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Constitutive Relationship of Soil — Root Composite Based on
Root-cutting of Grassland

ZHANG Xuening WANG Decheng YOU Yong JIN Qiao ZHAO Yanrui
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: With the aim to reduce the resistance during root-cutting operation, the physical properties and
root distribution characteristics of grasslands with different degradation degrees were analyzed by
measuring the soil firmness, bulk density, water content, porosity, root content, and root diameter. The
constitutive relationship of the grassland soil — root composite was studied through triaxial tests of the
undisturbed soil of the grassland and the remolded soil. The constitutive relationship of grassland soil with
different degradation degrees was verified by numerical simulation. It was found that the physical
characteristics and root distribution characteristics of grasslands with different degradation degrees were
quite different, and the physical condition of degraded grassland with coverage of 30% ~50% was the
best. The cohesion, shear strength, elastic modulus, and secant modulus of undisturbed grassland soil
samples were decreased with the aggravation of grassland degradation, and the shear strength of root-
cutters on grassland should be greater than 243. 03 kPa. The relative error of the deviator stress limit
value obtained by the simulated triaxial test and the actual triaxial test was less than 8% , and the triaxial
test of grassland soil simulated by ABAQUS was reliable. The constitutive parameters can be directly
applied to the numerical modeling of grassland soil. The research can provide a theoretical basis for
grassland root-cutting operation and the optimal design of root cutter.

Key words: soil —root composite; root-cutting of grassland; constitutive relationship; triaxial

experiment; ABAQUS; numerical simulation
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Tab.1 Statistical characteristics of grassland physical parameters under different coverages

24

i/ %

0 ~30 30 ~50

50 ~70 70 ~100

HHRE/(mg-em ) (4.376 +1.826)°

% 52 BF /MPa (2.688 +0.441)°
A/ (grem?) (1.493 £0.033)*°
GRS % (4.888 £0.002)"
FLBRE/ % (43.651 £1.247)"
WARRERE/cm (5.975 £0. 444) ¢

(8.058 £1.395)°"
(3.247 £0.464)"
(1. 147 £0.072)"
(5.688 +0.005)"
(56.717 £2.724) "
(9.325 +0.549)°

(12.033 £1.234)"
(3.671 £0.544)
(1.249 £0.025)"
(4.378 £0.002)"
(52.871 £1.577) "
(12.650 £0.585)"

(15.155 +1.474)"
(4.284 +0.305)"
(1.240 £0.042)"
(4.158 £0.002)°
(53.191 £0.937)"
(16.450 £0.618) "
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Tab.2 Relative error of elastic modulus and
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Tab.3 Single factor level of root characteristics
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Fig. 10  Stress — strain curves of remolded soil samples

(single factor test of root content)
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Fig. 11 Reinforcement strength ratio of remolded soil samples
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Fig. 12 Stress — strain curves of remolded soil samples
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(single factor test of root aggregation depth)
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Fig. 14 Stress — strain curves of simulated triaxial test
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Tab.4 Undisturbed soil samples and simulation triaxial test results
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