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Safety Dimensions of Tread and Rise
in Considering the Psychological Load while Descending Stalrs*

by Hisao NAGATA**

Abstract; According to the author’s analysis of occupational injury data related to falls while
walking on stairs, pedestrians are liable to have accidents while descending stairs, and high-heels
footwear is comparatively prone to incur more injuries. The accidental factors to trigger human
erroneous motion in descending stairs should be considered for safety dimensions. A number of
formula on tread and rise have been proposed. When designing stairs, architects applied the
long—esfabﬁshed formula; in other words the tread should be one step length in walking on a
flat surface minus two times the height of risers. This popular formula originating in Europe is

" based on the physiological cost in ascending stairs, not in descending stairs. It is questionable
in regard to safety on stairs that the formula produces narrower and more dangerous treads as
the rise becomes greater. But the formula gives much influence on building regulations for stair
dimensions not only in Europe but also in Japan.

The previous report on “Sefety dimensions of tread and rise in considering visual perceptive
errors” indicated the significant formula to decide required dimensions of tread. As the psycho-
logical load becomes smaller, the occurrence of erroneous step is considered to be decreased. The
dimensions of tread and rise are considered to be evaluated by pedestrians themselves. Therefore,
in this report, the psychological load while descending stairs was studied for obtaining optimum

" dimensions of tread and rise and a practical safety index for desiging stair dimensions. The
psychophysical tests in this paper put emphasis on a safe walk in descent, because most fall ac-
cidents occur while descending stairs. Ten young males (average age of 21.0), ten young females
(average age of 19.7) and ten elderly subjects (average age of 71.2) assessed 42 combinations
of tread and rise in descending stairs. The results of those judgements were ané,lyzed by one
of scaling methods, specifically by the method of successive category. The female group wore 4
different types of footwear, differing in the height of heels. ‘

Dimensions of tread and rise with less difficulty in descending stairs existed in definite com-
binations, around 29~30 cm tread and 18 cm rise for lower heels, and around 30 cm tread and
15.5 cm rise for higher heels. The psychological load increased as measurements deviated from
these combinations. Based on these psychophysical results, the practical formula for obtaining
sefety requirements for dimensions of tread and rise is provided.
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Table 1 List of each subject group.
HWERE S N—T DY X b
Item Male Female
Young Elderly Young
No. of subject 10 10 10
Age 21.0  71.2 19.7
Stature (cm) 171 161 157
Body weight (kg) 60.2 56.0 48.3
Shoe length (cm) 28.1  27.4 23.32)
2); shoe size (cm)
Table 2 Verbal scale for psychophysical tests.
LERETCAVWEERBRE
Symbol Term HE Score
Co Not at all AL LW 1
C; Slightly difficult TILHETLN 2
- Cq Difficult FEITL N 3
C3 Considerably difficult % D #H &7 51 4
C4 Very difficult FEFEIHETLHN 5
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a) Younger group b) Elderly group

Fig. 2 Distribution of the circles indicating the percentile ratio of the sum of C1, Cz, C3 and Cy4 judgments to all of
the judgments at each combination of tread and rise.
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Table 3 Analysis of variance for young male sub- Table 4 Analysis of variance for elderly male sub-
jects assessments. jects' assessments.
BTFEFHOFERROI AL BFBEREOFERROI B

Factor Degree Unbiased Variance Contribution Factor Degree Unbiased Variance Contribution
of freedom variance ratio ratio (%) of freedom variance ratio ratio (%)
Main effect 41 15.25 25.8 66.4 Main effect 41 15.25 24.3 64.2
Individual 9 6.82 11.5 6.2 Individual 9 7.18 13.7 7.6
effect effect
Error 369 0.591 Error 369 0.524
3
251
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a) Younger group b) Elderly group

Fig. 3 Contours of values obtained by the method of successive categories.
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a) Female group with low heels b) Female group with high heels

Fig. 5 Distribution of the circles indicating the percentile ratio of the sum of C;, C2, C3 and C4 judgments to all of
the judgments at each combination of tread and rise. .
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Table 5 Analysis of variance for female subjects’ Table 6 Analysis of variance for female subjects’
assessments with low heels. assessments with high heels.
O—b—AEEV-TFEFEEOFMHBERD NLe—NERVETFEEEOREERD
SEA R BT

Factor Degree Unbiased Variance Contribution Factor Degree Unbiased Variance Contribution
of freedom variance ratio ratio (%) of freedom variance ratio ratio (%)

Main effect 41 11.18 21.8 61.1 Main effect 41 10.70 16.2 54.3

Individual 9 7.68 15.0 9.0 Individual 9 8.47 12.8 9.3

effect effect

Error 369 0.512 Error 369 0.660
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a) Female group with low heels

Fig. 6

b) Female group with high heels

Contours of values obtained by the method of successive categories.
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Table 7 Recommended dimensions by other re-
searchers.
HOFRE & 2R E
Researcher Number of Number of Tread Rise
dimensions subjects (cm) (cm)
Ward 12 20 elderly males 29.2 17.8
(1967) 25 elderly females 26.7 17.8
Irvine 19 26 males 27.9 183
(1990) & 40 females —30.5
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Fig. 7 Relations between scaled values and the value indices (D.) for dimensions of tread and rise.
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Fig. 8 Contours of the value indices (D.).
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