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Summary

Agricultural materials do not react in a purely elastic manner, and their responses when sub-

jected to stress and strain are appeared from a combination of elastic and viscous behavior.

Various researchers have studied the mechanical and rheological properties of the many

agricultural materials, but those properties are available mostly foreign varieties of agricultural

products.

Rheological properties of rice seedlings become important to formulate the principles govern-

ing their mechanical behavior.

The objectives of this study were to experimentally determine the stress relaxation properties

of rice seedlings such as three Japonica-type and one Indica x Japonica hybrid in the transplanting

age.

The results of this study are summarized as follows;

1. The stress relaxation behavior could be described by the generalized Maxwell model.

2. The phenomenon of stress relaxation happened abruptly just after loading and this phenome-

non weakened with the loading time lapsed.

3. With increase of the initial stress, the stress relaxation intensity and residual stress increased,

while the relaxation time was constant with increased, while the relaxation time was constant

with increase of the level of initial stress.

4. With increase of loading rate, the stress relaxation intensity increased, while the relaxation

time and residual stress decreased.
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Fig. 1. Generalized Maxwell model (a} and the stress

_ strain — time behavior (b).
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Table 1. Agronomic data of rice seedlings.
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In. x Ja. hybrid* Japonica-type

Agronomic data

Samkang Chuchung Seomjin Dongjin
Plant length, mm 190 244 260 260
No. of leaves 3 3 3 3
Equivalent stem dia., mm 2.3 2.4 2.0 2.2
Cross-section area, mm? 4.2 4.4 3.1 3.8
Moisture content, % (w.b.) 81.0 77.0 75.8 80.0

In. x Ja. hybrid*: Indica x Japonica hybrid
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Table 2. Experimental and predicted values of the stress relaxation for Samkang rice seedling

Time Experimental values Predicted values Absolute difference
s kPa kPa kPa
0 640 639 1
1 509 511 2
2 444 443 1
3 406 405 1
5 368 367 1
7 342 344 2
10 321 321 0
15 294 293 1
20 271 272 1
30 244 244 0
50 220 218 2
80 202 203 1
130 187 189 2
180 179 177 2
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Fig. 2. Effect of initial stress levels on stress relaxation
for rice seedlings at the rate of loading 1.5 mm/min,
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Table 8. Parameters of generalized Maxwell model as related to initial stress for Samkang rice seedlings.
Rate of Initial
loading stress 0y 71 02 T2 03 73
mm/min kPa kPa % ] kPa % ] kPa % ]
545 271 49.7 934 96 17.6 17.8 179 32.8 1.14
1.5 640 294 45.9 3323 180 28.1 22.9 166 25.9 0.91
805 397 49.3 1322 241 29.9 19.0 167 20.7 1.32
537 182 33.9 798 109 48.8 9.2 94 17.5 1.08
5.0 636 212 33.3 1003 184 28.9 14.2 285 36.9 1.52
726 299 41.2 791 189 26.0 15.1 287 32.6 1.01
565 163 28.8 574 145 25.7 8.7 257 45.5 0.46
15.0 677 315 46.5 932 181 26.7 13.9 179 26.4 1.21
702 324 46.2 1294 184 26.2 9.1 195 27.8 1.93
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Table 4. Relaxation intensity and residual stress of generalized Maxwell model as related to initial stress for Samkang

rice seedlings.

Stress (kPa)

Rate of Initial Residual stress
loading stress 01/Ty 03/T3 a3/Ts after 60s.
mm/min kPa kPa %
545 0.290 5378 157.222 257 47.16
1.5 640 0.088 7.834 151.611 302 47.19
805 0.300 12,696 220,329 390 48.45
5387 0.229 28.569 96.704 169 $1.47
5.0 636 0.212 12.965 154.736 202 31.76
726 0.879 12.564 234,713 281 38.71
565 0.284 16.635 561.144 147 26.01
15.0 677 0.338 13.022 148.111 298 44.02
702 0.250 20.092 375.867 310 44.16
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Fig. 3. Effect of rate of loading on stress relaxation Fig. 4. Stress relaxation curves for rice seedlings at
for Samkang rice seedling, the rate of loading 15.0 mm/min.
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Table 5. Relaxation intensity and residual stress of generalized Maxwell model as related to rate of loading for rice

seedlings.
Rate of Residual stress after given time
Variety :::i/l:lgjn o /7y 02/T2 03/T3 5s. % 308, % 60n, %
1.5 0.088 7.8 151.6 68.8 53.1 47,2
Samkang 5.0 0.286 11.6 163.0 57.0 38.1 83.0
15.0 0.293 17.2 368.3 55.0 39.8 37.2
1.5 0.531 13.5 156.8 68.4 50.5 45.6
Dongjin 5.0 0.348 10.7 321.5 62.8 47.9 43.2
15.0 0.358 11.5 596.5 50.0 38.9 36.4
1.5 0.263 9.3 149.7 66.3 51.3 47.1
Seomjin 5.0 0.344 149 228.8 62.4 47.2 43.5
15.0 0.335 11,3 494.1 47.0 36.7 34.6
1.5 0.299 10.1 130.6 68.2 54.4 51.2
Chuchung 5.0 0.488 16.5 231.0 63.7 44.7 43.2
15.0 0.271 12,3 496.2 52.1 41.4 39.4
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