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Study on root reinforcement model of Phyllostachys edulis based on fiber bundle

model
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Abstract: Accurate quantification of the root reinforcement has always been a research hotspot. However, the existing root
reinforcement model has problems such as oversimplification in describing the internal mechanism of root reinforcement,
resulting in low prediction accuracy Based on this, this paper took the root of Phyllostachys edulis as the research object,
comprehensively considered the biological characteristics of the root, load distribution mechanism and various mechanical
failure modes, and proposed a root reinforcement model based on the fiber bundle model under direct shear conditions. The
direct shear test of root-soil composite with the root area ratio of Phyllostachys edulis as a variable was designed and carried
out, and combined with the existing research results, the accuracy and applicability of the proposed model were verified by
comparison. The results showed that compared with the existing models, the model established in this paper conformed to
the physical principle of root reinforcement of soil under direct shear conditions, the required parameters were simple and
had clear physical meaning, and can more accurately predict the reinforcement effect of roots on soil, and had good
applicability for different plant roots. The research results can lay a certain theoretical basis for the calculation of slope

stability in vegetation covered areas.
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Fig.3 Field investigation of Phyllostachys edulis root system and its excavation profile
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Fig.4 Root system of Phyllostachys edulis used in direct shear test
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Table 1 Statistics of direct shear tests on root-soil composite

SR WREMLE  |EHES PUBysReE e WAREML  FEHES Hroy e
Sample number Roo.t area Vertical Shear Sample number RooAt area Vertical Shear
ratio/ % pressure/kPa  strength/kPa ratio/ % pressure/kPa  strength/kPa

% + 1 Plain soil I 0 100 63.88 MR+ V Rooted soil V 0.13 100 69.16
%+ 11 Plain soil TT 0 200 106.47 M1 VI Rooted soil VI 0.18 100 72.62
Z - 111 Plain soil 11T 0 300 136.50 PR £ VII Rooted soil VII 0.21 100 74.44
# 1 IV Plain soil IV 0 400 183.82 Rt VI Rooted soil VIIT 0.25 100 78.26
F R+ T Rooted soil T 0.25 100 78.81 1 TX Rooted soil IX 0.26 100 79.72
PR 4 11 Rooted soil 11 0.26 200 120.67 TR 1 X Rooted soil X 0.30 100 85.36
F A TIT Rooted soil TIT 0.27 300 156.16 MR £ XTI Rooted soil XI 0.34 100 87.36
E M+ IV Rooted soil IV 0.25 400 200.75

AR ESWAMALL RAR 4955 0.25% B BATR L E SRR B ) -Pisy sk BEMLa M4, 2550 sk 2
K5 iR,

®2 HAHER-ELERESH
Table 2 Specimen Mohr-Coulomb strength parameters
AR PR LMEMAE KRR LEESE S AR J1/kPa MEEZ A/ (°)
Sample name Linear fitting equation Correlation coefficient Cohesion Internal friction angle
# + Plain soil ¥=0.390x+25.205 0.993 25.205 21.30
R+ & A1 Root-soil composite y=0.401x +38.770 0.998 38.770 21.85
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Fig.5 Vertical pressure versus shear strength curve Fig.6 Scatter plot of root area ratio—shear strength of sample
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Liang ZEEF XTHIAT ( Salix babylonica) 2EZ3Z 5 ( Lolium perenne) X3 ( Festuca ovina ) #1453 %E 1€ ( Parochetus
communis ) FERFFE T AR ZN0E HAARAORCR , AT T — RSV E IR el A A B O LR B R ]
AR PR AR R EBA AR RIS R (B 7)), RIEH 719% 08P 1 19% B D 10% %6+ 4 A, T
BREN 1.4g/em’, FAE 2-3 /N H, ARG AE H B = ) FHEK 48 /BT, SR )5 #E 100mm , 200mm , 300mm |
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W 3 PR, H « J& RBM i 1 Weibull 4343 AR SE0, FHUSSAAR LRGSR R . A7 X G A 5T
W52 B BATIR RS EURMAE R
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R3 AEEMIRREDEFE
Table 3 Root biological properties of different plants

Y)Fh 44 Species name L B, R K

Wi Salix babylonica 10.80 0.0291 0.383 1.81
MRS Lolium perennex Festuca ovina 6.25 -0.655 0.485 2.46
444 Parochetus communis 22.80 0.0697 0.385 2.13
EAT Phyllostachys edulis 24.24 0.43 0.93 2.82

F4 TREEYVRANETRELER

Table 4 Direct shear test results of different plant roots

Yk L EN N P8y 3/ kPa F BRI/ kPa WA RAL kPa
Species name Root area ratio Shear strength Shear strength of plain soil ~ Root Reinforcement
W Salix babylonica 0.302 10.59 2.79 7.8

ML B X35 Lolium perennex Festuca ovina 0.059 9.07 2.79 6.28
44678 Parochetus communis 0.211 14.70 2.79 11.91

BAT 1 Phyllostachys edulis 1 0.18 72.62 63.88 8.74

EAT 11 Phyllostachys edulis 11 0.21 74.44 63.88 10.56

HE— AP 1 R A [) ) PN AR 28 5 X P IO S AR R AL 2 T B 22 57 I BN 5 s, [RIE 151 8 4 i
TEERA R AR 20T 25 T AN TRIRE Y f) AR 28 5 A6 TIN5 S L 2 LU O AEAR TR

x5 REBUKEESFRAEIENTMNEER

Table 5 Difference between experimental and model predictions of peak root reinforcements

RIS - T 21 A AR
TR SR 2 Wu :‘X/ald,rc_)n BT $|-|E%$£_ SR T
LB Ak /kPa T (k'=1.2) B (Bp=1) P
. . . Model prediction
Species name Experimentally measured ~ Wu-Waldron model Fiber bundle model in th
root reinforcement prediction prediction 1 the paper
WIB Salix babylonica 7.80 30.99 10.77 9.64
HSERIXEF Lolium perennex Festuca ovina 6.28 7.04 5.17 5.72
G HE4E Parochetus communis 11.91 44.94 12.33 11.29
FEAT 1 Phyllostachys edulis T 8.74 67.41 13.95 9.32
BAT 11 Phyllostachys edulis 11 10.56 82.30 16.21 9.88

HIPE 8 JT71s , Wu-Waldron #4775 T R A 55 56 B IR 3 AN 50 A R, T 1 SO MR | <5 4 E R4
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Fig.8 The histogram of the ratio of root strength predictions to test values for different root reinforcement models
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Table 6 Parameters required for model calculation

SRR 284 RN
Parameter classification Parameter name Acquisition method
ALY 5 ) B8 RE T d, R
Biological and mechanical parameters of root system MRAMLL RAR FE
WRKEL HAENE
MRPUPIREE ¢, , T NI TR
WA AL E, EARENE/ SR 2730
HRZIRIE Weibull 547 S5 « ELENE/ SN 27301
TR S MEEES o 2 P9 Y g 3K
Mechanical parameters of soil K% ESREETRE 52/
SIS h h=8Ds,
R R RIE 7, T, ~c
FRAbAR AL AR RE B, BUESCh s (15) 350

Fiber bundle model settings

(1) AR T B AT AR ZR oA AR B 1 —Fh e T 27 A OB R (4 B AT AR AR AL L AR Gt
TIER G5 8 T IRAR R LD RRE i 28000 0 R BSOS R RS R 5 I 28R ), A AR AR oAb AR Y
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(2) Vit IFIT i T ABATHR R WA L A8 B AOAR 2 A B 5T U, LS AR R AT X L
UER B ZAR RE R AT G MR 52 G R B e s DR 25 2R FHAC T AT 1Y Wu-Waldron #5855 £ AE AR
ARSCRI AL ] S A B AR AR SR A ORI, [RS4SR S AR AR ik A ) B s HL
FALE E AR XA [RI AR IR 28 HAT B g 0

(3) ALZUHE M AR, AR SRR - b TP AR AR A LA R P 55 R B S /D it i v Ik % 18 = 4
WA G5, B BUR SEE B N et R 5 TR P RIRER . [, IR0 R 25 1 BIAR 28 1 A0 1y ik
SCRRE , SEBUAR 2 - AR R = FH R 5 B0 R i AL L AR 75— P 5T
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