
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/348919999

Journal of Textile and Clothing Science EFFECT OF REPEATED LAUNDERING

ON CUT RESISTANCE PERFORMANCE OF HYBRID UHMWPE PROTECTIVE

GLOVES

Article · January 2021

CITATIONS

0
READS

468

3 authors, including:

Himanshi Dhyani

Defence Research and Development Organisation

6 PUBLICATIONS   2 CITATIONS   

SEE PROFILE

Nandan Kumar

High Performance Textiles Pvt Ltd

20 PUBLICATIONS   230 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Nandan Kumar on 13 April 2023.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/348919999_Journal_of_Textile_and_Clothing_Science_EFFECT_OF_REPEATED_LAUNDERING_ON_CUT_RESISTANCE_PERFORMANCE_OF_HYBRID_UHMWPE_PROTECTIVE_GLOVES?enrichId=rgreq-8391e8fac3e3c0a3a4d5706f34e0c7a3-XXX&enrichSource=Y292ZXJQYWdlOzM0ODkxOTk5OTtBUzoxMTQzMTI4MTE0NTIzNDQ3NUAxNjgxMzkxNjgyNzc2&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/348919999_Journal_of_Textile_and_Clothing_Science_EFFECT_OF_REPEATED_LAUNDERING_ON_CUT_RESISTANCE_PERFORMANCE_OF_HYBRID_UHMWPE_PROTECTIVE_GLOVES?enrichId=rgreq-8391e8fac3e3c0a3a4d5706f34e0c7a3-XXX&enrichSource=Y292ZXJQYWdlOzM0ODkxOTk5OTtBUzoxMTQzMTI4MTE0NTIzNDQ3NUAxNjgxMzkxNjgyNzc2&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-8391e8fac3e3c0a3a4d5706f34e0c7a3-XXX&enrichSource=Y292ZXJQYWdlOzM0ODkxOTk5OTtBUzoxMTQzMTI4MTE0NTIzNDQ3NUAxNjgxMzkxNjgyNzc2&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Himanshi-Dhyani-2?enrichId=rgreq-8391e8fac3e3c0a3a4d5706f34e0c7a3-XXX&enrichSource=Y292ZXJQYWdlOzM0ODkxOTk5OTtBUzoxMTQzMTI4MTE0NTIzNDQ3NUAxNjgxMzkxNjgyNzc2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Himanshi-Dhyani-2?enrichId=rgreq-8391e8fac3e3c0a3a4d5706f34e0c7a3-XXX&enrichSource=Y292ZXJQYWdlOzM0ODkxOTk5OTtBUzoxMTQzMTI4MTE0NTIzNDQ3NUAxNjgxMzkxNjgyNzc2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Defence_Research_and_Development_Organisation2?enrichId=rgreq-8391e8fac3e3c0a3a4d5706f34e0c7a3-XXX&enrichSource=Y292ZXJQYWdlOzM0ODkxOTk5OTtBUzoxMTQzMTI4MTE0NTIzNDQ3NUAxNjgxMzkxNjgyNzc2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Himanshi-Dhyani-2?enrichId=rgreq-8391e8fac3e3c0a3a4d5706f34e0c7a3-XXX&enrichSource=Y292ZXJQYWdlOzM0ODkxOTk5OTtBUzoxMTQzMTI4MTE0NTIzNDQ3NUAxNjgxMzkxNjgyNzc2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nandan-Kumar-17?enrichId=rgreq-8391e8fac3e3c0a3a4d5706f34e0c7a3-XXX&enrichSource=Y292ZXJQYWdlOzM0ODkxOTk5OTtBUzoxMTQzMTI4MTE0NTIzNDQ3NUAxNjgxMzkxNjgyNzc2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nandan-Kumar-17?enrichId=rgreq-8391e8fac3e3c0a3a4d5706f34e0c7a3-XXX&enrichSource=Y292ZXJQYWdlOzM0ODkxOTk5OTtBUzoxMTQzMTI4MTE0NTIzNDQ3NUAxNjgxMzkxNjgyNzc2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nandan-Kumar-17?enrichId=rgreq-8391e8fac3e3c0a3a4d5706f34e0c7a3-XXX&enrichSource=Y292ZXJQYWdlOzM0ODkxOTk5OTtBUzoxMTQzMTI4MTE0NTIzNDQ3NUAxNjgxMzkxNjgyNzc2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nandan-Kumar-17?enrichId=rgreq-8391e8fac3e3c0a3a4d5706f34e0c7a3-XXX&enrichSource=Y292ZXJQYWdlOzM0ODkxOTk5OTtBUzoxMTQzMTI4MTE0NTIzNDQ3NUAxNjgxMzkxNjgyNzc2&el=1_x_10&_esc=publicationCoverPdf


 

Journal of Textile and Clothing Science 

ISSN: 2581-561X (Online) 

 
http://www.jtcsonline.com 

 

* Corresponding author. 

E-mail:angeldhyani27@gmail.com                                                                                                                   
15 

 

RESEARCH 

EFFECT OF REPEATED LAUNDERING ON CUT RESISTANCE 

PERFORMANCE OF HYBRID UHMWPE PROTECTIVE GLOVES 

Himanshi Dhyani 
Department of Textile Technology, National Institute of Technology, Jalandhar-144011, India 

S. K. Sinha 
Department of Textile Technology, National Institute of Technology, Jalandhar-144011, India 

Nandan Kumar 
High Performance Textiles Private Limited, Panipat, Haryana-132103, India 

 

A R T I C L E  I N F O .  
 

A B S T R A C T  

Article history:  
Received:17/09/2020 

Received in revised form: 

16/11/2020 

Accepted:31/12/2020 

 

This paper deals with the repeated laundering effect on cut-

resistance properties of hybrid ultra-high molecular weight 

polyethylene (UHMWPE) gloves tested according to the 

appropriate clause of EN 388: 2016 - “Protective Gloves 

against Mechanical Risks.” The experimental sample set was 

seamless knitted gloves made of composite yarns consist of 

UHMWPE multifilament in sheath and E-glass multifilament 

/ stainless-steel wire in core. In the present work, an attempt 

has been done to comparative analyse the effect of repeated 

washing on surface characteristic and cut resistant properties 

of E-glass core and steel wire core reinforced UHMWPE 

gloves. It has been observed that steel core as well as glass 

core gloves provide excellent cut resistance performance on 

multiple washing. Although, steel wire core seamless knitted 

gloves show higher cut resistant as compared to glass core 

gloves. It is observed that glass filament in loop form is 

exposed after multiple washing cycles. The findings show 

that thorough study is needed on washing instruction for E-

glass core reinforced UHMWPE cut resistant gloves 

especially for the Indian market which is very new for these 

products. 

Keywords: Cut-resistant, E-glass, 

Stainless steel, Gloves, UHMWPE, 

Seamless, Knitted gloves. 
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1 Introduction 

Insufficient protection for workers at the 

workplace, sometimes, can lead to accidents 

causing injuries to the workers. “According to 

Khan et. Al. [1], hands and fingers are most 

likely to be affected among the body parts.” In 

manufacturing, construction and food 

preparing factories, hand activity is mainly 

involved and in a particular job more risk of 

hand injuries [2]. Exposed hands of workers 

are vulnerable to accidents causing burning, 

cutting, and rubbing. So, by using protective 

gloves one can prevent from such injuries. 

These are personal protective equipment 

which covers and protect the hand from 

injuries during work. Such gloves should have 

good grip and dexterity in addition to desired 

properties of tear strength as well as abrasion 

resistance [3].  

The cut-resistant gloves are used in various 

industries such as mechanical, automotive, 

construction, machine or compartment 

assembly, recycling, glass handling, electrical 

work, meatpacking for protection of the hand, 

fingers, arms, wrists against injuries due to 

contact with sharp objects/equipment (e.g., 

involving metal, sharp plastics, or shattered 

glass) [4]. The cut-resistant gloves performance 

can be evaluated on the bases of its cut, tear, 

abrasion, puncture, and impact resistance 

properties. The industrial cut resistant gloves 

are manufactured using high-performance 

fibers such as para-aramid (Kevlar, Twaron, 

Technora), UHMWPE (Dyneema, Spectra) to 

name a few. Depending on the end-user 

requirements, these gloves can also be coated 

with different polymers (Such as latex, 

neoprene, nitrile, PVC, and butyl rubber) or 

even stitched with leather or metal meshes.  

The European standard EN 388: 2016 standard 

specify a method of testing cut resistance of a 

gloves against sharp objects. Cut resistance can 

be tested using coupe tester which consists of 

a circular rotating blade which moves back and 

forth under the small contact force (5N). The 

test is completed when circular blade cut the 

material. The no. of rotation required to do this 

is calculated and stated on a 0-5 scale. Owing 

to its lower constant load of 5 N and much 

higher blade speed of 110 mm/sec, coupe tester 

is not applicable for highly cut resistant 

materials containing glass since the blade will 

dull during testing at a higher speed. For this 

reason, EN 388 added a second test required 

for high cut resistant materials: the ISO 13997 

TDM test. The ISO method TDM-100 is capable 

of loads up to 100 N but operates at a much 

lower blade speed of 2.5 mm/sec. Asper this 

method, the vertical force is applied to blade 

and the blade moves in a straight line and cut 

the material. Different stroke length is 

obtained at different vertical forces. This 

allows the accurate calculation of the 

minimum force required to cut the sample 

material at a thickness of 20 mm. This test is 

most widely used to determine the cut 

resistance of safety gloves reinforced with 

glass and steel wire which gives a precise 

result in every test [5]. 

The most important factors for cut-resistant 

protective gloves during its usage are 

performance and durability. The cut-resistant 

gloves are new to the domestic market and due 

to their high price, it is desired to be washed 

and re-used. The wearer should understand 

reinforcement (e.g., including glass, basalt, 

steel, tungsten wire etc.) used in the gloves and 

hence, washing instructions to be followed to 

maintain cut-resistant properties for the wear 

life of gloves/sleeves. Due to the unavailability 

of this study as per domestic requirements; 

high valued gloves are used and thrown, 
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increasing the cost of safety in the industry. It 

is very important to provide accurate cleaning 

and care instructions to everyone involved in 

the supply chain of these products so that they 

are used until the end of wear life. 

2 Materials and Methods 

2.1 Yarn Production 

 In this study, core yarns consisting of either 

stainless steel wire or glass filament were 

produced. Both the yarns were covered in a 

yarn covering machine with polyester filament 

and UHMWPE filament, respectively. Two 

hybrid composite yarns were thus produced. 

One yarn with stainless steel and the other 

with E-glass filament at the core and both are 

covered by polyester and UHMWPE filaments. 

Both in steel or glass core reinforced 

UHMWPE yarns, the polyester is twisted in S-

direction with the core and the UHMWPE 

filaments are twisted with them in Z-direction. 

The different twist setting is done in yarn 

covering machine for both types of yarns due 

to core material is different. Comparatively 

higher twist imparted in steel core due to 

UHMWPE filament is also slippery as steel 

wire and therefore can hardly hold onto the 

steel wire. The detail of the yarns produced is 

given in Table 1. 

The abbreviations used for sample coding are 

as follows: HPT W 60 - Steel wire core 

reinforced UHMWPE yarn, HPT E 22 - E-glass 

reinforced UHMWPE yarn.  

2.2 Fabric Production 

Gloves were manufactured from E-glass 

reinforced UHMWPE yarns and stainless-steel 

reinforced UHMWPE yarns on seamless 

gloves knitting machine. Two types of gloves 

were produced on 13-gauge knitting machine. 

The details of gloves produced is given in 

Table 2. 

 

2.3 Washing Procedure 

Laundering of gloves was done on an 

automatic washing machine according to 

AATCC LP1 2018. Gloves sample were 

laundered for 30 minutes (one cycle time) 

while maintaining the temperature at 30 °C. In 

the same way laundering process was 

repeated for 30 & 60 washes. 

2.4 Yarn Tests 

Tenacity (cN/Tex), Elongation% & Initial 

modulus (cN/Tex) of yarns were obtained 

using AIMIL UTM according to ASTM D2256. 

Both types of yarns were also subjected to 

Table 1 Detail of yarns 

S.No. 

Yarn 

sample 

code 

Yarn 

fineness 

(Tex) 

Three components of composite yarn Twist per meter 

Core 

fineness 

(Tex) 

Polyester 

yarn 

fineness 

(Tex) 

UHMWPE 

yarn fineness 

(Tex) 

S- 

direction 

Z-

direction 

1.  
HPT W 

60 
92 22 17 44 300 500 

2.  HPT E 22 92 22 17 44 200 400 

Table 2 Detail of gloves 

S. No. 
Fabric sample 

code 

Gloves weight 

(Gram)/ single 

Wales per 

inch 

Courses per 

inch 
GSM Structure 

1.  HPT W 60 19.80 25 15 304.0 Single Jersey 

2.  HPT E 22 21.79 25 15 316.8 Single Jersey 

  

HPT E 22                                            HPT W 60 

Figure 1 Image of cut-resistant gloves 
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multiple washing on launder-o-meter. Yarn in 

lea form were washed with 0.1 % detergent 

neutral for 30 minutes (one cycle time) while 

maintaining the temperature at 30 °C. In the 

same way washing process was repeated for 20 

washes. The tensile properties of washed yarns 

were also obtained. 

2.5 Gloves Tests 

The mechanical hazards such as abrasion, cut 

and tear resistance of washed-unwashed 

gloves were tested as per European standard 

EN 388:2016. The performance level of cut-

resistant properties of gloves such as abrasion, 

tear and cut resistance is described in the EN 

388 standard. The performance level should be 

1 or above for all properties and classified level 

is shown in Table 3. 

Table 3 EN 388:2016 Performance Levels 

Test 
Level 

1 

Level 

2 

Level 

3 

Level 

4 

Level 

5 

Abrasion 

resistance 

(number of 

cycles) 

100 500 2000 8000 - 

Tear 

resistance (N) 
10 25 50 75 - 

For high cut resistant material such as glass 

and steel wire, ISO 13997 cut resistance test 

method is added in EN 388: 2016 version for 

the assessment of protection against cut risks. 

EN ISO 13997 (also referred to as TDM test) cut 

resistance performance levels (measured in 

Newton).  

Table 4 EN ISO 13997 Performance Levels 
Level of 

protection 

Level 

A 

Level 

B 

Level 

C 

Level 

D 

Level 

E 

Level 

F 

TDM cut 

resistance 

(N) 

≥2 ≥5 ≥10 ≥15 ≥22 ≥30 

3 Result and Discussion 

3.1 Yarn Tensile Properties 

The tenacity of yarns was evaluated before and 

after 20 repeated washing cycle. The average 

values of 10 specimens tested for each yarn are 

summarized in Table 5. From Figure 2, it is 

observed that the breaking tenacity of glass 

core yarn is higher than that of 60-micron steel 

wire core yarn. The reason of higher breaking 

strength of the glass-based reinforced yarn is 

ascribed to higher tenacity of E-glass core. 

Basically, in a core-sheath type of yarn, the core 

is expected to bear the load. Moreover, 

slippage occurs in the composites yarn 

between core and sheath fibers during the 

breaking process & thus core material has a 

great contribution to the tensile load sharing. 

So, stronger the core material higher will be the 

yarn tensile strength. 

Analysis of the above data is carried out to 

study the effect of washing cycles on tensile 

properties of yarns. The 2-sample t-test has 

been used as a statistical method to assess 

whether the difference between the means of 

two independent samples is statistically 

significant or not. p-values of t-tests are listed 

in Table 6. The subscript numbers denote the 

number of the washing cycle. 

From Table 6, it is observed that there is a 

significant decrease in tenacity, elongation, 

and initial modulus of yarns after 20 multiple 

washing cycle. The t-test result shows a 

significant reduction in tenacity after 20 wash 

cycles. It is observed that the tensile properties 

of both steel core and glass core reinforced 

yarns decreased after exposure to detergent. 

Repeated washing resulted in a significant 

decrease in tensile strength. Repeated washing 

caused surface fibers to disintegrate due to 

mechanical stress on yarns. The reduction in 

tenacity after repeated washing is also caused 

by surface fiber deterioration by washing 

solution. 

From Figure 3, it is observed that the 

elongation % of glass core yarn is lesser than 

that in 60-micron steel wire core yarn. Owing 

to brittle nature of glass fiber, the elongation % 

of glass core reinforced yarn is found less when  
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subjected to tensile loading in comparison to 

steel core reinforced yarn. The t-test result 

shows a significant reduction in breaking 

elongation % after 20 wash cycles. 

From the Figure 4, it is observed that the initial 

modulus of glass core yarn is higher than that 

of 60-micron steel wire core yarn. Initial 

modulus follows the same trend as tenacity. 

The t-test statistical analysis shows a 

significant reduction in initial modulus after 20 

wash cycles. 

Table 6 p-values of t-test 

Tensile 

properties 

Washing 

cycles 
Yarn p-value 

Tenacity 

(cN/Tex 

Between 

W0& W20 

HPT 

W 60 

0.000 / 

Significant 

HPT 

E 22 

0.009 / 

Significant 

Elongation% 

HPT 

W 60 

0.010 / 

Significant 

HPT 

E 22 

0.037 / 

Significant 

Initial modulus 

(cN/Tex) 

HPT 

W 60 

0.001 / 

Significant 

HPT 

E 22 

0.000 / 

Significant 

 

 
Figure 2 Comparison of tenacity of yarns 

 
Figure 3 Comparison of elongation % of yarns 

 

Figure 4 Comparison of initial modulus of yarns 
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Table 5 Mechanical properties of yarns 

S. 

no. 

Yarn 

code 

Yarn linear 

density 

(Tex) 

Composition 
Yarn 

composition% 

Tenacity 

(cN/Tex) 

Breaking 

Extension 

(%) 

Initial 

modulus 

(cN/Tex) 

W0 W20 W0 W20 W0 W20 

 

1. 

 

HPT 

W60 

 

92 

Core: Steel 

Cover1: 

Polyester 

Cover2: 

UHMWPE 

26 % 

18 % 

56 % 

 

73.8 

 

67.8 

 

4.20 

 

3.87 

 

1168 

 

1130 

 

2. 

 

HPT E 

22 

 

92 

Core: Glass 

Cover1: 

Polyester 

Cover2: 

UHMWPE 

26 % 

18 % 

56 % 

 

84.7 

 

79.8 

 

3.45 

 

3.26 

 

1604 

 

1378 
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BEFORE WASH GLOVES 

 

 

AFTER WASH CYCLE 30 GLOVES 

 

 
AFTER WASH CYCLE 60 GLOVES 

 

 

Figure 5 Image analysis of gloves surface before and after wash cycle 30 & 60 
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3.2  Multiple washing effect on surface 

characteristic of Gloves 

 Gloves sample were laundered for 30 minutes 

(one cycle time) while maintaining the 

temperature at 30 °C. In the same way 

laundering process for repeated for 30 & 60 

washes. After that image analysis of washed-

unwashed gloves were done for the 

assessment of surface characteristic. Following 

are the images of gloves surface obtained from 

the image analyzer. 

It is observed that gloves have compact 

knitting structure before washing. After 

washing of both type of gloves, shrinkage is 

observed. Although with repeated washes 

negligible fuzzy appearance noticed on gloves 

surface as loose fibers protrude and entangled 

with each other during laundering operation. 

From the image analysis, it is observed that 

glass filament is bulging out in loop form and 

getting fractured during washing and is 

appeared on gloves surface and deterioration 

increases as the washing cycle increases. With 

repeated laundering of steel core gloves after 

60 cycles, steel wire in loop form is observed 

on gloves surface. Comparatively, more 

surface deterioration is observed for glass core 

UHMWPE gloves. The reason behind for more 

deterioration in glass core UHMWPE gloves is 

that more tendency of exposed of glass 

filament out of yarn body than steel core. The 

reason may be due to less twist in glass core 

reinforced UHMWPE yarns than in steel core 

reinforced UHMWPE yarns for same yarn 

count. Further 2-ply E-glass filament has been 

used which may also assist in bulging out. 

3.3 Multiple washing effect on cut-

resistance properties of gloves 

The cut-resistance properties in terms of 

abrasion resistance, TDM cut resistance and 

tear resistance of E-glass reinforced UHMWPE 

(13 gauge) gloves and steel-reinforced 

UHMWPE (13 gauge) gloves were determined 

before after repeated laundering as shown in 

Table 6 & 7. 

3.4 Effect of repeated washing on tear 

strength of gloves 

The Gloves tearing resistance was measured 

before and after repeated 30 & 60 washing 

cycles according to EN 388: 2016 standard test 

method. The maximum force data of tearing 

test results listed in Table 8 were determined 

using ZWICK instrument with a gauge length 

of 40 mm and at a speed of 100 mm/min. 

Trouser-shaped samples were cut in the 

direction of gloves (denoted by weft) as well as 

across the palm width of gloves (denoted by 

warp) and then tested. From Table 8, it is 

observed that warp tearing strength is lower 

than weft tearing strength for both types of  

Table 7 Performance level achieved by the E-glass reinforced UHMWPE (13 gauge) gloves 

Sr. 

No. 
Test parameter Unit 

Test results before 

wash 

Test results after 30 

wash 

Test results after 60 

wash 

Test 

results 

Level 

achieved 
Level achieved Level achieved 

1. 
Abrasion 

resistance 

No. of 

cycles 

Breakdown 

observed 

up to 200 

 

1 

 

1 

 

1 

2. 
Tear resistance 

across length  

Newton 

>75 
 

4 

 

4 

 

4 

 Tear resistance 

across width 
>75 

 

4 

 

4 

 

4 

3. 

TDM cut 

resistance 

(ISO: 13997) 

Newton ≥10 upto14 
 

C 

 

C 

 

C 
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gloves material due to high yarn density in the 

warp direction. But the difference between 

mean values of tearing strength in direction 

wise is not significant.  

Table 9 Tear resistance properties of gloves before and after 

wash cycles 30 & 60 

Gloves  

Fmax 

N 

Fmax 

N 

W0  W30  W60  W0  W30  W60  

HPT 

W60 

Weft  336.5  313.7  285.5  140.9  186.1  191.5  

Warp  325.2  295.5  276.7  112.1  148.5  157.1  

HPT 

E22 

Weft  241.7  217.5  206.5  174.6  175.0  175.8  

Warp  226.5  209.3  199.0  75.2  109.5  132.5  

The tear strength of gloves material depends 

on yarn mobility within the fabric structure. 

Higher yarn density leads to a less yarn 

mobility within the fabric structure.  If the 

yarns cannot be pulled out from the fabric 

easily, it will prevent jamming of the yarn in 

the delta resulting in lower tear strength. 

Lower yarn density allowing for more mobility 

and consequently more delta yarns will yield a 

higher strength [6]. 

From Figure 6, it is observed that the tear 

strength of steel core gloves is significantly 

higher than glass core gloves. The reason for 

the lesser tear strength of glass core gloves is 

mainly due to core glass filament breakage 

occur during weft knitting causes loss in 

tensile strength of yarns after knitting. During  

Table 8 Performance level achieved by the steel wire reinforced UHMWPE (13 gauge) gloves 

Sr. 

No. 
Test parameter Unit 

Test results before wash 
Test results after 

30 wash 

Test results 

after 60 wash 

Test results 
Level 

achieved 
Level achieved 

Level 

achieved 

1. Abrasion resistance 
No. of 

cycles 

Breakdown 

observed up to 300 

 

2 

 

2 

 

2 

2. 
Tear resistance 

across length  

Newton 

>75 
 

4 

 

4 

 

4 

 Tear resistance 

across width 
>75 

 

4 

 

4 

 

4 

3. 
TDM cut resistance. 

(ISO: 13997) 
Newton ≥30 

 

F 

 

F 

 

F 

 
Figure 6 Bar graph for comparative analysis of tear strength of washed-unwashed gloves 
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 a knitting cycle, as loops are being formed, the 

yarns are subjected to tension, bending and 

friction simultaneously. The simultaneous 

actions can easily cause core glass filament to 

break due to their brittleness in bending and 

on friction [7].  

From Table 8, it is analyzed that for both gloves 

steel core as well as glass core UHMWPE, the 

tear strength reduces after repeated 

laundering. From Table 8, Analysis of obtained 

data is carried out to see the effect of washing 

cycles on the tear strength of gloves. F-values 

and p-values of the ANOVA model are listed 

in Table 9, where S denotes a significant 

difference between mean values of data and 

NS denotes non-significant. 

For steel core gloves, it is observed that there is 

a significant reduction in maximum tearing 

force after repeated laundering of gloves while 

for glass core gloves, no significant reduction 

found. During tearing test, there is a sequential 

breakage of yarn occurs. When one clamp is 

moving apart against other in opposite 

direction, the lateral force is applied on first 

yarn of delta zone and when this force is more 

than breaking strength of the yarn, yarn will 

break and immediately force is transferred to 

next yarn of delta zone. So single yarn strength 

is more important during tear strength testing 

of fabric. The tensile strength of these yarns 

was reduced after repeated washing. That is 

why tear strength of gloves material 

deteriorate when subjected to washing 

solution at multiple washing cycles prior to 

some physical and/or chemical changes of 

material. 

As per test standard EN 388: 2016, resistance to 

tearing was provided by the lowest value of 

the maximum forces corresponding to four 

samples. From Table 8, it is observed that for 

steel core gloves (before and after wash 

sample), the maximum force (lowest one out of 

four value) required to propagate tear is 

corresponding more than 75 N and the same 

trend follows by glass core gloves. So, the 

highest performance level 4 (which 

corresponds to 75 N) is achieved for both 

gloves before and after laundering cycle 30 and 

60. 

3.5 Effect of repeated washing on 

abrasion resistance of gloves 

In abrasion resistance tester, circular 

specimens are abraded under known pressure 

against a sandpaper sheet (KLINGSPOR 

PL31B 180 grit). Abrasion resistance is 

measured by subjecting the specimen to 

rubbing motion in the form of Lissajous 

motion. The fabric samples get abrasion in all 

the directions. Stress develops along with the 

fiber from the force acting transverse to the 

fiber axis because of surface friction. Four 

specimens were taken from the palm of the 

individual gloves of the same series. The 

specimen is abraded against abrasive sheet at 

different abrading cycle for a breakthrough to 

occur. After every 100 abrading cycles, a 

specimen holder is taken from machine to 

check the end point of specimen for a 

breakthrough. If there is no breakthrough 

occur in the form of the hole, then retighten the 

specimen holder and replaced on the machine. 

So, abrasion resistance of washed-unwashed  

Table 10 F-values and p-values obtained from ANOVA table 

Response Gloves Direction F-values p-values S/NS 

Fmax 

N 

HPT W 60 
Weft 4.93 0.036 S 

Warp 4.98 0.035 S 

HPT E 22 
Weft 1.91 0.203 NS 

Warp 1.30 0.319 NS 
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 gloves were determined. The no. of abrading 

cycles is measured for a breakthrough to occur 

and shown in Table 10 & 11. According to 

standard EN 388:2016, if a breakthrough is 

found when examining the test specimens at a 

given performance level, the classification shall 

be at the preceding inferior performance level. 

From Table 10, it is observed that for steel core 

gloves (before wash), the inferior number of 

cycles at which breakthrough occurs in the 

form of the hole is 200 out of four samples. For 

steel core gloves (after wash cycles 30), the 

inferior number of cycles at which 

breakthrough occurs in the form of the hole is 

200 out of four samples and the same trend is 

followed by steel core gloves (after wash cycle 

60). So, present investigation clears that 

performance level 2 (which corresponds to 

101-500 cycles) is achieved for steel core 

gloves sample before and after wash cycles 30 

& 60. 

Table 11 Images of abraded steel core gloves surfaces & no. of cycles at which breakthrough occurred 

Sr. no. HPT W 60 (steel core) 

W0 W30 W60 

 

 

1. 

   

Cycles 300 200 300 

 

 

2. 

   

Cycles 200 200 200 

 

 

3. 

   
Cycles 300 200 200 

 

 

4. 

   
Cycles 200 300 300 
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From Table 11, it is observed that for glass core 

gloves (before wash), the inferior number of 

cycles at which breakthrough occurs in the 

form of the hole is 100 out of four samples. For 

glass core gloves (after wash cycles 30), the 

inferior number of cycles at which 

breakthrough occurs in the form of the hole is 

100 out of four samples and the same trend is 

followed by glass core gloves (after wash cycle 

60). So, present investigation clears that 

performance level 1 (which corresponds to 0-

100 cycles) is achieved for glass core gloves 

sample before and after wash cycles 30 & 60. 

The results indicate that there is no influence 

of washing on abrasion resistance of both types 

of gloves. Moreover, the abrasion resistance of 

steel core gloves is found better in comparison 

with glass core gloves. The inferior 

performance level achieved by E-glass 

reinforced UHMWPE due to fracture of E-glass 

during knitting.  Repeated washing may also 

cause the fractures of E-glass. 

Table 12 Images of abraded glass core gloves surfaces & no. of cycles at which breakthrough occurred 

Sr. no. 
HPT E22 (Glass core) 

W0 W30 W60 

 

 

1. 

   

Cycles  100 100 100 

 

 

2. 

   

Cycles  200 200 200 

 

 

3. 

   

Cycles  100 100 200 

 

 

4. 

   
Cycles  200 200 200 
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Graph-1 

 
Graph-2 

Figure 7 Cut distance-load data and regression line obtained by testing steel core before wash gloves. 

 

 
Graph-1 

 
Graph-2 

Figure 8 Cut distance-load data and regression line obtained by testing steel core gloves after 30 wash 

 

 
Graph-1 

 
Graph-2 

Figure 9 Cut distance-load data and regression line obtained by testing steel core gloves after 60 wash 

 

 
Graph-1 

 
Graph-2 

Figure 10 Cut distance-load data and regression line obtained by testing glass core before wash 
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3.6 Effect of repeated washing on TDM 

cut-resistance resistance of gloves 

TDM cut resistance of gloves sample was 

measured before and after wash cycles 30 & 60 

according to ISO 13997 standard test method. 

In a tester, a normal (vertical) load was applied 

onto the blade which travels horizontally at a 

constant speed of 2.5 mm/s to cut the sample 

on the sample holder. Cut-through is 

determined when electric contact is recorded 

between the blade and copper conducting strip 

beneath the sample. A different cut distance 

(stroke length) was obtained when a different 

normal load is applied. 15 pairs of such load-

distance data were generated for each sample, 

among which 5 pairs within a cut distance of 

5-15 mm, 5 pairs within 15-30 mm, and 5 pairs 

within 30-50 mm. Similarly, 15 pairs of load-

distance data are generated for steel core 

gloves [after wash cycle 30] sample. A graph of 

correlation was plotted between the cutting 

distance and values of force applied. From 

Figure 8 Graph-2, it is observed that the force 

needed to cut through the glove’s material 

with a 20 mm blade displacement is 39.2 N. 

Although obtained force is less than before 

wash gloves but it is still effective for 

providing cut protection. It is clear from Table 

4, the cut resistance performance level F 

(which corresponds to ≥30) is achieved for steel 

core gloves [after wash cycle 30] sample. 

Similarly, 15 pairs of load-distance data are 

generated for steel core gloves [after wash 

cycle 60] sample. A graph of correlation was 

plotted between the cutting distance and 

values of force applied. From Figure 9 Graph-

2, it is observed that the force needed to cut 

through the glove’s material with a 20 mm 

blade displacement is 33.2 N. Although 

obtained force is less than before and after 30 

wash cycles steel core gloves but it is still 

effective for providing cut protection. So, it is 

clear from Table 4, the cut resistance 

performance level F (which corresponds to 

≥30) is achieved for steel core gloves [after 

wash cycle 60] sample. The reason for the 

deterioration in cutting force due to strength 

reduction of gloves material after exposure to 

the detergent at multiple cycle wash. The 

present investigation clears that there is no 

influence of multiple washing of steel core 

gloves on TDM cut resistance based on 

performance level. For glass core gloves 

(before wash) sample, 15 pairs of load-distance 

data are generated. A graph of correlation was 

plotted between the cutting distance and 

values of force applied. From Figure 10 Graph-

2, it is observed that the force needed to cut 

through the glove’s material with a 20 mm 

blade displacement is 14 N. It is clear from 

Table 4; the cut resistance performance level C 

is achieved for glass core gloves [before wash] 

sample. The level of cutting performance 

achieved by glass core gloves is less than steel 

core gloves. It is well established in the 

industry that yarns with a stainless-steel core 

provide the highest cut resistance in gloves. 

Although the stainless-steel yarns provided 

the hardness for resistance against cuts. Few 

researchers also reported that glass core 

breakage occurs during the knitting of glass 

core gloves. Similarly, 15 pairs of load-distance 

data are generated for glass core gloves [after 

wash cycle 30] sample. A graph of correlation 

was plotted between the cutting distance and 

values of force applied. From Figure 11 Graph-

2, it is observed that the force needed to cut 

through the glove’s material with a 20 mm 

blade displacement is 12.9 N. Although 

obtained force is less than before wash gloves 

sample but it is still effective for providing cut 

protection. It is clear from Table 4; the cut 

resistance performance level C is achieved for 

glass core gloves [after wash cycle 30] sample. 

Similarly, 15 pairs of load-distance data are 

generated for glass core gloves [after wash 
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cycle 60] sample. A graph of correlation was 

plotted between the cutting distance and 

values of force applied. 

From Figure 12 Graph-2, it is observed that the 

force needed to cut through the glove’s 

material with a 20 mm blade displacement is 

11.2 N. Although obtained force is less than 

before and after wash cycles 30 glass core 

gloves but it is still effective for providing cut 

protection. So, it is clear from Table 4, the cut 

resistance performance level C is achieved for 

glass core gloves [after wash cycle 60] sample. 

The reason for the deterioration in cutting 

force due to strength reduction of gloves 

material after exposure to the detergent at 

multiple cycle wash. The present investigation 

clears that there is no influence of multiple 

washing of glass core gloves on TDM cut 

resistance based on performance level. 

4 Conclusion 

An attempt has been made to study the 

behavior of E-glass reinforced UHMWPE 

gloves and stainless-steel reinforced 

UHMWPE gloves for its study on its 

durability. The comparative study shows that 

the cut resistance performance and durability 

of steel-reinforced UHMWPE gloves were 

found best in comparison to E-glass reinforced 

UHMWPE gloves. It can be concluded that 

being cost-effective, the use of E-glass 

reinforced UHMWPE gloves and steel-

reinforced UHMWPE gloves can be explored 

further based on performance in cut protective 

clothing applications. 

Based on experimental results, the following 

conclusions are made: 

i. Yarn with glass core had greater 

tenacity, initial modulus, and lesser 

 
Graph-1 

 
Graph-2 

Figure 11 Cut distance-load data and regression line obtained by testing glass core gloves after 30 wash 

 

 
Graph-1 

 
Graph-2 

Figure 12 Cut distance-load data and regression line obtained by testing glass core gloves after 60 wash  

0

10

20

30

40

50

60

10 12 14

N
O

R
M

A
L

IZ
E

D
 C

U
T

T
IN

G
 

S
T

R
O

K
E

 L
E

N
G

T
H

 

LOAD (N)

0

10

20

30

40

50

60

10 12 14

N
O

R
M

A
L

IZ
E

D
 C

U
T

T
IN

G
 

S
T

R
O

K
E

 L
E

N
G

T
H

 

LOAD (N)

0

5

10

15

20

25

30

35

40

45

8 10 12 14 16

N
O

R
M

A
L

IZ
E

D
 C

U
T

T
IN

G
 

S
T

R
O

K
E

 L
E

N
G

T
H

 

LOAD (N)

0

5

10

15

20

25

30

35

40

45

8 10 12 14 16

N
O

R
M

A
L

IZ
E

D
 C

U
T

T
IN

G
 

S
T

R
O

K
E

 L
E

N
G

T
H

 

LOAD (N)



Effect of Repeated Laundering on Cut Resistance Performance of Hybrid UHMWPE Protective Gloves 

Volume: 3 Issue: 4| October-December:2020 www.jtcsonline.com 29 

 

elongation% than a composite yarn 

with a steel core. 

ii. Multiple washing results in a 

significant reduction in tensile 

properties of all composite yarns. 

iii. UHMWPE Gloves with steel core had 

significantly greater tear strength than 

UHMWPE gloves with glass core. But 

the level of tear strength was achieved 

for both types of gloves according to 

test standard EN 388 is same i.e., level 

4. 

iv. The tear strength of steel core gloves, as 

well as E-glass core gloves, is less in 

case of warp direction. But is not 

significantly lesser in warp direction in 

comparison to the weft. 

v. Multiple washing cycles result in tear 

strength deterioration but as per 

standard EN 388: 2016 achieved level of 

tear strength of gloves before and after 

wash cycle 30 & 60 is the same. 

vi. Both types of gloves retain their level of 

abrasion resistance even after 30 and 60 

repeated washing. Although the 

abrasion resistance of steel core gloves 

(achieved level-2) is found better in 

comparison with glass core gloves 

(achieved level-1). 

vii. The load needed to cut through the 

sample at 20 mm cut stroke length is 

reduced after repeated laundering of 

both types of gloves after 30 & 60 wash 

cycles but the level of cutting 

performance achieved according to 

standard EN 388 is same for before and 

after repeated wash gloves sample.  

viii. The level of TDM cut resistance 

achieved by steel core reinforced 

UHMWPE gloves is F while lesser 

level-C is achieved by glass core 

reinforced UHMWPE gloves. 

ix. Multiple washing result in a slight 

increase in fuzziness on the surface of 

both types of gloves as loose fiber 

protrudes and entangled with each 

other after repeated washing. 

Although more surface deterioration 

was observed in case of E-glass 

reinforced UHMWPE gloves due to 

more tendency of exposed of core 

(glass) filament. 
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