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Abstract

Plays are a fundamental part of the childhood experience. Unfortunately, play-related
injuries pose threats to children’s life. We studied 1531 trauma cases of children below 12 years
old admitted national Cheng Kung University hospital in Tainan during the period 2000 to 2001.
The results showed that most accidents occurred at scene of family, and the most common causes
of injury were fall and dlip accidents (57%). The incidence of craniofacial injuries approached to
70% in the cases, which were almost impact to a hard or sharp object. Hence, a shock absorbing
material is needed at the ground and wall around the playground to prevent severe head injuries.
Rubber mats are popular in Taiwan and provide a shock absorbing capacity around the
playground surface. But, the thickness of rubber mat should be more than 60 mm such that it
could provide an appropriate shock absorbing capacity to prevent a severe head injury. Moreover,
a cushioning structure design (such as sguare concave) in the rubber mat could enhance the
shock absorbing capability.

Keyword: head injury, playground safety, impact, standard



( ) [1.2]
(U.S. Consumer Product Safety Commission; CPSC [3])

172,200 75%
(58%) (17%) (70%)
(24%) (6%)
90% [2]
55%
[4-7] 160 mm
(Head Injury Criterion; HIC) [8] 200G 1000

(critica height)



(carbon black)
25 45 60 80 100mm

25mm 45mm

(density)

12
Glasgow coma scale [9]
ASTM
[6,7] (accelerometer, 356A02 (500G) PCB Piezotronics, INC., USA)

80mm (4.6kq) y



0.3m 0.3m
200 G
USA)
15 25 45 60 70mm
1.
2 (HIC [8])
l 5 25
t
HIC {HJ‘” a(t)dt} i, —t,)
t a(t)
1531
(18.1%) (11.3%)
(18.1%) (13.2%)
(45.5%) (26.9%)

(19.8)

(DAQCard-6062E, National Instruments,

500mm
a4
G HIC
1000
12
63.4%
(7.2%)
34.4% 22.2%
(5.3%) (4.8%)

48.7%



65.3% (26.5%)

(4.2%)
49.0% 44.1% (11.2%)
(28.8%) (20.4%) (19.2%)
(46.2%)
A B C D 736 893 750 726kg/m®
15mm
0.6m 300G ASTM [6] CPSC [4]
200G 25mm 0.8m 45mm 1.9m
60mm 2.7m HIC
HIC=1000
45  60mm HIC
(compliance)
[4,10 ]
1.8m 2.5m
60mm
(square concave) (round bulge)
(square bulge) (plane)

21% HIC 44%



57% 69.8%

60mm 1.8m 2.5m

[1] Alwash R. and McCarthy M., Measuring severity of injuries to children from home
accidents, Archives of Disease in Childhood, 63:635-638, 1988.
[2] DOH81-TD-53

[3] Tinsworth, Deborah Kale, Kramer, John T., Playground equipment-related injuries and deaths,
U.S. Consumer Product Safety Commission, Washington, D.C. 20207, April 1990.

[4] CPSC #325, Handbook for Public Playground Safety, U.S. Consumer Product Safety
Commission, Washington, D.C. 20207.

[5] CPSC #1005, Playground Surfacing Materials, U.S. Consumer Product Safety Commission,
Washington, D.C. 20207.

[6] F 1292, Standard Specification for Impact Attenuation of Surface Systems Under Around
Playground Equipment, ASTM, PA, U.S,, 1999.

[7] F 355, Standard Test Method for Shock Absorbing Properties of Playing Surface Systems and
Material, ASTM, PA, U.S,, 1986.

[8] Collants, Margarita, Evaluation of the importance of using Head Injury Criterion (HIC) to
estimate the likelihood of head impact injury as a result of a fall onto playground surface
materials, U.S. Consumer Product Safety Commission, Washington, D.C. 20207, October
1990.

[9] Teasdale, G. and Jennett, B., Assessment of coma and impaired consciousness. a practical
scale, Lancet, 2:81-84, 1974.

[10] CNS 12642, —



277
166
11
973
22
25
69
126
454
183
12
76

173
24
38
35

63

18.06
59.90
41.10
63.43
2.26
2.56
7.09
12.9
46.65
18.80
1.23
7.81
0.60
11.28
13.87
21.90
20.23
5.20
36.41
0.50
1.73
1.24
1711
46.84
6.30
1.80
9.00
18.92




201
51
62
72
16

338

154
91
67
25
524
56
255
35
39

125

e SN
OO Owo

O

SN

PR RRONPFPWNENONOWOIN
(s NeclNe)) =

276
90

26
103
17
37

13.18
25.37
30.85
35.82
7.96

22.16
0.29
45.46
26.92
19.82
7.40
34.36
10.69
48.66
6.68
7.44
0.57
0.38
23.85
191
4.79
53.42
21.92
2.74
6.85
411
10.96
1.90
20.69
6.90
48.28
24.14
0.20
33.33
66.67
5.31
4.94
19.75
59.26
16.05
18.10
32.61
0.14
9.42
37.31
6.16
13.41




1003 65.34

5 0.05
112 11.17
442 44.07
491 48.95
7 0.07
12 0.12
65 4.22
4.62
1 1.54
30 46.15
1 1.54
7.69
24 36.92
407 26.45
78 19.16
39 9.58
12 294
24 5.89
18 4.42
83 20.39
35 8.59
117 28.75

44 10.81




Acceleration (G)

350

300
250 -
200 -
150 -
100 ~ ——=— 60mm
- —— 45mm
50 ——— 25mm
- —@— 15mm
0 T T T T T T T T T T 1

00 03 06 09 12 15 18 21 24 27 30 33
Height (m)

10



2500 -
2000 -
c
O -
I3
‘= 1500 -
@)
E\ 4
=
£ 1000 4
IS
o . ——+— 60mm
I
500 + 45 mm
——— 25mm
l —@— 15mm
0 1 1 1 1 1 1 1 1 1 1 1
00 03 06 09 12 15 18 21 24 27 3.0 33

Height (m)
C HIC

11



Acceleration (G)

3507 —@— Round bulge
1 —f— Plane
300 —— Square concave
1 —— sSquarebulge
250 -
200 -
150
100
50
0 ) T T T T T ) 1
0.0 0.3 0.6 0.9 1.2 15 1.8 2.1

Height (m)

45mm

12

2.4



2500 A

2000 -

1500 -

1000 -+

Head Injury Criterion

500

*hte

Round bulge

Plane

Square concave

Square bulge

0.9 1.2 1.5
Height (m)

45mm

13

1.8

2.1

HIC

2.4



