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Influences of morphology and hierarchy of roots on mechanical
characteristics of root-soil composites
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Abstract: The structural characteristics of plant roots, including morphology and topological structure, have significant effects
on the mechanical characteristics of root-soil composites. The mechanical behaviors of the root-soil composites at different time
are obtained by carrying out the Lolium perenne root system morphology parameter tests and direct shear tests. By using the
self-developed MechRoot program, a numerical model for the root-soil composites with more realistic root structural
characteristics of Lolium perenne is established, and the axial force levels and proportions of roots with different shapes and
topological structures in the process of direct shear are studied, which illustrates the influences of morphology and topological
structures of roots on the mechanical characteristics of root-soil composites and the mechanism of soil consolidation. The
results show that the plant roots can strengthen soil significantly, and the increase of shear strength of root-soil composites is
mainly caused by the increase of cohesion, with the maximum increase of 4.99 kPa. During the shearing process, with the
increase of the morphological complexity of roots, the more range of soil can participate in the resistance of shear by the roots,
the shear zone and plastic zone around the roots increase and are concentrated around the roots, and the shear strength of the
root-soil composites increases. At the same time, the effects of the roots at several levels change gradually. The axial forces of
the primary roots, secondary roots and fibrous roots are 3.87, 1.50 and 0.15 N. With the growth of the roots, the proportion of
the secondary roots and fibrous roots participating in soil fixation of the roots increases continuously, with the maximum
contributions being 43.69% and 13.80%, respectively.
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Table 1 Basic physical properties of test soils
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Fig. 1 Grain-size distribution curve of test soil
1.2 IR RS &

K HI o B B BTG AT RS, BTUI & B4R 10 em,
BN 5 cm, W1 2 R, BEEAMREY 0.1~1 mm,
HEY)EEREZ /AN T 1050, 9 2 Ao AR i ]
R E SR,

E 2 hEEYZ
Fig. 2 Medium shear box
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Table 2 Growth indices of root system
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7 11 7.640 —
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21 36 17.600 0.47
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7 0 — —
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Table 3 Mechanical parameters of roots

HRA%/mm i SIN SRR/ MPa
0.21 0.50 73.88
0.32 1.43 55.72
0.46 2.74 52.82
0.56 3.52 40.21
0.67 5.88 28.79
0.79 7.56 31.11
0.84 9.12 25.41
0.91 11.87 23.98
1.02 15.64 20.59
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WRES SRR ERIREIR, R 4 . REW
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TREMBES, HERRGEREABIE K, HKHY
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Fig. 5 Shear samples of root-soil composites
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Table 4 Results of direct shear test
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Fig. 6 Curves of shear stress
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Table 5 Key growth parameters of Ryegrass
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2nd
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3rd
(=2 2.0 33 2.1 0.0925
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Table 6 Growth parameters of root model
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Fig. 7 Models for different root forms
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Fig. 8 Diagram of finite element direct shear test model

i+ R~FA 40 emX 40 cm X 20 cm, BIYIA R

SN 10 emX 10 emX 10 cmo HuJRE 0 R4 RS
[ 205, DUREM 23R, TR E LR, A E)
DRI T A T E B, y 75 S B
YW, XF x J7 AN B B TH /N9 20 mm 4 E
Hfif%, BEIBTUIER.

() HHESH

PR AR FH SR - R S AR R RS AR 1O 13 15, 220,
R H RS HANE 7 FiR. Plaxis 3D W AT 570 7]
DA B 7 2 AR AN BT ) Rl E BB S i R 5
Braz it ol, PRIk A B e R R on, W
MR R AT AR, — AR R B TO0 B — Ml AT
TG, BT ERICZ BN E LR . TEBY YIRS Hh A 1
ALV B S R BB YN, 2% Mickovski 5%
(ST 20 B ATAT R AR R AFF 7T, AR = F T 286 58 R0 Py R
AR B B R I B A . A B Y
DI ARSI RAY, VP sy T A & AR R AR RRR
H BN 1.0 kPa. % FERFELE R [A K /7 0.15
kPa fEFH FIIBIY), BBl EAR T aTRe Bl & b
AT A Do

xRk H
Table 7 Soil parameters
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Fig. 9 Monitoring profile
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Fig. 10 Shear stress nephogram of monitoring profile
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Fig. 13 Diagram of axial forces of roots
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Fig. 14 Variation curves of total axial force of roots on shear plane
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Table 8 Statistics of axial force of roots at different levels on shear

plane

AR —HIR —FR ZHR R =R =90R
mE HE Py HE Py HE P

/d /% BN /% BN /%% EhJN
10 3 2.46 3 0.60 6 0.002
14 3 3.87 6 0.78 17 0.100
28 3 3.47 6 1.50 18 0.150
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— R 5 LA BT R, TEBTYIAIRIA £ 2.46 mm
B A5 s, 2 S TR YA RS it
I, AR R E AR, A KAE— AR E LT
TRIE R AR T EAE T, R B B
S, ARG — R A N A 5 R A e A R S
k. DAk, ZAREN 75 bR BT, EAziR
fl A PR ), AR A 5 ELAR AR, B A L
26.95%, ULAF, —ZMR. =R 715t R
67.21%, 5.84%, %A —HRE bR, Ak
INFE]) g 28d I, TRME. SORECR. SR AN K
R, AR5 L POE ET BN, a4 B
Ja % 5.26 mm Ab, 4 T AREN T 5 R OKIA 43.69%
I, — AR 77 & E R RN 44.18%, N2 0.49%, [F]
I = ARl 77 o5 P RO TR LG N, 183 12.13%,
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Fig. 16 Variation curves of axial force ratio of roots at different

levels under different morphologies
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Fig. 17 Shear stress-displacement curves under numerical

simulation and experimental conditions
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Table 9 Statistics of shear strength of root-soil composites with

different root forms

K L2 A
/d R kPa WG ks %
10 15.58 15.84 1.60
14 17.19 18.94 10.18
28 17.98 20.46 13.93
4 % 1
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