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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 a 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
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' Fig. 2 The line of vision to a tread
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Installation of Eye Mark Recorder
FAT—oLa-5—-DOkik

Fig. 4

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®)
HocmpoEEx N =480
Mean stride Screened
time (sec) time ratio (%)
1.32 45.0
(0.09) (3.6)

a): values in the brackets show standard
deviations.

O Fig. 6 TRRLTH 3 &I 2, KIREBIC & 1 Rk
KN B EEORKES ((RERERAHSERY 5 B
HA~OERIESRES /IETE) X (100%) ).

FREERIT & 0 R S LB EIADH 2T 150% & {3,

FTOBELE L 70 FTOBEED 5 0 & S HHERKS

NTWDZ EEERLT VS, 300%Li3, 3BRTE

TRAHA > TnBIEEHEKRLTRS, TNHD

BAEIL T ABUE» b EADBBICHAI - 727 —

Sz k) EE L, HEREGI-RY) TL1/B0BD

EECEE LY S HARY, BERIBEE LD

%#bbﬁ%%xofﬁwf,@ﬁiﬁ%ﬁﬁﬁi

DA 2. ZOT2OIC, =P —EEORE

2k ) EAR Y BEIHE 5%IFHTE RAZT NI

42 EERRER

(1) HFEDOKERIBIC & 5 EREEFHE

¥ R 1A % Table 1 12R T, MR,
BEREZIC L AEERERS L VOT, —FELTT—
2 BELTH D, FHR T4 FEHORERE
13 0.00 %, EREHEHEIADIEERZE L 3.6%TH 5,
ZOEED, KIEHFETEE BT PR, AT
4 FEEE D 45% TH 5,

(2) KREEERIC & 2 BETE Ok

R £ % 24 O ERNET LICERL, TOE
%%mtf,%ﬁ@%%%ﬁﬁ&ﬁ;of%#%t
»H Fig. T Th 5o EORY & 163 cm, HRIH
55 170 cm OHREICET AR TH B, 12IEL,
ROET LA LIZERTEPLIMNLTEY, #HER
T o THIWERTH b, WXL SHPTS 2 LK
BENSEE L HERINIBEEIBRNT NS, B
ﬁ%uum#g1m%@ﬁ@?u%E@%wWﬁ%
DFHR—HETH - T HEREITK 15 2 5 20%13
YE b, BERAES 45 B EICk B &, HEkE
DTSR R FET RO ABL T 5,



/ (Stature: 163cm)

15 20 25 30 35
Tread {cm)

Fig. 7

EERTLEEMMERSLE RIIS-RR-92

(Stature: 170cm)

Rise (cm)

Tread (cm)

Distribution figure of the ratio of vision screened by thigh movements

KB & 3 RBFOEFRENIHR

HIT 45 LT CIE, Smi3rb e fske 2y,
ERER IR IE, BETEL )V BETEORES
REHICEELTW 3,

5. ®m #

51 HEBLEERAE

BERAEMES Z2iE% 3138, BEREYOET
DBFERADEIERBIVELL L5, BLBET
13, [E»ZBEEETHIT) RARBI LTI 57%0n
72z, BESITOES TEABRISE DS WEBAL,
BEROFRICT—HIbIEE VEBE2WL S5 215
%Y, BERNCHIT) XL HEOOFELL L 2,
CH L9z, BBRAEFST) ZLA0FBXENOE
BERETHI LIRS, BRTEZ2H L 284S,
B L TR 2nlEARIR L 2BEDH Y 2
KCOERITRETHL I EREIND,

52 RRMLEETHCRAR

AR PR TE 318 (BREREEFDOIEERER
DIRFE, —BOTHEERBR L E0~TE, REBRL
EDFE) 2HICLT, 5)REY, BEEH»HEASI
THRL7ME (Lz/Le) 2T, $—BEDKTH LS
BHORZNE (Ti) L HDEEX % Fig. 8 IZRIRT 5,
BER—FFRTAL L, Ty FITL ) BigEs
HoY, BBLZE, BEES 0 4 I0HI IR L H
BINbsIe»s, Lr/Lefli=0.4 Rt COEZIN
FEwZ kit s, B b, D% ) Lz/Le fliH* 0.4
DALE TiL, BRP LR (T=30 cm, R=15 cm)
TIRE—REDHEELRES TIE 24 cm DIESR 2
TWwa A, SRR (T=15 cm, R=23 cm) T3,

(9]
Q

n
o

[y
(=]

Visible width of 1st step (cm)

0
0 0.5 1 1.5 2
Lx/Le
Fig. 8 Visible width of a tread

BEEOR AR

EPIZE8cm DIFLPRZ Tnwinwe Lich b,
5.3 E@FECBEE@E - BLETiE

Fig. 7 iITXR S BB TR O O ERRS
B WTIE, BWEH 25 cm LI EOIEEOFEHETIL,
SN LAY EmERT I LS, BETES
I EHZ &L, BETEZIAS T 5129 548
BOBERBEZREIMEI LY RE LB EHES
N3, BEEROERFAETER DL 2y, Bk
ZHATE Y FRRWGEAPEREEOH 60% % 5o
T\ b, ERFEROEREY SHBFT 5 &, BET
BREOBITEy F 85 L, BHEROBEL
IREIR & BT B R EDH I P PITEDRFHICA
SRR IN T b, 2Dz, HBrEER A
INFE LD, FMELEITITL oWz, BAE
DR s LEEINDG, T2, BETHHOX



BRI 7 —1E 2 b R EERIEH « T IToge Tk

RRERIC & B ERBOSHP 6, BREELHEEINSD
BEFBLNTWS, BROBEWHITEITE KRB
2k ABEOEREFEE S, 0, RILARKE
TH-»ThH, BEIFEVWAIITZE, BEX~NOREHI X
N kEELN, La—wrnd— (BARY) 10k
PEENRREIET AL EERLTWS, $72,
Fig. 7 7 LFEEDHBIRAE TE (BE i 15 cm, B
ESFEE 23 cm ) DARABEROBITTIE, KEHMOE S
T2~3BRTEITERINTLIEIER»SH, 8
BRTOBEARYITL 2 28R L > TEKE
NCIER T2 2 &8 TE 5, F72, EREBDOZEZH»
5, AREERTHa— b, RI— FERBOHIT T,
IVEBEDNGREFEZ 2 EERHEINS,

54 BEODETEDFEEDRR

BERITENEEFERIZREINTVEY, Z
CTlE, BEERA D OMHE CORFOBED HEHEIE
BEORT 5, BITEFINLPLED &) LT HEE
DFEPRSRIET S, RE2ETAMEZA L -
THDIELHTE, BHEHN S —Z2RWL 52 &2F
TEBLEHEEINE, ZORIZ, HZREL7L06D
FARBOIEZ T IZF D > TREE L EFVETH
5, CHZ I, BRICEDEEZ TEIWIALE
(Lz/Le) &, SBEBMICHELIEH REE L0
MEE 2D THD, 2% H, ZoME EMICH
B sARHRICH LT, FEMA Lk 2EE RO T
BPEORBREFTERT LI E-T, BROVEST
BEPRETHIENFTELTHS ), 22T, LA
BAOTEERDTAZ L, ()RPLTRDLI I
EHTE D,

R-(Lz+T-(n-1)) (6)

Le+R-(n—1)

6) Rick 2L, BWICEZEELFE—ERE DK
BT, n=1»5, BEOFALHTIEEL, R-
(Lz/Le) 7%, $ERMICHEEHOLENERIIFRIC
LDENTE S,

T—-Tn=

Treququ’-l—R-% (7)
Treq: BSTH DB SR (cm)
S: & (cm)

Lf: ¥ &
(7) RTC, Lz/Leffi=0 DB ~HE Treq 1, #EE

— 81—~

Table 2 Required tread dimensions
BEOLBETE
— |

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

(Lf =0.76) (Lf=091) (Lf=092)
0.00 20.5 23.2 23.5
0.10 21.9 ~ 225 24.6 ~ 25.2 249 ~ 25.5
0.20 23.3 ~ 24.5 26.0 ~ 27.2  26.3 ~ 27.5
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 ~ 33.2 30.5 ~ 33.5
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