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Research on the mechanical properties of soil under the condition of

simulated straw returning

Guo Jun', Sun Enhui', Yang Yue', Lu Jun', Qin Kuan’
(1. School of Automotive Engineering, Yancheng Institute of Technology, Yancheng, 224051, China;
2. College of Engineering, Anhui Agricultural University, Hefei, 230000, China)

Abstract: To alleviate the compaction of field soil by agricultural vehicles, a study was conducted to add wheat straw
inside the soil to reduce the stress transferred by tires to the deep soil. Firstly, a tire simulation model was established,
and pure soil model and soil model containing straw were established by using the discrete element software (EDEM).
The tire model was imported into EDEM to establish the simulation model of tire-soil. With other simulation conditions
unchanged, the tire speeds were set at 1 m/s. 3 m/s. and 5 m/s respectively to simulate the driving process of tires on
the two soil models under different speed conditions. The indoor soil compaction experiment was carried out by applying
pressures of 50 kPa., 100 kPa, 200 kPa, 400 kPa and 800 kPa to the pure soil and the soil sample containing straw
through the soil consolidometer. The results show that when the soil containing straw is subjected to vertical load loading,
the increment of stress change is significantly less than that of the pure soil stress change increment. By comparing the
simulation results obtained in EDEM with the results of the soil compaction experiment, the subsidence amount of the soil
model containing straw and the subsidence amount of the pure soil model are reduced by 10%, which proves the validity
of the simulation model and verifies that the addition of straw can achieve the effect of alleviating soil compaction.

Keywords: mechanical properties of soil; straw returning; discrete element model; stress-strain; soil void ratio
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Fig. 4 Soil discrete element model

A 7 AT e AR R G G T ] e 52 B e 5
AR B0, 55 A3 TH R F T Bk M T4 2 20 A 1 B 1 £
JZ AT A 2 BIA R ER A = | B ORI AS F1 ik
FET S5 B 1 B0 5 i AT 1 S B AR T 3 S W )R, 1 )R R
JE 300 mm 4 & FE AT L, TR 100 mm Oy 4+ e
Ko ARG B AT B AR S R SR OB BE L 3 25 2R Y
T2, @A i O 3000 Y RS A 0 R BT R
TN E 5 R .

5 anMLIEREAEE
Fig. 5 Soil-straw mixed model
1.4.4 HfRmA
BB LL . step B9 SCEA% T A EDEM 1,



510

SRR G BHUARSFRIE W 2T R E R R 5 287

£ EDEM Hh il 8 4r 40 IR B AU AE 2 Fl - SR AU - A4
TR AL E A AO  F JiR O FLROR 5 I ) 3 B AT
T ) G 4 ik O Ay % i R Y 4% 2 B 43 K M R S
MBS 50S %38 2, i 28T T4k 42 4% iR
5 T ) A 48 04 05 R RY AR 6 BT o e 3 v R
K GG KA BT T E LR R A ek
1) - 5 UKL FNAS FEAT 1) R iz shib ka3,

(a) &t (b) &R 14

6 fIE®RR

Fig. 6 Simulation model

X A AR R it i =R g, Sy e i 8 Y- 3 LR Bz
P ESH IR 4R iR 52 BRAR L B, K
WHRATMERE RN 1 m/s, s EE R 360 deg/s.
W20 K 1096, 5 BLRF ) O 5 s #7218 Bikiz 5 2
BB, 3 AE 2 B MR b EAT R iR AT Bz S A
P H . TER GRS A 15 EDEM Ji 4k 2 b X £
HAF R AR, R0 2 f L3 Fissh s
{14 - B UL a2 2 22 Ak PR A S 0 ) AR Al 2k

Hi P 7 FIEL 8 AT, Bl A 8 G 1 Mk 4 4 fih o AR
WIS R, T L RS DA MR T 4% I v L S N S
S RGeS BN ARG R A RIERCR R TR AT
BRBGE o A7 Bl (B A S000  ERIRS FHBURL T 4R AT
B gl Zad e AT B s i L RS R R o
UKL A T DA LA KRS 3l 56 R T O B L e R0 AT 0k
ZEN 4T LA B R 2 1) HA 7 e $EA T R 3

(a) t=0s (b) t=1+s
B7 #4tiE—RREHFHE

Fig. 7 Tire motion simulation straw
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Fig. 11 Compressive force change of pure soil model particles

at different velocities
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Tab. 3 Soil compaction data without straw
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/cm?® /kPa /MPa /MPa™!
40. 24 0 0 0
40. 24 50 0.275 7.142
40. 24 100 2.880 0. 682
40. 24 200 4.754 0.413
40. 24 400 8. 541 0.230
40. 24 800 15. 243 0.129
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Tab. 4 Compaction test data of soil containing straw

AR A JE 4 it JE 4 7
/cm?® /kPa /MPa /MPa™!
40. 24 0 0 0
40. 24 50 0.227 8. 707
40. 24 100 2.134 0.920
40. 24 200 3.411 0.528
40. 24 400 6.949 0.275
40. 24 800 13.614 0.144
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Tab. 5 Changes in discrete particle displacement in soil
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0 400 400
1 277.26 312.13
2 270. 32 314. 21
3 273.60 313.58
4 273.28 312. 14
5 271.44 314.47
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Fig. 18 Simulated stress-strain curves for two types of soils
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