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Summary

A so0il hardness meter with strein gages was developed in order to measure the hard-
ness of the soil,

Soil hardness tests were conducted at the laboratory based on this measuring system.

Also, these results were compard with that from the cone penetrometer which is wide
-ly used for this purpose.

The following conclusions were drawn from the results.

1. Since the correlation coefficient of calibration curve obtained from the soil hard-
ness meter with strain gages was 0,99876 and that of calibration curve obtained from
the cone penetrometer with dial gage was 0.97150, the soil hardness meter with  strain
gages was more reco mendable than that with dial gage for this purpose.

2. Standard deviations of soil hardness for sands and soil of paddy field when the soil
hardness meter with strain gages was used were 6.794 and 8.271, respeitively and that
of soil hardness for sands and scil of paddy field when the cone penetrometer with dial
gage was used were 7.490 and 9.169, respectively.

Thus, the soil hardness meter with strain gages seemed to have lower measuring error

than with dial gage.
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Fig. 1. Ring element for elastic analysis,

F: Vertical load
Mo: Moment
b: Width

P: Horizontal load
8: Angle r: Radius
t: Thickness

E: Modulus of elasticity
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Fig. 2. Basic wheatstone bridge circuit,
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Schematic diagram of the ring type load

cell.
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Fig. 4. Schematic diagram of the soil hardness

meter.
G G G G : Strain gages
A Cone
74 E
L. F &+

AE# Ql AolxE FIFs BFT +i1E
BEGE EEA7n 0kg7hx] B FE
S BRERo R ity Straind HlEstS
Calibrationsh 4 0.0] BEFE S A5  Lo#es) 7]
&l StrainfllFE sl el Dial gages Kt
Hebe Dial gageell %3 Calibration®. ¥ {7
sh4le}.

U SR #%

BERR HE 235442 2e] Strain
gage B o]-8% HMEEE 2] Calibration i
BL FHIRE® ) 0.998760| 9 276 oA
9} 7ol Dial gage® FIRIRH BLFF HE#2l

Calibrationgh #%-2 B 7L 0.971500] ¢cl,

alel 4 Strain gage®s FIAISE 7 o] Dial
gages FIHIT e e 44 o +2 H#H

s B E@Y fiEe ATHELS F¥
Fa dd,
Y
10}
Y =0.02125X
W ¢ =0.99876
Fo0r
. |
wf
X

500 1000 1500 2000
S train ()

Fig. 5. Calibration curve of the soil hardness

meter.
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Fig. 6. Calibration curve of the cone penetroemeter.
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in sands,
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Fig. 8. Relation between soil hardness and depth

in soil of paddy field.
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Table 1. Standard deviation of the soil hardness
in sands,
Classi. | Soil bhard- Cone penetro
No. ness meter meter
1 6, 880 7.926
2 6.795 7.889
3 6.951 8.098
4 6.743 7.201
5 6.603 6. 967
Mean 6.794 7.490
Table 2. Standard deviation of the soil hardness
in soil of paddy field
Classi. | Soil hard- - Cone penetro
No. ness meter meter
1 8.330 9.289
pA 8,218 10. 206
3 8.009 9.449
4 8.516 8.524
5 8,282 8.338
Mean 8.271 9.161
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