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A Proposal on Methods for Evaluating Mechanical Environments

in Door Operations

Akio BABA (Perceptual Sciences and Design Engineering), Akiko MORI (Nagoya Institute of Technology)

and Wataru ASAINE (Nagoya Institute of Technology)

In this paper, a new method for evaluating human being’s life operations in the buildings from the viewpoints of

clarifying mechanical environments are proposed. The acceleration waveforms in door operations were measured by

a triaxial piezo-resistive accelerometer attached in the right wrist and the center gravity of bodies. Perceptual

evaluations based on SD method was immediately carried out after the measurements. The maximum acceleration,

maximum velocity, displacement and energy obtained by numerical integrations and the spectrum inclination values

by spectrum analyses were compared with the perceptual ones. As a result, a psued-evaluating method of

waveforms are proposed on the basis of relationships between both types of the values.
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Table 1 Details of doors

Door Doorknob
Name Size (mm) Location Form Height from
(HXWXD) Floor (mm)
Doorl 198081035  Room door Grip ball 930
Door2 1985X935X40  Entrance door Square board ~ 870~1090
Door3 2200X790<X45  Entrance door Bar 30~1330
Door4 1985950 X45  Entrance door Circularboard ~ 790~1210

Door 1 Door 2 Door 3 Door 4
Figure 1 Doors used in the experiment

Table 2 Details of examinee

Sex Mark Age (year) Height (cm)  Weight (kg)
Man Ml 20 181 70
M2 21 174 73
M3 22 180 62
M4 22 169 53
Average of men 21.3 176.0 64.5
Woman Wil 21 156 54
w2 20 150 55
W3 22 159 54
w4 21 143 42
Average of women 20.8 153.2 50.0
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Figure 2 Schematic diagram for measuring accelerations
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Figure 3  Pairs of the adjectives for perceptual evaluation
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Figure 4 An example of numerical integrations
Experimental conditions: examinee Woman No.1 (W1),
door 1 and right wrist
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Figure 5 An example of spectrum analyses
Experimental conditions: examinee Woman No.4 (W4),
door 1, center gravity of bodies and X-axis
(Longitudinal horizontal direction)
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Experimental condition: right wrist

Experimental condition: center gravity of bodies
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Figure 6 Experimental results on numerical integrations
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Figure 7 Comparison by the installation position of accelerometers on spectrum inclination values
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Figure 8 Experimental results on perceptual evaluations
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Figure 9 Experimental results on numerical integrations (Experimental condition: right wrist)
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Figure 10  Experimental results on the average of spectrum inclination values (Experimental condition: right wrist)
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(a) Experimental conditions:
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(c) Experimental conditions:
| examinee Woman No.3 (W3) and door 2

(d) Experimental conditions:
| examinee Woman No.3 (W3) and door 4

Longitudinal horizontal direction (X-axis)

-1.6 -1.2 -0.8 -0.4 0

Latitudinal horizontal direction (Z-axis) (m)

Figure 11  Virtual locus of right wrist and gravity
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