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Stress Relaxation Properties of Cucumber under Bending Moment

KKH" LTI FhER
C. H. Song M. S. Kim J. M. Park
Summary

Stress relaxation behaviors of the cucumber under bending moment were tested with UTM at three
levels of loading rate and initial deflection ratio. Sample cucumber was selected from three cultivars
of cucumber, Cheongjangmadi, Baekdadagi, and Gyeousalicheongjang, because these cultivars are the
most popular grown cultivars in Korea. When the bending moment was applied to the cucumber sample,
the effective span between simple supports was held a constant value of 116mm with consideration of
the selected sample length.

The objectives of this study were to develop the rheological models such as linear and nonlinear mo-
dels of the stress relaxation for the cucumber samples, and to investigate the effects of loading rate
and initial deflection ratio on the stress relaxation behavior of the cucumber.

The results of this study may be summarized as follows +

1. Stress relaxation behavior of the cucumber could be well described by the generalized Maxwell

model for each level of deflection ratio. But the stress relaxation behavior of the sample was found
to be initial deflection ratio and time dependent, and it was represented the nonlinear viscoelastic

model as a function of initial deflection ratio and time.

[\

. Stress relaxation behavior of the cucumber samples was very highly affected by the loading rate
and the initial deflection ratio. The more loading rate and initial deflection ratio resulted in the
more initial bending stress and after stress relaxation progressed more rapidly.

3. At the same test conditions, it was found that the stress relaxation rate of Cheongjangmadi was

faster than that of other cultivars.
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Fig. 1. Uniformly tapered beam used for analy-
sis of simple bending of the sample.
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Fig. 2. The experimental equipment for stress

relaxation test.
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Table 1. Parameters of the generalized Maxwell model for the cucumber according to the loading rate

and 1nitial deflection ratio

() =e,[E, exp(—t/t)) +E; exp(—t/t,) +E.]
Culivar | LR | IDR [— L exp.—tn) ¥ Es expl ~ U P
mm/min | mm/mm E, Ex “ © Ee
Mpa. Mpa. sec sec MPa.
0.0431 0.6246 0.1065 8.1494 | 485.5522 | 0.8635 09953
20 0.0863 0.5298 0.9020 85201 | 501.8958 | 0.7140 0.9948
0.1296 04791 0.8192 8.4982 | 506.4197 | 0.6406 0.9948
Cheong- 0.0431 0.6327 1.0604 6.4134 | 3364156 | 0.9485 | 0.9879
jangmadi 60 0.0863 0.5871 0.9730 84065 | 4784054 | 0.6590 0.9948
0.1296 0.5317 0.8826 84198 | 480.9721 | 0.5944 0.9948
0.0431 0.7659 1.3635 12.8941 | 601.8668 | 0.5360 0.9823
100 0.0863 0.6443 1.0431 8.3943 | 462.9019 | 0.6014 0.9949
0.1296 0.5840 0.9433 8.3653 | 459.5897 | 0.5485 0.9949
0.0431 0.6716 1.1543 8.6630 | 511.8736 1.2288 0.9943
20 0.0863 0.5409 0.9313 8.5472 | 5112082 | 0.9899 | 0.9944
0.1296 04773 0.8205 8.6020 | 512.1946 | 0.8717 0.9943
Baekda- 0.0431 0.7565 1.2810 8.6122 | 502.0110 | 1.1969 | 0.9943
dagi - 60 0.0863 0.6020 1.0188 8.5932 | 499.1186 | 0.9576 | 0.9944
0.1296 0.5279 0.8939 8.5871 | 500.6122 | 0.8374 0.9943
0.0431 0.8407 1.4009 8.5363 | 486.9391 1.1752 0.9945
100 0.0863 0.6645 1.1086 8.5694 | 490.6137 | 0.9246 | 0.9945
0.1296 0.5783 0.9631 8.5409 | 487.2356 | 0.8087 | 0.9945
0.0431 0.7423 1.3006 8.6470 | 529.7766 | 1.3780 0.9945
20 0.0863 0.5753 1.0035 8.5824 | 522.8751 | 1.0751 | 0.9944
0.1296 0.4968 0.8714 8.6503 | 531.4799 | 0.9186 | 0.9948
Gyeousali- 0.0431 0.8297 1.4230 8.5408 | 508.8966 | 1.3270 | 0.9945
Cheongjanf 60 0.0863 0.6390 1.0937 8.5589 [ 507.4895 | 1.0251 | 0.9945
0.1296 0.5491 0.9405 8.5789 | 509.2870 | 0.8785 | 0.9945
0.0431 0.9206 1.5549 8.5447 | 496.8171 | 12882 | 0.9945
100 0.0863 0.7034 1.1846 85117 | 493.8729 | 0.9877 0.9945
0.1296 0.6011 1.0119 8.5276 | 4944721 | 0.8434 0.9945
Note : L.R.=loading rate, mm/min
LD.R.=initial deflection ratio, mm/mm
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Table 2. Coefficients of nonlinear viscoelastic model for stress relaxation of the cucumber according

to the loading rate

, LR ole, t) =€*[B exp(—Ct) +D exp(—Ft) + G exp(—Hv) ] —|
Cultivar o 2
mm/min | A B C D F G H

Cheongjang- 20 0.7519 | 0.1365 | 0.6971 | 0.2074 | 0.0465 | 0.8374 | 0.0008 | 0.9998
madi 60 0.7551 | 0.1521 | 0.7024 | 0.2314 | 0.0471 | 0.8480 | 0.0009 | 0.9997
100 0.7586 | 0.1679 | 0.7079 | 0.2558 | 0.0476 | 0.8597 | 0.0010 | 0.9997

Baekdadagi 20 0.6886 | 0.1223 | 0.6675 | 0.1823 | 0.0439 | 0.8548 | 0.0006 | 0.9999
60 0.6740 | 0.1310 | 0.6708 | 0.1955 | 0.0442 | 0.8461 | 0.0007 | 0.9999

100 0.6599 | 0.1386 | 0.6786 | 0.2082 | 0.0449 | 0.8389 | 0.0008 | 0.9999

Gyeousali- 20 0.6337 | 0.1126 | 0.6766 | 0.1691 | 0.0446 | 0.8106 | 0.0006 | 0.9999
cheongjang 60 0.6247 | 0.1221 | 0.6801 | 0.1836 | 0.0450 | 0.8053 | 0.0007 | 0.9999
100 0.6119 | 0.1301 | 0.6834 | 0.1957 | 0.0453 | 0.7974 | 0.0008 | 0.9998
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S e c:”\z: Fig. 3. Effects of the initial deflection ratio on
> the stress relaxation behavior of the cu-
Fig. 4. Response surface of the stress relaxa- cumber at the loading rates, 60mm/min.
tion for the Cheongjangmadi cucumber (upper : Cheongjangmadi, ~ middle :
as a function of time and initial deflec- Baekdadagi, lower : Gyeousalicheong-
tion ratio. jang)
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Fig. 5. Response surface of the stress relaxa-
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Fig. 6. Response surface of the stress relaxa-
tion for the Gyeousalicheongjang cucu-
mber as a function of time and initial de-

flection ratio.
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