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ABSTRACT

In order to secure safety and improve work efficiency of forest firefighting crews, performance evaluation criteria for
safety gloves were developed. Since the standard for forest firefighting safety gloves is not available in Korea, we started
the study based on the standard for firefighting safety gloves operated by KFI. 12 test items were selected excluding 5 test
items out of the 17 test items through the consultation of stakeholders and the review of foreign standards. Two types of
general safety gloves used by forest firefighting crews and one firefighting gloves were tested by applying KFI standard
and the results were compared. Materials such as nylon or polyurethane which are weak to fire are not suitable for forest
firefighting safety gloves. We compared the criteria of KFI, ISO 16073, NFPA 1977, NFPA 1971 and BS EN 659, and
finally selected 12 test items and acceptance criteria suitable for the work environment of forest firefighting crews in Korea.
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Table 1. Specification of Forest Fire Fighting Safety Equipment

Characteristic: Easy to Carry, Move and Use
Material: PE, Ceramic
Standard: 700 m(

Characteristic: 2-stage Folding, Simultaneous use of Shovel and Rake
Material: Carbon Tool Steel

Rake - Shovel Standard: Handle (2-stage) 700 x 550 mm

Shovel 150 x 115 mm

Rake (4 foof) 85 x 105 x 8 mm

Portable
Water Bottle

Portable
Equipment Safetv Gloves Characteristic: Heat Resistance, Easy to Absorb Sweat
Set o Material: Dobble Chamois Velcro

Characteristic: Prevent the Penetration of Gas or Foreign Matter
Goggles Material: Acryl
Standard: Maintain Elasticity and Robustness

Flashlight Characteristic: —7 Shape with Battery

Characteristic: Foldable and Portable
Saw Material: Special steel
Standard: Sawtooth 350 mm
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Table 2. Test Items First Screened for Safety Gloves
KFI Test Items Acceptance Reason for Exclusion
1. Structure and Appearance o -
2. Heat Penetration X Duplicate to Radiant Heat Resistance Test
3. Heat Resistance o -
4. Burning Behaviour o -
5. Cut Resistance o -
6. Puncture Resistance o -
7. Waterproof Performance x No Waterproof Performance Required
8. Dexterity o -
9. Corrosion Resistance o -
10. Cleaning Shrinkage Resistance o -
11. Shear Stress x
Not Applicable for Testing on Velcro
12. Peel Strength x
13. Resistance of Glove Material to Water Penetration o -
14. Moisture Permeability X No Waterproof Performance Required
15. Thermal Protective Performance (TPP) o -
16. Radiant Heat Resistance o -
17. Abrasion Resistance o -
Table 3. Foreign Test Standards for Safety Gloves
Standards Title

I1SO 16073° (2011)

Wildland Firefighting Personal Protective Equipment Requirements and Test Methods

NFPA 19719 (2013)

Standard on Protective Ensembles for Structural Fire Fighting and Proximity Fire Fighting

NFPA 19779 (2016)

Protective Clothing and Equipment for Wildland Fire Fighting

BS EN 659 (2003) Protective Gloves for Firefighters
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Table 4. Comparison of KFI Test Items and Foreign Standards for Safety Gloves

KFI Test Items ISO 16073 NFPA 1971 NFPA 1977 BS EN 659
1. Structure and Appearance o o o o
2. Heat Resistance o o o o
3. Burning Behaviour o o o
4. Cut Resistance o o o o
5. Puncture Resistance o o o o
6. Dexterity o o o o
7. Corrosion Resistance o
8. Cleaning Shrinkage Resistance
9. Water Penetration Resistance o (Optioonal)
10. Thermal Protective Performance (TPP) o o o o
11. Radiant Heat Resistance o o o
12. Abrasion Resistance o o

Table 5. Safety Gloves Used for Testing

Types of
Safety Gloves

General Safety Gloves 1

General Safety Gloves 2 Firefighting Gloves

Aromatic Polyamide-
Nylon, Polyurethane, omatic rolyamide

Material Deer Leather, Nylon PVC, Rubber Ba}sed Fll?ers,‘
Fluorine Resin Film

Weight 102 g 9% ¢ 297 g

Usage General General Fire Safety
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KFI standard

Result

Types of gloves

+ Test method
Exposure at 260 °C for 5 min
P X

&
£Y
s

X
+ Criteria
Shall not separate, melt or
drop
Shall not shrink more than O

5% in length or width

Figure 1. Results of heat resistance test for safety gloves (o: pass,
x: fail).
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General safety gloves 1

Figure 2. Conditions of safety gloves after heat resistance test.

Types of gloves KFI standard

+ Test method

] % Burning for 12 s with a e
v flame size of 38 mm

» Criteria

Afterflame time £ 2 s
Char length = 10 cm
Shall not melt or drip

O

Figure 3. Results of burning behavior test for safety gloves (o:
x: fail).
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General safety gloves 1

Figure 4. Conditions of safety gloves after burning behavior test.
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General safety gloves 2

General safety gloves 2

Firefighting gloves

Types of gloves KFI standard Result
+ Cut resistance test
% Applying a force of 82 N
using a cutter X
+ Criteria
Shall not cut at load of 82 N
X

» Puncture resistance test

Applying a force of 60 N
Using a perforator

+ Criteria

O

Shall not be punctured at
load of 60 N

Figure 5. Results of cut and puncture resistance test for safety
gloves (o: pass, x: fail).
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General safety gloves 1

General safety gloves 2
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Firefighting gloves

Figure 6. Conditions of safety gloves after cut and puncture resistance test.

Types of gloves KFI standard

+ Test method
Working with dexterity tester O

+ Criteria

The time it takes to work with a glove O
should not be more than twice the amount
of time it takes to work with a bare hand

Figure 7. Results of dexterity test for safety gloves (o: pass, x:
fail).
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General safety gloves 1

General safety gloves 2

Type of gloves KFI standard

+ Test method
KS K 0590

5 :-'

+ Criteria O

Level 3(80) or more before washing

Figure 8. Results of water penetration resistance test for safety
gloves (o: pass, x: fail).

Firefighting gloves

Figure 9. Conditions of safety gloves after water penetration resistance test.
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Types of gloves ISO 9151 standard

+ Test method

150 9151
Heat flux density 80 kW/m?

+ Criteria

HTl 29 s

O

Figure 10. Results of thermal protective performance test for safety
gloves (o: pass, x: fail).
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Types of gloves KFI standard

+ Test method

150 6942
Heat flux density 40 kW/m?

- Criteria

RHTI,, = 18 s

O

Figure 11. Results of radiant heat resistance test for safety gloves
(o: pass, x: fail).

Table 6. Comparison of Main Characteristics of Forest Firefighting Crews and Firefighters

Forest Firefighting Crews

Firefighters

* Build a Fire Fighting Line

Main Work
am wor * Mop-up and Patrol

* General Fire and Building Fire Suppression
* Disaster Site Life-saving

Transportation | * On Foot (Long Distance Walk)

* Move to Fire Scene by Fire Truck

Working Time | * Long Time (It Takes Days or Months)

* The fire is Suppressed Within One Day Unless it is a Particularly Large

» Contract Worker (Lack of Expertise)

Professionalism .
* Aging

* Public Official
» Expert Firefighters Trained

First: Lightweight, Comfort

Requirements .
4 » Second: Thermal Protection Performance

* First: Thermal Protection Performance
 Second: Lightweight, Comfort
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Table 7. Results of KFI Standard Test for Safety Gloves

\\4‘

B

Test Items (KFI)

General Safety Gloves Firefighting Gloves
Heat Resistance x x °
Burning Behaviour x X o
Cut Resistance X X o
Puncture Resistance X X o
Dexterity o o o
Water Penetration Resistance x X o
Thermal Protective Performance (TPP)* o x o
Radiant Heat Resistance o o o

*Apply KS K ISO 9151 Test Method
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Table 8. Comparison of Performance Test Criteria for Safety Gloves
Test Items KFI ISO 16073 NFPA 1977 NFPA 1971 BS EN 659

Heat Resistance

Exposure at 260 C
for 5 min

Shall not Separate,
melt or drop

Shall not Shrink
more than 5% in
Length or Width

* Shall not Melt, Drop
or Ignite at 180 C
for 5 min

Shall not Shrink
more than 5% in
Length or Width

¢ Shall not Separate,
Melt, Ignite or Drop
from 260 C Flame
Shall not Shrink by
more than 10% in
Either Direction

.

* Exposure at 260 C
for 5 min

« Shall not Melt,
Separate, or Ignite

« Shall not Shrink more
than 8% in Length or
Width

* The Lining Shall not
Melt, Drop or Ignite
at 180 C for 5 min

« Shall not Shrink more
than 5%

Burning
Behaviour

Shall not have Any
Char Length in
Access of 100 mm
Shall not have Any
Afterflame of more
than 2 s

Shall not Melt, or
Drip

Shall not Exhibit
Hole Formation in
Any Layer

Shall not Produce
Flaming or Molten
Debris

Afterflame Time
Shall be <2 s

Any Afterglow Shall
not Spread after the
Cessation of Flaming

Shall not have Any
Char Length in
Access of 100 mm
Shall not have Any
Afterflame of more
than 2 s

Shall not melt, or
Drip

Shall not have the
Amount of Consumed
Materials Exceed 5%

Shall not have an
Average Char Length
of more than 100 mm
Shall not have an
Average Afterflame
of more than 2 s
Shall not melt, or
Drip

Shall not have the
Amount of Consumed
Materials Exceed 5%

 Afterflame Time
Shall be <2 s and
Afterglow Time Shall
be <5s

 Shall not Drip if the
Material Melts

* The Seam Shall not
come apart after an
Ignition Time of 15 s

Shall not Cut at

ISO 13997

Shall have a Distance

Shall have a Distance

» EN 388, level 2

Radiant Heat

Heat Flux Density 40
kW/m’

Heat Flux Density 20
kW/m’

Heat Flux Density 2
cal/em’

Cut Resistance Load of 82 N e Cut Force > 7 N of Blade Travel of of Blade Travel of (Index 2.5)
more than 20 mm more than 20 mm « Shall not Cut at Load
Under a Load of 100 g Under a Load of 100 g of 82 N
« Shall not be * ISO 13996 « Shall have a Puncture | * Shall not be * EN 388, Level 3
Puncture Punctured at Load of | * Puncture Resistance Force of not Less Punctured Under an * Puncture Resistance >
Resistance 60 N > 60 N than 40 N Average Applied 100 N
Force of 40 N
e The Time it takes to | « EN 420 « Shall have an  Shall have an * EN 420
Work with a Glove * Shall have a Per- Average % of Bare Average % of Bare * Shall be at Least
Dexterity Should .not be more formance Level of 2 Handed- Control not Handed- Control not Performance Level 1
than Twice the Amount or Better Exceeding 200% Exceeding 220%
of time it takes to
work with a Bare Hand
Water « KS K 0590 ¢ Shall allow no « For Leather: EN 344
. * Level 3(80) or more Penetration of Test e For Textile: EN 20811
Penetration . - - ..
. before Washing Liquids for at Least
Resistance
1 hour
*« ASTM D 4108 « I1SO 9151 « ISO 17492 « ISO 17492 « EN 367
Thermal * TPP > 26 « HTI24 > 9 s « TPP > 20 * For Glove Body: TPP | « HTI24 > 13 s
Protective > 35
Performance * For Glove Interface
(TPP) Component
Composite: TPP > 20
« I1SO 6942 « ISO 6942 *« ASTM F 1939 * EN ISO 6942

» Heat Flux Density 40
kW/m’

Resistance * RHTI24 > 18 s * RHTI24 > 8 s « Shall have an *t24 > 18 s
Intersect time of not
Less than 20 s
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Table 9. Test Items and Criteria for Performance Evaluation of Forest Firefighting Safety Gloves

Test Items Test Methods Criteria
1. Structure and Appearance KS K ISO 15383 | Shall Comply with Design Requirements
. « Shall not Melt, Drop or Ignite at 180 ‘C for 5 min
2. Heat Resistance 150 16075 + Shall not Shrink m(f;e tha%lnS% in Length or Width
* Shall not have Any Char Length in Access of 100 mm
3. Burning Behaviour KFI + Shall not have Any After Flame of more than 2 s
+ Shall not Melt, or Drip
4. Cut Resistance KFI * Shall not Cut at Load of 82 N
5. Puncture Resistance KFI * Shall not be Punctured at Load of 60 N
* The Time it Takes to Work with a Glove Should not be more
6. Dexterity KFI than Twice the Amount of Time it Takes to Work with a Bare
Hand
* KS D 9502
7. Corrosion Resistance KFI * Show no Corrosion
* Shall not Peel Paint when Rubbed by Hand
* Shall not Shrink more than 5% after 5 Successive Washing and
8. Cleaning Shrinkage Resistance KFI Drying
* Shall not Peel or Destroy the Coating Material
. . * KS K 0590
9. Water Penetration Resistance KFI  Level 3(80) or more before Washing
. « ISO 9151
10. Thermal Protective Performance (TPP) ISO 16073 . HTI24 > 9 s
* ISO 6942
11. Radiant Heat Resistance ISO 16073 « Heat Flux Density 20 kW/m’
* RHTI24 > 8 s
12. Abrasion Resistance KFI * Shall not be destroyed when the Palm is Worn 2,000 Times

Z= A LE ol tigh 71521 KS K 1SO 15383

g]

BEAT AE, BAIEA S AlEL 1SO 16073 7|58
ST YA AP KFI 71&<S
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