used, then thought needs to be given to contact
time for the detergent to act. Time is required for the detergent to release contamination from
the surface and mobilise it in the water. Finally, the dirty water has to be removed, as any water
left behind will evaporate and allow the contaminant back onto the floor. Guidance on types of
detergent for a given contaminant is readily available from the chemical suppliers. Often, those
working on the shop floor, carrying out the cleaning, require more effective training and
supervision to ensure cleaning is effective. Most cleaners involved in the study clean according
to their instructions, and rarely challenge the status quo. We have come across cases where the
cleaning supervisors are insufficiently well informed about the chemicals in use, for example,
cleaning a greasy floor with disinfectant rather than detergent, when both were available.
The results have been presented in this report in an easy reference matrix format, It was decided
to plot the contamination versus the microroughness of the floor to identify a scenario without
needing hundreds of very specific examples. Although this requires the use of instrumentation
to evaluate the microroughness of the floor, it was felt that defining types of floor had the
potential to be misleading, especially as surfaces change with time, wear and cleaning. It is
suggested that this format could be usefully adopted for future guidance on cleaning in relation
to slips. It is suggested that further information to support the guidance would need to be
produced for the cleaning operatives, in a simple and easy to follow layout. There are several
communications issues when looking at the cleaning industry. The input of industry bodies in
the production of the information sheets may be helpful in using terminology and a style that
cleaners are comfortable with. At one of the premises visited, there were employees with thirty
one different native languages. Where English is a second language, simplicity of the language
used can have a significant effect on its comprehension. The use of drawings, cartoons and
diagrams that are not language dependant could be more inclusive than text based guidance and
may be more effective in real workplaces.
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5. CONCLUSION & RECOMMENDATIONS

•

Cleaning is important with regard to the prevention of slip accidents.

•

The effect of cleaning on slips is not well understood by workers in the cleaning sector.

•

The process of cleaning is not well understood by workers in the cleaning sector, even
at management level.

•

There is a clear need for guidance from HSE.

•

The guidance needs to be accessible to all, from management to operatives. It may be
necessary for a dual-level approach aimed at the slightly different audiences of
management and shop floor.

•

Further study of simple techniques (mops and manual brillo scrubbers) would be
beneficial.

•

Further studies could also include buffing machines, which are often used on vinyl and
linoleum flooring to improve aesthetics but potentially have a negative effect on the slip
resistance of the flooring.
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APPENDIX A: SLIP RESISTANCE DATA
Area 1:
Floor type:

Smooth Epoxy

Mean Rz Surface Roughness:

4.5 µm

Pendulum SRV (Four-S Rubber Slider):
Condition
As-found
As-found

Contamination
Dry
Water-wet

Test Direction
Direction I
Direction I

Immediately after cleaning with ride-on scrubber drier:
Cleaned
Dry
Direction I

SRV
48
24

60

Area 2:
Floor type:

Smooth Epoxy

Mean Rz Surface Roughness:

5.6 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found

Contamination
Dry
Water-wet

After application of neat fat solvent
Cleaned
Dry

Test Direction
Direction I
Direction I

SRV
55
15

Direction I

68

Area 3:
Floor type:

Smooth Resin

Mean Rz Surface Roughness:

5.7 µm

Pendulum SRV (Four-S Rubber Slider):
Condition
As-found
As-found
As-found

Contamination
Dry
Dry
Dry

Test Direction
Direction I
Direction II
Direction III

SRV
53
45
45

Direction I
Direction I

58
60

Time course on areas of wet streak left by scrubber drier:
Cleaned
Dry
Direction III
Cleaned – 30 sec
Dry
Direction III
Cleaned – 90 sec
Dry
Direction III
Cleaned – 3 min
Dry
Direction III
Cleaned – 5 min
Dry
Direction III
Cleaned – 7 min
Dry
Direction III
Cleaned – 10 min
Dry
Direction III
Cleaned – 13 min
Dry
Direction III
Cleaned – 15 min
Dry
Direction III

20
17
17
19
14
16
15
14
11

Wet mopped area:
Cleaned
Cleaned – 30 sec

Immediately after cleaning with Scrubber Drier:
Cleaned
Dry
Cleaned
Dry

Dry
Dry

Direction III
Direction III

10
40

Wet mopped area, different patch:
Cleaned – 2 min
Dry

Direction III
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Area 4:
Floor type:

Brown Ceramic Tile

Mean Rz Surface Roughness:

6.4 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found

Contamination
Dry
Water-wet

Immediately after cleaning with Scrubber Drier:
Cleaned
Dry
Cleaned
Water-wet

Test Direction
Direction I
Direction I

SRV
64
11

Direction I
Direction I

64
15

Area 5:
Floor type:

Painted Durbar

Mean Rz Surface Roughness:

7.1 µm

Pendulum SRV (TRRL Rubber Slider):
Condition
As-found
As-found
As-found
As-found

Contamination
Dry
Dry
Water-wet
Water-wet

Test Direction
Direction I
Direction III
Direction I
Direction III

SRV
90
87
21
18

Immediately after cleaning with a wet mop:
Cleaned
Damp

Direction I

18

Immediately after cleaning with a dry mop:
Cleaned
Damp
Cleaned
Dry

Direction I
Direction I

17
90

Area 6:
Floor type:

Painted Concrete

Mean Rz Surface Roughness:

7.7 µm

Pendulum SRV (Four-S Rubber Slider):
Condition
As-found
As-found

Contamination
Dry (Greasy)
Water-wet

Test Direction
Direction I
Direction I

SRV
28
16

Immediately after cleaning with a wet mop:
Cleaned
Damp

Direction I

17

Dried after cleaning:
Cleaned
Cleaned

Direction I
Direction I

72
14

Test Direction
Direction I
Direction II
Direction III
Direction I

SRV
42
40
40
2

Direction I

40

Dry
Water-wet

Area 7:
Floor type:

Terrazzo

Mean Rz Surface Roughness:

7.9 µm

Pendulum SRV (Four-S Rubber Slider):
Condition
As-found
As-found
As-found
As-found

Contamination
Dry
Dry
Dry
Milk Shake

Wiped up with paper towel.
Cleaned

Dry

Area 8:
Floor type:

Ceramic Tiles

Mean Rz Surface Roughness:

8.2 µm

Pendulum SRV (Four-S Rubber Slider):
Condition
As-found
As-found

Contamination
Dry
Water-wet

Test Direction
Direction II
Direction II

SRV
64
17

Mopped whole cubicle, then ‘out of use’ sign stuck to door and locked for 15 minutes to dry.
Cleaned
Dry
Direction II
61

Area 9:
Floor type:

Stone Tiles

Mean Rz Surface Roughness:

8.4 µm

Pendulum SRV (Four-S Rubber Slider):
Condition
As-found
As-found
As-found
As-found

Contamination
Dry
Dry
Dry
Soft drink

Wet mop, followed by dry mop
Cleaned

Dry

Test Direction
Direction I
Direction II
Direction III
Direction III

SRV
69
68
65
8

Direction III

70

Area 10:
Floor type:

Terrazzo (Pitted in places)

Mean Rz Surface Roughness:

8.5 µm

Pendulum SRV (Four-S Rubber Slider):
Condition
As-found

Contamination
Dry

Test Direction
Direction I

SRV
60

Pedestrian operated scubber drier (SD) machine. Foam spray at front, with rotating pads,
vacuum & squeegee at rear. Can be used without wash to remove spills. Throws water
beyond limits of squeegee when washing. Drips after use
After SD clean
Damp
Direction I
42
Beyond edge of
Water-wet
Direction I
9
Squeegee
Cleaned
Dry
Direction I
60
Cleaned water spill
Dry
Direction I
59
(15s)

Area 11:
Floor type:

Terrazzo (Pitted in places)

Mean Rz Surface Roughness:

8.5 µm

Pendulum SRV (Four-S Rubber Slider):
Condition
As-found

Contamination
Dry

Test Direction
Direction I

SRV
49

Ride-On scrubber-drier (SD) machine. Water spray in middle, with rotating pads, vacuum &
squeegee at rear. Can be used without wash to remove spills. Drips after use. Needed
attention to Squeegee which was ineffective in places.
After SD clean
Damp
Direction I
45
Wet streak
Water-wet
Direction I
45
Cleaned water spill
Dry
Direction I
55
(15s)

Area 12:
Floor type:

Terrazzo (Pitted in places)

Mean Rz Surface Roughness:

8.5 µm

Pendulum SRV (Four-S Rubber Slider):
Condition
As-found
As-found

Contamination
Dry
Water-wet

Test Direction
Direction I
Direction I

SRV
38
20

Wet vacuum cleaner. Separate dry and wet vacuum cleaners, with 36v power supply –
operate without mains power. Used to remove spills.
Cleaned water spill
Dry
Direction I
41
(15s)

Area 13:
Floor type:

Painted Concrete

Mean Rz Surface Roughness:

8.9 µm

Pendulum SRV (Four-S Rubber Slider):
Condition
As-found
As-found
As-found

Contamination
Dry
Water-wet
Machine oil

Cleaned wet and then dry mop
Cleaned
Damp
Cleaned & Rinsed
Dry
Cleaned & Rinsed
Water-wet

Test Direction
Direction I
Direction I
Direction I

SRV
64
26
10

Direction I
Direction I
Direction I

19
69
24

Area 14:
Floor type:

Pressed Ceramic

Mean Rz Surface Roughness:

As found 10.8 µm
Cleaned 9.8 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found
As-found
As-found
As-found
As-found
As-found

Contamination
Dry
Dry
Dry
Water-wet
Water-wet
Water-wet
Sugar

Test Direction
Direction I
Direction II
Direction III
Direction I
Direction II
Direction III
Direction I

Cleaned with detergent solution / blue roll and rinsed with clean water.
Cleaned
Dry
Direction I
Cleaned
Water-wet
Direction I

SRV
30
31
33
9
7
7
15

71
10

Area 15:
Floor type:

Epoxy

Mean Rz Surface Roughness:

11.2 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found

Contamination
Dry
Water-wet

Test Direction
Direction I
Direction I

SRV
41
25

After scrubber dryer
5-7 Minutes after
scrubber dryer

Water-wet
Dry

Direction I
Direction I

21
48

Area 16:
Floor type:

Vinyl Tiles

Mean Rz Surface Roughness:

14.6 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found
As-found

Contamination
Dry
Water-wet
Sawdust

Test Direction
Direction I
Direction I
Direction I

SRV
55
32
30

Direction I
Direction I
Direction I

65
41
30

Test Direction
Direction I

SRV
61

Direction I
Direction I
Direction I
Direction I

18
19
84
79

Cleaned with detergent solution and blue roll
Cleaned
Dry
Cleaned
Water-wet
Cleaned
Sawdust

Area 17:
Floor type:

Quarry Tile

Mean Rz Surface Roughness:

15.0 µm

Pendulum SRV (Four-S Rubber Slider)

Condition
As-found

Contamination
Dry

Cleaned with detergent solution and blue roll
Cleaned wet mop
Damp
Cleaned dry mop
Damp
Cleaned
Dry
Cleaned
Scrubber Dryer

Area 18:
Floor type:

Safety Vinyl

Mean Rz Surface Roughness:

16.8 µm

Pendulum SRV (Four-S Rubber Slider)

Condition
As-found
As-found
As-found
As-found

Contamination
Dry
Dry
Water-wet
Water-wet

Test Direction
Direction I
Direction I
Direction I
Direction I

SRV
42
35
28
31

Cleaned
Cleaned

Dry
Water-wet

Direction I
Direction I

57
33

Area 19:
Floor type:

Quarry Tiles

Mean Rz Surface Roughness:

18.7 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found
As-found

Contamination
Dry
Dry
Dry

Test Direction
Direction I
Direction II
Direction III

SRV
67
62
65

As-found
As-found
As-found

Water-wet
Water-wet
Water-wet

Direction I
Direction II
Direction III

30
29
31

As-found

Carbonated drink

Direction I

34

Area cleaned with detergent solution and “Brillo” type pad. Used plenty of solution and this
stays on surface for a few minutes while large area is scrubbed. Rinsed away with large
volume of water and squeegee used to remove excess water.
Cleaned
Dry
Direction I
66
Cleaned
Water-wet
Direction I
32
Cleaned
Water-wet
Direction I
33

Area 20:
Floor type:

Epoxy / Aggregate

Mean Rz Surface Roughness:

20.3 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found
As-found

Contamination
Dry
Dry
Dry

Test Direction
Direction I
Direction II
Direction III

SRV
56
60
57

As-found
As-found
As-found

Water-wet
Water-wet
Water-wet

Direction I
Direction II
Direction III

28
26
30

Area cleaned with detergent solution and “Brillo” type pad. Used plenty of solution and this
stays on surface for a few minutes while large area is scrubbed. Rinsed away with large
volume of water and squeegee used to remove excess water.
Cleaned
Dry
Direction I
57
Cleaned
Water-wet
Direction I
31

Area 21:
Floor type:

Yellow Ceramic Tile

Mean Rz Surface Roughness:

20.9 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found

Contamination
Dry
Water-wet

Test Direction
Direction I
Direction I

Area cleaned with detergent solution and blue roll. Rinsed with water.
Cleaned
Dry
Direction I
Cleaned
Water-wet
Direction I

SRV
55
13

66
20

Area 22:
Floor type:

Quarry Tile

Mean Rz Surface Roughness:

20.4 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found

Contamination
Dry

Test Direction
Direction I

Immediately after cleaning with scrubber-drier machine:.
Cleaned
Dry
Direction I
Cleaned wet patch
Water-wet
Direction I

SRV
60

55
29

Area 23:
Floor type:

Epoxy

Mean Rz Surface Roughness:

21.1 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found

Contamination
Dry flour
Floury water

Test Direction
Direction I
Direction I

SRV
40
38

After hosing
After squeegee

Water-wet
Water-wet

Direction I
Direction I

44
34

Area 24:
Floor type:

Safety Vinyl

Mean Rz Surface Roughness:

23.3 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found
As-found

Contamination
Dry
Dry
Dry

Test Direction
Direction I
Direction II
Direction III

SRV
58
58
60

As-found
As-found
As-found

Water-wet
Water-wet
Water-wet

Direction I
Direction II
Direction III

28
30
34

Cleaned
Cleaned

Water-wet
Water-wet

Direction III
Direction III (repeat)

35
40

Area 25:
Floor type:

Safety Vinyl

Mean Rz Surface Roughness:

23.7 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found

Contamination
Dry
Water-wet

Test Direction
Direction I
Direction I

SRV
39
37

Direction I
Direction I

60
44

Test Direction
Direction I
Direction I

SRV
59
47

Cleaned with Scrubber-drier
Cleaned
Dry
Cleaned
Water-wet

Area 26:
Floor type:

Safety Vinyl

Mean Rz Surface Roughness:

24.5 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found

Contamination
Dry
Water-wet

Cleaned with detergent and blue roll. Rinsed with water
Cleaned
Dry
Direction I
Cleaned
Water-wet
Direction I

Area 27:
Floor type:

Epoxy

Mean Rz Surface Roughness:

26.3 µm

62
48

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found

Contamination
Dry

Test Direction
Direction I

SRV
49

Post cleaning
Post cleaning
Post cleaning
Post cleaning

Wet mop
Dry mop
Dry
Scrubber drier

Direction I
Direction I
Direction I
Direction I

45
45
60
40

Area 28:
Floor type:

Epoxy Screed

Mean Rz Surface Roughness:

47.1 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found

Contamination
Dry
Water-wet

Test Direction
Direction I
Direction I

SRV
58
54

Cleaned wet mop
Cleaned detergent
Cleaned SD

Water-wet
Water-wet
Water-wet

Direction I
Direction I
Direction I

52
52
51

Area 29:
Floor type:

Resin / Aggregate

Mean Rz Surface Roughness:

Unworn Area
Worn Area

42.9 µm
64.5 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found
As-found
As-found
As-found
As-found
Contaminated

Contamination
Dry
Dry
Dry
Water-wet
Water-wet
Water-wet
Excess mayo

Test Direction
Direction I
Direction II
Direction III
Direction I
Direction II
Direction III
Direction I

SRV
50
51
49
47
46
44
25

Cleaned by staff using squeegee
Cleaned
Mayo residue
Direction I
23
Area cleaned with water jet, all visible contamination removed
Cleaned
Water-wet
Direction I
28
Area Cleaned with Nylon brush and water
Cleaned
Water-wet
Direction I
31
Dilute disinfectant solution poured onto test area, then hosed with clean water
Cleaned
Water-wet
Direction I
36
Dilute disinfectant solution poured onto test area, scrubbed with nylon brush and then
hosed with clean water
Cleaned
Water-wet
Direction I
38
Dilute disinfectant solution poured onto test area, left for 2 minutes then hosed with clean
water
Cleaned
Water-wet
Direction I
41
Brush immersed in dilute disinfectant solution then test area scrubbed and hosed with clean
water
Cleaned
Water-wet
Direction I
42
Mayo reapplied and then cleaned up with detergent solution.
Cleaned
Water-wet
Direction I
43

Area 30:
Floor type:

Resin / Aggregate

Mean Rz Surface Roughness:

N/A

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found

Contamination
Water-wet

Test Direction
Direction I

SRV
15

Cleaned with detergent solution and nylon brush, rinsed with clean water
Cleaned
Water-wet
Direction I
14
Cleaned with detergent solution – allowed to soak for 2 minutes, scrubbed with nylon brush,
rinsed with clean water
Cleaned
Water-wet
Direction I
17
Cleaned with detergent solution – allowed to soak for 5 minutes, scrubbed with nylon brush,
rinsed with clean water
Cleaned
Water-wet
Direction I
21

Area 31:
Floor type:

Green Resin / Aggregate

Mean Rz Surface Roughness:

54.1 µm

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found
As-found

Contamination
Dry flour
Dry flour
Dry flour

Test Direction
Direction I
Direction II
Direction III

SRV
39
43
45

Area cleaned by hygiene staff with high pressure water hose and excess removed with
squeegee.
Cleaned
Damp
Direction I
41
Cleaned
Damp
Direction II
48
Cleaned
Damp
Direction III
41
Cleaned
Water-wet
Direction I
44
Cleaned
Water-wet
Direction II
51
Cleaned
Water-wet
Direction III
44
Cleaned detergent
Water-wet
Direction I
49

Area 32:
Floor type:

Green Resin / Aggregate

Mean Rz Surface Roughness:

N/A Heavily Contaminated

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found
As-found

Contamination
Water/gravy
Water/gravy
Water/gravy

Test Direction
Direction I
Direction II
Direction III

Area cleaned by hygiene staff with high pressure hot water.
Cleaned
Water-wet
Direction I
Cleaned
Water-wet
Direction II
Cleaned
Water-wet
Direction III
Cleaned detergent
Water-wet
Direction I
Area 33:
Floor type:

Durbar, Painted, Worn

SRV
49
39
37

35
38
41
41

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found
As-found

Contamination
non-VOC Liquor
non-VOC Liquor
non-VOC Liquor

Test Direction
Direction I
Direction II
Direction III

SRV
34
31
26

Cleaning – wipe up contamination with rags
Cleaned
Dry
Direction III
60
Cleaning – once every 24h with scrubber drier – has separate dirty water tank, but leaves
lots on floor due to squeegee not working too well over profiles flooring
Cleaned
Dry
Direction III
41
Floor dried with blue roll
Cleaned
Dry
Direction III
76
Pendulum SRV (TRRL Rubber Slider)
Condition
As-found
As-found
As-found

Contamination
non-VOC Liquor
non-VOC Liquor
non-VOC Liquor

Test Direction
Direction I
Direction II
Direction III

SRV
15
13
16

Cleaning – wipe up contamination with rags
Cleaned
Dry
Direction III
46
Cleaning – once every 24h with scrubber drier – has separate dirty water tank, but leaves
lots on floor due to squeegee not working too well over profiles flooring
Cleaned
Dry
Direction III
28
Floor dried with blue roll
Cleaned
Dry
Direction III
97

Area 34:
Floor type:

Epoxy Painted Concrete

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found
As-found

Contamination
Oily
Oily
Oily

Test Direction
Direction I
Direction II
Direction III

Cleaning – once every 24h with scrubber drier – has separate dirty water tank
Cleaned
Dry
Direction III

SRV
20
24
17

45

Pendulum SRV (TRRL Rubber Slider)
Condition
As-found
As-found
As-found

Contamination
Oily
Oily
Oily

Test Direction
Direction I
Direction II
Direction III

Cleaning – once every 24h with scrubber drier – has separate dirty water tank
Cleaned
Dry
Direction III

SRV
59
57
56

105

Area 35:
Floor type:

Epoxy Floor

Pendulum SRV (Four-S Rubber Slider)
Condition
As-found
As-found

Contamination
Dry
Water-wet

Test Direction
Direction I
Direction I

SRV
42
36

After squeegee
After squeegee

Dry (slider wet)
Dry (slider dried)

Direction I
Direction I

39
45

After detergent

Dry

Direction I

52

APPENDIX B: EXCERPTS FROM “THE MEASUREMENT OF
FLOOR SLIP RESISTANCE - GUIDELINES RECOMMENDED BY
THE UK SLIP RESISTANCE GROUP”, ISSUE 2, JUNE 2000.
IMPORTANT NOTE: Research in the UK by the Health and Safety Executive (HSE) has
identified that more than 90% of slipping accidents occur on wet floors, most usually on
relatively smooth surfaces. Evaluation of the slip resistance of floors is not an exact science. In
addition to selected measuring instruments, it demands the relevant expertise and methodical
procedures. In this context these guidelines offer advisory information in respect of measuring
the slip resistance of flooring materials under water-wet conditions.
The information within this document, which may be revised as knowledge and understanding
of pedestrian slipping increase, does not define the ‘safety status’ of any floor or flooring
material at any stage of its service life.

Four-S Pendulum Value
25 and below
25 to 35
35 to 65
Above 65

Potential for Slip
High
Moderate
Low
Extremely Low

TRRL Pendulum Value
19 and below
20 to 39
40 to 74
Above 75

Potential for Slip
High
Moderate
Low
Extremely Low

Rz (Rtm) Surface Roughness*
Potential for Slip
Below 10
High
Between 10 and 20
Moderate
Above 20 and up to 30
Low
Above 30
Extremely Low
*Roughness values applicable for water-wet, low activity pedestrian areas.
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HSE information sheet
Preventing slips in the food and drink industries technical update on floor specifications
Food Sheet No 22
Introduction
This information sheet updates HSE booklet Slips and
trips - guidance for the food processing industry
HSG1561 by giving additional technical factors in
specifying flooring. The information sheet covers areas
where research has given new or different information
with respect to:
1

the measurements that can now be used for
measuring slip resistance;

2

confirmation that measuring the coefficient of
friction using manually dragged or self-propelled
sleds can give misleading results;

3

the importance of considering the viscosity of
expected contamination before floor specification;

4

the importance of roughness peak height (Rpm)
over peak-to-valley height (Rtm);

5

roughness valley depth (Rvm) being not as
important as previously thought for drainage;

6

floor 'hardness' being a factor in slip resistance.

Because slips risks are so much higher in the food and
drink industries, principally because of wet or greasy
floors, managers in these industries have a particular
need to consider the specification of flooring surfaces.
The information contained in this information sheet will
add to that in the relevant parts of HSG156.1
1

Assessing a floor's potential slip resistance

(expands Notes on page 15 of HSG156)

Two important factors which need to be included in any
slip resistance assessment are:
●

coefficient of friction (CoF); and

●

surface roughness (pages 13-16 of HSG156).

While avoidance of wet contamination is the first
approach, there may be occasions when wet or greasy
floors cannot be avoided, and reliance on adequate slip
resistance of a wet floor becomes more important. In
such cases allowances must be made for the reduction
in CoF which accompanies such contamination. The
floor's potential slip- resistance in such conditions may
now be assessed by an established suite of
measurements including floor surface roughness and
dynamic coefficient of friction (CoFd), as documented in
the Guidelines recommended by the United Kingdom
Slip Resistance Group 2 (UKSRG).
2

The CoF of a floor surface is, currently erroneously,
often the only measure used to indicate that floor's slip
resistance. Although CoFd is intimately linked to surface
roughness, and is often closely related to floor surface
slip resistance, it is traditionally a difficult parameter to
measure.
Many measurement techniques exist but some (such as
manually-dragged or self-propelled sled-type
instruments) may give misleading results, especially
when used under wet-contaminated conditions. The
preferred technique to measure CoF is the 'pendulum'
slip resistance tester as used by the Health and Safety
Laboratory in Sheffield. The 'pendulum' tester gives
reliable results in wet, oily or greasy conditions conditions under which most reported slips accidents
occur.
Using this technique on a dry or wet surface, values of
36 or more (equivalent to a CoF of 0.36) are currently
accepted to indicate satisfactory slip resistance. Further
tests are usually carried out after contamination of the
test surface with any 'expected' contaminant; this allows
an insight into the actual CoF experienced in everyday
working situations. Further details may be found in the
UKSRG Guidelines.2
3

HSG156 recommends that previous practical experience
of similar floors in real situations may be used as the
basis of floor selection. Research has now highlighted a
suite of measurements which are also helpful if used
correctly within a risk assessment framework.

Measuring coefficient of friction (expands Notes

on page 15 of HSG156)

Importance of contaminant viscosity: (expands

on information given in Table 6 of HSG156)

The presence of wet contaminants between a shoe sole
and a floor surface often results in the formation of a
squeeze-film (a film of heavily compressed fluid trapped

between shoe and floor which prevents 'solid-to-solid'
contact). In conditions where physical contact is
prevented by squeeze-film formation, CoF is drastically
reduced and the risk of slipping is greatly increased.
In areas where the type of shoe soling materials in use
may not be controlled, the surface roughness of the
flooring material must be sufficient to penetrate
squeeze-films formed in order to achieve solid-to-solid
contact. The level of roughness required to do this is
governed by the viscosity of the liquid contaminant
present.
HSE research has identified the levels of Rtm roughness
which are required to penetrate squeeze-films of
differing viscosities sufficiently enough to allow
'satisfactory' CoF values (as assessed using the
UKSRG guidelines). These suggested minimum
roughness requirements are shown in Table 1. The Rtm
values will be helpful in assessing floor specification
requirements.
Table 1 Minimum levels of Rtm roughness required to
allow satisfactory CoF values
Contaminant
Viscosity
(cPs)
<1
1-5
5-30
30-50
> 50

Workplace
Analogue
Clean Water
Milk
Stock
Olive Oil
Margarine

Minimum Rtm
Floor
Roughness
20 µm
45 µm
60 µm
70 µm
> 70 µm

The correlation found between Rpm roughness
measurements and human-based floor surface CoF
tests has been shown to be very high, and exceeds that
shown by Rtm roughness.
Conclusions have been drawn as to why the
measurement of Rpm should correlate so well with
human-based CoF test results. Under wet-contaminated
conditions, where the formation of squeeze-films may be
reasonably expected, research has shown that
roughness peaks (the roughness feature directly
represented by Rpm) can 'break through' the squeezefilms formed, thus allowing solid-to-solid contact, so
increasing CoF and improving slip resistance; the higher
the roughness peaks, the greater the film penetration
achieved.
Although the correlation between Rpm roughness and
human-based CoF test results is strong, it has been
identified that different relationships between CoF and
Rpm exist for floor materials of different hardness;
harder floors generally require greater peak roughness
to allow satisfactory slip resistance. Laboratory
measurements have suggested that, to enhance slipresistance in water-wet conditions, soft and hard floor
materials should have Rpm values of no less than 8 µm
and no less than 25 µm respectively.
Rpm roughness measurements may, therefore, be used
to estimate the potential slip-resistance of a floor surface
before installation, but floor surface hardness must also
be considered before a flooring material is specified in
this way.

4
The importance of roughness peak height
(Rpm) (new information not included in HSG156 pages 15

5
Roughness valley depth (Rvm) not as
important as previously thought for drainage (new

and 16)

information supplementing HSG156 page 16)

The use of the Rtm roughness parameter is, however,
the subject of potential criticism, as values are a
measure of total surface roughness (peak-to-valley
height), a parameter which some consider to contain
more information than strictly required.

Measurement of the roughness valley depth via the Rvm
parameter (the mean of several separate maximum
valley depth measurements (Rv), see Figure 1) has
been shown not to be of great relevance to floor surface
slip resistance.

Recent HSE research has shown that the height of the
roughness peak (Rp - see Figure 1) present on a floor
surface is responsible for the bulk of its frictional
properties (and therefore for its slip resistance) in wet
conditions. Research has identified Rpm (the mean of
several separate maximum peak height measurements)
as a suitable measure of peak roughness. However, it
has been shown that the measurement of Rpm is
significantly more difficult than that of Rtm. The Rtm
parameter is therefore measured far more often in the
field.

It is often thought that the presence of 'valleys' in floor
surface profiles may allow 'drainage' of wet
contaminants, and so improve slip resistance in wetcontaminated conditions. This has been shown not to be
the case. Although very small amounts of contaminant
may be 'stored' in profile valleys before and during heel
strike, contamination cannot easily be 'compressed' into
valleys. Valley roughness does not, therefore, contribute
to the breakthrough of contaminant squeeze-films, and
is therefore of little assistance to slip resistance under
'squeeze-film' conditions.

6

Effect of floor hardness (new information not
included in HSG156 pages 15 and 16 on selection of flooring)

References and further reading
1

The most commonly used and accepted measure of
surface roughness is Rtm - the mean of several peak-tovalley height measurements (Rt - see Figure 1). This
measure is simple, quick, and a good indicator of floor
slip resistance.

Slips and trips: Summary guidance for the food
industry HSE Food Sheet 6 HSE Books
2

It has recently been shown that floor surface Rtm
roughness levels of at least 20 µm (eg 30 µm) are
required to enhance the slip-resistance of hard floor
materials (eg ceramics, concrete) in water-wet
conditions. This figure may be reduced slightly when
considering soft flooring materials (eg vinyl, linoleum).

Slips and trips - Guidance for the food processing
industry HSG156 HSE Books ISBN 0 7176 0832 8

The Measurement of Floor Slip Resistance:
Guidelines Recommended by the UK Slip
Resistance Group 1996 RAPRA Technology Ltd.,
Shawbury, Shropshire SY4 4NR

HSE priced and free publications are available by mail
order from HSE Books, PO Box 1999, Sudbury, Suffolk
CO10 6FS Tel: 01787 881165 Fax: 01787 313995.
HSE priced publications are also available from good
booksellers.

500 µm
10 µm

For other enquiries ring HSE's InfoLine Tel: 0541
545500, or write to HSE's Information Centre, Broad
Lane, Sheffield S3 7HQ.

Profile
‘mean line’
Valley depth
(Rv)
Peak
height (Rp)

Floor surface
roughness profile

Peak-to-valley
height (Rt)

Figure 1 Floor surface roughness profile

This guidance is issued by the Health and Safety Executive.
Following the guidance is not compulsory and you are free to
take other action. But if you do follow the guidance you will
normally be doing enough to comply with the law. Health and
safety inspectors seek to secure compliance with the law and
may refer to this guidance as illustrating good practice.

This publication may be freely reproduced, except for
advertising, endorsement or commercial purposes. The
information it contains is current at 5/99. Please
acknowledge the source as HSE.

Printed and published by the Health and Safety Executive
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Health and Safety
Executive

The assessment of pedestrian
slip risk
The HSE approach
INTRODUCTION
Slips, trips and falls on level ground (STFL) consistently account for around 1 in 3 major
injuries, and for over 1 in 5 over-3-day injuries in workplace areas throughout Great
Britain, a total of at least 35 000 injuries per annum (one serious slip accident every three
minutes). HSE statistics suggest that the majority of these STFL accidents are slips.
Research by the Health and Safety Laboratory (HSL) on behalf of HSE has shown
that a combination of factors contribute to slip accidents. A ‘slip potential model’
has been developed in which the relative importance of the following factors,
among others, to a given situation is assessed and quantified:
■
■
■
■
■
■

floor;
contamination;
footwear;
pedestrian factors;
cleaning;
environment.

This document is specifically concerned with methods of assessing the
slipperiness of floors.

THE ASSESSMENT OF SLIPPERINESS: THE HSE APPROACH
The law requires that floors must not be slippery, so as to expose any person to a
risk to their safety (The Workplace (Health, Safety and Welfare) Regulations 1992).1
The characteristics of floor surface materials required to provide satisfactory slip
resistance have traditionally been considered difficult to assess. However, research
carried out by HSE at HSL, in conjunction with the UK Slip Resistance Group
(UKSRG) and the British Standards Institution, has shown that this is not the case.
The slipperiness of flooring materials can be accurately assessed by using
commercially available, portable scientific test instruments.
HSE/HSL has developed a reliable and robust test method using these instruments
for the assessment of floor surface slipperiness in workplace and public areas. The
method has been used as the basis of significant HSE and Local Authority
enforcement, from advice through to improvement notices, or ultimately, prosecution.
The methodology developed is based on the use of two instruments:
■
■

a ‘Pendulum’ coefficient of friction (CoF) test (HSE’s preferred method of
slipperiness assessment, see Figure 1); and
a surface microroughness meter (see Figure 2).

Use of this methodology is ideally suited to both laboratory-based assessment,
and for use on installed floors.
Slips and trips 1
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PENDULUM
The pendulum coefficient of friction test (also known as the ‘portable skid
resistance tester’, the ‘British pendulum’, and the ‘TRRL pendulum’) is now the
subject of a British Standard, BS 7976.2
Figure 1 The ‘pendulum’ coefficient of friction test, HSE/HSL’s preferred test
method for the assessment of floor surface coefficient of friction

This instrument, although often used in its current form to assess the skid
resistance of roads, was originally designed to simulate the action of a slipping foot.
The method is based on a swinging, dummy heel (using a standardised rubber
soling sample), which sweeps over a set area of flooring in a controlled manner.
The slipperiness of the flooring has a direct and measurable effect on the pendulum
value given (known as the ‘slip resistance value’, ‘pendulum test value’ or ‘British
pendulum number’).
HSL research has confirmed the pendulum to be a reliable and accurate test,
leading to its adoption as the standard HSE test method for the assessment of
floor slipperiness in dry and contaminated conditions. The instrument requires a
competent operative both to use it and interpret the results. HSE currently believes
this to be the only portable instrument that accurately simulates the action of a foot
slipping on a wet floor. However, HSL has a programme to evaluate new test
methods.
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SURFACE MICROROUGHNESS
An indication of slipperiness may be simply obtained by measuring the surface
roughness of flooring materials. Many types of roughness tests exist (see Figure 2),
but research has shown that measurement of the ‘Rz’ parameter (formerly known
as ‘RzDIN’ and ‘Rtm’) allows slipperiness to be predicted for a range of common
materials. Rz is a measure of total surface roughness, calculated as the mean of
several peak-to-valley measurements. This measurement is simple, quick and a
good indicator of floor slip resistance.
Figure 2 Surface microroughness meters

INTERPRETATION OF RESULTS
In most circumstances, both pendulum CoF and surface microroughness readings
are required to give an accurate indicator of floor surface slipperiness. Results
should be interpreted using the information in Tables 1 and 2 (adapted from United
Kingdom Slip Resistance Group, 2000).3
Pendulum classifications given in Table 1 are based on the use of a standardised
soling material, known as Four-S rubber (‘standard simulated shoe sole’),
developed by HSL and the UKSRG). This material was designed to represent
footwear materials of ‘average’ slip resistance; use of more or less slippery soling
materials may affect the overall potential for slip.
Table 1 Slip risk classification, based on pendulum test values
Pendulum value

Slip risk

0-24

High

25-35

Moderate

36-64

Low

65 +

Extremely low
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Table 2 Potential for slip classification, based on Rz microroughness values
(applicable for water-wet, low activity pedestrian areas)

Rz surface roughness (microns)

Potential for slip

Below 10

High

10 or above (but below 20)

Moderate

20 or above

Low

PRACTICAL CONSIDERATIONS: PENDULUM
Information generated by the pendulum using Four-S rubber is sufficient for the
assessment of the slipperiness in most circumstances. However, for the
assessment of barefoot areas or unusually rough floors, the use of TRRL rubber (a
similar but softer, more malleable compound) rather than Four-S rubber may be
advantageous. Slider choice need not, however, be limited to either material.
Although use of the pendulum has been proven to be successful on all level and
inclined floor surfaces, it is not normally considered to be suited to the assessment
of stair treads and nosings due to the size of the test area required. Furthermore,
although use of the pendulum on heavily profiled flooring materials is possible,
doing so can be difficult, and should only be undertaken by experienced operators.
Consider, therefore, the use of alternative test methods in such areas.

PRACTICAL CONSIDERATIONS: ROUGHNESS METERS
Research has shown that the use of the Rz roughness parameter is a reliable
indicator of floor slipperiness. It is possible to measure other roughness parameters
that give a fuller picture of floor surface slipperiness. Further research is currently
being carried out to determine whether this ‘fuller picture’ is necessary.
Although the use of portable, commercially available roughness meters for the
assessment of floor surface slipperiness is increasing, they are unsuitable for use
on some common flooring types, such as carpet or unusually rough/undulating
floors. As such, roughness measurements should only be used as a guide, and
should not be used as the sole indicator of the slip potential of flooring materials.
However, roughness measurements may be used to monitor changes in floor
surface characteristics, such as wear.
The figures quoted in Table 2 relate to floor surface slipperiness in water-wet
conditions. If other contaminants are present, differing levels of roughness will be
required to lower slip potential. As a general rule, the level of floor surface
roughness required is related to the viscosity (or thickness) of the contaminant, as
shown in Table 3.
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Table 3 Minimum floor roughness levels required for typical workplace
contaminants6
Minimum roughness

Contaminant

20 µm

Clean water, coffee, soft drinks

45 µm

Soap solution, milk

60 µm

Cooking stock

70 µm

Motor oil, olive oil

above 70 µm

Gear oil, margarine

OTHER CONSIDERATIONS
Consider other relevant information relating to the slipperiness of the floor to give a
more complete picture of pedestrian slip potential. Such information could include
the causes and means of preventing floor surface contamination, the regimes used
to clean the floor surface (both in terms of their effectiveness and frequency), the
footwear types worn in the area (specifically, soling material, tread pattern and
condition) and associated environmental and human factors. This slip potential
model approach has been shown to be a very powerful tool for the accurate
assessment of slipperiness, and can be used as a starting point for a risk
assessment-based approach.

OTHER TEST METHODS
HSE/HSL continue to assess newly developed and existing methods for the
assessment of slipperiness. Although a small number of reasonably promising tests
are available, few have yet produced consistently credible data under either
laboratory or site-based conditions.

SLED-TYPE TESTS
Laboratory-based assessments have strongly suggested that several tests
currently available (particularly those based on ‘sled-type’ principles) can produce
misleading data. Information from such tests shows that some smooth floorings
appear to be less slippery in wet conditions than when dry; this is clearly at odds
with everyday experience. Sled tests are capable of producing accurate data when
used to assess floors in clean, dry or dusty conditions. However, it should be
stressed that the vast majority of slipping accidents occur in wet, contaminated
conditions.
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RAMP TESTS
Many European flooring manufacturers use ramp-type tests to classify the
slipperiness of their products before sale. Such tests are generally carried out using
German National Standard test methods (DIN 51097:19924 and DIN 51130: 1992,5
see Figure 3). The method involves the use of test subjects who walk forwards and
backwards over a contaminated flooring sample. The inclination of the sample is
increased gradually until the test subject slips. The average angle of inclination at
which slip occurs can be used to calculate the CoF of the level flooring.
Figure 3 The ‘HSL DIN ramp’ coefficient of friction test

DIN 51097 involves the use of barefoot operators with soap solution as
contaminant, and DIN 51130 uses heavily cleated EN345 safety boots with motor
oil. HSE has reservations about these test methods, as neither uses contaminants
which are representative of those commonly found in workplaces.
The classification scheme outlined in the German National Standard (Table 4) has
led to some confusion and misapplication of floor surfaces around the UK.

6

The assessment of pedestrian slip risk

Table 4 DIN 51130 ‘R-Value’ slipperiness classification regime
Classification

R9

R10

R11

R12

R13

Slip angle

30-100

100-190

190-270

270-350

>350

A common problem stems from the misconception that the ‘R’ scale runs from R1
to R13, where R1 is the most slippery, and R13 the least slippery. HSE/HSL have
been involved in cases where R9 floors have been specified as high performance,
specialist anti-slip surfaces. In reality, the R scale runs from R9 to R13, where R9 is
the most slippery, and R13 the least slippery. Floor surfaces which are classified by
the DIN 51130 standard as R9 (or in some instances R10) are likely to be
unacceptably slippery when used in wet or greasy conditions.
The ramp-based tests described above have been modified by the HSE/HSL and
the UKSRG to address these limitations. The modified test uses clean water as
contaminant and footwear with a standardised soling material, and as such is
thought to be far more representative. The test method can also be used to
assess the slipperiness of footwear, and is currently being drafted for inclusion in a
British Standard and the UKSRG guidelines.

SLIPS ASSESSMENT TOOL (SAT)
HSE and HSL have recently developed a PC based package that allows ‘nonexperts’ to assess the slip risk potential presented by level pedestrian walkway
surfaces. This Slips Assessment Tool (SAT) prompts the user to collect surface
microroughness data from the test area using a hand-held meter. Further
information is then fed into the system, such as the floor surface type, the cleaning
regime used, the condition of the floor (both in terms of its cleanliness and history),
type of footwear worn and human factors relating to pedestrian use. On completion,
a ‘slip-risk classification’ is supplied to the user, this gives an indication as to the
potential for a slip. SAT is designed to assist in the decision making process when
considering the risk of slipping in a defined area. However, it should not be relied
upon when considering the performance of just the flooring. In this instance the
pendulum should be used.
In addition, the SAT is also a valuable source of training information, which aims to
increase the awareness of the scale of the slips problem, and to familiarise the
user with common slip-resistance test methods.
In autumn 2004 HSE/HSL are to make SAT widely available through the Internet,
following the completion of an extensive field-testing programme by HSE and local
authority inspectors.
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INTERPRETATION OF MANUFACTURERS’ DATA
It should be noted that most slip resistance information provided by flooring
manufacturers is produced from as-supplied products (ie ‘ex-factory’). The
slipperiness of most flooring materials will normally change significantly on
installation, and after short periods of use, maintenance and wear.
Furthermore, data quoted simply as ‘CoF’ should be viewed with uncertainty as,
as described previously, the type of CoF test used can have a critical affect on the
validity of the data.
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This leaflet contains notes on good practice which are not compulsory but which you
may find helpful in considering what you need to do.
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