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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
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SO, alSo take part in the work. 15O collaborates closely with the International Electig
n (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart’3.
sk of technical committees is to prepare International Standards. Draft International’ Standards
quires approval by at least 75 % of the member bodies casting a vote.

drawn to the possibility that some of the elements of this part of ISO’'13999 may be the S
5. ISO shall not be held responsible for identifying any or all such patent rights.

3 was prepared by Technical Committee ISO/TC 94, Pefsonal safety — Protective clot
Subcommittee SC 13, Protective clothing. It is based on EN 1082-3:2000.

gainst cuts and stabs by hand knives:

Chain-mail gloves and arm guards

Gloves and arm guards made of material‘ather than chain-mail
Impact cut test for fabric, leather and-other materials

this part of ISO 13999 is for infarmation only.

technical

adopted

rnational

ubject of
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consists of the following parts, under the general title Protective clothing — Gloves and arfn guards
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Introduction

This test is based on the impact penetration test given in ISO 13998. It differs in that the blade-holding block and
blade weigh 110 g rather than 1 000 g. The test specimen support is also changed to suit the testing of fabric,
leather and other materials. The test is designed particularly to assess the stab resistance of materials for gloves
and arm guards. The test is also suitable for assessing gloves exposed to severe abrasion and cutting threats such
as motofcycHi VES, WOTrKI \ i ZOT WITE, ive_Igggings and
trousers for refuse collectors. Severe abrasion is a process involving multiple cuts and this test is a~gepd indicator
of abrasipn resistance of the whole thickness of a material or sequence of materials.

It has bgen assumed in the drafting of this part of ISO 13999 that the execution of its pravisions is ¢ntrusted to
approprigtely qualified and experienced people, for whose guidance it has been prepared. Thg apparatus
described should only be used by competent persons and requires safeguards to prevent, as far as is|reasonably
practicabjle, injury to the operator and other persons.
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cuts and stabs by hand knives —
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EN 388:1
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ct cut test for fabric, leather and other materials

pe

of ISO 13999 specifies an impact cut test for use on fabric, leather and other materials used i
gloves and arm guards.

of this part of ISO 13999 gives recommendations for the specification of impact cut tests on m
such as gloves and arm guards and gives the list of informationdwhich should be specified in
in order to be able to apply this test.

ving normative documents contain provisions which, through reference in this text, constitute g
pf ISO 13999. For dated references, subsequent amendments to, or revisions of, any of these
bply. However, parties to agreements based on this part of ISO 13999 are encouraged to inv

of applying the most recent editions™of the normative documents indicated below. H
s, the latest edition of the normativel document referred to applies. Members of ISO and IE
of currently valid International Standards.

9-1, Protective clothing — Gloves and arm guards protecting against cuts and stabs by har
hain-mail gloves and arm,guards

994, Protective gloves-against mechanical risks

ms and definitions

urposes-of this part of ISO 13999, the terms and definitions given in ISO 13999-1 apply.

h protective

aterials and
the product
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estigate the
or undated
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d knives —

4 Principle

This test assesses the resistance of fabric, leather and other materials used in protective clothing, gloves and arm
guards to cutting by a sharp, straight knife-edge. The test specimen is tested by impact of a standard knife blade
held in a guided falling block. The length of the cut produced by the particular impact energy is proportional to the
depth of penetration of the knife, which is easily measured.
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5 Test apparatus

An example of the design of a test apparatus is shown in Figure 1. No specific design of the stand is required.
Design details such as the means of allowing removal of the block and test blade after impact, and necessary
safety guards are not shown.

5.1

Blade-holding block, as shown in Figure 2, for holding the test blade so that it protrudes by (55 + 5) mm.

The position of the blade tip shall be offset by the distance /, which is (8 + 1) mm from the centreline of the block
which shall pass through the centre of gravity of the block. The centre of gravity of the block and blade shall be

(100 + 10)

m above the blade tip level. The mass of the block with test blade shall be (110 + 5) g

The block
polytetrafiu
1,5 mm cle
set so that

5.2 Test
(hardness

After machi
may be re-s
However, b
blade if the

5.3 Test

The materigl test specimen or glove is supported on a horizontal arm which ends in a circular anvil with

which the k
steel.

The circula
top surface
cut in its cq
The slot sh
of the anvil

The anvil s
slot. The an
anvil. The g
that there is

The test sp
a hole at le
the lower si

Foethylene or similar material which guide its drop down the guide rods. There shall be 0

lspecimen support, as shown in Figure 4.

shall be held in its initial position by an electromagnet. The block shall have four sliders

rance between the sliders and the guide rods. The heights from which the block is’released
he appropriate energy of impact is achieved.

blade, of which the edge shall be straight and sharp, made of e¢old-forged stainlg
45 HRC) and having the profile and dimensions as shown in Figure 3.

he grinding, the blade edge should be made smooth and sharp by hand finishing on an oilston
harpened after use. When fabrics and leathers are tested re-sharpening is not required after €|
efore every penetration, test the blade to ensure that it is botti straight and sharp. Sharper
results for the calibration material reveal the need for the bladeto be re-sharpened.

nife enters during the test (see Figure 5). It has-been found convenient to make the support

metal anvil shall be (50 + 3) mm in diaméter and have a vertical height of approximately 60
shall be machined to be domed with-a’radius of curvature of (200 + 5) mm. The anvil shall ha
ntre. The slot shall be (3,5 + 0,05).chm wide and (23 + 0,2) mm long. The ends shall be sem
bll be vertical and pass through.the anvil. The anvil may be machined out from below so that t
s not less than 7 mm thick,

nall be attached to a horizontal arm such that the axis of the arm is at (45 + 5)° to the long a
m shall be attached(o,the anvil so that its top surface is (30 £ 2) mm below the centre of the {
rm shall be (15 #2)' mm wide and (35 = 5) mm deep. The arm shall be attached to a rigid sup
at least 180 mm clearance below it and the arm has an unobstructed length of at least 150 mn

bcimen sgpport shall be firmly attached to the base plate of the apparatus which shall be prov
st 50 mm wide directly under the anvil so that a weight piece suspended on a string can be ¢
e of the test specimen on the support.

made of
5mm to
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b. Blades
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1 Tabl¢ 8 Guide rods
2 Basqgplate 9 Fixing block for the lower end of the guide rods (the falling
3 Supgort block passes through it)
4 Bracket 10 Test specimen support
5 Fixing block for'the upper end of the guide rods 11 Clip
6 Electromagnetic release mechanism 12 Weight piece
7 Fallingsbloek and test blade

Figure 1 — Example of an impact cut penetration testing apparatus
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1 Guide rpds /1=(100 £ 1) mm
2 Plastic glider I, = (100 £ 10) mm
3 Block I3=(55+5)mm
4  Cut outspace to achieve correct mass’distribution I4=(8£1)mm
5 Centre ¢f gravity for block and testblade I5=(75+1)mm
6 Testblgde ls=(15+1)mm

Iz Clearance, 0,5 mm < /7 <1,5mm

The mass df the block and test blade are equal to (110 £ 5) g

Figure 2 — Blade-holding block
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th of the blade, /4 > 65 mm
h of the blade, I, = (20 £ 0,5) mm
ness of the blade, /3 = (1,5 + 0,05) mm

b of the sharp edge to the back of the blade, o4 = (30 £ 1)°
ncluded angle of the sharp edge, o, = (30 £ 3)°

Figure 3 —Test blade
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Anvil
Support arm
Clamp

String
Weight piece

Height of anvil top above support arm, /4 = (30 £ 2) mm
Clearance below anvil, I > 180 mm

Length of support arm, I3 > 150 mm

Depth of support arm, /4, = (35 £ 5) mm

Width of support arm, /5 = (15 £ 2) mm

Figure 4 — Test specimen support
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1 Testplade /1 Knife slot length, /4 = (23 + 0,2) mm
2 Testppecimen material I, Width of machined out base of anvil, /, = (33 £ 3) mm
3 Anvil I3 Width of anvil, I3 = (50 £ 3) mm
4  Knifd slot l4  Knife slot width, /4 = (3,5 + 0,05) mm
5 Lowdr slide of anvil,machined out Is Clearance of full blade width at end of the knife slot, /5 = (1,5 £ 0,2)|[mm
ls Clearance either side of knife blade in knife slot, /g = (1 £ 0,2) mm
Iz Height of anvil, /7 = approximately 60 mm
Ig Minimum thickness of top anvil, I3 =7 mm

Figure 5 — Dimension of knife hole in support block

6 Sampling
6.1 Preparation of test specimens

The location, shape and dimensions of the test specimens to be cut from the product to be sampled shall be as
specified in the appropriate national or International Standard for the product (hereafter referred to as the product
standard). Pre-treat and prepare the number of test specimens as specified in the product standard.
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Join the edges of flat materials to form a tube by possibly sewing, stapling or welding the test specimen edges. The
tube should be at least 100 mm in length, but not so long that its length impedes positioning of the test specimen
as required in 7.2. The tube shall have a circular diameter of (100 + 20) mm. Prepare knitted materials so that the
area to be tested is representative of the use of the material in the product. Stabilize the test specimen, if
necessary, by a line of stretchable over-lock stitches around its edge to prevent the knitted structure from breaking
down.

Test specimens that are gloves or arm guards may be suitable to be tested in their entirety. Cut very stiff products
and stabilize their cut edges so that they can be positioned as required in 7.2.

If washing and dry cleaning pre-treatments are to be conducted, then intact products, or large material specimens,
should be pre-treated before test specimens are prepared.

6.2 Mounting a test specimen

Slide the tept specimen onto the anvil and arm so that the area to be tested lies over the anvit)Clip a weight piece
of (1 000 +p0) g to the pendant side of the test specimen so as to pull on it with a force‘ef 10 N. Smooth out the
test specimen over the anvil using the procedure specified in the product standard. Bytwisting the test $pecimen
on the anvil, cuts can be made parallel to the longitudinal axis of the test specimen;\transversely acros$ the test
specimen and at any angle between these orientations.

7 Procedure

7.1 Setting up the apparatus

Ensure the|guide rods are vertical (+ 2 mm over 1 m), and the>blade-holding block runs freely on the guide rods
from the elpctromagnetic catch to the test specimen suppdrt. The guide rods should end no more than 10 mm
above the fop of the anvil. Wipe the guide rods with light.eil and rub them clean before use. Ensure that the test
specimen sppport is horizontal (= 10 mm over 1 m).

Set up an ipstrument to measure the velocity of.the falling block over at least 5 mm within the last 100 npm of the
fall distancg before the knife tip strikes the tést*specimen. Carry out test drops of the block fitted with the knife.
Measure thg velocity to an accuracy of + 0,05 m-s~1. Weigh, to the nearest + 0,5 g, the mass of the block and knife.
Calculate the energy of impact the knife*tip would make upon the test specimen. Adjust the height of the
electromagnet so that the mean impact.energy of ten test drops is within 5 % of the impact energy specifled in the
product standard.

NOTE The normal impact epergy used for this test is 0,65 J and is obtained by a drop from a height of 600 mm.

7.2 Test

The requirgments forthe performance level and the protective area to which the product is to be tested shall be as
specified in[theproduct standard.

Set up a test—specimemonthe—supportinthetestapparatus—with—the—etectromagneticcatch—atthe—appropriate
height. Line up the test specimen so that the knife blade is parallel to the axis of the test specimen as specified in
the product standard.

Release the block fitted with the knife. Mark the knife blade with a pen level to the top of the test specimen.
Measure the distance, to the nearest 0,5 mm, from this mark to the blade tip. Subtract the material thickness and
record the result as the penetration of the knife through the test specimen. Wipe the blade and repeat the test at
least 10 mm from any previous impact. Rotate the specimen approximately 45° and perform two more tests.
Repeat this sequence so that altogether the test specimen is tested by making impact cuts along its longitudinal
axis, across the test specimen and at 45° to these directions. Calculate the mean impact cut penetration depth for
the six tests. Calculate the relative impact cut penetration depth for the material with reference to cotton canvas
(see 7.3).

8 © 1SO 2002 — Al rights reserved
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7.3 Use of the reference material

Variations in knife sharpness and performance of different test apparatus are compensated by use of a reference
material. Use cotton canvas as specified in EN 388 as the reference material. Prepare reference specimens in the
form of tubes in the same manner as the test specimens, i.e. by stapling or sewing the fabric edges together. The
tubes shall be at least 100 mm in length and have a circular diameter of (100 £ 20) mm. Use two layers of fabric
with the warp fibres running in the same direction. Make six impact cuts on the reference specimen, i.e. two along
the weft, two along the warp and two at 45° to these cuts. Calculate the mean impact cut penetration depth of the
knife through the reference specimen. The reference impact cut penetration depth for an impact energy of 0,65 J is

14 mm.

For con

calibrateff

When fa
cuts. If
frequentl

8 Cal

Calculatg

hrel

where

14

9 Est

For each
uncertain
uncertain
achieved

hin

For exan

nience, a locally available cotton fabric may be used as a reference material after each batg
against the reference canvas specified in EN 388.

prics of normal fibres and leathers are tested, the knife sharpness should be calibrated at led

abrics containing metal or ceramic fibres are tested, the knife sharpness should be che
y. Some materials blunt the knife in a single impact and blades should be re-sharpened after eg

culation

the relative impact cut penetration depth, 4., of a test specimen with respect to the reference

rel»

is the reference impact cut penetration depth,expressed in millimetres (see 7.3);
is the mean impact cut penetration depth, expressed in millimetres, of the reference material;

mean impact cut penetration depth, expressed in millimetres, of the test specimen.

mation of measurement uncertainty

of the required sequences of measurements performed, determine the corresponding esti
ty of the final resdlt; This uncertainty, U, shall be expressed in the test report in the form of U]
ty shall be uséd)in determining whether a pass performance, as specified in the product
. The final resdlt, A5, is expressed as follows:

heo 5 (upper limit value) or hg, = k. — x (lower limit value)

nple; if an upper limit value is specified not to be exceeded in the product standard and the

h has been

st every 50
cked more
ch cut.

specimen:

(1)

mate of the
, =+ x. The
standard, is

()

higher &g,

(= A + x) exceeds this value, the product shall be considered to have failed the test.

10 Test report

The test report shall include the following information:

a)

b)

a reference to this part of ISO 13999, i.e. ISO 13999-3;

a reference to the product standard for which the product is tested;
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c) a description of the test specimens (location in the product, shape and dimensions), their method of
preparation and pre-treatment, if any, and the permitted size range of test specimens;

d) the details of the clamping and stretching method used with the test specimens;
e) the energy(ies) of impacts used in the test;
f) the performance level (s) and the protective areas tested;

g) the orientations of blade impacts relative to a specified axis of the test specimens;

h) the number of tests performed and their location;
i) the details of any deviations from this method;

j) the reslits of the test (i.e. the values of impact cut penetration depths &, /4, hg), the measurement uncertainty
U, andlthe final result Ag,;

k) whethef or not the product has passed or failed this test.

NOTE Information and guidance for use of this part of ISO 13999 in a product specification are given for infomation in
annex A.

10 © 1SO 2002 — All rights reserved
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Annex A
(informative)

Recommendations for the specification of impact cut tests on materials and
products such as gloves and arm guards

A.1 General considerations

The test method specified in this part of ISO 13999 may be used to test a wide variety of materials-used in clothing,
gloves apd arm guards. The test method provides information about the resistance of the product to stabbing cuts,
slashing [cuts, shearing cuts and impact cuts by acute-edged objects that are not necessarily sharp. fAbrasion by
coarse gharp abraders such as road surfaces, concrete building blocks, or rough~metal castipgs, is the
superimgosition of numerous small cuts. The results from this test give a good prediction of the rgsistance of
products|to these types of harsh abrasion. However, this test does not provide information about the résistance of
the prodyct to penetration by thorns or needles.

—

The following information should be specified in the product standard in orderto be able to apply this teq

a) a depcription of the samples to be tested, their method of préparation and pre-treatment, if apy, and the
permlitted size range of samples;

b) details of the clamping and stretching method to be used with the samples;
c) the gnergy(s) of impacts to be used in the test;

d) the orientations of blade impacts relative to a specified axis of the samples;
e) the number of tests to be performed, and.where they are to be located;

f) the performance requirements for.the product, and associated “levels”; the performance required for the
prodyict to pass, i.e. the limit value(s) for /g,

g) the lgcation, dimensions and.shape of the protective area of the product that is to meet the requirements.

A.2 Product testing considerations

A.2.1 Impact energy

The impact.energy and therefore drop height should be chosen such that a product that just reaches @ pass level
has a m¢an‘knife penetration depth of around 10 mm. Poor products or weak orientations of better products can
then show penetrations that are measurable and are up to three times this value. The uncertainty in measurements
of small penetrations of very good products will not be a significant problem.

It has been found that stab-resistant gloves are best tested at 0,65 J impact energy. Highly cut-resistant chain-mail
gloves and energy absorbing composite construction gloves are better tested using 2,45 J impacts which can be
provided by using the 1 000 g blade-holding block specified in ISO 13998. Because of the uncertain effects of the
velocity of impact, it is recommended that block and knife masses are controlled to give either 110 g or 1 000 g
combinations, and that intermediate masses are not used.
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