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Accident Prevention on Walkways and Stairways
Third Report
Psychological Assessment to Stair Dimensions

The previous report: an experimental study of human motion on stairs, was carried
out based on the statistical research on stair accidents, and then the characteris-
tics of the following fundamental factors of stair accidents, that is, slipping,
stumbling and miss~footing came to light. But no distinct relations between
dimensions of tread and rise with those fundamental factors of stair accidents could
be shown, because human motion changes on stairs to various stair dimensions, were
smaller than individual differences and variations of walking speed.

This report was studied not by objective observations of human motion, but by psy-
chological method on subjects' estimations. Many optimum dimensions of tread and
rise are recommended from past studies. However, the study connected with psycholog-
ical pressure - which were dealt with in this report - for many combinations of tread
and rise could not be found, and those studies put stress not on a safety walk in
descent, but mainly on a comfort walk in ascent.

Each of twenty students and aged men estimated 42 combinations of tread and rise
for four items, namely, height of rise, width of tread, hardness to walk and
instability to walk on verbal category judgement, and -some of them also evaluated
walking velocity and handrail height. The students group only assessed various
dimensions of nonskid edge of tread by the Scheffé-Nakaya's paired comparison
method. Furthermore easy terms to express the psychological magnitude or degree and
psychological numerical relations among Japanese terms were investigated on the

preference questionnaries of 50 persons of different sexes antecedently to the
psychological experiments.
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results obtained are as follows:

Optimum dimensions for tread and rise exist in a definite gombination;

tread - 28 cm and rise -~ 18.5 em for students, 30 cm and 18 em for aged men.
Psychological pressure increases as measurements deviate from this combinaiion.
Descent average time for one stride in neutral on verbal scale is 1.11 sec.
for students and 1.41 sec. for aged men. Linear relations between terms on
verbal scale and the stride times are clearly shown.

General handrail height is recommended between 80 cm and 90 cm. Suitable
handrail height will be changed depending on stature and the usage of the
handrail.

A longer width of nonskid edge is better and the rise from the floor of a tread

to the top of nonskid edge is recommended within 4 mm.
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Fig.1 The preference questionnaries for

Japanese terms | of a verbal category
scale

EEREREBBLET Y r—

Fig.2 The preference questionnaries for
Japanese terms 'by the paired
comparison method (1)
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Fig.3 The preferrence questionnaries
for Japanese terms by the
paired comparison (2)

—XthERIC L BRAEO7 T (2)

¢~60-dY-Sd SHEMELITEEH



BB - BEORLMICET 2HE (B 3H)

Tablel Preferable Japanese terms express
psychologica! magnitude

KBEL»T VA EE

Magnfitude ,E HardnessTlnstability Heifght Total
mea(;lings & | to walk jto walk hagdrail Term |Ratio(%)
1{¥2L 1¥2L L |FZL | 46
Small 2 | R oK R R KR 18
3 biok &Y biok (biod 11
1 | H»%kh il LA P iRA) 41
Middle 2 [ ETH ETi VAREEN 77V 18
RN AR VAR ETY EThH | 17
1 | 3EH IS FEHEIC IEHFIC EEIC 47
Large 2 | BHT &> T B e T 11
31 &TH WIS Fs> T AR 1= 11

EEREORAREICNT, TEARDIHICL  F 55 CIEIC TR - %r AHTH, REE,
TEBLLEND 5, FEESOLXELTMT EOENBENFERERAES L
REEERFEICERT 5082, Jones DRINED OB AE ICE L TEL0ECEEER 34.2
o SETRBICHNT ABIFEENES 2REH, &l %,S.D.15.28) IKoWT, Ty — bARICE -
FBIEIC DT, SN RERECAESERA  THEELL, Fig.1~31T ¥4 — bt ORBAERT,

Table2 Analysis of variance

o2l O T
Group A wordings

Factor Ss Df Ms Fo Pr

M 886.03 8 110.75 -+502.35 58.9
MxI 252 .42 392 0.64 - 2.92 11.1
Int 60.07 28 2.15 ++ 9.73 3.6
Error 302.48 1372 0.22

Total sum| 1501.00 1800

: Group B wordings
Factor Ss Df Ms Fo Pr

M 117.28 6 19.55 .- 83.14 19.5
Mx1 292.29 294 1.01 -+ 4.30 38.2
Int 5.62 15 0.37 - 1.59 0.3
Error 172.81 735 0.24
Total sum| 593.0 1050
M : main effect : Ss: sum of squares « 15%signiticance level
MXI: individual effect in main effect Df : degree of freedom --:1%signiticance level
Int : interaction effect Pr: ratio of the pure sum of squares to the total (%)

Ms : unbiased variance
Fo: variance ratio
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Psychologicall correlations of Japanese adverbial
wordings by the paired comparison method
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Table 3 Verbal scale and score
EERELHES
Score Terms
0 7 A & b7\ (neutral)
+1 AL (slightly) -
+2 1 e
+ 3 7% ) (pretty) -
+4 JEHE I (very)

> ---*indicates high or low, fast or slow etc.
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Table 4 Symbols
of tread and rise

BE & B LE TR

and dimensions

Symbol Tread (cm) Rise (cm)
D, _ 31 14
D 28 17
D s 25 20
D, 22 23

3. LEBEREBRUAE

3. ©+ EBREE

%ﬁ&ﬁi@@ﬁgﬁ&é@mmﬁzanaiﬁ'

BB AR LT, BEUE @IS BIC 13+ (45
X45% 1.5cm) DEMA 2 HIZHNTR DDT 55,
FHEIR2 5cn BRICEHIEEZL HT LB TE 5B,
FRICIEKIS0DRT ¥ U REEER U,

ﬁ%ﬁ®ﬁﬁmm$ﬁﬁ,m$-ﬁﬁ®é@£@
BERETROLINEGD, AMTR IR FF74 FIC
HE4 38R (B) TR Ui, BB BEEIIEICER

W 40
é————————j >
t h
Plywood j o Plyw_(;(_i

i

W : width of a nonskid nosing
t: rise from the floor

DO 2HDOISIEEED on—off EEAEICE
FitE# EDon-line R E > TiTot0 ¥V
TV — b2 500/ W TH B

3. 2 WM -BEORETE

ERIFICER L BRTEDO—#IEELE ST
Table 4 IC/RUTc, RERTRLUT COERBRBER T
ZEBTROLTV S, BE - B E~TEFEO0E
FEBRTRA2MOTERERHIC DN T . 0%
NOMAEETHER, ERABROEE L 5T
BZbns,

Bib H=1.54+12.5(m) i=1~7 (1)

BSTE  W=3.0-j+ J33.0°—H*—11.7 (em) (2

j=1~6
BEIE—br - V) UE L > TESHEE
YEDAH THEDTHEICEE TE 5, BE-THIIB L
FHEOB & KON TEH T 2 b ic—E DML S %R
BTER. 20DICERBOR Tk TET
b5, BETHERBLETDH 5,

450

Asphalt tile

h/40 : gradient of a nonskid nosing
+H/450: gradient of a tread

Fig.5 Explanation of the tip of a tread

B THD 55 o BB o 31 A

Table 5 Dimensions of nonskid nosings and tread gradients

BOLOHTREBEAR

Nonskid Length mm 0, 20, 30, 40, 50, 60
onski Rise mm 0, 2, 4, 6, 8
nosing

Gradient 1/40 |0, 2, 4, 6, 8
Tread Gradient 1/450 | £0, +5, +10, +£15

£8) HHE I ERAEBORAEELTH B

*9) FRIORMBEEICELTHS, ZORBROBBRIC
ET23TO1 AfEEKL T3, CCTRAR
BTdh s, .
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Table 6 List of male subjects
EFHEBEBREYU X

Group | Subject | Age |[Stature(em) Weight (kg)| Shoe length(em)
1 25 173 52 28.0
2 22 168 53 28.1
1 3 20 172 65 28.5
4 19 164 51 27.0
5 21 171 51 27.0
6 20 173 64 28.0
7 20 168 59 27.7
2 8 21 177 73 28.8
9 22 172 66 28.1
10 20 172 68 29.3
11 67 160 43 28.5
12 71 163 67 27.6
3 13 72 157 50 25.5
14 75 165 55 29.0
15 67 167 58 27.5
16 74 165 53 28.0
17 73 170 65 29.0
4 18 76 158 50 26.5
19 72 153 55 25.0
20 65 152 64 27.0
Table 7 Experimental items and number of subjects
EBREBLIHEREHR
Experiment head Students Aged men
I a|{ Ordinary walking velocity 10 10
b| Walking velocity and terms 10 10
9 a Handrail height and terms 5 —
b| Optimum handrail height 10 10
3 a Tread and rise 10 10
a Length of a nonskid nosing 5 —
A b Rise from the floor 10 -
c Gradient of a nonskid nosing 10 -
d Gradient of a tread 10 -

1980 4 B TH~1IBZ LTE 4 7 v — 7351980
4 BUAR~I8HITHITTIT » 720
WERERERENCHHR I 1 ATOEARRAN
TERET > lo WREHLIOLENICESE LS S
DAEBS 18, HEPICERIEL-LEE27 5

CLER U, WICKBRHBBICRBTEICONT

kY 5,

20 v—FH19804E 3 BL0B~198, B3 /-7
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Table 8 Words and scores for the paired comparison

—NEBEORHDOERLTAR
Score —2 —1 0 1 2
Easiness | Hard Slightly Slightly | Easy
to walk to walk| hard Neutral easy to walk
Stability | Unstable] Slightly Neutral Slightly | Stable
to walk to walk| unstable cutrall “stable | to walk
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Table 9 Stride time by stair dimensions at ordinary speed

BESTTROBRTEMNZ bS5 4 FERE

Direc- Dimen- Students Aged men
tions sions Ts S.D. n Ts S.D. n
D, 1.25 0.12 100 1.42 0.20 100
D, 1.17 0.13 " 1.32 0.23 "
Ascent D, 1.24 0.13 » | 1.38 0.22
D, 1.24 0.11 # | 1.42 0.18
All 1.22 0.13 400 1.38 0.21 400
D, 1.13 0.15 100 1.47 0.18 100
D, 1.09 0.12 n 1.36 0.22 "
Descent D, 1.06 0.15 » | 1.37 0.24 »
D, 1.17 0.16 " 1.45 0.20 n
All 1.11 0.15 400 1.41 0.22 400

Ts: stride time

S. D.: standard deviation

n: number of data

Table 10 Velocity by stair dimensions at ordinary speed

BB B OB S TEE itk
Directi Stair Students Aged men
rectiol
! " dimensions| H V U+ H V [JH +V?
D, 1.79 10.81 1.96 1.57 } 0.71 1.72
D, 1.72 | 1.05 2.02 1.53 | 0.93 1.79
. Ascent
D3 1.45 |1.16 1.86 1.30 | 1.04 1.67
Dy [1.28 |1.34 1.85 1.12 | 1.17 1.62
D; [1.98 (0.8 | 2.17 1.52 | 0.69 | 1.67
D, |1.85 |1.12 | 2.16 1.48 | 0.90 | 1.73
Descent
D3 [1.70 |1.36 | 2.18 1.31 | 1.05 | 1.68
Dy [1.35 |1.42| 1.9 1.09 | 1.14 | 1.58

H : horizontal component

V:vertical component

Table 11 Stride time vs. wordings to express speed
' A bMS54 FERIE BEE
Method ___ Production | Estimation
Subj ect Aged Students
Direction A. D A. D} A D.
a —0.32 —0.34 —0.26 —0.26 — 0.15 — 0.15
b 1.50 1.55 1.22 1.14 1.13 1.05
T —0.90 —0.90 —0.91 —0.90 — 0.83 — 0.85
s 0.27 0.28 0.20 0.21 0.17 0.15
n 600 600 600 600 675 663
Ts=a Wp +b Ts: stride time Wp: score of the wording

r: correlation coefficient s:

standard error A:

ascent

D: descent

1l
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Fig.6 Stride time vs, wordings to express speed;
data of both directions included vid. Table 10
Pm: production method Em: estimation method
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Fig. 7 Handrail height vs. wordings;
all data included vid. Table 11.
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Table 12 Handrail height vs. wordings to express height by stair dimensions

BERTENOFEELHBE

. . Dimen Hr=a - wp+b(em)

Direction sion a b P - < i
D, 5.94 86.6| 0.90 4.6 50

Ascent D, 6.44 88.11 0.90 4.7 n
b 5.75 87.81 0.89 4.8 n
D, 6:21 90.0] 0.91 4.3 U
D, 5.59 86.9] 0.91 4.4 "

Descent D, 6.20 89.3] 0.91 4.3 "
D, 5.30 90.1] 0.88 4.9 "
D, 5.81 92.7] 0.88 5.1 U

All data 5.72 85.5] 0.89 4.8 400

Hr: height of hand rail
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Production method
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Fig.8 Stature vs. preferable
handrail” height ; data of
both directions included
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Fig. 9 Distribution figure of tread and rise assessed by verbal scale; rise-—high(t)or low(-—);
tread-— wide (+) or narrow (-~), vid. Table 3
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Fig. 10 Distribution figure of tread and rise by the ratio
of the neutral number to the other wordings. -
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Fig. 11 Psychological estimation of the width of nonskid
nosings by the paired comparison method ; upper
tables show the analyses of variance, vid. Table2.
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. easiness to ascend stairs.
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Fig.12 Psychological estimations of the rise and the
gradient of nonskid nosings by the paired
comparison method in the Dsdimensions.
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Fig.13 Psychological estimations of gradients of
tread by the paired comparison method
in the D3 dimensions.
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Accident Prevention on Walkways and Stairways (Third Report)

- Psychological Assessment to Stair Dimensions -

H. Nagata )

Research Report of the Research Institute of Industrial Safety
RIIS-RR-29-2 (1981)

This report concerning safety walk on stairs utilized the
psychological method on subjects' estimations, namely, verbal
category judgement and the Scheffe-Nakaya's paired comparison
method. Each of twenty students and aged men estimated 42
combinations of tread and rise, walking velocity, handrail height
and dimensions of nonskid nosings of tread.

Optimum dimensions are tread-28 cm and rise-18.5 cm for
students, and 30 cm and 18 cm for aged men. Psychological
pressure increases as measurements deviate from this combination.
Various other psychological data were obtained.

(13 figures, 12 tables, 14 references)
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