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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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1)

2)

3)

4)

results obtained are as follows:

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

tread - 28 cm and rise - 18.5 cm for students, 30 cm and 18 cm 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
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Fig.2 The preference questionnaries for
Japanese terms by the paired
comparison method (1)
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for Japanese terms
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Fig.3 The preferrence questionnaries

by the
(2)
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Tablel Preferable Japanese terms express
psychologica! magnitude

ERLPTOHE

Magnfitude _E Hardness| Instability Heifght Total
mea(:lings & | to walk |to walk hagdrail Term |Ratio(%)
1 |9ZL TZL L 3L | 46
Small 2 | R R R R R0 18
3| bio& %D bLiok |biod 11
1 | 2% i i A 41
Middle 2 | &ETH ETH ALAEN AN 18
3 |72 VAAAPN ETY ETh | 17
N FEHFIC EHEIC FEEIC 47
Large 2 {HHT HsH T R I e T 11
31T R ik &> T R i 11

HHEAEOMAEBRICONT, TE2ROBEICL ?5EETW%KOmTﬁot?$ﬁTﬁ,K£E,
TBLAMSEDLED %, BESLIEATET B DICHENBNERBRAEL X
REEEFZEICEYT %53, Jones HSRINES UHEBHTIA S X L TERH04ZCEEFEE 34.2
o SHTARICKT SHFRENET SHEH, 8 2 S.D. 15,28 ) IKDWT, TYr— FFRICE -
SHBHIBIC DT, HISBEER EICKS S ZELA THEELT. Fig 1~3 1T v/ — FORBERT -

Table2 Analysis of variance
ol 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
Mx I 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 « :5%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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Fig.4
Psychological‘ correlations of Japanese adverbial
wordings by the paired comparison method
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Table 3 Verbal scale and score
EERELES
Score Terms
0 A & Y7\ (neutral)
+1 ZL (slightly) -
*2 | e
+3 m% ) (pretty) -
+4 JEEIZ (very)

*6) BEICEWIEYT SRRICL-T, MUEERETH

L P THEONEPEOERT ZEAVLE B, AR
CREAZSLLNE LEOTHEEEZ SNBD
Tﬁﬁ L 720

’---"indicates high or low, fast or slow etc.
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Table 4 Symbols and dimensions

of tread and rise

BE LB LT

Symbol Tread (cm) Rise (cm)
D, _ 31 14
D 28 17
D ; 25 20
D4 22 23

3. LEEREBRUAE

3. I+ EBREE

%ﬁémimmﬁgﬁé%@mmazanaiﬁ'

FAEERAZER L, BEIEcnDBEBRICIT~TH: (45
X45X% 1.5cm ) OFEM% 2 WL HG_TER VDT bis,
FEEIR25cn HRICEHIEEZL H LB TE 5,
FRBICRBASIINDRT v LV AEAER LT,

ﬁ%ﬁ@ﬁﬁumﬁﬁﬁ,mﬁ-ﬁﬁwéigﬁ
BERETROINSED, ZFHTR1I R 74 FiC
B9 AR (B) TR U7, BT BERIERICE

W 40
t h
Plywood j o Plyw_(;(_i

i

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

DOF 2D BIEEEDon—off EELEICE
FEtB EDon-line FRICE > TiTotze ¥V -
FY LU — M3 500/ B TH B

3. 2 pkm - BEORETE

ERFICHER LcBBRTHEO—HRB3 &L 5L T
Table 4 iICR U7, A TIRLT C OEBRBEE T
ZELETROLTV S, B - B TSmO LE
ERTRLHMOTERESHICOVT T -1, T0F
NOMEETHER, ERABROBE L, 5KRAT
BZbns,

B H=1.54+12.5(cm) i=1~7 (1)

BE O W=3.0-j+ J33.0°—H—11.7 (em) (2)

j=1~6
BEEe—tr- v ) vE-KX > TESHKLE
TEDH THEDTHEICEETE 5, BE-THEIIB L
OB & KON TEB T 5 FbIc—EDIE S %R
BT, 20DICERBOR TR TET
b5, BETHEEZLETDH 5,

450

Asphalt tile

h/40 : gradient of a nonskid nosing
41 /450: gradient of a tread

Fig.5 Explanation of the tip of a tread

B T o i B o0 3 B

Table 5 Dimensions of nonskid nosings and tread gradients

BOLEOHTREBEASR

Nonskid Length mm 0, 20, 30, 40, 50, 60
onsxi 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) B I EBRAEBORBEE LTS B,

*9) BFAIORMBEIELTHS, ZORBROEBRIC
BET2ETco1 BREERLTVE, T TBAR
BWTH b, -
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DEF20&TH 5, KBRS
ZHALIC 4 7V — 7Bl
TiT ot HEREY X + %

Table 6ic =¥, £/ —F T+ TableticRzd
KRR IOV OO ER 1T » 720 SIEIC
BILTid, Table7 @ 2.2 RU 4 DABEHIDNT
RRET> TR, La & 2.2 2RO THOEER
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Table 6 List of male subjects
EFHEBEY P

Group Subject Age |[Stature (em)| Weight (kg) Shoe lengt h(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 subj ects
EBREBRB LR EY
Experiment head Students Aged men
a| Ordinary walking velocity 10 10
1 b| Walking velocity and terms 10 10
5 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 —
b Rise from the floor 10 -
4 C Gradient of a nonskid nosing 10 -
d Gradient of a tread 10 -

BIB0E4 A TH~IIAZ LTH 4 70— 731980
F4HUE~I8RIEHFTT - 7,

WERERIERENMCER S | ATOERIAR
TRBET > o BRBEMEICLENICEE LS S
DEBS 572, FHEHICERICEL-LZ54 2

C&%%Dtoﬁﬁ%ﬁﬁﬁ%K%%E&Kﬁhf

27 NV— 719804 3 AL0E~19H, B3 S —F

b d %,
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3. 41 HITHE

EE~TE (D;~D,) O HREIEFREWRE T v
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BECIERLABIY, TOBOR 74 FEHE%E
Rl Utc, EEEETI, [FHEBICEL GELI B
FLUTOIED, RERICW < D EHFT LD,
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NictzdThH b,
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S — TOWEBRE 5 &DAHI Table 3 DHE
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~ Dy D TITOVTENENIEOFEBEOFHE
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RIC, <THE D, D DT IEL ELSHIEN]
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DT, RBAICSERETHEES 4, 17
IV — 7 DHERE D B ICEFE ST & B RSITRICE!
JTHEIRD, B LEORREDOAHDFTELRL
AERITEL 1250, BOFEICIITEELEBR OGN
ot bd, ELABRT LT LICREZRONT
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B THEOREEFZ, 3201), 2XTES
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Table 8 Words and scores for the paired comparison

— N HBEOLHOEFLHAR
Score —2 —1 0 1 2
Easiness | Hard Slightly Slightly | Easy
to walk to walk| hard Neutral easy to walk
Stability |Unstable| Slightly) | Slightly | Stable
to walk to walk| unstable ceutra stable | to walk
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Table 9 Stride time by stair dimensions at ordinary speed

BESTREOBRTEMNZ 51 KR

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 n
Ascent D, 1.24 0.13 » | 1.38 0.22 »
D, 1.24 0.11 " 1.42 0.18 n
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 " 1.36 0.22 n
Descent D, 1.06 0.15 # | 1.37 0.24
D, 1.17 0.16 " 1.45 0.20 "
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

BEETENOBEEFTEE unit: km/h
Direction Stair Students Aged men
dimensions| H V VH+V 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
Dz [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 10.89 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
' AMZ4 FREHE
Method ___ Production | Estimation
Subj ect Aged Students
Direction A. D A. D. Al 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
r —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
method

Pm: production method Em: estimation
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Table 12 Handrail height vs. wordings to express height

cm! } I !

110 T T ]
Estimation method ///
100 5 students A/
%
) A
90 /1
80
Mean stature
70 ,/ :
/ 169.5 cm
60
<4— Low < High —+»
50 | !
—4 -3 —2 -1 0 1 2 4
¥ o g P Rl & o2 3k
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=Y [ %)} I )z
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Fig. 7 Handrail height vs. wordings;
all data included vid. Table 1T.
FESLABE (IXTOF—5—8L)

by stair dimensions

BETEMNOFRELRAE

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

Direction sion 2 b = S i
D, 5.94 86.6| 0.90 4.6 50

Ascent D, 6.44 88.11 0.90 4.7 "
b 5.75 87.8} 0.89 4.8 "
D, 6:21 90.0] 0.91 4.3 U
D, 5.59 86.9| 0.91 4.4 "

Descent D, 6.20 89.31 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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B Dk R A~ Table 9 KR L7z, Table 101Ci3&R
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Table 9 X DFERORY T, FHED;TAMIA
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B D TIRTED, T 15 185, 772 LD O Dy
& D, DRJICEEERIS (BRES% )o EEE
BHORD TR, THED, THEb AL 18505 Ds
LOBEEEN (BRES %) 5, kLl
HEEBH D (ERE1% ), BO T, ik Dy
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Production method
All subjects
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g
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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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23 Hardness 23 Hardness
to walk 100 to walk ;
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20 100 20+ 80/ 60/ 40
4B 1E
o 80 S
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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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Stability : Easiness Stabi]ity. Easiness! Descent Descent Ascent
Factor - Factor — Factor Factor
Fo - Pr “Fo- Pr Fo Pr Fo Pr Fo Pr Fo Pr Fo Pr
M. |--66.46] 74.4 |--68.16] 66.4 M |.-46.07| 56.2|--29.87] 57.8 M |--12917| 74.8 M |--49.89| 61.6 |--23.33| 36.6
MX 1 +2.38 6.3 -+5.241 16.8 MXI | --6.02 25.0 +2.39. 11.1 MX1I '-2.59 8.3 MXI 1.63 7.1 -+2.62 23.8
Int; 1.98 2.2 2.03| 2.0 Int. 1.03|" 0.1 1.25 1.0 Int. ++3.61 2.3 Int. 0.87] --0.3 0.41 1.5
A
0
; »
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- L
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: 0 Cl
\
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’
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20 14
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/ 3 Y1
/ 25 31 -(a) Rise
(b) Gradient (—h-)
40
~1.0 —1.0 —1.0

. stab

. easiness to walk

ility to walk

Ci  confidence interval

(95% confidence coefficient)

Fig. 11 Psychological estimation of the width of nonskid
nosings by the paired comparison method ; upper
tables show the analyses of variance, vid. Table 2.
—SH AR (C & B 7 0 L iH OIS DS
SHANRZ LIRULS, Table2 R

< easiness to ascend stairs.
. easiness to descend stairs.

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 Stalrways (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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