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A Study on the Hardness of Elementary School Grounds
—In the North of Nagano Prefecture—

Iwao MARUTA, Yoshiki YAMADA and Yukihiro ToMITA

The surface soil of playgrounds was influenced by natural environment such as rain, wind,
dryness and so on. It should keep moderate hardness, elastic, and moisture content.

The purpose of this study was to make clear the hardness of the surface soil mechanics
on the school grounds.

We selected 10 elementary schools in NAGANO. Items of hasdness test were

1) Penetration test by proctor’s needle.

2) Shearing test by pulling down a spike.

3) Elastic test by percution soil pressure.
Items of physical test were

1) Mechanical analysis of the surface soil.

2) Moisture test.
3) Permeability test.
The following results were obtained;

1) The significant correlation between penetration resistance (¢6.5 mm) and shearing

resistance marked (p<0.001).

2) The significant correlation between penetration resistance (¢6.5 mm) and moisture

ratio was marked (p<0.05).

3) The significant correlation between shearing resistance and moisture ratio was

marked (p<0.01).

4) The hardness of the badly drained increased more than that of the well drained.
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Table 1. Moisture ratio

Elementary school Motsture ratio
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Penetration resistance (lbs) A1 6 1
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Table 2. Mechanical analysis of the surface soil
Grain size
Elementary Unifﬂ%rmity
school under coefficient
4.8 mm 2.0 0.85 0.4 0.25 0.11 0.075 0. 075 mm
A-1 0.4 18.1 48.3 72.4 85.6 95.9 96.9 100 5.50
A-2 0.1 9.6 44,2 69.1 81.1 96. 6 97.5 100 5.41
A-3 0.7 7.8 25.1 45.4 61.2 89.8 92.3 100 4,55
A- 4 0.2 16. 6 46.9 67.0 78.0 93.8 95.7 100 6.13
A-5 0.0 10.8 41.5 62.8 76.0 94.7 96.0 100 5.87
A-6 0.6 12.4 43.8 68.0 81.4 94.9 96. 3 ~ 100 5.83
A-17 0.3 3.8 33.5 58.2 71.5 95. 4 97.3 100 5.07
A-8 0.3 16.6 46. 6 62.3 71.3 91.2 94.7 100 9.17
A-9 0.0 15.4 40.0 64.5 79.8 95.7 96.9 100 4,94
A-10 0.0 5.4 26. 6 48.4 65.1 94. 2 96.8 100 4.14

Table 3. The results of permeability test in
elementary school

Ele;x;ggg?ry 1st drop dsr‘;riffge Last drop
A-1 213"/ 316" 11707"
A-2 95217 14/06" 2900
A- 3 12/33"" 2302 30730”
A-4 8/45/ 127417 18706
A-5 636" 11/50" 18700”
A-6 4371 735" 9'30”
A-7 15/37" 16/40" 2518
A-38 1520” 397487 59750
A-9 139" 406" 8/51”
A-10 15734 25700 39'10”
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Fig. 6. The relationship between hardness and
moisture ratio in elementary school
grounds
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