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DEM Analysis of Subsoiling Process in Wet Clayey Paddy Soil

DING Qishuo' REN Jun' BELAL Eisa Adam'? ZHAO Jikun' GE Shuangyang' LI Yang'
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
2. Department of Agricultural Engineering, Zalingei University, Zalingei 06, Sudan)

Abstract; Tool design and working parameters for subsoiling in wet clayey paddy soil are different from
those for dry land cropping system. Investigation on the subsoiling process and the governing mechanisms
requires detailed description on the underlying influential factors. Field soil parameters were used as a
reference to construct a DEM model for subsoiling which was suitable for wet clayey soil analysis and
performed in a EDEM software. The proposed DEM model of clayey paddy soil was then implemented to
simulate a subsoiling process, in which directly measured draft and macroscopic disturbance of field soil
was compared. Microscopic process and mechanisms of soil fragmentation were assessed with simulated
stages. Results showed that simulation error with the proposed DEM model was less than 6. 63% . Mean
error of the resulted micro-relief was 4. 39% . Mean error of elevated ridge was 19.22% . The measured
results from microscopic approach were re-evaluated and the correctness of related assumptions from
microscopic approach was confirmed by DEM results, soil failure boundary evolution and soil failure with
particle contacting models were depicted. A soil fragmentation index was proposed for describing soil
fragmentation behavior from DEM perspectives. The error of fragmentation index with respect to measured
soil fragmentation parameter was less than 3. 46% , affirming that the proposed parameter was a suitable
tool for microscopic description of soil failure imposed by subsoiling. This research provides a powerful
technical basis for the interaction mechanism between soil and soil, and lays a theoretical foundation for
the optimization design of the soil contact parts.
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Tab.1 Basic physical properties in 0 ~ 40 cm soil layer

TR BE/ HHE/ FOKE, BALBE, O BE/
cm (grem™?) % % kPa

0~5 1.25 35.69 52. 66 202. 83
5~10 1.26 34.85 52.41 322.67
10 ~ 15 1.32 33.40 50. 11 410. 00
15 ~20 1.53 25.43 42.34 979. 83
20 ~25 1.56 23.68 41.11 1197.00
25 ~30 1.56 24.89 41.24 1092. 17
30 ~35 1.56 24. 45 41.07 1224.83
35 ~40 1.56 24.13 41.00 1248.50
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Tab.2 Calibration process and effects of particle

critical stiffness on tillage draught

TR BUE I R 1/ Pa HEAERH J1 /KN R/ %
1 x10° 1.07 27.21
2 x10° 1.22 17.01

B2 5 3x10° 1.46 1.68
4 x10° 1. 66 12.93
5x10° 1.71 16.33
3 x10° 4.67 10. 36
4 x10° 4.89 6. 14

%2+ 5x10° 5.48 5.18
6 x10° 5.69 9.23
7 x10° 6. 10 17.12
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Tab.3 Basic parameters of discrete element model
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Fig.5 Comparisons of simulated and measured results under different tillage depths
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Fig.6 Variation curve of vertical tillage draught in

simulation under different tillage depths
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