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ABSTRACT

A firefighting simulation was developed in order to assess the physical work capacity of firefighters. The simulation con-
sisted of eight common firefighting tasks, including walking with radiant heat for 3 min while wearing full personal protec-
tive equipment (PPE). Nine professional firefighters performed the test a total of three times with a 5 min rest interval
between each session. The entire series of tests took approximately 30 min to complete (381 30 s). Rectal temperatures
were found to increase from 37.4 +0.3 °C to 38.5 + 0.4 °C, while heart rates were found to increase from 92 + 18 bpm to
185+ 13 bpm during testing. Time to completion of the test drills and non-modified physical fitness values showed a sig-
nificantly negative correlation (» =—0.728, p <0.05). Firefighters who had longer periods of firefighting service had longer
duration time and also recorded higher scores using an integrated scoring system of time to completion (TTC) and physio-
logical strain index (PhSI). The results indicated that the determination of TTC alone can be a misrepresentation of capabil-
ity, as it neglects to account for accumulated heat strain. The simulated firefighting test provided a useful insight into
physical fitness level, but also the comprehensive work capacity of the firefighters when assessed based on TTC and PhSI.

Keywords : Simulated firefighting work, Physiological heat strain, Fitness standard, Firefighting performance test, Per-
sonal protective equipment
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Figure 1. Experimental protocol. Note: #1 Carrying hose: 40 m walking with two 65 mm rolled-up hoses (7 kg each) in both
hands; #2 Going up the stairs: going up six flights of stairs (66 steps) with two 65 mm (7 kg each) in both hands; #3 Carrying
and setting up a ladder: 20 m walking with a ladder (15 kg) and setting a ladder to the wall; #4 Withdrawing and carrying a lad-
der: taken down a ladder (15 kg) and 20 m walking with the ladder; #5 Going down the stairs: going down ten flights of stairs
(110 steps) with two 65 mm (7 kg each) in both hands; #6 Simulated forcible entry: striking a rubber tire heavily using a 4.5 kg
hammer three times; #7 Walking with facing radiant heat: walking on the treadmill in 5.5 km - h™' while facing on radiant heat;
#8 Pulling a victim: pulling a 70 kg sledge 20 m. One circuit which consists of eight tasks was repeated three times with a 5 min
break after each drill. Firefighters took off a helmet, a hood, and gloves with a zipper of bunker jacket lowered.
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Table 1. Experimental Environment
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Phase Ambient . Amb.ie.nt relative Air vel(z<1:ity Radiant .
temperature ("C) Humidity (%RH) (m-s) temperature ("C)
Preparation 24.7+0.5 51.9+11.0 <0.05 -
1 23.8+1.3 31.1+£1.3 <0.05 -
2 23.2+0.7 309+ 1.1 02+0.1 -
3 23.4+03 28.6+4.9 0.4+0.1 279+55
o 4 23.4+0.3 28.6+4.9 0.4+0.1 279+55
Circuit
5 232+0.7 309+1.1 02+0.1 -
6 24.7+£0.5 51.9+11.0 <0.05 -
7 36.1 £0.1 16.8+4.4 <0.05 -
8 24.7+£0.5 51.9+11.0 <0.05 -
Rest, Recovery 24.7+0.5 51.9+11.0 <0.05 -
Data were expressed as Mean = SD.
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Table 2. Time to Completion for Eight Tasks (unit: s)
| Hose 2. Going | 3. Carry.lng 4. Wlthdra\jvlng 5. Going | 6. Slm.ulated 7.. Walkllng 8. Pulling
Phase . up the | and setting | and carrying | down the forcible with facing - Total
carrying . . . a victim
stairs up a ladder a ladder stairs entry radiant heat

1" Circuit | 17+1.8 | 35+5.5 | 32+19.0 20+5.9 74+12.1 5+1.7 180 24+49 | 386+32
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3 Circuit | 1829 | 39+44 | 23+49 21+43 68+26.9 7+53 180 22+7.0 | 378+39

Note: Data were expressed as means with standard deviation of the means. No statistical difference was found between three

circuits (p > 0.05).
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Figure 2. Time courses of changes in mean skin temperature (A), rectal temperature (B), heart rate (C) and physiological strain
index (D). Note: #1. Carrying hose, #2. Going up the stairs, #3. Carrying and setting up a ladder, #4. Withdrawing and carry-
ing a ladder, #5. Going down the stairs, #6. Simulated forcible entry, #7. Walking with facing radiant heat, #8. Pulling a victim.
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Table 3. Comparisons in the Ranking of Physical Fitness Test, Aerobic Exercise Capacity Test, and Simulated Firefighting Task
Protocol Test

Subject Physical fitness test” Cardiorespiratory endurance Simulated firefighting task protocol
(age in yr) | Non-modified Modified VOsmax HR ,ax PhSI TTC® Total rankingd
#S1 (33) 6 8 5 2 2 3 1
#S2 (38) 1 1 4 6 7 1 3
#S3 (31) 5 7 3 7 5 6 5
#S4 (49) 9 9 8 4 4 9 8
#S5 (28) 4 6 2 3 8 5 7
#S6 (32) 2 3 1 8 1 4 2
#S7 (47) 8 4 7 5 3 8 6
#S8 (46) 3 2 9 9 6 2 4
#S9 (39) 6 5 6 1 9 7 9

Note: “Subjects marked in grey were scored better in the simulated firefighting task protocol than in the non-modified physical
fitness test. bPhysical fitness test includes grasping power test, back strength, sit-up, sit-and-reach test, standing broad jump,
long-distance running. Modified rank reflects revision value of ages. “Time to completion. Total score was calculated by the
sum of rank of PhSI and TTC. In case of an even score, the person who had higher ranking in TTC was ranked higher.

Table 4. Correlations between Variables

PFT NM | PFT M | VO | HRuw | PhSI | TTC | Total ranking

Physical fitness Non-modified (NM) 1.000

test (PFT) Modified (M) 0.881%* |  1.000

Cardiorespiratory | VOamax 0.547 0.117 1.000
endurance HR 2« -0.435 -0.521 -0.060 1.000
) PhSI 0.050 0.083 —0.043 0.521 1.000

Simulated TTC ~0.728* | —0.640 | —0307 | 0427 | 0.105 | 1.000

firefighting task
Total ranking —0.564 —-0.416 -0.392 0.489 0.591 0.797* 1.000

Note: * and ** display statistically significant correlation coefficients at levels of 0.05, and 0.01, respectively.
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Figure 3. Relationships of physical ability with age or period of firefighting service.
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