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Visualization of Injury Hazard of a Playground Equipment using Children Fall Simulator

Yusuke Miyazaki*!, Masaaki Mochimaru*?, Yoshifumi Nishida*?,
Makiko Kouchi*? and Sadayuki Ujihashi*3

In order to clarify and understand hazards lurking in playground equipment, visualization of the hazard is effec-

tive way. Therefore, we developed a method to construct hazard maps of playground equipment, calculated from

simulations, by using computer models of children falling on a playground slide. This method makes it possible to

understand the hazards of playground equipment easily. Full-body multi-body models of children, based on Japanese

data, were constructed. The hazard map of a playground slide was constructed to provide an example of possible

hazard maps of playground equipment. Simulations of children falling on the playground slide were carried out by

using both the multi-body models for children and the playground slide models, which were constructed from CAD

data of an actual slide. The calculated head injury hazard values were mapped on the playground slide model so

as to easily identify hazards. As the results, the maps made it possible to understand easily that the hazard varies

greatly due to initial falling position on the spiral staircase and also children ages.
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Multi-Body Models of Children

Fig.1 Flow of the construction method for multi-body models
of children

Fig.2 3 and 7 years old models
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Table 1 Dimensions of the body

Ref.num ID Dimension Ref.num ID Dimension
8 Do Stature 9 Do Upper limb length
8 D, Weight 10 D;;  Forearm circumference
9 D, Head length 10 D) Forearm breadth
9 D; Head breadth 10 D)3 Radial-stylion length
10 D, Head height 9 | Hand length
10 Ds Tragion to back of head 9 Das Hand breadth
10 Ds Tragion to top of head 9 D26 Index finger depth
10 D, Neck circumference 8 D2y Wrist circumference
10 Ds Lateral neck breadth 8 Dys Thigh circumference
10 Dy Biacromial breadth 10 Dy Trochanteric height
9 Do Chest depth 8 D3 Calf circumference
9 Dn Chest breadth 8 D3, Tibiale height
10 D2 Suprasternale height 8 Ds; Foot length
9 D3 Abdominal depth 9 D33 Foot breadth
10 D Waist breadth 8 D34  Lateral malleolus height
10 Dys Hip circumference 10 Dss Ankle circumference
9 D Hip breadth 9 D3¢ Sitting height
10 Dy Iliocristal height 9 D3, Elbow height, sitting
8 Dig Crotch height 9 Dig Shoulder-elbow length
8 Dy Upper arm circumference
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Fig.3 Joint characteristics of the neck
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Fig.6 Fall positions Fig.7 Direction of fall
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Fig.9 Behavior of the 3-year old model when falling from inside
the 6th step
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Fig.16 Hazard map in the case of “with rail”
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segments

AEGHRAERETHRAATAFELRE L. 5610, AFH
*OHABBMNTRY)AICCHE L, RERICEET 2 BEEE
fabE DO TRIL E ELEEZITV, S OIHREORFICIOVTHR
HEfTo72. FORKE, WENILEFIIKEVE W) SEAR
Bt LOMENT &b OEBBEORBRMICKE (B L
TV I ke, FEHDERIELLEROELIE, KR
DfEREFTAZLT A EAREN. TD X)L, NMEo~
VFEFAETFVERAVEYI2L—varyg LT, #E
DfEMEEZTTHILT 5 Z & 12X ), BEEOGRERT % BRI
A B ENAREE BB E LB, CAD F— % L THATIIXT
WROMFDTEEE 2 b, T2, fElRE~ Y TICXDVHL DI
o fERRERTIZOWT, Y32l —Y a3y THELNLEEZE
B BT 5 2 Lk ), FREROZEMAIREE 4 5.
LSHOBEE LT, —DRAKYI2L—TaryETNVESE
B~ v 7ORERN LB X ORISR o N5, MR Lo
BT, ISR O AB OREEN % M#1TE &2 £ T VLT &
TWARWI EHRREE LTHETONE, /2, EAMEHRITE
B EEREIT) & BGEMICRTETH 5720, FHig)—
NRAFG VAV AT LATIESN D EER T 2L, Fig
BHYIaL—Taryx#)RLTH 2 LICEY, falRE~ Y
TBEPYIaL—YaryEFLVOBERZNLELTWL ZEN
VETHA.

2 £ X M

[1] PaHfES, R, WHHESE | <ARERIC L 2 FIOMIERE",
HigH — A 7> A 70T x 7 MREH, pp.11-16, 2006.

[2] P. Davidson, D. Chalmers and S. Stephenson: “Prediction of
Distal Radius Fracture in Children, using a Biomechanical Im-
pact Model and Case-Control Data on Playground Free Falls,”
Journal of Biomechanics, vol.39, pp.503-509, 2006.

[3] American Society of Testing and Materials: Standatd Specifi-

cation for Impact Attenuation of Surfaceing Materials Within

the Use Zone of Playground Equipment, F1292-04, ASTM Des-

ignation, 2004.

British Standard Institution:

ground Surfacing—Safety Requirements and Test Methods,

BSEN1177, 1998.

[5] H. Cheng, L.A. Obergefell and A.L. Rizer: “Generator of Body
Data (GEBOD) Manual,” Report no.AL/CF-TR-1994-0051,
Armstrong Laboratory (WPAFB), 1994.

[6] K. Mizuno, K. Iwata, T. Deguchi, T. Ikami and M. Kubota:
“Development of a Three-Year-Old Child FE Model,” Trafic
Injury Prevention, vol.6, no.4, pp.361-371, 2005.

[4

Impact Absorbing Play-

Sept., 2008



FERETEOEE Y I 2 V-5 IC L 2 EEOEEBECKREO TR

(7] BEA%5@HE
%), 2001.

[8] HaKeHs LR S AIHHE S, MEEARMZ LS, 1973,

[9] EREERS THEBE, HABKTS, JIS KEH 1 XHEER#ES
HA N D EAETA S & — BERICH O I EE R D 720 D — (1978
F~1981 ), HABMEHS, 1984,

[10] G. Snyder: “Anthropometry of Infants, Children, and Youths
to Age 18 for Product Safety Design,” Prepared for Consumer
Product Safety Commission, Report UM-HSRI-77-7, Univer-
sity of Michigan, 1977.

WRERBH GRS ATRIE T B B TR L7 S~ (Bt

567

[11] J.T. McConville, I. Kalpes and J. Cuzzi: “Anthropometric re-
lationships of body and body segment moments of inertia,”
AFAMRL-TR-80-119, pp.1-109, 1980.

[12] J.K. Yang et al.: “Development and Validation of a Human-
Body Mathematical Model for Simulation of Car-Pedestrian
Collisions,” Proceedings of IRCOBI Conference, pp.133-149,
1997.

(13] B, I, FRLER | “HARAGDEO FHRBS R, &
HYHIE, vol.31, pp.53-66, 1986.

EEtEN (Yusuke Miyazaki)

2006 4F BT RF R P B MRS S A4
5T, it (%), 2006 4 & ) &IRASERE
FUFZERBY T2 45T 2007 4 & Y MKEM%K. BAE
CEL. FUIIN-a—<YEF) Y TICHKE
b, HRE2ZTDLNEDET) ¥ 7 ROGERIT
T AR T - T b, HAKMYS, BB
Hitis, HAMENRFRARE (HAO KXy MEEFELE)

FEA{ES (Yoshifumi Nishida)

1998 FEHUGT RS RAEBER T S iR 7.
it (L5, [FAEEFHA ST 7ERT AFT. 2001
EEEFMB AT 7Y ¥ vk 2 —< >~ T K%
. BE®T, 2003 EREMEHTTY SV 2 =< R
N 7oty — ABATEBHF — 2 . 2005 4EERFSE
i EAEZEE. FE [HgFHiozoo it
v v T EETHERR OB | (BN REGEH CREST) Offf%E
fFH. NTHEEYSE, IEEE O&H. (HAOKy FV2EIERH)

. FAEE= (Sadayuki Ujihashi)

B 1971 SERR TR AT LRE T, i (T
). 1973 FE L D EE TEKRFTHETF. 1994
&0 FIRFERF ISR T ek 8%, Bt
WKED, AR—VTE -RETHF -NAF XA h=V
A EOFHFTABICE > TEICKETHE L T
OB LIECTHMICET 252170 TV 5.
ISEA #EEREHAH 3, IMechE Journal BliREE, JSEA ZEE,
HAZA R =V EEFRHE, HABMESR 7 zu—, OARME%ES
H, HAMEAME#E&A.

HADTKR Y PFEREE 26 %6 5 —99—

¥EAIERR (Masaaki Mochimaru)

1993 FERERARFRERELREE 7. #: (T
). 1993 4E & 0 THbeA &y T2 T 3Hatrr e i
FeH. 2003 FELVERFT I N 2 —~< VT
try—Rtry—K BEICES. AR - E
BOEHA, €7 VAL, EFEICHICET 2FFEICHES.
IEEE, HA#EMYS, HRAABLFESAE

AR E ZFF (Makiko Kouchi)

1979 FEH AR RSP T, Bt
1980 4 L 0 HEUKSEBITF. 1987 4E & ) S RHAHF
JET EAEMIZER. 2007 4F & 1) B AR AR TR
FEMER. AMRORER AR IZBR 2 H, i
e ETIAL, ZFOREECHICET 2%EEIT-
TWwa. HRAEYSR, HRAABL¥A%

2008 % 9 H



