
FIBRES & TEXTILES in Eastern Europe   April / June 2004, Vol. 12, No.  2 (46) FIBRES & TEXTILES in Eastern Europe     April / June 2004, Vol. 12, No.  2 (46)

Â Introduction
The utility functions which fabrics should 
fulýl ýrst of all depend on their destina-
tion. Woven fabrics have a very wide 
range of applications, starting from un-
derwear and everyday clothing, through 
protective and work clothing, decorative 
and furniture fabrics, up to technical tex-
tiles. Such a wide range of application 
means that during their lifetime fabrics 
undergo actions from different forces and 
strains depending on their destination 
and working conditions [1]. 

They can be stretched in one direction 
(for example, safety and transportation 
belts) or in many directions (for exam-
ple, furniture fabrics), torn (for example, 
elements of sleeves and trousers) or com-
pressed (for example, rigid interlining). 
In most of the mentioned cases fabrics 
are used at least a few times, and some-
times the number of work cycles can 
total many thousands of repetitions. In 
each work cycle, the total deformations 
are signiýcant, and users expect that, 
after removing the forces, the fabric will 
return to its primary state [1]. 

The mechanical properties which most 
often decide their application onto a giv-
en clothing fabric include unidirectional 
stretching, tear and elastic properties. The 
signiýcance which the above-mentioned 
properties have for the utility of each 
fabric is obvious, but it is worth mention-
ing that their role increases signiýcantly, 
if we consider the criteria concerning the 
individual means of protection.

With Polandôs adaptation to EC require-
ments, the law standardisation and nor-
mative acts (EC directive 89/686/EWG) 
concerning individual protection include 
criteria which had to be fulýlled by 
protective and work clothing produced 
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in Poland. These requirements concern 
the uniforms of safety guard units. A 
danger to health and human life arises in 
many work situations in industry,  such 
as welding, oil reýnery work, and in the 
gas industry. 

Uniforms and protective clothing, de-
pending on their given destination, must 
fulýl many diverse speciýc requirements 
set down in special standards, which 
concern high mechanical strength, es-
pecially tear and abrasion resistance. To 
assess tear strength in the application 
areas mentioned, both static and dynamic 
methods are used. Tear strength is a very 
important factor for the fabrics used on 
tents, tarpaulins, backpacks and for rec-
reational purposes such as deckchairs, 
garden umbrellas and so on. A dynamic 
tear method also has an application for 
clothing fabrics, such as cotton fabrics 
destined for jeans. 

In this paper, we describe in details the 
resistance to the action of static and 
dynamic tear force, the measurement 
methods and correlation relationships 
between the results obtained by differ-
ent tear methods. Additionally, for the 
group of protective fabrics described, 
the tensile strength was assessed; we also 
present a trial for ýnding the correlation 
relationships between the tensile maxi-
mum strength (more precisely, force) and 
the tear strength obtained by different 
measurement methods.

Â Methodology 
The tear resistance of fabrics is a property 
which determines the material strength of 
an action of static force (a static tear test), 
kinetic force (a dynamic tear test) and 
tear test on a nail. The different methods 
of tear test procedure are reþected in dif-

ferent standards, which are characterised 
by different methods of sample prepara-
tion, their shape and size, the way of 
clamping and the length of torn fabric 
distance, as well as the way of reading 
and calculating the tear force [2]. 

Below, we describe ýve static tear test 
methods and one dynamic method. All 
the methods (apart from method No. 1, 
also concerning the knitted fabrics, and 
method No. 5 for fabrics coated by gum 
and polymers) have been used for woven 
fabrics. They are not commonly applied 
for knitted and elastic fabrics. They are 
not appropriate for fabrics of high anisot-
ropy or loose structure, because in these 
fabrics tearing most often occurs in a di-
rection askew to the stretching direction. 

We also took into consideration method 
No. 5 in our measurements, which al-
though it concerns coated fabrics can 
also ýnd application for testing the ýre 
guard clothing. 

The methods presented follow the fol-
lowing standards: 

Á No. 1 - PN-P-04640:1976 ñFabric 
measurement methods. Woven and 
knitted fabrics. Determination of tear 
strengthò

Á No. 2 - PN-EN ISO 13937-2:2002 
ñTextiles - Tear properties of fabrics 
- Part 2: Determination of tear force 
of trouser ï shaped test specimens 
(single tear method)ò (ISO 13937-2:
2000)

Á No. 3 - PN-EN ISO 13937-3:2002 
ñTextiles ï Tear properties of fabrics 
- Part 3: Determination of tear force 
of wing-shaped test specimens (single 
tear method)ò (ISO 13937-3:2000)

Á No. 4 - PN - EN ISO 13937-4:2002 
ñTextiles. Tear properties of fabrics - 
Part 4: Determination of tear force of 



FIBRES & TEXTILES in Eastern Europe   April / June 2004, Vol. 12, No.  2 (46) FIBRES & TEXTILES in Eastern Europe     April / June 2004, Vol. 12, No.  2 (46)

lounge - shaped test specimens (dou-
ble tear test)ò (ISO 13937-4:2000).

Á No. 5 - PN-P-04966:1993/A21:2002 
ñRubber or plastics coated fabrics. 
Determination of tear forceò

Á No. 6 - PN-EN ISO 13937:2002 
ñTextiles. Tear properties of fabrics 
- Part 1. Determination of tear force 
using ballistic pendulum methodò 
(Elmendorf)ò (ISO 13937-1:2000).

The above numbers are used for ýgure, 
graph and table description in the text.

Single tear methods 
Static methods (No. 1-5) differ from each 
other in sample preparation and clamp-
ing, tearing direction in relation to the 
acting force, distance between jaws, and 
so on. The method of sample preparation 
is shown in Figure 1, but the method of 
clamping is shown in Figure 2. 

Method No. 1 (according to PN-P-04640:
1976) in December 2002 was replaced by 
PN-EN ISO 13937-2:2002. Additionally, 
No. 3 and No. 4 (decision no 57/2002 
of the Polish Standardisation Commit-
tee from 2002.12.23) were introduced 
as standardised methods. A description 
of the static tear methods is given in 
Table 1. In all the methods, the sample is 
torn at constant speed is maintained until 
the end of the measurement distance.

Static tear methods 
The differences in calculation of results, 
according to PN-P-04640:1976, accord-
ing to the standard PN-EN ISO 13937:
2002 Part 2, 3 and 4 and PN-P-04966:
1993/AZ1:2002, should also be pointed 
out. The method of dividing the graph 
into intervals and the readings of force 
values for the above methods are shown 
in Figure 3. 

Determination of tear forces for the 
methods so far applied (Figure 3a) relies 
on the graphôs division into 10 equal in-
tervals along the tear (measurement) dis-
tance in such a way that the beginning of 
the ýrst interval corresponds to the ýrst 
peak on the graph. Next, the maximum 
tear force corresponding to the highest 
peak is read at each interval. As a result, 
the mean tear force for both directions 
(longitudinal and reverse) and the maxi-
mum tear force (mean from the highest 
peaks for n samples) for longitudinal and 
reverse directions are given. 

In order to determine a tear force for 
the methods described in the standard 

PN-EN ISO 13937:2002 Part 2, 3 and 4 
(Figure 3b), the graph should be divided 
into four equal parts starting from the 
ýrst and ýnishing on the last peak. The 
ýrst part of the graph is not included in 
calculation of the mean value. Of the 
remaining three parts, the two highest 
and two lowest values are chosen. As a 
result, an arithmetic mean tear force for 
longitudinal and reverse directions from 
the chosen peaks is given. Additionally, 
the maximum tear force for longitudinal 
and reverse directions as a mean from 
maximum peaks is given. The standard 
PN-EN ISO 13937:2002 Part 2, 3 and 4 
admits two ways of calculating results, 

manually and by computer, which cannot 
give identical results. 

Determining tear forces for the method 
according to PN-P-04966:1993/AZ1:
2002 (Figure 3c) relies on determining 
the median from the ýve biggest tear 
forces for a given sample, for the middle 
part of graph, which consists 50% of the 
whole tear distance. Median values in 
both directions are given as a result.

Dynamic tear test 
The main element of the device for 
dynamic tear strength is a ballistic 
pendulum, by means of which force 

Table 1. Description of static tear methods. 

Method 
No.

Standard
Single

or double 
tearing

Tearing 
direction: 

^or || to the 
acting force

Tearing 
distance, 

mm

Measure-
ment rate, 
mm/min 

Distance 
between 

jaws, 
mm 

Shape 
of the 

sample

A way 
of clamping 
the sample

1 PN-P-
04640:1976 single ^ 40 Ñ 1 100 50 Fig. 1a Fig. 2a

2 PN-EN ISO 
13937-3:2002 single || 75 Ñ 1 100 100 Fig. 1b Fig. 2b

3 PN-EN ISO 
13937-3:2002 single ^ 75 Ñ 1 100 100 Fig. 1c Fig. 2c

4 PN-EN ISO 
13937-4:2002 double || 75 Ñ 1 100 100 Fig. 1d Fig. 2d

5 PN-P-04966:
1993/AZ1:2002 single || 145 Ñ 1 100 70 Fig. 1e Fig. 2e

Figure 2. Method of clamping the samples according to: a - PN-P-04640:1976, b - PN-EN 
ISO 13937-2:2002, c - PN-EN ISO 13937-3:2002, d - PN-EN ISO 13937-4:2002, e - PN-
P-04966:1993/AZ1:2002.

Figure 1. Shape of samples according to: a - PN-P-04640:1976, b - PN-EN ISO 13937-
2:2002, c - PN-EN ISO 13937-3:2002, d - PN-EN ISO 13937-4:2002, e - PN-P-04966:
1993/AZ1:2002.










