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Studies on Rheological Properties of Rice Plants
at the Booting Stage
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Summary

Rice plants are subjected te various forces such as natural force of wind and mechanical force of culti-

vating machines.

a

Rheological behavior of the rice stem can be expressed in terms of three variables © stress, relaxation

nd time.

The objectives of this study are to examine stress relaxation, creep and recovery characteristics on

the rice stem in case of axial and radial loading, Stress relaxation with time was studied on three levels

Q

Do

-]

f loading rate and on four levels of applied stress.
The results were summarized as follows :

. The hysterisis losses of the rice stem distinctly observed at the radial compression in comparison
with axial compression. The hysterisis loss implied that the stem to.absorbed energy without being
deformed beyond the yield point.

. Ageneralized Maxwell model consisting of three elements gave a good description of the relaxation
behavior of the rice stem. Rate of loading was more significant on the observed relaxation behavior
within the short relaxation time, but there were little influences of rate of loading on the relaxation
time. .

. The stress relaxation intensity and the residual stress increased in magnitude as the‘appzlied stress
increased, but the relaxation time was little affected by the applied stress.

. The coefficients of the stress relaxation model showed much differences in the radial c:ompression
and the axial compression, especially the higher relaxation stress of the third element was observed
in the radial compression.

. The behaviors of rice stem in creep and recovery test also might be represented by a four element
Burger’'s model. But the coefficients of the creep model were different from those of the recovery
model.

. The steady-state phenomena of creep appeared at the stress larger than 20 MPa in Samkang and
1.8 MPa in Whajin. )

. The elastic modulus of the stem showed the range from 40 to 60 MPa. It could be considered, as

a result, the rice stems had viscoelastic properties.
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Table 1. Agronomic data of rice plants.
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Data Japonica-type Indica Japonica
Whajin ' Samkang
Seeding date 89. May. 18 89. May. 20
Booting stage Aug. 3—Aug. 13 Jul. 31—Aug. 9
Plant length, mm 930 873
Cross-sectional area, mm?* 24.2 275
Moisture content, % (w.b.) 80.3 79.5
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Fig. 1. Hysterisis curves of rice stem.
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Fig. 2. Effects of rate of loading on stress

relaxation for Samkang rice stem.

Table 2. Parameters of generalized Maxwell model as related to rate of loading for Samkang.

Rate of o1 1) o2 Ty a3 T3
loading —
mm/min kPa % s kPa % s kPa % s
1 1295 70 1430 353 19 31.0 210 11 3.5
4 1261 68 1259 361 19 29.3 235 13 2.3
20 1214 65 1189 366 20 20.8 279 15 1.8

Table 3. Relaxation intensity and residual stress after given time of generalized Maxwell model as re-

lated to rate of loading for Samkang.

Rete of Relaxation intensity Residual stress
loading kPa/s %
mm/min (o234} G2T2 T3T3 5s 30s
1 09.1 114 60 88 75
4 1.00 12.3 103 85 73
20 1.02 176 154 81 68
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Fig. 3. Effects of initial stress levels on stress

relaxation for Samkang and Whajin.
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Table 4. Parameters of generalized Maxwell model as related to initial applied stress.

Initial o1 T o2 Tz oz T
Variety stress
kPa kPa % s kPa % s kPa % s
607 387 64 2003 113 19 20.0 105 17 14
Samkang 1070 725 68 1455 191 18 227 154 17 21
1596 1070 67 1259 303 19 24.0 222 14 2.3
2746 1977 72 1106 489 18 25.1 278 10 25
645 450 70 2675 112 17 20.5 83 13 1.8
Whajin 1115 693 62 1865 262 23 20.1 149 13 19
1910 1172 61 1271 445 23 20.5 203 13 20
2640 1740 66 1088 645 24 236 254 10 1.7
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Table 5. Relaxation intensity and residual stress of generalized Maxwell model as related to inital

applied stress.

Inital Relaxation intensity Residual stress
Variety stress kPa/s %
kPa G/t Go/Ty o3/t 58 30s
607 0.19 56 75 71 61
Samkang 1070 0.50 84 73 83 71
1596 0.85 126 96 84 71
2746 1.16 195 111 88 75
645 0.17 55 46 84 73
Whajin 1115 0.37 13.0 78 82 67
1910 0.92 217 146 81 65
2640 1.60 273 149 86 71
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Table 6. Stress relaxation properties of rice stems subjected to radial loading

Variety é?llgsasl ik & 2 © = "

kPa kPa % s kPa % S kPa % s

574 372 65 2737 86 15 234 116 20 1.7

Samkang 776 420 54 2448 145 19 13.7 210 27 14

995 556 56 1978 180 18 11.2 259 26 1.2

671 384 57 1912 92 14 15.8 195 29 20

Whajin 1136 649 57 1864 209 18 13.6 278 25 .1.4

1500 878 59 1776 228 15 117 394 26 1.1

Table 7. Relaxation intensity and residual stress of rice stems subjected to radial loading.

Inital Relaxation intensity Residual stress
Variety stress kPa/s %
kPa o/t G2/Ta 03/Ts 5s . 30s
574 0.14 3.7 68.2 78 68
Samkang 776 0.17 106 1504 68 56
995 0.28 16.1 215.8 68 56
671 0.20 5.8 975 69 58
Whajin 1136 0.35 154 198.6 70 58
1500 0.49 19.5 357.3 69 59
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Table 8. Parameters of model for Samkang subjected to axial and radial loading.

Initial oy () T O3 T3
L??gieng sir}e)zss kPa % kPa % s kPa % s
Axial 913 609 67 1705 189 21. 18.3 115 13 1.6
Radial 911 592 65 2339 141 16 11.2 177 19 1.3
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Table 9. Relaxation Intensity and residual stress of Samkang subjected to

axial and radial loading.

Loading Inital Relaxation intensity Residual stress
type stress kPa/s %
kPa Gi/T C2/T2 G3/Ts 58 30s
Axial 913 0.36 10.3 71.3 83 70
Radial 911 0.25 12.6 136.2 75 65
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Table 10. Coefficients of Burger’s model for rice stems.
Applied Coefficients
Variety stress -
MPa Ci 1072 C: 1073 C; 1072 G107
0.844 245 7.43 2.09 1.03
Samkang 1.390 1.87 5.28 3.22 151
1.861 1.58 4.78 6.93 245
1.212 212 6.45 2.77 1.86
Whajin 1.560 1.98 5.54 5.21 2.34
L 1.805 1.88 5.07 7.96 10.98
Table 11. Parameters of Burger’s model for rice stems
Applied Parameters
Variety stress -
E, E, T Ny
MPa MPa MPa S MPa s
0.844 409 134.6 479 97 100
Samkang 1.390 53.5 1894 311 66 200
1.861 63.3 209.2 144 40 800
1.212 47.1 155.0 36.1 53 700
Whajin 1.568 50.5 180.5 19.2 42 700
1.805 53.1 197.2 12.6 91 10
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Fig. 8 Creep and recovery curves for Samkang Fig. 9. Creep and recovery curves for Whajin

subjected to axial loading. subjected to axial loading.

Table 12. Coefficients of Burger’s model for creep recovery behavior.

) Applied Coefficients
Variety Property stress - -
kPa Ci 1072 C, 1073 C; 1078 Cs 1073
Samkang creep 2037 1.68 6.42 3.50 1.81
recovery 2016 1.21 5.04 541 0.37
Whajin creep 1463 1.55 6.61 4.46 2,53
recovery 1450 1.33 4.17 5.62 04
Creep compliance : D{t) =C,+C,(1~Exp(—Cs - 6)]+C, - t
Recovery : D(t)=C,—C,(1—-Exp(=Cs- t))—C, - t
Table 13. Parameters of Burger's model for Creep and recovery hehavior.
Applied Parameters
Variety Property stress
kPa E, E: Tk N
MPa MPa s MPa s
Samkang creep 2037 59.5 106 286 55 200
recovery 2016 82.6 198 185 268 100
Whajin creep 1463 64.5 151 224 39 500
recovery 1450 75.2 240 17.8 227 000
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LIST OF SYMBOLS

Ci=coefficient of burger’s model
D=1/E=instantaneous elastic
MPa!

D.=1/E.=retarded elastic compliance, MPa

compliance,

~-1
D.=1/E.=retarded elastic compliance of Kelvin
. element, MPa™?
D(t) =¢(t) /o, = creep
MPz!

E =axial elastic modulus, MPa

compliance function,

E.=instantaneous elastic modulus id Burger’s
model, MPa
E.=retarded elastic modulus of Kelvin element,
MPa
E(t) =c(t) /e,= compressive relaxation
modulus dashpot

t=time, S
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;= 1/i= parameter of the i-th Maxwell element,
g

g,=1initial strain for relaxation

g(t) = strain at time t

1, = viscosity of the free dashpot of the Burger’s
model, MPa—s

o=nominal stress, MPa

o;=initial stress of the i-th Maxwell element,
MPa

o, = constant stress of Burger’s model, MPa.

o(t) =stress at time t, MPa.

;= relaxation time of the i-th Maxwell element,
s

. =retardation time of the Kelvin element, s
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