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1. SCOPE

This method determines the coefficient of friction between footwear and underfoot surfaces
under conditions simulating those experienced in the phases of a typical walking step when
slip is most likely to occur.

The method is applicable to all types of footwear, outsole units, heel top-pieces (top-
lifts) and sheet soling materials, also to all types of underfoot surfaces, including ice,
turf and gravel, with or without surface contaminants, for example, liquid water, oil
and grease.

The test conditions specified in the method may be inappropriate for footwear or underfoot
surfaces that force or induce wearers to walk in an atypical manner. Unless biomechanical
studies indicate that the specified conditions are suitable for such footwear or underfoot
surfaces, results obtained using these conditions should be treated with caution.

Special purpose footwear or fittings containing spikes, metal studs or similar may be tested
on appropriate surfaces but the method does not fully take account of the risk of tripping
due to footwear/ground interlock.

2. PRINCIPLE

The footwear item and underfoot surface are brought into contact, subjected to a specified
vertical force for a short period of static contact then moved horizontally relative to one
another at a constant speed. The horizontal frictional force is measured at a given time after
movement starts and the dynamic coefficient of friction is calculated for the particular
conditions of the test.

3. REFERENCES

ISO 48 – Rubber, vulcanized or thermoplastic – Determination of hardness (hardness
between 10 IRHD and 100 IRHD).

IS0 4662 – Rubber, vulcanized or thermoplastic – Determination of rebound resilience.

EN ISO 4287 – Geometrical Product Specifications (GPS) – Surface texture: Profile method
– Terms, definitions and surface texture parameters.

ISO 3696 – Water for analytical laboratory use – Specification and test methods.

4. APPARATUS AND MATERIALS

4.1 A means of conditioning the test specimens and standard reference materials against
which the specimens are to be tested, prior to the test at (23 ± 2)°C and (50 ± 4)% rh and of
maintaining a temperature of (23 ± 2)°C during the test.

NOTE:With a typical uncertainty of ± 2% on relative humidity measurements, a ± 4%
tolerance after taking into account the uncertainty equates to a ± 2% tolerance when no
such allowance has been made, i.e. the tolerance as previously specified in SATRA test
methods.
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4.2 A slip resistance test machine that:

a) incorporates elements 4.2.1 to 4.2.9;

b) is sufficiently stiff to avoid vibration during use.

4.2.1 A secure attachment point for footwear, sole unit, slider or other test specimen,
hereafter referred to as footwear item, after mounting as specified in Annex A.

NOTE: The term slider refers to flat rectangular specimens used in calibrating floorings and
other underfoot surfaces (Annex B) and circular test specimens prepared from footwear
sheet materials (Annex C).

4.2.2 A flat rigid horizontal surface mount, hereafter referred to as the mounting table, of
minimum width 150 mm and minimum length 450 mm, onto which the test underfoot
surface, hereafter termed the test floor, (Annex B) is mounted.

4.2.3 A means of preventing movement of the test floor relative to the mounting table
(4.2.2) during the test.

4.2.4 A means of holding the footwear item clear of the test floor between test
measurements without contact with any other surfaces.

4.2.5 A means of adjusting the angle between the footwear item and the test floor so that
the required contact angle can be achieved (Annex A) and of adjusting the contact point
horizontally with respect to the line of action of the downward force (4.2.6).

4.2.6 A mechanism for lowering the footwear item onto the test floor and applying a steadily
increasing downward force, including the weight of the test specimen and its mounting, at a
rate that enables the required full force either (400 ± 20) N or (500 ± 25) N, see Table 1, to
be achieved within 0.2 s of reaching 50 N.
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Key:
A: 50 N reached.
B: Full force achieved and relative movement started within 0.2 s after ‘A’.
C: Snapshot value of horizontal force taken at (0.1 ± 0.01) s after the start of sliding

movement.
D: Snapshot value of vertical force taken at (0.1 ± 0.01) s after the start of sliding

movement.

Figure 1. Test chart showing sequence of events in a typical test run.
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4.2.7 A means of sliding the test floor relative to the footwear item a distance of at least 40
mm at a speed of (0.3 ± 0.03) m/s commencing within 0.2 s after a vertical load of 50 N is
achieved. Sliding shall not start until full vertical force is achieved, see Figure 1. The footwear
test specimen may be constrained while the test floor is moved relative to it, or vice versa.

4.2.8 A means of measuring time with a resolution of 0.01 s or better.

4.2.9 A means of measuring and recording:

� The vertical force exerted on the test specimen, with an accuracy of 2% or better.

� The horizontal frictional force, with an accuracy of 2% or better, exerted on the test
specimen measured in the plane of the surface of the test floor.

� The displacement of the moving item, either test floor or footwear test item, to the
nearest 1 mm.

A suitable slip resistance test machine is available from SATRA

4.3 Paper towels.

5. TEST SPECIMENS

5.1 For footwear items (footwear, sole units, sole facers, sheet materials, top-pieces and
sliders) – see Annex C.

5.2 For underfoot surfaces (test floors and lubricants/contaminants) – see Annex B.

NOTE: Either the footwear item or the underfoot surface may be the subject of the test.
Appropriate underfoot surfaces and footwear items respectively are selected as the
reference materials against which the subject item is tested.

5.3 The specimens shall be cleaned prior to testing and conditioning but in all other
respects they shall be tested in the condition as supplied unless otherwise specified – see
Annex D.

5.4 All specimen samples shall be conditioned for at least 3 hours prior to the test at
(23 ± 2)°C and (50 ± 4)% rh unless otherwise specified – see Annex D. The test shall be
carried out at (23 ± 2)°C within 30 minutes of removal from the conditioned atmosphere,
unless otherwise specified.

5.5 When testing against an underfoot surface in both a dry and a wet condition, one
specimen shall be tested first in the dry and then in the wet. The second specimen shall be
tested first in the wet and then in the dry (for top-pieces and sheet materials used for top-
pieces, this is performed in duplicate). In this way both dry and wet measurements will be
made on footwear in fresh condition as well as in slightly abraded condition from preceding
measurements.

6. PROCEDURE
6.1 Prepare test specimens according to Annex D: prepare and condition standard
reference materials (footwear, sole units or sliders and test floors) according to Annexes B,
C and D.
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6.2 Fit and secure the prepared test floor onto the rigid surface mount. If more than one
test floor specimen is required to achieve a test track of at least 40 mm, position the join(s)
outside the area traversed during the test run.

6.3 Securely fit the prepared footwear item to an appropriate mounting (Annex A).

6.4 Lower the footwear item into contact with the test floor under its own weight. Adjust the
alignment and angle of the footwear item to conform to one of the test modes defined in
Annex A.

6.5 Fully tighten all mounting adjustments and lift the footwear item away from the test floor.

6.6 Apply lubricant/contaminant if required (Annex B).

6.7 Activate the recording system (4.2.9).

6.8 Bring the footwear item into contact with the test floor and apply the required vertical
force as specified in Table 1.

6.9 Activate sliding movement as specified in Section 4.2.7.

6.10 Stop the test after a sliding distance of at least 40 mm and turn off the recording
system.

6.11 Lift the footwear item away from the test floor and support it so that it is NOT brought
into contact with any other surface.

6.12 Reset the apparatus so that it is ready to take another measurement from the same
contact point.

6.13 Restore the test floor surface to its specified condition if possible and note any
marking or damage caused by testing. If testing in the dry condition, wipe the test floor with
a clean dry paper towel (4.3) to remove any visible loose deposits. If testing in a
lubricated/contaminated condition, remove any visible loose deposits and reapply
lubricant/contaminant.

6.14 Repeat the procedure in Sections 6.7 to 6.13 a further four times.

Footwear Item Full load to be applied (N)

Footwear and finished soles of size Paris Points 40
(UK size 6.5) and above 500 ± 25

Footwear and finished soles of sizes below
Paris Points 40 (UK size 6.5) 400 ± 20

Top-pieces and sole materials intended for men’s
footwear of unknown size 500 ± 25

Top-pieces and sole materials intended for women’s,
children’s and infants’ footwear of unknown size 400 ± 20

Table 1. Vertical load to be applied in slip test run.
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6.15 Examine the tested surface of the footwear item and note any physical changes that
have occurred (e.g. abrasion of the finish on leather).

6.16 For each test run determine the value at a time of (0.10 ± 0.01) s after the start of
sliding movement of:

� The vertical contact force between the two surfaces [Fv] in newtons, and,

� The horizontal frictional force [Fh] in newtons.

6.17 For each test run calculate the coefficient of friction to two decimal places as follows:

Coefficient of friction (CoF) = Horizontal force [Fh]

Vertical force [Fv]

6.18 Examine the test results.

6.18.1 If the five consecutive results of the measurements show a systematic increase or
decrease of more than 10% of the initial reading:

� Carry out one or more further test runs until a sequence of five are obtained that do
not show a systematic increase or decrease of greater than 10%;

� Where apparent, record the cause of variation, eg abrasion of finish on leather or
resin rubber soling, and record the CoF value for the first run in the first sequence of
measurements, representing the initial surface condition of the material, and the
value for the fifth run, of the last sequence, representing its changed condition after
repeated testing.

6.18.2 Calculate the arithmetic mean CoF of the last sequence of five results and report to
two decimal places.

6.18.3 If a cause of variation cannot be identified, the test specimens may be
contaminated. In this case repeat the test using a fresh or re-cleaned test specimen.

6.18.4 In some circumstances the phenomenon of slip-stick may occur which manifests
itself in a friction trace (Figure 1) as excessive vibration or oscillation of the horizontal and
vertical force traces, and CoF trace if available. Where this occurs the average value of CoF
between the maximum and minimum peaks on the trace in the measurement region
(0.10 ± 0.01) s should be recorded with a description of the shape of the trace.

6.18.5 Occasionally the CoF trace may show a steady increase or decrease which may
reflect a genuine behaviour of the particular combination of footwear item and underfoot
surface. In these cases the result should be recorded as in Section 6.16 to 6.18.2 but with a
description of the shape of the trace.

6.19 If the procedure in 6.6 to 6.9 was carried out under wet conditions, thoroughly dry the
test floor and footwear item using paper towels (4.3) then repeat 6.7 to 6.18. If the
procedure in 6.6 to 6.9 was carried out under dry conditions, wet the tiles as specified in B4
then repeat 6.7 to 6.18.

6.20 Repeat 6.4 to 6.19 if other test modes are required.
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6.21 Repeat 6.3 to 6.20 with further footwear items or 6.2 to 6.20 with further underfoot
surfaces specimens as appropriate, until the required total number of specimens has been
tested.

7. TEST REPORT

The test report shall include:

7.1 Reference to this test method SATRA TM144 2011.

7.2 A full description of the test specimen (footwear item or underfoot surface items),
including any manufacturer’s reference, and of the standard reference materials (flooring or
footwear items respectively).

7.2.1 Footwear items:

7.2.1.1 A description of the footwear, outsole unit or top-piece including size, whether left or
right and, where applicable, relevant details of bottom construction (e.g. heel height,
whether a midsole is present and type if known) and in the case of footwear, the type (e.g.
sandal, boot).

7.2.1.2 For sheet materials, the thickness of the material.

7.2.1.3 For sole facer materials, details of backer if used.

7.2.1.4 A description of any surface pattern.

7.2.1.5 The type(s) of material if known.

7.2.1.6 Details of any non-standard pre-treatment such as cleaning or preparatory abrasion
of the wearing surface before testing, or any previous wear and whether this is judged as
light, moderate or heavy.

7.2.1.7 Details of the test floor(s).

7.2.1.8 When the test floor is ice, the details specified in E8.1 and E8.2 of Annex E.

7.2.2 Floorings and other underfoot surfaces:

7.2.2.1 A description of the underfoot surface.

7.2.2.2 A description of any surface texture or profiling.

7.2.2.3 The type(s) of material if known.

7.2.2.4 Details of any surface polish or resin that has been applied, if known.

7.2.2.5 Details of any non-standard pre-treatment such as cleaning or preparatory abrasion
of the flooring or underfoot surface before testing, or any previous wear and whether this is
judged as light, moderate or heavy.

7.2.2.6 A description of lubricant/contaminant used.

7.3 Details of any marking or damage caused by the testing, either to the footwear item or
to the underfoot surface other than the normal changes that occur with transient surfaces
such as ice.
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7.4 The applied vertical force.

7.5 For each test specimen other than those tested on ice, the coefficient of friction for each
mode of test and each test condition. (For details of coefficient of friction values to be
reported when carrying out ice tests, see E8.2.4) The test condition shall be qualified if
there was a preceding test condition on the same specimen. For example: Left foot – dry
(result), Left foot – wet after dry (result), Right foot – wet (result), Right foot – dry after wet
(result).

7.6 Where a systematic trend has been seen, other than in tests on ice, the first and last
values as specified in 6.18.1 and the number of test runs performed.

7.7 The atmosphere (temperature and humidity) under which the test specimens and
reference materials were conditioned and tested.

7.8 Any deviations from the standard test method.

7.9 Any unusual slip trace shapes such as slip-stick (6.18.4) or significantly increasing or
decreasing friction curve (6.18.5) shall be described.

SATRA can help members to interpret the results from this test method

8. ADDITIONAL NOTES

Related standards:

ISO 15113 Rubber – Determination of frictional properties.

EN ISO 13287 Personal protective equipment – Footwear – Test method for slip resistance.

Annexes

Annex A – Mounting footwear items and setting up test modes.

Annex B – Underfoot surfaces, lubricants and contaminants – specification and calibration.

Annex C – Footwear, test items and sliders – specification and calibration.

Annex D – Surface preparation of footwear test items, floorings and other underfoot
surfaces.

Annex E – Assessing resistance to slip on ice.
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Annex A – Mounting footwear items and setting up test modes

A1 Apparatus and materials

A1.1 For tests with whole footwear, sole units, sole facers and other materials to be used in
the forepart of footwear bottoms:

A1.1.1 A selection of shoemaking lasts, each incorporating a means of attachment to the
attachment point (4.2.1) of the slip resistance test machine (4.2), that will accommodate the
footwear sizes to be tested.

A set of lasts suitable for commonly tested sizes is available from SATRA

A1.1.2 A steel rule or similar straight edge device of similar length to the largest last.

A1.1.3 A means of attaching the soles or other soling specimens securely to the
shoemaking lasts (A1.1.1) that will:

a) prevent movement between the sole surface and the last surface during the test;

b) not interfere with the test.

NOTE: The soles may be attached by adhesive means such as double-sided tape or by
mechanical means such as screws, wire or cable ties provided that the requirements
specified in A1.1 3 are met.

A1.1.4 For tests with sole facer units:

A1.1.4.1 A midsole and/or heel block as appropriate to represent underlying sole material.
This may be fabricated from sheets of microcellular EVA of hardness (40 ± 10) IRHD and
specific gravity (0.25 ± 0.05) or by using other materials as specified.

The midsole and/or heel block shall be sufficiently thick to enable the thickness of the end-
product to be replicated where this is known. If the thickness of the end-product is not
known, the midsole and/or heel block shall be sufficiently thick to produce an assembly that
is at least 5 mm thick throughout its length.

A1.1.4.2 A means of securely bonding the midsole and/or heel block (A1.1.4.1) to the back
of the sole facer material that prevents movement between the midsole/heel block surface
and the sole facer surface during the test.

A1.1.5 A gauge or other suitable means of assessing the extent of wedge protrusion when
adjusting the positions of the wedge (A1.3) and footwear test item in A3.4.4.

A1.2 For tests with top-pieces and sheet material to be used as top-pieces.

A1.2.1 A flat rigid backing plate of minimum dimensions 160 mm x 80 mm, with its length
aligned with the axis of the test floor. This may be incorporated into (or securely attached to)
the lower surface of a rectangular box (A1.2.2.1) or securely attached to a suitably sized
shoemaking last (A1.2.2.2).

A1.2.2 Either A1.2.2.1 or A1.2.2.2.

A1.2.2.1 A rectangular metal box that:

a) is approximately 180 mm long, 90 mm wide, 90 mm deep and sufficiently rugged to
resist distortion under the applied test loads;
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b) incorporates a secure means of attachment to the attachment point (4.2.1) of the slip
resistance tester (4);

c) if the backing plate is not incorporated into the box, a means of attachment for the
backing plate that will prevent movement between the plate and the surface of the
box during the test.

A1.2.2.2 A suitably-sized shoemaking last that incorporates a secure means of attachment
to the attachment point (4.2.1) of the slip resistance test machine (4.2) together with a
means of attachment for the backing plate that will prevent movement between the plate
and the last surface during the test.

A1.2.3 A means of securely bonding or otherwise attaching the top-pieces or sheet
material specimens to the backing plate that will:

a) prevent movement between the backing plate surface and the surface of the top-
pieces or sheet material specimens during the test;

b) not interfere with the test.

NOTES: A good quality double-sided adhesive tape may provide a satisfactory means of
bonding the specimen satisfactorily. However, when the specimen is very small, e.g. less
than 300 mm2, problems may be expected. Bonding the test specimen with an appropriate
adhesive to a larger piece of thin stiff material, such as resin rubber, which in turn is fixed to
the rigid mounting with double-sided adhesive tape is an alternative approach that generally
is successful. When using this technique it is vital that care is taken to avoid contamination
of the test surface with adhesive.

A1.2.4 For top-pieces with mounting spigots, lugs or other protrusions, either A1.2.4.1 or
A1.2.4.2.

A1.2.4.1 A means of removing the mounting spigots, lugs or other protrusions prior to
mounting that does not damage the top-piece.

A1.2.4.2 An intermediate mounting block in wood or other suitable material with holes to
accommodate the mounting spigots, lugs or other protrusions together with a means of
securely attaching the top-piece to the intermediate block.

A1.2.5 For top-pieces only, an alignment aid or other means of aligning the longitudinal
centre line of the specimen at an angle of (10 ± 2)° to the direction of movement of the test
floor relative to the top-piece.

A1.3 A rigid wedge with an angle of (0.0 ± 0.5)° between its upper and lower surfaces and
of minimum dimensions 80 mm wide by 120 mm long; to be used to set the required
contact angle of (7.0 ± 0.5)° between footwear, sole unit or slider and test floor.

A2 Mounting procedures

A2.1 Whole footwear.

A2.1.1 Remove any insock or footbed from the footwear. (Contoured footbeds in particular
may affect the fit of footwear on the last). If the sole is moulded with a concave heel seat,
e.g. some Wellingtons, fill the concavity with a suitable material to present a flat surface
against the bottom of the last.

A2.1.2 Select a shoemaking last (A.1.1) of a suitable size to fit inside the footwear test
specimen. Use the largest size of last that will tightly fit inside the item of footwear without
distorting it: this is usually the last marked as being the same size as the footwear or one
size smaller.



A2.1.3 Fit whole footwear over the last. The upper may be cut or trimmed if necessary. It is
important that the shoemaking last should not move within the footwear test specimen
during the test. If the shoemaking last is a poor fit, use pieces of crumpled tissue paper or
similar material to fill any gaps at the toe or heel and so prevent movement. Whenever
possible, secure the footwear fastening system.

A2.2 Sole units and other sole specimens.

A2.2.1 Firmly attach sole units and other sole specimens to the lower surface of a suitably
sized last (A2.1.2) using a secure adhesive or mechanical means (A1.1.3). Where a sole
facer unit is to be tested, bond an appropriate backing material (A1.1.4.1) to the back of the
material using a secure adhesive means (A1.1.4.2) to simulate a complete sole unit before
attaching the sole facer/backing material assembly to the lower surface of the last.

A2.2.2 Locate the rear edge of units on the rear edge of the last.

A2.2.3 Ensure that the centre of the forepart of the sole unit or other forepart specimen,
coincides with the centre of the forepart of the last so correct contact is achieved with the
test surface.

NOTE:With oversized caster sole units it may be necessary to trim around the unit to
ensure correct heel and forepart positioning.

A2.3 Top-pieces and sheet material for top-piece use.

A2.3.1 If no mounting spigot, lugs or other protrusions are present, proceed to A2.3.2. If
such protrusions are present, either remove them using a suitable means (A1.2.4.1) or
accommodate them within an intermediate mounting block (A1.2.4.2).

A2.3.2 Securely fix top-pieces, intermediate mounting blocks, where appropriate, or sheet
material specimens to the flat backing plate (A1.2.1) using a secure adhesive means
(A1.2.3).

A2.3.3 If necessary, securely attach the backing plate to the base of the rectangular box
(A1.2.2.1) or last (A1.2.2.2).

NOTE: If the backing plate forms part of the rectangular box, A2.3.3 will not be necessary.

A3 Setting footwear test modes

A3.1 Selection of test mode.

A3.1.1 Footwear, sole units and other whole sole specimens such as sole facers may be
tested in one or more of the following modes:

a) forward heel slip at angled contact (see Figure A1a);

b) backward forepart slip (see Figure A1b);

c) forward flat slip (see Figure A1c).

A3.1.2 Top-pieces may be tested in forward heel slip at angled contact mode (see Figure
A1a).

A3.1.3 Sheet materials may be tested in forward heel slip at angled contact mode (see
Figure A1a) or backward forepart slip mode (see Figure A1b) depending upon their intended
use.

SATRA TM144: 2011/ Page 10
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A3.2 When testing footwear or unit soles in the above test modes align the inside tangent of
the shoemaking last (A1.1.1), as defined by the straight edge (A1.1.2), placed against the
heel swell and joint swell on the inside or medial face of the last, parallel (within ± 2
degrees) to the direction of movement (see Figure A2a).

A3.3 When testing top-pieces align the longitudinal centreline of the specimen at an angle
of (10 ± 2) degrees to the direction of movement (see Figure A2b) using the alignment aid
(A1.2.5).

A3.4 Forward heel slip mode (see Figure A1a).

A3.4.1 When testing top-pieces and sliders, ‘heel’ in A3.4.4 shall be taken to refer to the
top-piece or slider as appropriate.

A3.4.2 Position the rigid wedge (A1.3) on the test floor.

A3.4.3 Lower the mounted footwear test item onto the wedge under its own weight.

A3.4.4 Adjust the positions of the wedge and footwear test item until:

� The heel sits flat on the angled face of the wedge;

� 2-3 mm of the wedge protrudes beyond the rearmost contact point of the heel with
the face of the wedge as judged using the gauge or other suitable means (A1.1.5);

� No contact is made between the forepart and the wedge or test floor;

� The centre of the area of contact between the heel and floor will be vertically below
the line of action of the vertical force when the wedge is removed, as judged by eye.

A3.4.5 Raise the mounted footwear test item, remove the wedge then lower the mounted
footwear.

A3.4.6 Check that the centre of the area of contact between the heel and floor is vertically
below the line of action of the vertical force as judged by eye and adjust the position of the
mounted foot if necessary. Once the required alignment has been achieved, proceed to 6.5
of Section 6.

A3.5 Backward forepart slip mode (see Figure A1b).

A3.5.1 When testing sliders, ‘flexing area of the forepart’ in A3.5.2 and ‘flexing area’ in
A3.5.4 shall be taken to refer to the slider.

Key:
V - Vertical force F - Forward movement of shoe relative to surface B - Backward movement of shoe relative to surface

F

V

V

B

Figure A1a
Forward heel slip

Figure A1b
Backward forepart slip

Figure A1c
Forward flat slip

Figure A1 Three test modes showing line of action of the vertical force with respect to the sole-floor
contact area.

V

F
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A3.5.2 Set the angle of the mounted footwear to a level judged by eye that will enable the
flexing area of the forepart to make contact with the test floor when lowered.

A3.5.3 Lower the mounted footwear item onto the test surface under its own weight.

A3.5.4 Adjust the angle of the mounted footwear item and its position relative to the test
floor until:

� The centre of the flexing area (namely the centre of the flex line) is in the centre of
the contact area;

� The line of action of the vertical force passes through the approximate centre of the
contact area as judged by eye;

� No contact is made between the heel, if present, and the test floor.

Forepart
Mode

Heel
Mode

Inside Outside

Inside Outside

Inside Tangent

A2a A2b

A2c

Slider
Mode

Top-Piece
Mode

10°

Figure A2a - A2c. Orientation of footwear items with respect to direction of movement.
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A3.5.5 Proceed to 6.5 of Section 6.

A3.6 Forward flat slip (see A1c).

A3.6.1 Lower the mounted footwear onto the test floor under its own weight.

A3.6.2 Ensure that both the heel and forepart are in contact with the surface.

A3.6.3 Adjust the position of the footwear relative to the test floor until the line of action of
the vertical force passes through the midpoint between the centres of the heel and forepart
contact areas as judged by eye.

A3.6.4 Proceed to 6.5 of Section 6.
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Annex B – Underfoot surfaces, lubricants and contaminants –
specification and calibration

B1 General

B1.1 Any type of underfoot surface may be used provided it:

� Can be securely mounted on the mounting table (4.2.2) without interfering with the
action of the test;

� Is flat and of uniform thickness, allowing for any surface pattern;

� Has minimum dimensions of (220 x 120) mm.

Any type of tightly specified lubricant or contaminant may be used.

B1.2 When evaluating an extruded or rolled product:

B1.2.1 Where possible, cut specimens:

a) parallel to the process direction;

b) perpendicular to the process direction;

c) at approximately 45 degrees to the process direction.

B1.2.2 Where the process direction is not known, reference the directions in relation to
some other distinguishing feature on the product.

NOTE:When evaluating worn underfoot surfaces it may be appropriate to measure these
items in directions aligned with any patterns of wear in addition to the normal modes of
testing.

B1.3 Calibration of specimens to be used as reference materials for testing footwear or
footwear materials:

B1.3.1 Specimens shall be calibrated in the direction in which they are to be used by either:

a) determination of standard CoF test values against Slider 96 rubber (B5) or

b) specification of surface roughness (B6).

NOTE: Slider 96 rubber has been developed as a standard reference material for slip tests
and represents a hard heel material. It was formerly known as ‘Four S’ rubber.

Suitable calibrated reference ceramic and steel floor surfaces are available from
SATRA

B1.3.2 Characterise other underfoot surfaces used for comparing the performance of
footwear or footwear materials, except transient forms, by testing against Slider 96 rubber to
establish the nominal performance level of the surface for future reference.

B1.3.3 Characterise transient surfaces such as natural grass and ice by other means as
appropriate, describing in full detail how they were made.

NOTE: In general transient surfaces will be damaged or changed by the action of the test so
it may not be practicable to quantify their friction against a standard slider nor to perform
multiple measurements on the same sample.
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B1.4 Store all test floors carefully: do NOT stack specimens on top of each other. When
handling test floor samples, hold them by the edges and do NOT touch the test surfaces.

B1.5 Cleaning procedures for floorings and other underfoot surfaces are given in Annex D.

B2 Additional apparatus for friable, weak or loose surfaces such as natural grass or
gravel

B2.1 A walled tray that is sufficiently large that no part of the footwear or footwear materials
being tested will come into contact with the sides of the tray during the test.

B2.2 A means of applying a known pressure sufficient to consolidate the underfoot surface
comprising:

B2.2.1 A flat rigid plate 5 mm less in length and in width than the tray (B2.1).

B2.2.2 A means of applying a vertical load to the centre of the plate (B2.2.1) when it is laid
on the surface after ensuring that underfoot surface material is evenly distributed in the tray.

B3 Flooring specifications

B3.1 Clay quarry tile:

B3.1.1 Clay quarry tiles may be used to form the test floor. The tiles shall be:

� Flat

� Of controlled frictional properties

� Wider than the test specimen and long enough to allow a sliding distance of at least
75 mm without crossing a join

� Capable of being secured to the mounting table (4.2.2) such that no movement
occurs between the tile(s) and mounting table during the test

Suitable tiles are available from SATRA

NOTES:
1 SATRA standard quarry tiles STM 603 C and STM 603 AC conform to the values

specified in tables B1 and B2 respectively when calibrated by the slider 96 rubber
method (B5). Either STM 603 C or STM 603 AC may be used when assessing
footwear items against the SATRA slip resistance guidelines.

2 The calibration direction is marked on SATRA quarry tiles to aid users to correctly
align the tiles when preparing the test floor.

3 Calibration of the tiles should be checked after every 50 slip runs or prior to each day
of testing whichever is the more frequent, to ensure that they are not being worn
smooth or otherwise damaged. However, if experience shows that the friction
properties of the test floor are NOT strongly influenced by repeated testing then
calibration intervals may be extended.

B3.2 Other test floors

B3.2.1 Test floors, such as vinyl (PVC), wood, carpet, GRP, concrete and the ceramic tile
and steel plate specified in EN 13287, shall consist of a flat sheet of material or set of tiles
wider and longer than the test specimen and long enough to allow a sliding distance of at
least 75 mm. The floor shall be calibrated or characterised as appropriate by the Slider 96
rubber method (B5), surface roughness (B6) or equivalent means and this shall be checked
at appropriate regular intervals.
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B3.3 Stainless steel

B3.3.1 The plate shall be of uniform, controlled frictional properties. It is recommended that
a plate giving an overall mean value of Rz of between 1.6 µm and 2.5 µm from all 10
locations when calibrated by the roughness method (B6) is used.

A suitable plate is available from SATRA

NOTES:
1 Steel Number 1.4301, Type 2G (cold rolled, ground) conforming to EN 100882 is

suitable.
2 When the roughness parameter of an otherwise satisfactory steel plate is higher than

the specified upper limit it may be possible bring the surface into specification by
polishing with silicon carbide abrasive paper or cloth. This should be carried out using
paper or cloth in a succession of reducing grit sizes with the polishing direction of
each operation perpendicular to the preceding one and the final direction being in the
test direction. Grit sizes 100 to 600 may be suitable for this procedure.

B3.4 Ice.

B.3.4.1 Apparatus and materials.

B3.4.1.1 A tray, hereafter referred to as an ice tray, that is:

� Between 5 to 6 mm deep with side walls of uniform height to serve as levelling edges;

� Sufficiently large to accommodate at least two sets of test runs as defined in E7.6 on
different areas of the ice without any part of the footwear or footwear materials being
tested coming into contact with the tray during the test;

� Water-tight;

� Capable of being securely fixed on the mounting table 4.2.2 so that no movement can
occur between the ice tray and table.

B3.4.1.2 A means of forming ice of the required temperature such as refrigeration pipes
incorporated into the ice tray.

B3.4.1.3 A means of maintaining the surface of the ice during the test within ± 2°C of the
required temperature.

Dry CoF Wet CoF

Minimum 0.57 0.36

Maximum 0.63 0.42

Table B1. Coefficient of friction range for SATRA quarry tiles C (Ref: STM 603 C).

Dry CoF Wet CoF

Minimum 0.57 0.43

Maximum 0.63 0.49

Table B2. Coefficient of friction range for SATRA quarry tiles AC (Ref: STM 603 AC).
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NOTE: It is desirable to incorporate a refrigeration and temperature control facility into the
ice tray that is capable of both forming ice and subsequently maintaining the temperature of
the ice within the specified tolerance during the test.

B3.4.1.4 An ice dressing tool comprising a straight edged metal strip sufficiently long to
completely span the width of the ice tray (B3.4.1.1).

B3.4.1.5 A means of heating the tool (B3.4.1.4) to a temperature sufficiently high to melt
the surface of the ice within the ice tray when passing contact is made.

Equipment incorporating a suitable ice tray and electrically heated ice dressing tool
is available from SATRA. The equipment also incorporates a cooling bath suitable for use
for the ice slip procedure described in Annex E.

B3.4.1.6 Distilled or de-ionised water, ISO 3696 – grade 3 water or better.

B3.4.1.7 If a frosted surface is required, a conditioned atmosphere of (23 ± 2)°C,
(50 ± 4)% rh capable of depositing a frost covering on the ice surface (B3.4.2.2) within a
period of a few hours.

B.3.4.1.8 A gauge or other means of estimating the depth of frost on the frosted ice
(B3.4.2.4) with 1 mm graduations.

B3.4.2 Preparation of ice surfaces.

B3.4.2.1 Completely fill the tray (B3.4.1.1) with water (B3.4.1.6).

B3.4.2.2 Freeze the water to form ice at the required temperature.

B3.4.2.3 Use the warmed ice dressing tool (B3.4.1.4) to melt, level and polish the surface of
the ice in a succession of passes.

B3.4.2.4 Allow the surface of the ice to refreeze. Monitor its condition as it cools.

B3.4.2.5 If a smooth ice surface is required, once the surface of the ice has refrozen but no
snow-white frost has formed, preparation of the surface is complete and the ice is ready for
use.

B3.4.2.6 If a frosted ice surface is required, allow the ice to stand in the conditioned
atmosphere (B3.4.1.7) for sufficient time for a snow-white frost to form on its surface.

B3.4.2.7 Assess the depth of the frost at 3–4 random positions, using the gauge (B.3.4.1.8)
taking care not to unduly disturb or melt the surface.

B3.4.2.8 If the depth is less than 1 mm allow the ice to stand for a further period then
assess the depth again.

B3.4.2.9 If the depth is between 1 to 2 mm, preparation of the surface is complete and the
ice is ready for use.

B3.4.2.10 If the depth is greater than 2 mm, smooth the surface of the ice as described in
B3.4.2.3.

B3.4.2.11 Allow the surface to refreeze then repeat B3.4.2.6 to B3.4.2.10.

NOTES:
1. The length of time required for the specified depth of snow-white frost to form will

depend upon the temperature of the ice: the colder the ice, the faster it will form.
Typically, at least 2 hours will be required for ice at a temperature in the range -5 to -9°C.

2. The frost covering is fragile and is destroyed in the first test run. Any further test runs
carried out on the surface may not be described as frosted ice test runs.
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B4 Surface lubricants

B4.1 Lubricant shall be applied to the flooring to thoroughly wet the surface unless
otherwise specified and make a pool as wide as the footwear, sole unit, slider or other test
specimen in the area of initial contact.

NOTE: A trough or similar device may be used to entrap lubricant within the footwear/surface
contact area to ensure that the required minimum depth of lubricant is reached.

B4.2 Distilled or deionised water, ISO 3696 – grade 3 water or better.

B4.3 Detergent solution, containing a mass fraction of 0.5% sodium lauryl sulphate (CAS
Number 151-21-3), general laboratory grade, in distilled or deionised water (B4.2).

B4.4 Glycerol (CAS Number 56-81-5), aqueous solution with a viscosity of (0.2 ± 0,1) Pa·s
{(200 ± 100) cP}.

At 23°C this corresponds to an aqueous solution containing a mass fraction of
approximately 85% to 93% glycerol. For other temperatures see Table 1 of EN 13287.

NOTE: As a solution containing a mass fraction of approximately 90% glycerol is
hygroscopic in air with a relative humidity of more than 32%, it is advisable to use solutions
with a mass fraction of approximately 89.0% to 91.5% glycerol and to renew the solution
layer on the testing surface frequently during prolonged testing sessions if the relative
humidity of the surrounding air exceeds 32%.

B4.5 Other lubricants and contaminants: The surface may be covered with other
substances such as oils, fats and dust as required. The method of application of such
substances and the amount applied should be appropriate to the particular application of
interest. The volume or mass applied per unit area shall be recorded.

An oily/wet condition may be produced using a 50/50 mix of water with vegetable oil, shaken
together before application using a spray bottle. Alternatively water may be applied on top of
oil which has been smeared on the surface as a thin film.

B5 Calibration procedure for floorings by Slider 96 rubber method

B5.1 Materials and apparatus.
B5.1.1 Specimens of Slider 96 rubber of hardness (96 ± 2) IRHD and rebound resilience of
(24 ± 2)% when measured at (23 ± 2)°C according to ISO 48 and ISO 4662 respectively.

The specimens, hereafter referred to as S96 sliders, shall be (25.4 ± 0.1) mm wide, at least
50 mm long, greater than 5 mm thick and shall have vertical walls and square edges as
judged by eye.

Slider 96 rubber is available from SATRA

NOTE: Storage of Slider 96 rubber: storage temperature should be below 25°C and
preferably below 15°C. The rubber may be stored in a refrigerator as a means of extending
its service life. Whatever the storage temperature, moist conditions should be avoided, and
conditions should be such that condensation does NOT occur. When in storage the rubber
should be protected from light, particularly direct sunlight and strong artificial light, and from
circulating air by wrapping or storing in air tight containers (paper and polythene are both
suitable, however, plasticised PVC film shall NOT be used. It is recommended that S96
sliders are discarded 12 months after purchase unless it can be demonstrated that they still
conform to the requirements specified in B5.1.1.

B5.1.2 A rigid, rectangular backing plate with dimensions at least as wide as the S96
sliders (B5.1.1) and at least 50 mm long. This may be incorporated into (or securely
attached to) the lower surface of a rectangular box (B5.1.3.1) or securely attached to a
suitably sized shoemaking last (B5.1.3.2).
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B5.1.3 Either B5.1.3.1 or B5.1.3.2.

B5.1.3.1 A rectangular metal box that:

a) is approximately 180mm long, 90 mm wide, 90 mm deep and sufficiently rugged to
resist distortion under the applied test loads;

b) incorporates a secure means of attachment to the attachment point (4.2.1) of the slip
resistance tester (4.2).

B5.1.3.2 A suitably-sized shoemaking last that incorporates a secure means of attachment
to the attachment point (4.2.1) of the slip resistance test machine (4.2) together with a
means of attachment for the backing plate that will prevent movement between the plate
and the last surface during the test.

B5.1.4 A means of securely attaching a specimen of S96 slider (B5.1.1) to the backing
plate (B5.1.2) that will prevent movement between the slider surface and the backing plate
surface during slip runs. Suitable adhesives include: epoxy resins, cyanoacrylate or solvent
based contact adhesive.

B5.1.5 400 grit silicon carbide abrasive paper mounted on a flat, rigid surface.

B5.1.6 Dry, absorbent paper towel.

B5.1.7 Floor surface as specified in Annex B.

B5.1.8 Methylated spirits or other mild solvent.

B5.2 Preparation of test slider and floor surface

B5.2.1 If the S96 slider (B5.1.1) has been stored at low temperature, allow it to reach room
temperature. If the specimen has been stored at room temperature, proceed to B5.2.2.

B5.2.2 Lightly abrade the bonding surface of the S96 slider with abrasive paper (B5.1.5).
Clean by blowing with clean air or by wiping with a suitable solvent such as methylated
spirits (B5.1.8) then dry in air at room temperature.

B5.2.3 Attach the S96 slider (B5.2.2) to the backing plate (B5.1.2) using adhesive (B5.1.4).

B5.2.4 Holding the slider (B5.2.3) by the backing plate and applying a light, evenly
distributed pressure abrade the opposite surface of the slider against the abrasive paper
(B5.1.5) until a visually even level of abrasion is achieved and the surface is parallel with the
backing plate. For this procedure alternately use a backward and forward linear movement
in a direction parallel to the long side of the specimen, and a side to side movement in a
perpendicular direction with the final direction of abrasion parallel to the long side.

B5.2.5 Remove any debris from the slider surface by lightly brushing with dry paper towel
(B5.1.6).

NOTES:
1. The condition of the S96 slider must be restored at intervals as repeated use will

cause edges to become rounded and a concave chamfer to develop across the tested
edge. It is suggested that this should be after a sequence of 15 dry runs or 10 dry
runs and 10 wet runs. Either use the abrasion method described in B5.2.4 to restore
the slider to the correct condition and/or cut away the affected end section of material
ensuring that the new cut edge is vertical and flat.

2. Either end of the slider may be used provided that the end used is in the correct
condition.

3. When the thickness of the slider has been reduced to 5 mm or the length to less than
50 mm, it should be replaced.
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B5.2.6 Clean the floor surface (B5.1.7) in accordance with Annex D.

B5.3 Calibration test procedure.

B5.3.1 Condition the floor surface and the prepared S96 slider (B5.2.5) for at least 3 hours
at the specified temperature and relative humidity.

B5.3.2 Mount the conditioned floor surface onto the mounting table (4.2.2) of the slip
resistance test machine (4.2).

B5.3.3 If necessary, securely attach the backing plate of the slider to the rectangular box
(B5.1.3.1) or last (B5.1.3.2).

NOTE: If the backing plate forms part of the rectangular box, B5.3.3 will not be necessary.

B5.3.4 Securely attach the box or last to the attachment point (4.2.1) of the slip test
machine so that the 25.4 mm edge is perpendicular to the direction of sliding movement and
the line of action of the vertical force passes through the S96 slider – floor contact area.

B5.3.5 Set the face of the S96 slider at a contact angle of (7.0 ± 0.5)° to the floor surface
using wedge (A1.3) (Figure B1).

B5.3.6 Apply the test conditions specified in Annex A for the forward heel slip mode,
applying a (500 ± 25) N normal force.

B5.3.7 Carry out the test procedure defined in Section 6 and determine the coefficient of
friction of the tile in a single test run.

B5.3.8 If the CoF is outside the specified range (for example B3.1.1.4 for either of the
SATRA quarry tiles), terminate the calibration and reject the tile.

B5.3.9 If the CoF is within the specified range (for example B3.1.1.4 for SATRA quarry
tiles), record the values obtained and proceed to B5.3.10.

B5.3.10 Lubricate the floor surface with water in accordance with Section 6. Repeat B5.3.6
to B5.3.9.

B5.3.11 After calibrating a wet surface the slider shall be thoroughly dried before being
used for further calibration tests, whether dry or wet.

B5.3.12 After completing the calibration tests, clean the S96 slider with distilled or
deionised water and dry before returning to storage.

25mm

Normal force

Sliding directionPLAN VIEW

SIDE VIEW Sliding direction
7 °

Figure B1 Orientation and contact angle of S96 slider.

Minimum 50 mm
Normal force

Sliding direction25 mmPLAN VIEW

SIDE VIEW Sliding direction
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B6 Calibration procedure for floorings by roughness method

B6.1 Apparatus and materials.

B6.1.1 A suitable roughness meter that:

� Has a stylus of radius 5 µm;

� Is capable of sampling over a 4 mm length of test surface divided into 5 cut-off
lengths of 0.8 mm;

� Is capable of measuring the maximum peak to valley height within each of the five
cut-off lengths and reporting the average value, Rz, as specified in EN ISO 4287.

A suitable meter is available from SATRA

B6.2 Procedure.

B6.2.1 Measure the surface roughness Rz according to EN ISO 4287 but with a sample
length (0.8 ±0.1) mm in 10 locations in the area where slip measurements are made in the
direction parallel to the sliding movement taking five sampling lengths per location
(evaluation length (4.0 ± 0.5) mm).

B6.2.2 Calculate the overall mean value for Rz from all 10 locations.

B6.2.3 If the value of Rz is within the specified range, accept the tile and record the value
obtained.

B6.2.4 If the value of Rz is outside the specified range, reject the tile.



SATRA TM144: 2011 / Page 22

Annex C – Footwear test items and sliders – specification & calibration

C1 Materials and apparatus

C1.1 A means of cutting specimens of the dimensions specified in C3.2, C3.3 and C5.5.

NOTE: Some methods of cutting, for example with shoemaking press knives, may produce
specimens with concave walls and will require a supplementary means of trimming.

C1.2 A 150 mm steel rule with 0.5 mm graduations.

C2 Number of test specimens required

C2.1 Two specimens are required for the following:

� Footwear;

� Sole units;

� Sole facers;

� Sheet materials to be used in the forepart of soles.

C2.2 Four specimens are required for the following:

� Top-pieces;

� Sheet materials to be used as top-pieces.

C3 Test specimens cut from sheet material

C3.1 General.

All specimens shall be marked with a unique reference.

C3.2 Sheet material to be used as top-pieces.

The specimens shall be discs (25.4 ± 1.0) mm in diameter and shall have:

a) a minimum thickness of 5 mm unless it is known that the material will be used at a
lower thickness in which case the specimen thickness shall be the same as that to be
used in the finished footwear;

b) a vertical edge as judged by eye. If the material is thinner than required for the test,
see C3.4.

C3.3 Sheet material to be used in the forepart of soles.

The specimens shall be sections of suitable size and shape to fit the base of the lasts
(A1.1.1) from the toe backwards over at least half of the overall length of the last (to ensure
that the rear edge of the section is outside the contact are during the test).

The specimens shall have a minimum thickness of 5 mm unless it is known that the material
will be used at a lower thickness, in which case the specimen thickness shall be the same
as that to be used in the finished footwear. If the material is thinner than required for the
test, see C3.4.

C3.4 Thin test materials.

Thin layers may be laminated together or bonded to suitable midsole material, as
appropriate to the end product. Measure and record the thickness of each specimen in
millimetres to the nearest 0.5 mm, using the steel rule (C1.2).
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C4 Worn footwear

Worn footwear items may be tested. In addition to the normal modes of testing (A3.1) it may
be appropriate to test these items at angles and orientations complementary to the wear
pattern on the heel or sole directions in order to assess those particular locations.

C5 Footwear, sole units and sheet materials to be used as a standard or reference for
comparing the friction properties of different underfoot surface

C5.1 Clauses C5.2 to C5.6 apply to footwear items other than Slider 96 rubber. When using
Slider 96 rubber for calibrating underfoot surfaces, follow the procedures described in
Annex B5.

C5.2 All specimens shall be marked with a unique reference.

C5.3 The footwear, sole unit or sheet material shall be tested on dry and wet clay quarry
tiles (B3.1) according to the test procedure defined in Section 6 in order to characterise the
friction properties of the item.

C5.4 The supplier’s name, reference and, if applicable, method of surface preparation used
shall be recorded.

C5.5 Specimens (sliders) prepared from sheet materials shall be rectangles (25.4 ± 1.0)
mm wide, at least 50 mm long and greater than 5.0 mm thick. The specimens shall have
vertical walls and square edges as judged by eye.

C5.6 The effect of repeated use on the condition of the specimen surface shall be
monitored at intervals based on experience of its use. When the condition has changed
sufficiently to affect the frictional properties of the specimen, appropriate action shall be
taken, for example replacement of the specimen or, when possible, restoration of its
condition to that specified in C5.5.

It may be possible to restore a worn slider to the correct condition by using the abrasion
method described in B5.2.4, provided this does not reduce the thickness to 5.0 mm or less,
and/or by cutting away the affected end section, ensuring that the new cut edge is vertical
and flat.
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Annex D – Surface preparation of footwear test items, floorings and
other underfoot surfaces

D1 Materials and equipment required

D1.1 A hand scrubbing brush, medium stiffness.

D1.2 Distilled or deionised water, ISO 3696 – grade 3 water or better.

D1.3 Detergent solution containing 5% w/w sodium lauryl sulphate (CAS Number 151-21-3),
general laboratory grade, in distilled or deionised water (D1.2).

D1.4 Propanone (acetone) (CAS Number 67-64-1) or butan-2-one (MEK) (CAS Number 78-
93-3), general laboratory grade.

D1.5 Silicon carbide abrasive paper, 400 grit size, mounted on the face of 100 mm long,
70 mm wide rigid block of mass (1200 ± 120) g.

NOTE: This mass can be achieved using steel to make a block of the specified dimensions
approximately 22 mm thick

D1.6 Grease-free cotton wool.

D1.7 A source of clean compressed air or a clean dry soft brush.

D2 Footwear, sole units and sliders

D2.1 All footwear test specimens shall be tested in the new condition so as to take account
of the surface finish. Worn footwear may be tested and the degree of wear shall be
reported.

D2.2 All test specimens (footwear, sole units, top-pieces and sliders) shall be cleaned prior
to testing using the following procedures unless otherwise specified.

NOTE:Worn footwear may be tested in the condition in which it is received.

D2.3 Wash all test specimens by scrubbing (D1.1) with detergent solution (D1.3), rinse in
clean running water and then dry completely by using absorbent paper towel. It may not be
appropriate to wash leather or textile soling materials.

D2.4 Certain types of polyurethane (PU) soling may also be tested after solvent wiping the
surface in order to remove mould release agent which may be present (a greasy residue
transferred to the sole from the inside of the metal mould). Solvent wiping is mainly
applicable to reaction moulded PU soles which have been direct moulded to the shoe upper.
Such soles shall first be tested after a wash (D2.3) and then again not less than 16 hours
after thoroughly wiping with grease-free cotton wool (D1.6) wetted with solvent (D1.4). At the
end of 16 hours and before the test, the sole shall be washed (D2.3).

D2.5 Any type of polymeric soling which has been spray painted may also be tested after
solvent wiping the surface in order to remove the paint. Such soles shall first be tested after
a wash (D2.3) and then again not less than 16 hours after thoroughly wiping with grease-
free cotton wool (D1.6) wetted with solvent (D1.4). At the end of 16 hours and before the
test, the sole shall be washed (D2.3).

D2.6 Preparatory abrading may be used when it is wished to test a sole, for example
leather, after simulated light wear. Either of the following two techniques may be used:
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D2.6.1 Prepare the sole of the shoe by rubbing it with silicon carbide paper wrapped
around a rigid block (D1.5) exerting minimal pressure (see Figure D1).

Any debris should be removed by suitable means such as clean compressed air or a clean
dry soft brush (D1.7).

Only superficial abrasion shall be applied that does not
significantly change the tread pattern nor the surface
texture of the sole, and that produces a final visually
uniform appearance over the whole area of the sole that
will be in contact with the floor during the test

or

D2.6.2 Simulating real wear by abrading the sole of the
shoe by means of SATRA TM362 using the standard
concrete paving slab and one or more multiples of 9,000
cycles.

D2.7 After preparing the test specimens it is important not to recontaminate them by poor
handling. Rest specimens on their side or inverted, or place them on clean dry paper towels.
Take care that test specimens are NOT contaminated during any subsequent step in the test
procedure.

D2.8 Prior to testing, condition test specimens according to 5.4.

D3 Floorings and other underfoot surfaces

D3.1 All flooring test specimens and specimens of all other non-transient underfoot
surfaces shall be cleaned using the following procedures unless such cleaning will adversely
affect the condition of the test surface:

NOTE:Worn, polished or contaminated test specimens may be tested in the condition in
which they are received.

D3.2 Wash the test specimens by scrubbing (D1.1) with detergent solution (D1.3), rinse by
scrubbing (D1.1) in clean running water and then dry completely. It may not be appropriate
to wash textile flooring materials.

D3.3 After preparing the test specimens it is important NOT to recontaminate them by poor
handling. Care should also be taken to ensure that test specimens are NOT contaminated
during the test (6).

Figure D1 Abrasion of sole
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Annex E – Assessing resistance to slip on ice

E1 General

The temperature of ice, the condition of its surface and the test item temperature all
influence the level of friction obtained in a slip test. Therefore, it is essential that they are
carefully specified and controlled and that full details are reported.

Ice surfaces can take many forms. Possibilities include frosted ice, dry smooth ice and wet
ice:

� Frosted ice gives greater differentiation between footwear than either smoothed dry
ice or wet ice.

� Dry smooth ice, hereafter referred to as smooth ice, gives greater differentiation than
wet ice but lower results than frosted ice.

� Wet ice tends to gives very low results and poor differentiation between footwear.

E2 Recommended test conditions and slip modes

The following are recommended as the first choice for routine testing work:

� Frosted ice;

� Ice surface temperature of (-7 ± 2)°C;

� Temperature of footwear test item (-7 ± 2)°C;

� Slip modes: forward heel slip and backward forepart slip.

For further background information on choice of test conditions see E9.

E3 Materials and equipment

E3.1 For pre-cooling test footwear and footwear materials.

E3.1.1 A cooling bath that is:

� Capable of maintaining the temperature of the cooling solution (E3.1.2) within ± 2°C
of the required cooling temperature when in an approximately steady state condition;

� At least 12 mm deep;

� Sufficiently large to hold the largest size of footwear to be tested;

� Capable of holding the cooling solution (E3.1.2) without leakage.

Equipment incorporating a suitable cooling bath is available from SATRA

NOTE: The equipment also incorporates an ice tray and electrically heated ice dressing tool
suitable for preparing ice as described in B3.4 of Annex B.

E3.1.2 A cooling solution comprising approximately 50% ethanol, general laboratory grade
(CAS Number 64-17-5) or methylated spirit and approximately 50% distilled or de-ionised
water, ISO 3696: 1987 – grade 3 water or better (B3.4.1.6).
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E3.1.3 A clean cloth or thick wad of paper towels.

E3.2 For the pre-cooling procedure and the ice slip test procedure.

E3.2.1 An infra-red probe or other non-contact means of measuring temperature in the
range -10°C to 0°C with a resolution of 0.5°C or better.

E3.3 For the ice slip test procedure.

E3.3.1 An ice tray containing ice prepared according to B3.4.2.

E3.3.2 A dummy test surface comprising a rigid piece of flat material of the same height
± 0.5 mm as sidewalls of the ice tray (B3.4.1.1).

E4 Test specimens

A pair of matching footwear, sole units or other items for test. One of the pair is to be tested
on the ice surface The other, hereafter termed the duplicate footwear test item, is to be used
in setting up the slip test machine (4.2) using the dummy test surface (E3.3.2).

E5 Mounting of test specimens

E5.1 Mount the test and duplicate specimens as specified in A2 of Annex A.

E6 Pre-cooling procedure for test footwear and footwear materials.

E6.1 Fill the cooling bath (E3.1.1) with the cooling solution (E3.1.2) to a depth of
at least 12 mm.

E6.2 Cool the cooling solution to the required temperature.

E6.3 Place the item to be tested in the cooling bath and leave for at least 2 hours.

E6.4 When ready to carry out the slip test, remove the item to be tested from the cooling
bath and dry quickly with clean cloth or thick wad of paper towels (E3.1.3).

E6.5 Check the temperature of the wearing surface of the item with the infra-red probe
(E3.2.1).

E6.6 If the required test temperature has been achieved, record the temperature. The item
is ready for immediate fitting onto the slip resistance test machine (4.2).

If the required test temperature has not been required, return the item to the cooling tray for
a further period.

E6.7 Repeat E6.4 and E6.6.

E7 Ice slip test procedure

E7.1 Using the dummy test surface (E3.3.2) and the duplicate footwear test item (E5.1) set
up the slip test resistance machine (4.2) for the first of the selected slip modes, for example
forward heel slip, as specified in A3 of Annex A.

E7.2 Remove the dummy test surface and the duplicate test footwear item.

E7.3 Fit the ice tray (E3.3.1) onto the surface mount (4.2.2) of the slip resistance test
machine.
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E7.4 Fit the mounted test item (E5.1) onto the test machine without handling the test item.
If the test is being conducted with a low temperature test item, fit the item as rapidly as
possible after completing the cooling procedure specified in E6.

E7.5 Carry out four slip runs as specified in 6.7 to 6.11. Initiate all runs from the same
contact position on the ice.

E7.6 Remove the test item from the slip resistance test machine and immediately measure
the temperature of the area of the test item that had been in contact with the ice surface
(e.g. heel or sole) with the thermometer (E3.2.1) and record the value.

E7.7 If the test is being conducted with a low temperature test item, immediately return it to
the cooling tray if further test modes are required, for example backward forepart slip.

E7.8 Remove the ice tray (E3.3.1).

E7.9 Using the dummy test surface (E3.3.2) and the duplicate footwear test item (E5.1) set
up the slip resistance test machine for the second of the selected slip modes, for example
backward forepart slip as specified in A3 of Annex A.

E7.10 Repeat E7.2 and E7.3.

E7.11 If the test is being conducted with a low temperature footwear test item, repeat E6.4
to E6.7. If not, proceed to E7.12.

E7.12 Refit the mounted footwear test item onto the slip resistance test machine without
handling the item. If the test item has been cooled, refit it as rapidly as possible.

E7.13 Repeat E7.5 and E7.6 ensuring that the set of slip runs are carried out on a different
area of the ice from the set carried out previously.

E7.14 For each test run in each test mode determine the value of the vertical contact force
and horizontal frictional force and the coefficient of friction as specified in 6.16 and 6.17 of
Section 6 respectively.

E8 Test report

In addition to the details specified in 7.1, 7.2.1, 7.4 and 7.8, test report shall include:

E8.1 Reference to this test Annex E.

E8.2 For each mode of test and test condition.

E8.2.1 The type and temperature of the ice surface used.

E8.2.2 The temperature of the atmosphere in which the test was carried out.

E8.2.3 If the footwear test item was cooled before the test, its temperature before the first
run and the after the fourth run. The applied vertical load.

E8.2.4 The first and fourth coefficient of friction values obtained in E7.14.

E8.2.5 Any deviation from the standard test method.
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E9 Additional notes

Melting of the ice beneath the test item during a slip test, thereby reducing the friction,
generally will occur to a some degree. The extent of the melting, which may be so transient
as to be unobservable, is influenced among other things, by the applied pressure, the ice
temperature and the temperature differential between the ice and the test item.

Tests can be carried out with the test item at the same temperature as the ice surface or
some other temperature, for example (23 ± 2)°C, the temperature specified for slip tests in
Section 5. A test in which the temperature of the test item is significantly above that of the
ice is representative of a step taken very shortly after the wearer leaves a relatively warm
environment. A test in which the test item is the same temperature as the ice is
representative of a step taken later in the walk when the soling will be colder and may have
undergone cold hardening. Thus both variants of the test are valid and may be regarded as
complementary, together providing a fuller understanding of the potential service behaviour
of the test item.
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