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ABSTRACT

A fire shutter is installed to prevent the movement of fire or smoke when a fire occurs inside a building. Fire shutters
have access doors for passengers. On the other hand, the present fire shutter door display regulation is only required to be
displayed in a different color from the surroundings. Hence, the risk of people not being able to recognize the door of the
fire shutter is quite high, and the danger increases further in a smoke situation. Therefore, this study attempted to find a
way to mark a fire shutter door that can be recognized even when smoke is spreading. First, a preliminary questionnaire was
used to draw three factors to mark the fire shutter door (sign, door background, and edge). The experiment type was set by
combining 5 colors for the three derived factors. The experiment was conducted on a total of 122 male and female participants.
The results showed that a yellow background, red sign, and red edge have the highest awareness in a normal visual field
without smoke. This was also the same in the field of view in the case of a fire with smoke, but the red background, yellow
sign, and yellow edge were most noticeable in the case of dark smoke.
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Table 1. Example of Fireproof Shutter Door

Display Elements-

- None

- Edge

- Edge
- Symbol for Emergency Exit
- Letter for Emergency Exit

- Edge

- Symbol for Emergency Exit
- Letter for Emergency Exit
- Door Background Color
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Table 2. Transmittance and Extinction Coefficient

Transmittance T 26% Transmittance T 16% Transmittance T 7%

Extinction Extinction Extinction

Dist: Dist Dist:
istance{m] Coefficient [1/m] istance{m] Coefficient [I/m] istance{m] Coefficient [1/m]

1 1.30933 1 1.83258 1 2.65926
5 0.26187 5 0.36652 5 0.53185
10 0.13093 10 0.18326 10 0.26593
15 0.08729 15 0.12217 15 0.17728
20 0.06547 20 0.09163 20 0.13296
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Table 3. Extinction Coefficient and Situation

Extinction Situation
. ituati
Coefficient

1 [I/m]

Faint Smoke Density
People Who Know the Building are Also Hard

3 [Vm] to Evacuate.

5 [I/m] A Slightly Darker Density

0 [I/m] An Almost Invisible Density

10 [I/m] Smoke Density of Fire Layer of Fully Developed
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Figure 1. Display type example of door on the fire shutter.

Figure 2. Cognitive experiment.
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Table 4. Multiple Response Analysis Result of Normal Situation

No. Rate
21 19.71%
77 13.62%
66 7.25%
8 6.96%
30 6.67%
75 5.80%
53 5.51%
28 5.22%
64 4.35%
1 3.77%
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Table 5. Multiple Response Analysis Result of Emergency
Situation (Transmittance T 26%)
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Table 6. Multiple Response Analysis Result of Emergency
Situation (Transmittance T 16%)

No. Rate No. Rate
21 8.77% 21 13.16%
66 8.77% 77 7.02%
30 7.89% 30 6.14%
75 7.89% 53 5.26%

8 6.14% 66 5.26%
15 6.14% 28 4.39%
64 4.39% 78 4.39%
5 3.51% 12 3.51%
28 3.51% 15 3.51%
53 3.51% 34 3.51%

Table 7. Result of Color Selection by Display Element

Color Normal Situation Emergency Situation Emergency Situation Emergency Situation
(Transmittance T 26%) | (Transmittance T 16%) (Transmittance T 7%)
Red 37.97% 31.58% 35.09% 15.38%
Orange 3.19% 13.16% 9.65% 16.24%
Edge Yellow 12.46% 14.04% 12.28% 29.06%
Green 18.55% 16.67% 15.79% 20.51%
Blue 27.83% 24.56% 27.19% 18.80%
Red 13.91% 17.54% 21.93% 39.32%
Orange 0.58% 4.39% 2.63% 2.56%
Background | Yellow 73.62% 57.89% 49.12% 14.53%
Green 8.41% 6.14% 10.53% 17.95%
Blue 3.48% 14.04% 15.79% 25.64%
Red 33.04% 29.82% 28.07% 12.82%
Orange 1.74% 11.40% 9.65% 15.38%
Sign Yellow 22.90% 24.56% 25.44% 53.85%
Green 14.20% 12.28% 11.40% 6.84%
Blue 28.12% 21.93% 25.44% 11.11%
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Table 8. Multiple Response Analysis Result of Emergency
Situation (Transmittance T 7%)

No. Score
8 11.97%
11 7.69%
5 6.84%
10 5.98%
15 5.13%
16 5.13%
21 5.13%
78 5.13%
13 427%
34 3.42%
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