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Evaluation of staircase accidents using 3D virtual simulation based
on behavioral characteristics of the elderly
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ABSTRACT: Due to the rapidly aging population, the death rate of elderly people by safety accidents has been increasing. In particular,
precautions are needed for falls prevention because they either directly or indirectly cause death. In the case of elderly people, most of
the fall accidents occur in dense residential areas, and particularly, the staircase poses a risk of falling. Therefore, a safety assessment
should be performed from the design phase. However, in general, staircases are designed using existing stair data or only aims to satisfy
the installation criteria. Laws and regulations only define minimum requirements for safety, so it is not possible to prevent fall accidents
even if they satisfy the requirements. Therefore, this study proposes a simulation-based method for evaluating the safety of staircases.
The behavioral characteristics of the elderly are implemented to an virtual user in a virtual space including staircases, and fall accidents
are evaluated by the evaluation logic related to the behavioral characteristics. The result shows that the safety of staircases can be pre-
evaluated and reflected on the design to reduce the possibility of fall accidents of the elderly.

KEYWORDS: Pre-Occupancy Evaluation, 3D Simulation, Virtual Space, Virtual User, Behavioral Characteristics, The Elderly
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Table 1. Types of elderly welfare facilities
(Ministry of Health and Welfare, 2017)

Category

From

Type of facility

Living
Institution

Residential

e An institution for older persons
o A communal living home for older persons
A welfare house for older persons

Medical

e A sanatorium for older persons
o A medical treatment and communal living home
for older persons

Welfare
Institutions
for Older
Persons

Leisure
Institution

at Home

o Commuting-System Welfare Facility for Older
Persons at Home
- Visiting medical treatment services
- Day and night protection services
- Short-term protection services
- Visiting bath service

Leisure

o A welfare center for older persons
¢ A center for older persons
o Educational courses for older persons

 Agencies helping older persons land a job under Article
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Table 2. Installation standards of the staircase
(Ministry of Land, Infrastructure, and Transport, 2017)
Category Content
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Table 3. Installation standards for elderly welfare facilities
(Ministry of Health and Welfare, 2017)

Category Content
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Table 4. Relational factors of falls accidents
Researcher Subject Element Relation
Yoon (2008)  [The Effect of Stair Depth on Ground Reaction Force Parameters|  Stair width

A Study about Physical Change According to the

Kimetal. (2003) Difference of Stair Height in going up Stairs Step height
Kim (2003) | A Study on the Design of Optimum Dimension of Staircase slope
Ché%%g; a A Study on the Safety of Stairs for Multi- family Housing llurnination
Moonetal. | Housing Circumstances of the Elderly Households \Who Safety i
(2004) Live Alone orwith Spouse  9rip

Parketal.  JAn Analysis of Gait Variables by Muscle Strength Imbalance off - strength of lower
(2012) Low Extremity and Descent-Stair Walking in Elderly Women extremity

leeetal.  |The Effect of the Stair Heights on the Gait Patternin Stair-

(2007) Descent Activty of Elderly Persons Knee moment

Junetal, (2008 A Kinetic Analysis of the Lower Extremity during Walking

on Three Different Stair width in Healthy Adults Hip joint morment
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Table 5. Anthropometric data of the elderly

Category Measurement
Stature 1654 cm

Weight 67.1kg
Chest Breadth 30.7cm
Biacromial Breadith 380cm
Hip Width 323
Chest Depth 223

Hip Depth 218

Waist Circumference 236cm
Chest Circumference 95.8cm
Hip Circumference 923
Waist Circumference 87.8m
Foot Breadth 10.1cm
Foot Length 250cm
Outside Leg Length 100.1cm

Hip joint moment -747°

Vision 0.6 diopter

H
N
k
o2
>
o2
fﬂ

EETT2Y

0
]

b

~

z
>

0
Rl
rir
OH
|-\.I
0Bl

4749 A7 E|7| mE0l A 27t S
P @AE X|IHCHShin, 2016). W2kA 7t
h OIME AlSE|0|d HIIE flsll 7HIARZAL
AL M| st F

tHo| EHol,
ol 7HIARZ AL
(Cacioppo et al, 2000).

St | —
B2 F=QASEA

>

%

—~ n O

fjo an'E

[T

0

® =

N v

= 3

-
2]
ton

10
41

%
0]
P
il

EEIC nEX}
tEfLEZ | o= o]
off twhah A &

A0
0z
>
=l
lo

H

n
1
0
|0
HuU
—
0>
o
100
ikl
0 Fo
B
10
|'II
08

nc
i

3

=
Mo
Jon
it
%0)
B
oHl

ol

of

FII]

o
0x
10
Q'E
rir
Ll
30
<
o
m
=
u
o
4 og
30 0
oo

rx
v
1
i
opm
=Oé
04
1o
rn
0K
™
R
N
2
09
|

St 7HSAREAL 7

M oAz
O =
IXE JIAIR RIS HEEN @

o 4]
3R
Do
5 =2
o Al
@ o
(oo el
o rfr
H1 Fo
W P>~
Ll 1
B H
O MUh

0
i
o
b
o
o

Table 6. Elderly virtual user components

class 1 class 2 class 3 code
Gender Man B1
Age 65~69 B2
Stature B3
Biological P— ”
oot Leng
element Physical Bk
Characteristics Hip joint moment B5
Biacromial Breadth B6
Vision B7

Table 7. Criteria on safety evaluation of staircase

Index Category Index Category
1 Height of handrail 5 Width of staircase
2 width of tread 6 Height of landing
3 Height of riser 7 width of landing
4 slope 8 lluminance
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Figure 1. Calculating evaluation value by linear interpolation
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Figure 2. Evaluation model conceptual diagram
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E2=(4*((EM2—60)/(B4*0.9+60)* W1) —3.2)/0.4
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Table 8. Overview of evaluation building

Category
Plan
Location Yeonhui-dong, Seo-gu, Incheon
Zone/District 2nd dlass residential district / District unit planning area
Use of a building Facilities for older persons and children
1st floor 11017 m*
2nd floor 11017 m*
Total fl
ol floor area 3rd floor 7954
Total 299.88 m*
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Table 9. Evaluation results

Figure 5. Virtual user with behavioral characteristics
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Category Elderly Adult
Height of handrail 1.893 1.393
width of tread 0 0
Height of riser 311 3919

slope 2343 3.036
Width of staircase 0 3466
Height of landing 3719 4
width of landing 2750 2750

lluminance 0 4
Result 1.73 282
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Table 10. Staircase values for the elderly’s safety

Category Measurement Unit
Height of handrail 90.97 a
width of tread 285 mm
Height of riser 160 mm
slope 3227 °
Width of staircase 950 mm
Height of landing 1800 mm
width of landing 1200 mm
lluminance 150 Lux
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