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Abstract: The present study newly developed a firefighters’ protective jacket and pants using a Nomex honeycomb struc-
tured layer (HPC) in cases of being exposed to flashover or flameover. This study evaluated the protective and comfort
functions of an HPC compared to the current KFI firefighters’ protective clothing (FPC). The results are as follows First,
thermal protective performance (TPP) of fabric layers was 2.75 times greater for HPC than FPC at 125 kW/m®. Second,
the predicted second and third degree burn areas were smaller for HPC than FPC when using a flame manikin. Third,
thermal insulation using a thermal manikin was 0.2 clo greater for HPC than FPC. Fourth, there were no marked dif-
ferences in maximal performance, mobility, and microclimate temperature/humidity between FPC and HPC through
human wear trials. The thermal insulation of HPC was higher than that of FPC; however, any negative effect of HPC ther-
mal insulation on the comfort functions for firefighters was not found. In conclusion, the newly-developed HPC provided
more protection in reducing burn injuries from 125 kW/m2, while no negative impact on maximal performance, mobility
and thermal comfort functions of firefighters, which is appropriate for quick-evasive tactics at the flashover, flameover or

back draft fires.
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(a)

(b)

Fig. 1. Honeycomb structured aramid (a) and honeycomb structured aramid layered in firefighters’ protective clothing in the present study (b).

Table 1. Specification of the current KFI firefighters’ protective clothing and Honeycomb layered firefighters’ protective clothing in the present study

Classification Current KFI firefighters” protective clothing (FPC) Honeycomb firefighters’ protective clothing (HPC)

Size 5 6

Standard height (cm) 171~175 176~180
Shoulder width (cm) 52 54
Sleeve length (cm) 61 62
Turnout jacket Sleeves’ bottom width (cm) 37 38
Bust girth (cm) 125 130
Center back length (cm) 77 79
Bottom width (cm) 125 130
Outseam (cm) 102 106
Waist measure (cm) 99 104
Turnout pants Hip circumference (cm) 126 130
Inseam (cm) 70 73
Leg opening (cm) 56 59
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Table 2. Physical characteristics of the current and honeycomb layered firefighters’ protective clothing

Current firefighters’ protective clothing (FPC)

Honeycomb firefighters’ protective clothing (HPC)

Outer layer
Middle layer
Lining

Turnout
jacket

Fabric Aramid Thickness 0.4+0.0mm
Fabric Aramid/PTFE film Thickness 0.3£0.0mm
Fabric Aramid Thickness 2.44+0.0mm

Fabric Aramid Thickness 0.5+0.0mm
Fabric Aramid/PTFE film Thickness 0.4+0.0mm

Fabric Honeycomb structured aramid Thickness 4.9+0.0mm

Outer layer
Turnout pan Middle layer
Lining

Fabric Aramid Thickness 0.44+0.1mm
Fabric Aramid/PTFE film Thickness 0.3£0.0mm
Fabric Aramid Thickness 2.0+0.1mm

Fabric Aramid Thickness 0.5+0.2mm
Fabric Aramid/PTFE film Thickness 0.42+0.Imm

Fabric Honeycomb structured aramid Thickness 4.7+0.3mm




(c)

pants(c, d).

(c)
Fig. 3. Thermal mannikin(Newton) used in the present study: nude(a),
honeycomb firefighters’ protective clothing(HPC)(b), and the current
KFI firefighter’s protective clothing(FPC)(c).
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(a) (b) (c)
Fig. 4. Three experimental clothing conditions of the maximal oxygen
uptake test in the present study; Control(a), the current Firefighters’
Protective Clothing (FPC)(b), and Honeycomb firefighters’ Protective
Clothing(HPC)(c).

Table 3. Clothing mass of firefighters’ protective equipment in the
present study

Current firefighters’ Honeycomb layered
Item (unit: g) protective clothing ﬁrgﬁ ghtels’.
(FPC) (Size 5) protective (floﬂung
(HPC) (Size 6)
Turnout jacket 1,600 2,150
Turnout pants 1,500 1,850
s (5B 7,059
Protective helmet 1,177
Protective hood 70
Protective gloves 79
Protective boots 2,300
Station uniform (shirt & pants) 785
Socks 79
Under shorts 34
Total clothing mass 14,679 15,579
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Fig. 5. Experimental protocol for the maximal oxygen uptake test in the present study.
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Fig. 6. Simulated firefighting tasks used in the present study (cited from Kim et al., 2019).
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Fig. 7. Predicted burn area using a whole body flame manikin: the
current firefighters” protective clothing (FPC)(a) and honeycomb
firefighters’ protective clothing(HPC)(b). (2 degree burn in yellow and
3 degree burn in red.
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Fig. 8. Maximal oxygen uptake (VO,,,c)(@) and time to completion (b) for the three experimental clothing conditions: Control (light sport wear), FPC

(the current Firefighters” Protective Clothing), and HPC (Honeycomb firefighters’ Protective Clothing).
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Fig. 9. Heart rates during the maximal oxygen uptake for the 3 experimental clothing conditions. Control (light sport wear), FPC (the current
Firefighters’ Protective Clothing), and HPC (Honeycomb firefighters’ Protective Clothing).
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