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Table 1 Basic physical properties of tidal flat soil

64.5%- 67.0% Fll 69.5%, VISR — M2 75 WE VR 1R )
W EAT, JE I R AT T i T R A, R —
R B UGREIILG, A GR BRI B 1 X 830 ] #0
SIS, T BOER 7 DX IR S 40 T # B RDIRES
(R 8 B G R I 4 AR BT A 0. 9.
31 f1 53 h, FR4AHEBEAT =2H E KL
1.2.2  of L d ik Eik it

i% Fl RSM(response surface methodology) ' f Central
Composite Design {40 511, &t %A [F] B 82 i R 2% 2 7K
R A FEERE B, RMER N 5 DAL K,
WE 7 13 AR, Hdh 5 NEEREH T
THAB R ZE . RSM 50 Rl 27K 7 BOKSF9mfid 2 2 Fis

2 RSM RIES M E &= &K F4mL
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Fig.2 Shear stress and shear rate at different water content
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#*3 RSMRELER
Table 3 RSM test results
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Table 4 Regression model analysis of variance

e A JE R 71
5 Classify and code Yield stress/Pa -
Serial | KR WEEE SR B g,
number Moisture Resting Actual Predicted
content A/% time B/h value value
1 62.0 9 4780 4639.94 2.9
2 67.0 9 3200 2914.45 8.9
3 62.0 53 5410 5670.55 4.8
4 67.0 53 3400 3 515.06 34
5 61.0 31 6 060 5969.63 1.5
6 68.0 31 3110 3225.37 3.7
7 64.5 0 2900 3195.78 10.1
8 64.5 62 4620 4349.22 59
9 64.5 31 4380 4 334.00 1.1
10 64.5 31 4110 4334.00 55
11 64.5 31 4520 4 334.00 4.1
12 64.5 31 4230 4334.00 2.5
13 64.5 31 4430 4334.00 2.2
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B 6 = )aAER R AR AL A 6 FARME & 5 FRAAT
Fig.6 Comparison of predicted yield stress and actual yield stress
in regression model
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R ATEIAE . BRI KT N BNE AR 34T 0 b, &8
T AR Y T SRS B Y RS B S s O TR, 45
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. Sum of  Degree of L
Source of variance squares  freedom Mean square P-value Significance
=R
hﬁig& 9.657x10° 5 1.931x10° 0,000 2 wox
6 © < sk
A 7.531x10 1 7.531x10 0.000 1
B 1.330x10° 1 1.330x10°  0.003 0 *x
AB 46 225.00 1 46225.00 0.4348
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B2 s
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gl 5
Pure error 1.069x10 4 26 730.00
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W NI REE (P<0.05); R=0.9534; CV=6.1%.
Note: **indicates that the item is significant (P<<0.05); R?=0.953 4;
CV=6.1%.
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Table 5 Verify test results

s HKE i B () EAE e RE
Serial Moisture Standing Measured Predicted  Error/
number content/% time/h value/Pa value/Pa %
1 62.0 31 5150 5434.82 5.5
2 64.5 9 3930 3645.44 7.3
3 67.0 31 3400 3494.00 2.8
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Experiment on the rheological properties of tidal flat soil with moisture
content and standing time

LIANG Xifeng?, SHI Yannan', QIN Yebo?, YAO Ying?, ZHANG Hui?, WANG Yongwei®

(1. College of Mechanical and Electrical Engineering, China Jiliang University, Hangzhou 310018, China;
2. Zhejiang Agricultural Technical Extension Center, Hangzhou 310000, China;
3. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China)

Abstract: This study aims to determine the rheological properties and structural stability of the beach soil for shellfish
cultivation. A series of rheological tests were carried out on the beach soil with different water content and standing time using
a rotary rheometer. A single-factor test was also conducted to explore the influence of water content and standing time on the
rheological properties of the beach soil. The soil shear was then analyzed to determine the influence of water content and
standing time on yield stress. At the same time, the numerical model was established for the yield stress, water content and
resting time after the central composite design (CCD) test in the response surface method (RSM). A comparison was then made
on the influence of water content and resting time on yield stress. Finally, the reliability and accuracy of the regression model
were further verified to compare the error between the measured and the actual values. The results show as follows: 1) The
shear stress gradually decreased with the increase of water content under the same shearing rate in the shearing process,
whereas there was a gradual increase with the increase of standing time; In addition, the beach soil was characterized by the
consolidation. The longer the static time was, the longer the solid-liquid transformation was, and the later the solid-liquid node
was. The static time shared the greatest impact on the solid-liquid node in the early stage. The longer the static time was, the
smaller the impact on the solid-liquid node was. 2) When the average shear stress and yield stress were at the shear rate of 10 -
60 s under the same standing time, the overall shear stress of the tidal flat soil gradually decreased with the increase of water
content, thus reducing the structural stability of the tidal flat soil. In addition, the overall shear stress of the tidal flat soil
gradually increased under the same moisture content with the increase of static time, indicating the increase in the structural
stability of tidal flat soil. The change rate of yield stress with the static time showed that there was a cut-off point of moisture
content in the beach soil, which was between 64.5% and 67.0%. In the samples exceeding this moisture content cut-off point,
the change rate of yield stress with the static time remained stable after the static time exceeded 31 h, where there was no
fluctuation in the yield stress. The yield stress ranged from 2 240 to 4 380 Pa. In addition, the yield stress in the sample of
62.0%-69.5% was between the 0-53 h, and the yield stress between 62.0%-69.5% was between 1 870-5 410 Pa. 3) The P and R’
values of numerical models were above 0.05, and 0.953 4, respectively, indicating the high reliability and accuracy. There was
a more significant influence of water content on the yield stress, compared with the resting time. However, the interaction
between water content and resting time shared no significant influence on the yield stress. The test verified that the measured
yield stress was basically consistent with the predicted one, with an error of less than 15.0%. The rheological properties of
beach soil can be better characterized as well. The findings can provide a strong reference for the research and optimization of
beach shellfish harvesting machinery.

Keywords: moisture content; response surface methodology; standing time; tidal flat soil; rheological properties; yield stress
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