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ABSTRACT

To secure the safety and improve the work efficiency of forest firefighting crews, performance evaluation criteria for safety
helmets were developed in this study. Because the standards for forest firefighting safety helmets are not available in Korea,
we began our study based on the standards for firefighting safety helmets used by the Korea Fire Institute (KFI). Eleven
test items were selected excluding 15 other items out of the 26 test items that, through the consultation of stakeholders and
the review of foreign standards, were initially included in our study. Two types of general safety helmets and one firefighting
helmet were tested by applying KFI standards, and the results were compared. The general safety helmets did not meet the
standards of the retention system and chin strap. Additionally, polyethylene and acrylonitrile butadiene styrene materials were
found to be especially weak under heat conditions. We compared the criteria of KFI, International Standardization Organization
(ISO) 16073, National Fire Prevention Association (NFPA) 1977, NFPA 1971, and British Standards European Norm (BS EN) 443,
and finally selected 11 test items and their acceptance criteria suitable for the work environment of forest firefighting crews
in Korea.

Keywords : Safety helmet, Performance evaluation criteria, Forest firefighting crews
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Table 1. Test Items First Screened for Safety Helmet

KFI Test Items Acceptance Reason for Exclusion
1. Structure o -
2. Material 1 (Corrosion Resistance) o -
3. Material I (Temperature-Humidity) o -
4. Material II (Sweat) o -
S. Material II (Hair-oil) o -
6. Penetration Resistance o -
7. Shock Absorption o -
8. Retroreflectivity o -
9. Waterproof Performance x No waterproof performance required
10. Burning Behavior o -
11. Burning Behavior (Shroud) x Not applicable for testing on shroud
12. Heat Penetration o
13. Abrasion Resistance x Not applicable for testing on face lens
14. Electrical Insulation x No electrical insulation required
15. Visible Light Transmittance x
16. Parallelism x
17. Refractive Index X Not applicable for testing on face lens
18. Impact Strength X
19. Field of Vision X
20. Water Resistance x Not applicable for testing on shroud
21. Chin Strap Strength o -
22. Chin Strap Release o -
23. Lateral Crushing o
24. Retention System Effectiveness o
25. Radiant Heat Resistance x . .
Not applicable for testing on face lens
26. Fall x
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Table 2. Foreign Test Standards for Safety Helmet
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Standards

Title

I1SO 16073 (2011)

Wildland firefighting personal protective equipment - requirements and test methods

NFPA 1971 (2013)

Standard on protective ensembles for structural fire fighting and proximity fire fighting

NFPA 1977 (2016)

Protective clothing and equipment for wildland fire fighting

BS EN 443 (2008)

Helmets for fire fighting in buildings and other structures

Table 3. Comparison of KFI Test Items and Foreign Standards for Safety Helmet

KFI Test Items ISO 16073 NFPA 1971 NFPA 1977 BS EN 443
1. Structure o o o o
2. Material 1 (Corrosion Resistance) o
3. Material I (Temperature-Humidity)
4. Material 1I (Sweat)
5. Material II (Hair-oil)
6. Penetration Resistance o o o o
7. Shock Absorption o o o o
8. Retroreflectivity o o
9. Burning Behavior o o o
10. Heat Penetration o o o
11. Chin Strap Strength o o o
12. Chin Strap Release o
13. Lateral Crushing o o
14. Retention System Effectiveness o o

Table 4. Safety Helmets Used for Testing

Types of Helmet

Safety Helmet 1

Safety Helmet 2

Firefighting Helmet

Material PE ABS PEI
Weight 426 g 389 g 790 g
Usage General General Firefighting & Rescue
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Figure 1. Penetration resistance test.
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Table 5. Results of Penetration Resistance Test for Safety Helmets (o : Pass, x : Fail)

Types of Helmet KFI Standard Result Acceptance
e Front : 4.1 mm
e Back : 54 mn
Safety Helmet 1 o Left : 7.7 mmn o
* Right : 4.4 mn
* Test Method *Up:50m
0.45 kg of steel weights shall be dropped freely at e Front : 5.1 mm
a height of 3 m e Back : 4.9 mn
Safety Helmet 2 o Left : 4.7 mn o
* Right : 4.7 mn
¢ Criteria e Up: 52 m
Penetration distance < 9.5 mn « Front : 43
e Back : 4.5
Firefighting Helmet o Left : 4.7 o
* Right : 4.6
« Up: 5.1
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Figure 2. Shock absorption test.

Table 6. Results of Shock Absorption Test for Safety Helmets (o : Pass, x : Fail)

Types of Helmet KFI Standard Result Acceptance

Front : 152173 N
Back : 21712 N

Safety Helmet 1 e Left : 11,799.7 N X
e Test Method * Right : 9,552.5 N
0.38 kg of steel weights shall be dropped freely at * Up: 28613 N

a height of 1.5 m

Front : 4,729.8 N
¢ Back : 2,401.2 N

Safety Helmet 2 o Left : 12,501.0 N x
¢ Criteria « Right : 9,7859 N
Shall not transmit a force of more than 4,540 N « Up: 225.5 N
Shall maintain the function of shell and retention « Front : 33253 N
system * Back : 2,857.6 N
Firefighting Helmet e Left : 3,5173 N o

* Right : 3,479.5 N
« Up: 27651 N

Figure 3. Burning behavior test.
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Table 7. Results of Burning Behavior Test for Safety Helmets (o: pass, x: fail)

Types of Helmet KFI standard Result Acceptance
Safety Helmet 1 e Test method Burn out x
Contact a flame for 30 s
Safety Helmet 2 Burn out x
* Criteria
Firefighting Helmet Char length < 25 mm 20 mm o

Figure 4. Heat penetration test.

Table 8. Results of Heat Penetration Test for Safety Helmets (o: pass, x: fail)

Types of Helmet KFI standard Result Acceptance
Safety Helmet 1 * Test method melt x
Exposure at 260 C for 5 min
Safety Helmet 2 melt x
¢ Criteria
Shall be no separation, melting, dripping or
Firefighting Helmet deformation No problem o
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Figure 5. Chin strap strength test.

Table 9. Results of Chin Strap Strength Test for Safety Helmets (o : Pass, x : Fail)

Types of Helmet KFI Standard Result Acceptance
Safety Helmet 1 * Test Method Can’t be Tested -
Applying a force of 450 N for 1 min
Safety Helmet 2 Break x
¢ Criteria
) ) Shall not exhibit any breakage, and shall not
Firefighting Helmet stretch or slip more than 30 mn No Problem o
Figure 6. Chin strap release test.
Table 10. Results of Chin Strap Release Test for Safety Helmets (o : Pass, x : Fail)
Types of Helmet KFI Standard Result Acceptance
Safety Helmet 1 * Test Method Can’t be Tested -
Applying a Force of 20 N per min from the
Safety Helmet 2 initial 150 N until the chin strap is released 468 N %
) ) ¢ Criteria
Firefighting Helmet Shall be released between 500 N~1,000 N 680 N °
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Figure 7. Lateral crushing test.
Table 11. Results of Lateral Crushing Test for Safety Helmets (o : Pass, x : Fail)
Types of Helmet KFI standard Result Acceptance
Safety Helmet 1 * Test Method MI:X uzun; 22 m x
Applying a force of 100 N per min up to 430 esidual = 6 M
Safety Helmet 2 N, and then holding for 30 s Maximum : 67 mm
X
alety Helme Residual : 7 mm
¢ Criteria
Firefighting Helmet Maximum lateral deformation < 40 mm Maximum : 29 mm o
& Residual deformation < 15 mm Residual : 2 mm
Figure 8. Retention system effectiveness test.
Table 12. Results of Retention System Effectiveness Test for Safety Helmets (o : Pass, X : Fail)
Types of Helmet KFI Standard Result Acceptance
Safety Helmet 1 * Test Method Come off X
Dropping 10 kg of falling weight at 17.5 cm
Safety Helmet 2 height Come off x
Firefighting Helmet * Criteria Don’t come off o
The helmet shall not come off the headform
AT A AIE Table 120 FERAATE Duk kAol 4.9 nE
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Table 13. Comparison of Main Characteristics of Forest Firefighting Crews and Firefighters

Forest Firefighting Crews Firefighters
Main Work * Build a fire fighting line . Gf:neral ﬁFe a¥1d bul'ldmg fire suppression
* Mop-up and patrol * Disaster site life-saving
Transportation * On foot (long distance walk) * Move to fire scene by fire truck

* The fire is suppressed within one day unless it is a

Working Time » Long time (it takes days or months) particularly large.

. . * Contract worker (lack of expertise)  Public official
Professionalism . .
» Aging » Expert firefighters trained
. * First: lightweight, comfort * First : thermal protection performance
Requirements . . .
* Second: thermal protection performance * Second : lightweight, comfort

Table 14. Results of KFI Standard Test for Safety Helmets (o : Pass, X : Fail)

Test Items (KFI) Safety Helmet 1 (PE) Safety helmet 2 (ABS) Firefighting Helmet (PEI)
Penetration Resistance o o o
Shock Absorption X x o
Burning Behavior X x o
Heat Penetration x X o
Chin Strap Strength Can’t be tested x o
Chin Strap Release Can’t be tested x o
Lateral Crushing X x I
Retention System Effectiveness x x o
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Table 15. Comparison of Performance Test Criteria for Safety Helmets

587t 7IE @

75

Test Items KFI ISO 16073 NFPA 1977 NFPA 1971 BS EN 443
* Penetration distance < | < Shall exhibit no * Shall exhibit no « Shall exhibit no * Shall exhibit no
Penetration 9.5 mm contact between the contact between the electrical or physical contact between the
Resistance penetration striker and | penetration striker and contact between the penetration striker
the headform the headform penetration striker and and the headform
the head form
» Force < 4,540 N *» Force < 5,000 N * Average Force < 3,780 N | » Force (Top) < 3,780 N |+ Force < 15 Kn
* Shall maintain the * Maximum Force < » Maximum impact
Shock function of shell and 4,450 N acceleration (top) <
) retention system 1,471.5 &
Absorption X i
¢ Maximum impact
sceeleration (gront,
back, sides) < 2,943.0
* Contact a flame for 30 S | « Contact a flame for 10 S « Contact a flame for 15 S | « Shall not show any
» Char length < 25 mm |« Shall not burn with the « Shall not show any drip during the whole
Burning emission of flame after visible afterflame or test and any visible
Behavior a period of 5 S has o glow after a period of | flame or glow after 5
elapsed after removal 5 S has elapsed after S following removal
of the flame removal of the flame of the flame
* Exposure at 260 C for « Exposure at 260 C for | « Exposure at 260 C for | « Exposure at 90 C for
5 min 5 min 5 min 20 min
o « Shall be no separation « Shall not have any « Shall be no separation |+ Shall be no separation

Penetration

melting, dripping or
deformation

deformation of the
brim or peak exceeding
25% of its original
length

melting, dripping or

ignition

melting, dripping or

ignition

Applying a force of
450 N for 1 min

.

Applying a force of
225 N for 1 min

« Applying a force of
450 N for 1 min

¢ Maximum elongation
of the whole system

Chin Strap |« Shall not exhibit any « Shall not exhibit any |+ Shall not exhibit any shall not exceed 20 mm
Strength breakage B breakage breakage for a load of 250 N
* Shall not stretch or slip « Shall not stretch or slip | * Shall not stretch or slip
more than 30 mm more than 38 mm more than 20 mm
. « Shall be released « Shall be released
Chin Strap
Release between 500 N~1,000 N | — — — between 500 N~
1,000 N
* Maximum lateral * Maximum lateral ¢ Maximum lateral
Lateral deformation < 40 mm deformation < 40 mm deformation < 40 mm
Crushing * Residual deformation <| e Residual deformation < o o ¢ Residual deformation
15 mm 15 mm < 15 mm
* Dropping 10 kg of * Dropping 10 kg of
Retention falling weight at 17.5 falling weight at 17.5
System cm height — — — cm height
Effectiveness |+ Shall not come off the « Shall not come off

headform

the headform
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Table 16. Test Items and Criteria for Performance Evaluation of Forest Firefighting Safety Helmet

Test Items Test Methods Criteria
| Structure Notice of Protective Equipment Safety Certification (Ministry of
Employment and Labor)
» Show no Corrosion
2. C ion Resist KFI
orrosion Resistance « Shall not Peel Paint when Rubbed by Hand
3. Penetration Resistance 1SO 16073 « Shall Exhibit no Contact Between the Penetration Striker and
the Headform
4. Shock Absorption ISO 16073 * Force < 5,000 N
.. « Coefficient of Retroreflection > 100 cd/Ix/m’ at 2° of
5. Retroreflectivity K Observation and —4° of Incidence
 Shall not Burn with the Emission of Flame after a Period of
6. Burning Behavi ISO 16073
urning Benavior 5 s has Elapsed after Removal of the Flame
7. Heat Penetration BS EN 443  Shall be no Separation Melting, Dripping or Ignition
. « Shall not Exhibit any Breakage
. Chin St t h NFPA 19
8. Chin Strap Strengt 7 « Shall not Stretch or Slip more than 38 mm
9. Chin Strap Release KFI » Shall be Released between 500 N~1,000 N
. e Maximum Lateral Deformation < 40 mm
10. Lateral Crushing K * Residual Deformation < 15 mm
. . » Dropping 10 kg of Falling Weight at 17.5 cm Height
11. Re Efft KFI
ctention System Effectiveness « Shall not Come off the Headform
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