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Abstract

This study aims to develop performance evaluation criteria for safety shoes to secure safety and improve
work efficiency of forest firefighting crews. Currently there are no standards for safety shoes of forest
firefighting crews in South Korea, this research was based on the criteria for safety shoes of firefighters
operated by the Korea Fire Equipment Inspection Corporation (KFI). Ten items were selected and tested
out of 20 test items through the collection of relevant opinions and review of foreign standards. The test
results show that safety shoes and hiking boots had excellent thermal protection performance on the soles.
Some of the included polyurethane and shambles fiber materials were found to be not heat resistant.
By comparing the judging criteria of ISO 16073, NFPA 1977, NFPA 1971, and BS EN ISO 20345, ten test
items and criteria were found suitable for the work environment of firefighting workers in South Korea.
This research is expected to contribute to the prevention of human casualties and the improvement of
work efficiency of forest firefighters by preparing standards for personal protective equipment.
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Table 1. Test items first screened for safety shoes
KFI test items Safety standards Acceptance
1. Structure More than 3.0 kg weight @)
2. Material 1 (Leather) (KS M 6882) Tensile strength of 12 MPa or higher, elongation rate of 10% or higher O
5. Wear intensity (KS K 0540) * 4,000 wear should not be completely destroyed @)
8. Corrosion resistance * 120 hours of exposure to 5 wt saline should not cause corrosion O
(KS D 9502) * If painted, do not push or fall when rubbed
* After 30 minutes at 260°C, the underside of the ankle shall not be separated,
9. Heat resisting molten or unloaded and there shall be no abnormality in the function of all @)
ornaments.
. . * Place shoes on a 500°C iron plate and hold for 30 seconds.
1. Heat of internal conduction * The surface temperature of the inner window is not higher than 44°C. O
. - * Do not cut to the lining when the test specimen is pulled horizontally at a
12 Anti-cutability speed of 50 cm/min against the blade. O
13. Bottom hole * The sole sh.all not penetrate the iron nail when a load of 1,120 N is applied O
to the specified nail.
17. Slide (SATRA TM 144) * Coefficient of friction 0.36 or higher O
19, Heat resistivity * Do not (.ieform or break the lining when it is kept at a temperature of 260°C O
for 5 minutes.
20. Protection of radiant heat performance * Radiated heat performance value (RHTI24) for 40 seconds or more when exposed O
(KS K ISO 6942) to thermal flux density of 40 kW/m?
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KFI Test Items NFPA 1977 | NFPA |BS EN ISO 7} S2k8ko) vla) ¢k 154 AT AT
(ISO 16073) 1971 20345
1. Structure O O O
2. Material - O
3. Intensity O O O Table 3. Safety shoes used for testing
4. Corrosion resistance O O O
5. Heat O O
6. Conductive heat O O O Type
7. Amputation prevention O O
8. Bottom hole O O O
9. Skid resistance O O Material Cowhide, Polyurethane, Synthet.iQ textiles,
10. Thermal resistivity _ _ . | Rubber Composition leather
11. Radiant heat protection O Weight 1087¢ : ‘71 lg
performance Usage Safety shoes Hiking boots
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KFI standard Result Type of safety shoes KFI standard Result
® Test method o ® Test method
- exposure at 260C for 30 min - Upper cut-off tester
O
O
® Criteria X o (Criteria
- Shall not separate, melt or unload - Shall not cutting to lining.
- Shall not abnormality in the function
of all ornaments. Figure 3. Results of anti-cut test on shoes
Figure 1. Condition of safety shoes after heat resistance test
Type of safety shoes KFI standard Result

KFI standard

o ® Test method
- Exposure at 500C for 30 min

Type of safety shoes Result

- == o

® (Criteria
- The surface temperature of the semelle
is not more than 44C

® Test method
- Apply a 1,120N load vertically to the
nail outer

® (Criteria
- Shall not penetration

Figure 2. Results of internal heat test on safety shoes

Figure 4. Results of bottom bole test on shoes
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KFI standard Result

® Test method
- Exposure at 500C for 30 min

o Criteria
- PHTI,, more than 40 seconds

Figure 5. Results of radiant heat performance test on shoes

Table 4. Comparison of performance test criteria for safety shoes
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Test item KFI

NFPA 1977 (ISO 16073)

NFPA 1971 BS EN ISO 20345

Internal heat | 30 minutes at 260°C
test - Make sure that all decorations are
functionally sound

- Do not separate, melt, or sink after | - Maintain in a 60°C oven for 5
minutes, remove and do not melt | after 5 minutes in 260°C oven
- All hardware features must be
maintained (except shoe straps)

* Do not separate, melt or ignite

- All functions must be
maintained

Heat

resistance test

at 500°C at 500°C.

- The surface temperature of the inner | - The surface temperature of the inner | - The surface temperature of
shall not exceed 44°C for 30 seconds | shall not exceed 44°C for 30 seconds | the inner shall not exceed

- The temperature increase on
the upper side of the insoles
at 500°C shall not exceed

44°C for 20 minutes at 260°C 2°C

Anti-cut test |- Do not cut to the lining

- The distance of the blade at a load
of 450g is not less than 20 mm.

- The distance of the blade at
a load of 450 g is not less
than 20 mm

- Under a constant load of 1,120 N,
the sole shall not penetrate the iron
nail

Bottom bole

test than 59 N

- Should not penetrate a load less |- Should not penetrate a load | - Should not penetrate a load

less than 60 N less than 1,100 N

Radiant heat |- ISO 6942
performance |- Heat flow density 40kW/ni
test - RHTI24 40seconds or more

- The temperature of the skin
contact surface shall not
exceed 44°C upon exposure
to a heat source of 1.0W/cri
for 30 seconds.
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Table 5. Performance evaluation criteria for safety shoes of forest firefighting crews

Test item Test method Safety standards
1. Structure i - The structure of leather safety shoes in the Ministry of Employment and Labor's safety
' certification notice for protective gear
2. Material KFI - Tensile strength of 12MPa or higher, elongation rate of 10% or highe
3. Intensity NFPA 19771 The relative volume reduction of the soles and heel composite is not more than 250mni

(ISO 16073)

- 120 hours of exposure to Swt saline should not cause corrosion

4. Corrosion resistance KFI - If painted, do not push or fall when rubbed
S Heat NFPA 1977 |- Maintain in an oven of 260°C for Sminutes, remove, and do not
' (ISO 16073) |- All hardware features must be maintained (except shoe straps)
6. Conductive heat KFI - The surface temperature of the inner shall not exceed 44°C for 30 seconds at 500°C.
7. Amputation prevention KFI Do .not cut to the lining when the test specimen is pulled horizontally at a speed of 50cm/min
against the blade.
NFPA 1977 . .
8. Bottom hole (150 16073) Perforation resistance not less than S9N
9. Skid resistance KFI - Coefficient of friction 0.36 or higher
10. Radiant heat protection performance KFI - Radiant thermal performance value (RHTI24) for 40 seconds or more when exposed to thermal

flux density with coefficient of 0.36 or higher
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