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ABSTRACT

During fire outbreaks, smoke accumulates from the ceiling and reduces the available walking height of people passing
through. In this study, a walking experiment was conducted to investigate the relationship between the walking speed of
people and available walking height. Twenty-three participants were enrolled. Based on the results, the lower the available
walking height, the lower the average walking speed of the participants. However, a significant difference was noted only
in the walking speed when the available walking height was 1.2 m compared to the free walking speed. In addition, there
was no significant difference among participants in terms of their BMI index grade. However, in the case of participants
with normal BMI, the walking speed at a 1.2 m available walking height was significantly lower than when walking freely.
Further, in the case of overweight participants, the walking speed at 1.8 m and 1.7 m available walking height was
significantly increased compared to that when walking freely.

Keywords : Performance criteria, Performance-based design, Walking speed, Smoke layer height
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Table 1. Average Height of Korean Male

Age Number | Average Height | Standard Deviation
(year) (person) (mm) (mm)
19 394 1728 58.5
20-24 378 1735 51.7
25-29 465 1736 57.2
30-34 432 1724 56.2
35-39 459 1719 57.4
40-49 435 1692 56.8
50-59 302 1663 59.2
19-60 2896 1715 61.4
Table 2. Average Height of Korean Female
Age Number | Average Height | Standard Deviation
(year) (person) (mm) (mm)
19 416 1598 54.9
20-24 298 1604 52.7
25-29 313 1602 51.3
30-34 337 1601 522
35-39 353 1590 51.5
40-49 374 1567 49.9
50-59 350 1547 51.7
19-60 2483 1586 56.2
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Figure 2. Pictures of experiment process.
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Table 3. Average Height and Weight of Participants

Average Height Average Weight
Category N [gc m] 8 g[kg] 8
Total 23 175.1 72.5
Low Weight | 1 160.0 46.0
Normal 9 175.3 64.9
Overweight | 7 175.6 73.7
Obesity 6 176.7 87.0
N: Number of People
Table 4. Normal Walking Speed of Participants
Average Star.lde?rd Median | Min | Max
Deviation Value | Value | Value
Walking
Speed 1.39 0.19 1.35 1.02 | 1.86
[m/s]

Table 5. Ranks of Available Walking Height-Walking Speed
(Normal Walking — 1.2 m)

Available Walking Height | N | Mean Ranks | Sum of Ranks
Normal Walking 23 28.02 644.50
1.2 m 23 18.98 436.50
total 46

N: Number of People
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Figure 3. Relationship between walking speed and available
walking height.
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Table 6. Test Statistics of Available Walking Height-Walking
Speed (Normal Walking — 1.2 m)

Walking Speed [m/s]
Mann-Whitney U 160,500
Wilcoxon W 436.500
Z -2.286
Asymp. Sig. (2-tailed) 0.022

Asymp. Sig.: Asymptotic Significance

Table 7. BMI Index of Experiment Participant
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value pee Figure 4. Changes in Walking Speed according to the BMI Level
Low Weight | 1 17.97 1.02 m/s of Experiment Participant.
Normal 9 21.03 1.45 m/s
Overweight 7 23.89 1.30 m/s Table 8. Average Walking Speed according to the BMI Level at
: each Available Walking Height [unit : m/s]
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Table 9. Independent Sample Kruskal-Wallis Test Results of
Available Walking Height-Walking Speed According
to BMI Level
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Table 10. Ranks of Available Walking Height-Walking Speed
(BMI:Normal, Normal Walking — 1.2 m)

Available Walking
N M f Rank:
N 23 Height ean Ranks | Sum of Ranks
Test Statistics 6.652 i
Normal Walking Peed Normal Walking 9 12.44 112.00
df 3 12 m 6.56 59.00
Asymp. Sig. (2-tailed) 0.084 Total 18 - -
N 23 N: Number of People
T Test Statistics 3.839
alking Speed (1.8 m) df 3 Table 11. Test Statistics of Available Walking Height-Walking
- - Speed (BMI:Normal, Normal Walking — 1.2 m)
Asymp. Sig. (2-tailed) 0.279
N 23 Walking Speed [m/s]
"y ia Test Statistics 3.294 Mann-Whitney U 14.000
Walking Speed (1.7 m) df 3 Wilcoxon W 59.000
Asymp. Sig. (2-tailed) | 0.348 Z -2.340
N 23 Asymp. Sig. (2-tailed) 0.019
. Test Statistics 3894 Exact Sig. (2*1-tailed Sig.) 0.019°
Walking Speed (1.6 m) df 3 a. Group Variable : BMI Normal
. N ted for ti
Asymp. Sig. (2-tailed) | 0273 b. Not corrected for ties
N: Number of People, Asymp. Sig.: Asymptotic Significance,
N 23 . .o
Exact Sig.: Exact Significance
. Test Statistics 3.524
Walking Speed (1.5 m) o 3
- - Table 12. Ranks of Available Walking Height-Walking Speed
Asymp. Sig. (2-tailed) 0.318 (BMI:Overweight, Normal Walking — 1.8 m)
N 3 Available Walki
vailable Walking
. Test Statistics 3.774 Height N Mean Ranks Sum of Ranks
Walking Speed (1.4 m) g
df 3 Normal Walking | 7 5.29 37.00
N 23 Total 14 - -
Test Statistics 3.203 .
Walking Speed (1.3 m) N: Number of People
df 3
Asymp. Sig. (2-tailed) 0.361
5.8 B
N 23
Test Statistics 3.619 B = 7 5 WA E = =o0] #ol=
df 3 g 1gste] watshs e b Sl me AEe 1
Asymp. Sig. (2-tailed) 0.306 HETE BAF 1R i) o]E ) K3 7l Zolo %

N: Number of People, df: Degree of Freedom, Asymp. Sig.:
Asymptotic Significance
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Table 13. Test Statistics of Available Walking Height-Walking
Speed (BMI:Overweight, Normal Walking — 1.8 m)

Walking Speed [m/s]
Mann-Whitney U 9.000
Wilcoxon W 37.000
V4 -1.985
Asymp. Sig. (2-tailed) 0.047
Exact Sig. (2*1-tailed Sig.) 0.053°

a. Group Variable : BMI Overweight
b. Not corrected for ties

N: Number of People, Asymp. Sig.: Asymptotic Significance,
Exact Sig.: Exact Significance

Table 14. Ranks of Available Walking Height-Walking Speed
(BMI:Overweight, Normal Walking — 1.7 m)

Availalt_)lleeig\}?t’alking N | Mean Ranks | Sum of Ranks
Normal Walking 7 5.00 35.00
1.7 m 10.00 70.00
Total 14 - -

N: Number of People

Table 15. Test Statistics of Available Walking Height-Walking
Speed (BMI:Overweight, Normal Walking — 1.7 m)

Walking Speed [m/s]
Mann-Whitney U 7.000
Wilcoxon W 35.000
Z -2.236
Asymp. Sig. (2-tailed) 0.025
Exact Sig. (2*1-tailed Sig.) 0.026b

a. Group Variable : BMI_Overweight
b. Not corrected for ties

N: Number of People, Asymp. Sig.: Asymptotic Significance,
Exact Sig.: Exact Significance
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