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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 liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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parts in the ISO 22568 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

ISO 20345, 1SO 20346 and ISO 20347 are related to safety, protective and occupational footwear which
define the performance and required properties of the footwear. On introducing these standards all
national standards relating to perforation resistant inserts were withdrawn leaving the manufacturers
of these items with no means of demonstrating the performance of their products. This document has
been prepared to allow manufacturers to demonstrate the type of the perforation resistant inserts
before being inserted into the footwear.

Non-metallic perforation resistant inserts and materials complying with the requirements of this
document are suitable components of “PPE footwear”.

© IS0 2021 - All rights reserved v
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INTERNATIONAL STANDARD 1SO 22568-4:2021(E)

Foot and leg protectors — Requirements and test methods
for footwear components —

Part 4:
Non-metallic perforation resistant inserts

1 (Scope

Thif document specifies requirements and test methods for the non-metallic inserts with|resistance
agajnst mechanical perforation, intended to function as components of PPE fodtwear (e.g. ag described
by ISO 20345, ISO 20346 and ISO 20347).

2 |Normative references

The following documents are referred to in the text in such a»way that some or all of their content
congtitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced doctiment (including any amendments) applies.

[SO|105-E04:2013, Textiles — Tests for colour fastness —Part E04: Colour fastness to perspiration
1S0|20344, Personal protective equipment — Test methods for footwear
[SO|20345, Personal protective equipment — Safety footwear
[SO|20346, Personal protective equipment ~<-Protective footwear

1SO|20347, Personal protective equipment — Occupational footwear

3 |Terms and definitions

For|the purposes of thissdocument, the terms and definitions given in ISO 20345, ISO P0346 and
[SO|20347 and the following apply.

[SOJand IEC maintainrterminological databases for use in standardization at the following addresses:

— |ISO Onlinebrowsing platform: available at https://www.iso.org/obp

— |IEC Electropedia: available at https://www.electropedia.org/

31
non-metallic perforation resistant insert

non-metallic footwear component placed (or intended to be placed) in the sole complex or used as an
insole simultaneously in order to provide protection against perforation

3.2

“tent effect”

separation between the layers of the test piece during the testing procedure, some layers are perforated
other not giving, the aspect of the tent to the test piece

Note 1 to entry: The procedure is given in Annex A.

©1S0 2021 - All rights reserved 1


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=41e3682a9bfcca2fe495e488d6f3beee

IS0 22568-4:2021(E)

4 Requirements for non-metallic perforation resistant inserts

4.1 General

Depending on the footwear construction, the non-metallic perforation resistant inserts could be in
contact with the wearer foot, therefore the requirements of ISO 20345, ISO 20346 and I1SO 20347 should

be taken into account (for example abrasion resistance, water absorption, innocuousness).

Perforation resistant material can be tested in accordance with this document, even in an unshaped
status, if it is 1ntended to be cut and/or shaped by the footwear or sole manufacturer When shaped

to fit into fpotwear is not assured because the dlmensmnal conformity to the footwear depends on|the

individual phape of each model of footwear.
Table 1 — Summary of requirements and number of samples
Pr(}perty Subclause Number of samples Status
. Non-metallic material: 1 sample
Residtance to
erforation 4.2 or mandatory
p Ready -shaped inserts: 1 sample
Non-metallic material: 1,sample
Flexing|resistance 4.3 or mandatory
Ready - shaped inserts:2)different sizes
Stability ajgainst ageing Non-metallic material: 2 samples for each treatment
and envjronmental 4.4 ot mandatory
influence Ready -shaped inserts:2’samples for each treatment
Electricdl resistance 4.5 Non-metallic material: 1 sample optiona
NOTE Fordetails, see 4.2 to 4.5.
For each of the required measurements performed-in accordance with this standard, a corresponding
estimate of the uncertainty of measurement should be evaluated. One of the following approaches shall
be used:
— astatigtical method, e.g. that given tn ISO 5725-2[2];
— amatHematical method, e.g. thatgiven in ISO/IEC Guide 98-3[4I;
— uncertainty and conformity-assessment as given in ISO/IEC Guide 98-4[31;
— JCGM 1o00!el,

4.2 Resistance toperforation

When the
methods d

non-metallic perforation resistant inserts are tested in accordance with the applicfble
escribed in 5.1, they shall meet one of the two types given in Table 2.

© IS0 2021 - All rights reserved
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Table 2 — Minimum requirements for the perforation force

Types Test method Requirements

Perforation test (see A.4); the four results reported shall be

Type PL See 5.1.1 “pass” with a force of 1100 N

No "tent effect” shall occur

Perforation force (B.4)

Type PS See5.1.2 the average value reported shall be greater or equal to 1100

No single value shall be lower than 950 N

N

use
sha

NOTE

This property has two types in term of the protection afforded. This covers the degree of risk or hazard that a

'per objects than type PL.

" will face in terms of the type of working places. Type PS offers more appropriate protection from smaller diameter and

4.3
Wh

Flexing resistance

insgrt shall exhibit no visible signs of cracking, disintegration or delamiihation after h
subjected to 1 x 10° (one million) flexion cycles.

4.4 Stability against ageing and environmental influence

When subjected to each single one of the 4 treatments described in 5.3 and tested in

wit
req

irements of 4.2.

4.5| Electrical resistance

Thi
are

The results of this test, see 5.4, is given as-an information, this document does not fix requir

5

5.1

5.1

Test methods for the non-metallic perforation tests
Determination of perforation resistance

1 Method PLywith conical nail 4,5 mm diameter

Thq test methoddescribed in Annex A shall be used.

5.1

2 Method PS: with conical nail 3,0 mm diameter

Thq tést method described in Annex B shall be used.

5.2

en tested in accordance with the method described in 5.2, the non-metallic¢ perforation resistant

wving been

hccordance

n the method described in 5.1, the non-metallic perforation resistant insert shall confprm to the

5 property is optional and frequently requested when the non-metallic perforation resistiant inserts
supposed to be used in a footwear with electrical properties (ISO 20345:2021, 6.2.2.1 and 6.2.2.2).

bments.

Determination of flexing resistance

5.2.1 Apparatus

Flexing apparatus, comprising a suitable flexing guide (e.g. a pair of bars) to move the free end of the
non-metallic perforation resistant insert through a specified distance at a defined rate and a clamping
device consisting of two elastic interlayers approximately 4 mm thick and of Shore A hardness 75 + 5
with two metal clamping plates at least 130 mm wide.

In the zero position, the guide acts at a distance of (70 + 1) mm from the clamping plates (see Figure 1).

©IS
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Dimensions in millimetres

—

33
~uZ
N
N
w

10 +1 50

130

TN

10
Key
1 flexing puide 3  elastic interlayer
2 clamping plates 4  testpiece

Figure 1 +— Example of details of a suitable construction of a flexing apparatus for non-metallic
perforation resistant inserts

5.2.2 Sampling

5.2.2.1 Number of test pieces

In case of ready-shaped non-metallic perforation resistant inserts, samples of two different sizes shall
be tested. For unshaped material cut out two suitable test pieces, giving them a shape similar to a
typical insole of approximate size 41 to 42 (Paris Point).

5.2.2.2 Determination of the flexing line

Lay the non-metallic perforation resistant insert with its inner edge against a straight base line in such
a way that this line is at a tangent to the insert in the joint and heel regions. At the tangent to the joint
construct a perpendicular. This line is the flexing line at which the insert is clamped (see Figure 2).

4 © IS0 2021 - All rights reserved
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Dimensions in millimetres

90
1 Z_\
% i
/ !
) |
3 A
10
flexing line 3 flexing zdiie
base line 4 line ¢Pcut

Figure 2 — Flexing line for non-metallic perforation resistant inserts

2.3 Preparation of test piece

pcessary, cut off the heel part of the non:metallic perforation resistant insert at a distanc

90 nm from the flexing line (see Figure-Z-and 5.2.2.2).

5.2

Def]
ver
pos

5.2

For
sha

In ¢

3 Test procedure

ect the test piece at a rate of (16 + 1) Hz by moving the guide bar to a height of 33 mm
ically above the zero pesition. Ensure by means of a guide that the test piece returns
tion after every deflection. After 1 x 106 flexes, carry out a visual examination of the tes

4 Results

| be reported.

ase of unshaped material, the 2 results shall be reported.

b of at least

measured
fo the zero
L piece.

ready-shaped non-metallic perforation resistant inserts, the two results for the two different sizes

5.2.5 Testreport

The test report shall include the following information:

a)
b)

c)
d)

e)

areference to this document, i.e. ISO 22568-4:2021;

a full description of the samples tested including sizes, commercial styles, codes, colours, nature,

etc.;
the results of the visual examination;
description of any change of the test piece (for example delamination);

any deviation by agreement and otherwise from the present test method.

© IS0 2021 - All rights reserved
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5.3 Test methods for the assessment non-metallic perforation resistant inserts
in critical environment

5.3.1 Sampling

In case of ready-shaped non-metallic perforation resistant inserts, samples of two different sizes shall
be tested. For unshaped material cut out two suitable test pieces, giving them a shape similar to a
typical insole of approximate size 41 to 42 (Paris Point).

New samples shall be used for each of the following 4 treatments.

5.3.2 Effect of high temperature

Clamp the specimen into the perforation device and place them in an oven with forced air, circulat

which is
18 h to 20

oven (or frpm an insulating box which may be used if necessary), start performingthe’ perforation
in accordance with the method described in 5.1.

5.3.3 Efi

The non-nj
as specifie
sweat with
described 1

5.3.4 Efflect of alkali sweat

The non-m
as specifie

aintained at (60 * 2) °C for 4 h + 10 min; reduce the temperature to (45 + 2),°€ for anof
. Remove the assembly from the oven and, within 2 min * 30 s from removing it from

ct of acid sweat

etallic perforation resistant insert shall be totally immefsed in an acid sweat solut
d in ISO 105-E04:2013, 4.4, at (23 + 2) °C for 24 h + 15 min. Remove, wash off any ex
water and store at (23 * 2) °C for (24 £ 1) h before testing it in accordance with the met]
nb5.1.

etallic perforation resistant insert shall.be totally immersed in an alkali sweat soluf
d in ISO 105-E04:2013, 4.3, at (23 £ 2)°C for 24 h * 15 min. Remove, wash off any ex

ion,
her
the
test

ion,
[ess
hod

ion,
Cess

sweat with water and store at (23 + 2) °C for (24.+"1) h before testing it in accordance with the method
described in 5.1.

5.3.5 Ef]:ct of fuel oil

Totally immerse the perforation resistant insert in 2,2,4-trimethylpentane (iso-octane) at (23 * 2|) °C
for 24 h + 15 min. Remove, dry off any excess liquid and store at (23 * 2) °C for (24 + 1) h before tesfing
it in accordance with the method described in 5.1.

5.3.6 Repults

For ready-shaped nen-metallic perforation resistant inserts, the two results for the 2 different sizds of

the 4 treat

In case of

ments-shall be reported.

nshaped material, the two results of the four treatments shall be reported.

5.3.7 Testreport

The test report shall include the following information:

a) arefer
b)
etc.,;
<)
d)
6

ence to this document, i.e. ISO 22568-4:2021;

the results obtained after the four treatments;

a full description of the samples tested including commercial sizes, styles codes, colours, nature,

description of any change of the test piece (for example delamination, cracking, disintegration);

© IS0 2021 - All rights reserved
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sampling procedure;
any deviation by agreement and otherwise from the present test method;

date of testing.

Determination of the electrical resistance

5.4.1 Testing procedure

Pla
ma

Nor]
ISO

Ul s W N

ieq, which is

ntained at (60 * 2) °C for at least 24 h. The test shall be done within the next 5 min.

20344:2021, 5.13.4, with the following variations:
Test-piece of dimensions (230 + 5) mm x (80 + 5) mm;

Frame of internal dimensions (length 200 + 5 mm, width 50 * 2 mm.and’height minimu

Figure 3.

—=

BN
( 5

4

| — 1

test-piece of diménsions (230 = 5) mm x (80 * 5) mm

cupper electrode
frame eontaining steel balls (4 kg)
apparatus measuring the electrical resistance

frame of internaldimensions (length 200 + 5 mm, width 50 + 2 mm and height minimum 100 mm|

-metallic perforation resistant inserts shall be tested in accordance with the method dgscribed in

m 100 mm)

to hold 4 kg of steel balls. The frame is constituted with insulatingmaterial (for examplefwood), see

Figure 3 — Example of a suitable setting for the determination of the electrical resistance

of non-metallic perforation resistant inserts

5.4.2 Testreport

The
a)

test report shall include the following information:

areference to this document, i.e. ISO 22568-4:2021;

b) a full description of the samples tested including sizes, commercial styles, codes, colours, nature,

etc,;

© IS0 2021 - All rights reserved
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c) theresults obtained in 5.4.1;

d) description of any change of the test piece;

e) any deviation by agreement and otherwise from the present test method;

f) date of testing.

6 Marking

Non-metalH

informatiop:

a) non-metallic perforation resistant insert size (if applicable);

b) manufpcturer's identification mark;

c¢) manufpcturer's type designation;

d) the type of performance claimed for perforation force (Type PL or Type PS);

e) numbdr of this document and year of publication.

NOTE ]

distributed

larking by embossing is acceptable. Marking of the size is not\ecompulsory when the materifl is
as platen and die-cutting or otherwise shaping is performed By a'third party.

© IS0 2021 - All rights reserved
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Annex A
(normative)

Method PL: perforation resistance with the conical nail 4,5 mm

diameter

A.]I Apparatus

A1l
med

A1l
and

Thd
of n

Al
coa
pied
fixe

inspected on its uppensurface opposite to the perforation. To enable visual inspection, the t

the
in H
so 1
ver

NOT

1 Compression machine, capable of applying a uniform speed of (10 * 3) mm/j
isuring compressive forces up to at least 2 kN.

2 Testnail, as shown in Figure A.1, of diameter (4,5 * 0,05) mm with atruncated end
dimensions:

hardenable steel;

hardness HRC 2 60 has proven to be suitable for the nail;
shape conical, angle (30  2)°;

diameter (4,5 + 0,05) mm;

with a truncated end (1 + 0,02) mm diameter;

length 280 mm.

test nail should be examined after 125 perforations for its ongoing conformity to Figure
on-conformity the test nail shallbécorrected or replaced.

3 Clamping device: A suitable clamping device consists of two rigid metallic plates W
kial holes of diameter (25'£.0,2) mm, connected by screws or other suitable means to cla

d to the upper traverse of the compression test machine in a way that the test piece can

upper platen shall not be more than 5 mm, with a conical shape around the centre hole 3
igure A.2. The-test nail is fixed upwards to the lower sample holder of the compression te
hat the tip\of the nail will be forced perpendicularly against the centre of the test pig
ba) whenthe machine runs.

nin and of

bf the form

A.1, in case

ith central
mp the test

e in position and preventit from slipping during the perforation test (see Figure A.2). Thiis device is

be visually
hickness of
s specified
st machine
ce (or vice

can

compression cage.

E To preve

nt slipping, a special preparation of the clamping surfaces (e.g. application of ej
dPProp C d LC ile te i d ine i i e i i C i

A.2 Preparation of test piece

nery paper)
evice into a

The sample shall be conditioned at least 24 h at (23 £ 2) °C and (50 + 5) % relative humidity before
testing.

In case of ready-shaped non-metallic perforation resistant inserts, one insert is tested. In case of
unshaped material cut out a suitable test piece, giving it a shape similar to a typical insole of approximate
size 41 to 42 (Paris Point).

The non-metallic perforation resistant inserts are always included in the footwear in the same way.
Therefore, during the perforation test, the face in contact with the foot shall be opposite to the nail.

©IS
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Dimensions in millimetres
30° 2°

>80

4.5 #0305

Key
1  truncated tip

Figure A.1 —Test nail for perforation resistance (PL)

10 © IS0 2021 - All rights reserved
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Dimensions in millimetres

Q) | Q)

/

Key

A3

Fix
pre
per

Rur
the
the
bee

| |
_;I\ \i\<7:_jF_‘1
! =~
L N\ i
| | |
|
|
|
|
|

Z
test piece
nail
gure A.2 — Schematic exampleefapparatus for the perforation test of inserts (me

Procedure

vent the test piece'frem slipping. The distance of the point to undergo perforation from af
foration point andfrom any edge of the test piece shall be at least 35 mm.

the testing-machine at a speed of (10 * 3) mm/min up to the required force of 1 100 N
 stop the machine and carry out either the visual inspection within 10 s at an angle of (§
nail axis or an electrical or cinematographic detection. If the opposite surface of the tes
h pexforated, the test piece has failed the test. Register if separation between the layers

pied

thod PL)

the test piece between the two platens (see Figure A.2), applying sufficient clamping force to

y previous

(see A.1.1),
0 +15)°to
t piece has
of the test

e ’tent effect”) occurs.

NOTE

The present method and its requirement lead to a pass/fail result without distinction between

different levels of performance. However, in order to obtain additional information, a higher perforation force

can

be applied, e.g. for research needs or to compare various materials or solutions.

A.4 Results

For ready-shaped non-metallic perforation resistant inserts, one insert shall be tested four times, all
results (see A.3) shall be reported.

Inc

©IS

ase of unshaped material, the four results shall be reported.

02021 - All rights reserved
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When the inserts are tested in accordance with the applicable method described using a force of at least
1 100 N, the tip of the test nail shall not perforate through the test piece. A “pass” result requires that
the tip of the test nail does not protrude from the rear side of the test piece to be checked by visual,
cinematographic or electrical detection

If the test piece is subject to “tent effect”, it shall be reported as a failed.

A.5 Testreport

The test report shall include the following information:

a) areference to this document, i.e. ISO 22568-4:2021;

b) full description of the samples tested including sizes, commercial styles, codes, colours, natpre,
etc,;

c) theredults as described in A.4;
d) description of any change of the test piece (for example delamination);

e) any deyiation by agreement and otherwise from the present test method
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Annex B
(normative)

Method PS: Perforation resistance with the conical nail 3,0 mm
diameter

B.]I Apparatus

B.1{1 Compression machine, capable of applying a uniform speed of (10 * 3) mm/min and of
megsuring compressive forces up to at least 2 kN.

B.1/2 Test nail, as shown in Figure B.11:

— |hardenable steel;

— |hardness HRC = 60 has proven to be suitable for the nail;
— |shape conical, angle (30 + 2)°;

— |diameter (3,0 £ 0,03) mm;

— |with a truncated end (1 * 0,02) mm diameter;

— |length 280 mm;

— |protruding length approximately (50 £(5) mm;

— |maximum roughness at the tip Ra:<0,8 pm.

With certain non-metallic insert, itis possible that the nail may bend during the test, in which case the
nail shall be replaced immediately.

The test nail should be examined after 125 perforations for its ongoing conformity to Figure[B.1, in case
of non-conformity the test'nail shall be corrected or replaced.

B.1j3 Clamping.device.

A stiitable clamping device consists of two rigid metallic plates with central coaxial holes of diameter
(25]% 0,2) mm, connected by four screws or other suitable means to clamp the test piece in ppsition and
preyent it'from slipping during the perforation test (see Figure B.3). This device is fixed tq the upper

trayefse of the compression test machine. The test nail is fixed upwards to the lower sample holder
of tmmrmwwmmﬁmﬂwmﬁyigainst the

centre of the test piece (or vice versa) when the machine runs. The nail shall protrude from the mandrel
of approximately 50 mm.

NOTE To prevent slipping, a special preparation of the clamping surfaces (e.g. application of emery paper)
can be appropriate. Also, the use of a tensile testing machine is possible if mounting the clamping device into a
compression cage.

1)  Suppliers of a suitable nail are: (1) EST USINAGE S.a.r.L., Technopéle Forbach Sud, 182 rue Lavoisier, F-57600
FORBACH, Tél. +33 (0)3 87 82 31 77, www.est-usinage.com/fr; (2) SITEC S.rl, Sistemi tecnici e metrologici, Zona
Artigianale - Lotti C9/C10, 70056 Molfetta (BA), Tel: 0803385842, www.sitecquality.it. This information is given for
the convenience of users and does not constitute an endorsement by ISO. Equivalent products can be used if they
can be shown to lead to the same results.
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B.1.4 Position of the nail.

The nail shall be aligned with the axis of the clamping device, so that it will perforate at the centre of
the 25 mm tested area.

Dimensions in millimetres

®1 0,02

>80

$3 +0,05

Key
1 truncated tip
2 truncated conical is with maximum roughness Ra <0,8 pm

FigureB.1 — Test nail for perforation resistance test (method PS)
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