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Safety Dimensions of Tread and Rise of Stairs in
Considering Visual Perceptive Errors™

by Hisao NAGATA**

Abstract; A man seldom looks intently at his feet during walking, except when he wants to avoid
an obstacle or a muddy pool. Usually he walks rhythmically while looking at the road surface
a few meters ahead. But, sometimes, man becomes absent-minded or distracted while walking,
with the result that he stumbles over even small projections or falls down when he mistakenly
presumes that there is another step. There are many cases of such kinds of accidents. When
descending & stairway, he slows down the pace of his walk just before he takes his first step, in
order to adjust his pace to the width of the steps of the staircase, and walk down at an even pace.
If the staircase is sloped gently he can see the bottom of it while watching his downward target.
However, if the staircase is steep, he can not see anything downward until he arrives at the top of
it, so he finds it difficult to adjust his pace. In fact, there are many cases of accidents which occur
around this spot. In this paper, relations of dimensions of tread and rise, and human peripheral
vision in descending stairs, were theoretically analyzed. A theoretical method for obtaining the
required dimensions of a tread was suggested.

Pedestrians, in descending stairs, are usually looking down the stairs to insure a safer footing
on a tread. If the pedestrians vision to their foot is obstructed in descending, they are considered
to be liable to stumble. His field of view is limited by part of his body, though people are not
usually aware of this fact. For example, while going downstairs, the step on which someone wants
to set his foot is temporarily out of his view due to the motion of his thigh. Two male subjects
participated in the experiments. The human peripheral vision in descending stairs was analyzed
in 24 different combinations of trad and rise. The ratio of vision screened by thigh movements
was suggested for evaluating dimensions of tread and rise in regard to human peripheral vision.

Keywords; Stairs, Accidents, Human error, Dead. angle.
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Fig. 1 Peripheral vision in descending stairs

B TR OHE

HIi 2k ) EREIC % 5 2 E 2 b5, —fkic, b
5 n B HOREGMEHOR ZIE (Fig. 2 iKMRE
iz Tn) EHBATEDRRIER HEEREY OF Th

KFEERE (Fig. 1 ICRURS Lz Lz) EOBIMRIE, X

R &9 ICHEHICERTE S, 7272, REBET
‘(“f’ T%%ﬁﬂ‘&’ Le %ﬁuﬁ\@%g tTZ;)o

A

R  Le¥R-(n—1)
T—Tn“Lx+r(n—n 'v U)
= w—jﬂn-(n—l)‘ (2)

R

MBI R B edle, (2) AT, B (La)
FLESE (R) LHETE (1) OMKEERT, B
Wi (T) RBLCREAT 5 2 FRISE 5.

. 0Lz 1
8T R
(B REY, A—H7E (Le=—2%) KBL T,
B (Lz) 13, BE~E (T), FBORLIE (Th) I
b LY, EE (1/R) KET B Lich B, D
30, BMEE—EL LT, BETEERMIELL,
—EDE & THME (Lo) PELT2 2 L2 BWRLT
Wh, 72770, BEEWEAICIE, FoEILEIL,
IQVN-RE PN '
FREIC LC, BEE~EE (R) (B L CBERE (L) %
wism3 5L TRICE S

0Lz —(T —Tn) e

5R 72 (4)
@ RI2L Y, F—5F% (Le —%) BLT

—fLe @

- 77 —-

The line of vision to a tread
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Installation of Eye Mark Recorder
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Subject’s walk with Eye Mark Recorder
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Thigh extension

Peripheral vision to foot position in descend-
ing stairs screened by thigh movements
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Table 1 Screening a tiptoe of shoes®)
HERBOEE N =480
Mean stride Screened
time (sec) time ratio (%)
132 45.0
(0.09) (3.6)

a): values in the brackets show standard
deviations.
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Table 2 Required tread dimensions
BEOLBETE
— |

Male (cm) Female (cm)
Lx/Le Low heel High heel

(Lf =0.76) (Lf=0.91) (Lf=0.92)
0.00 20.5 23.2 23.5
0.10 21.9 ~ 225 24.6 ~ 25.2 249 ~ 255
0.20 23.3~245 26.0~272 26.3~275
0.30 24.7 ~ 26.5 27.4 ~29.2  27.7 ~ 295
0.40 26.1 ~ 28.5 28.8 ~ 31.2 29.1 ~ 315
0.50 27.5~30.5 30.2~332 305~335
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