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Ministry of Education, Chang’an University, Xi’an, Shaanxi 710064, China)

Abstract: [ Objective ] The effects of water content, root content, and root arrangement on the shear strength
of the root-soil composite were analyzed to reveal the reinforcement mechanism of Amorpha fruticosa root
system on loess slopes, in order to provide a reference for the ecological protection of loess slopes and
engineering practices for improving slope stability. [ Methods] A shear test of the root-soil complex of A.
fruticosa was conducted using a Z] strain-controlled direct shear apparatus. This study analysed the effects
of various water contents, root contents, and root distributions on the shear strength, with non-root soil
serving as the control. Additionally, the FLLAC 3D software was used to simulate the influence of the root
distribution of A. fruticosa on the stability of the loess slope. [ Results | @O The cohesion and internal friction
angle of the shear strength index decreased with increase in water content. @ With an increase in root
content, the shear strength exhibited different patterns under different water content levels. When the water
content was 9.31%, the shear strength initially increased with an increase in root area ratio (RAR) but then

decreased with further increase in RAR. At RAR was 0.15%, the shear strength reached its maximum value.
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However, when the water content was 15.65% and 17.44 %, the shear strength in RAR. @ The “H” shape

root arrangement can significantly improve the shear strength of the root soil complex. When the water

content was 17.44 % , the average shear strength of the root-soil composite increased by 31.81 kPa compared

to the control. @ Numerical simulation results indicated that both root length and the angle between the

main root and vertical direction were positively correlated with stability. [ Conclusion] The findings from

laboratory tests and numerical simulations demonstrated that A. fruticosa can enhance the stability of loess

slopes and that an interlaced planting pattern of A. fruticosa provides a more effective protective effect.

Keywords: slope protection; Amorpha fruticose; root-soil composite; numerical simulation; slope stability
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Table 1 Physical properties index and classification of loess soil samples in test area
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Fig.1 Shear strength parameters of rootless soil samples
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Fig.2  Shear strength of different moisture content and different root content
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Fig.3 Internal friction angle and cohesion of soil samples with different root content under different water content
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Table 3 Comparison of shear strength of root-soil composite and root-free diagram
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Fig.4 Shear strength of samples with different root distribution methods under different water content conditions

AW FE R IR N 15.56 % 54 F A ) A AR 7 5K
WS ) 247 Rk B AT T 5T .
5050, RAR=0 i}, £ #£5Z 3 EH JE J1°0 100 kPa,
23 B AR AL R s 2 H AR AZ B 200 kPa 3
JIRE A=A 25 BN AR B Ak 1) R 2 R A R H R
J1i5 3] 400 kPa B, A 1A 23 3 290 WY & 6% h7 A5 A AL R
PE . AR B i A4 A R SO0 45 44 1) HE 3 i
T REE I AR ISR T R RPUBT IR(E AR, KR
K931 % 1744 Y IR 2 A IRE MHFE A,
K5 LA L O £ AR TR AR 7 AR + 2 A 1k
FE A BRI EL R 0 5 0N ) AR D) A AR Ak R #
FEARL » W A= A5 B8 490 s B B3 I g 86 hn ¢ e, B o 7 7%
B, 5y Y)N; Jy 38 K ik 9z B KB 5 R B L O 8] 2 T
LR BT 6T I A B D) g W R . KO A AR
J7 20T AR 5 A R 7E I R /N T AT 300 kPa,
HHUBy o8 BT AR H R P iR R+ 2 A1k
B BT W B 9 Y8 194.23 kPa, BN T ToH 4K 1)
S BB SR 207,73 kPa, 3 BLAR MR A H I A AR 5
IR + 5 A R B BB IR, HIE A AR i
BR8] 3K 45 kPas B B A AR O X
X S AR AR . BB 45 Al g, e K
O 15.65 Yo i, 4 B A AR T =X I A BT B o R U
SEIEAE AN Sy < K P A AR <R <2 B A AR <<
TEATAR .

HRE SR — PEARBRE , T3R5 IR [ & /K R 5% 1
TR 5 E AR AP BY SR B R bR (E L 25 SR B 6 BT
N AR AR 7 R AR 52 A PR B sy it
W ah R, 5 I0H %t b, 3 T A AR A TR AR AR P AR
FAFR L2 A N EE A TR R, AR K R
Hw=9.31 Y6 HF K- A MR 1) 2 AR A Y BE R AR
JCAR - A B P JEE $ £ A EL AT T R I L L T L A AR R
IR AR AR AR A 1 N R R S X T R S AR
AT H(E 3027 BT s E B KR w =15.65 Y0 1,
KPR AR 0 A AR LI A AR AR AR N R
P A 55 TOAR A A P B A A A L3 A BT RS i , BE AR T
HRAE AL T HIH 25.60° BT 75 B K E N w =17.44%
B ZKCOF- i AR 2 BLA AR AR AR AR AR
JEE A2 11 55 TO AR - A 1) DY JBE 4 AR R LL S8 I R, B AR
AT 24,87 ME . fE T K FE S 9.31% A
15.65 %6 Hif o PN BE 482 A 1) K/ S = = HE 7 T A A > 1
FLATAR > KA AR 78 B Kk 17.44 Yo i, P9 BE 482 A
B9 /NI Ay« 7K ST A AR = T B A AR > TR A AR
FEBIKZRN 9.31 Yo i, 6 3R J1 B KN Ry 2 K P A
> B AR IR AR 72 % K%l 15.65 Y0 B,
BRI KNG Ny - 3 B A AR > H 7 A AR > 7K F
AR TE S K E g 17,44 Y% I, 265 1 89 KN F A
“HP A>T E AR > KR, LIRS R
J2 e - UK 1) B 25 4 S B AR R 0 A5 T 3OR [A] LA



5 43

TR AN A - S MR 52 A (AR AT X B i R R A ) S T 39

Lo R A AR A 0 - AURE (8] £ 3R 445 7™ A 5 &2 4%
BIRE I I HE— BT TE SR . 5 iR, A TR RAR

FAET AR ZR 0 07 SO AR 5 AR N R 4 A 5
Wi ANAR T 5 3 S i A AL AT G L T DL Z WS AN 3

300 ¢ a LA 300 1 b KFEHAAEL 100 kPa
____________ —  —--200kPa
250 t e 250 F T ——300kPa
s |/ g © o e 400 kPa
g 2000 S e g 200 o
R 7/ - R T e — e _____
RIRE Y g 100 g/
=R A e R ...
s 100 fT e g 100 F b
I ) WA T
50 _/l sot 't
; ! Ui
0 L=t : 0 L :
1 2 3 4 5 6 1 2 3 4 5 6
f7 #/mm f7 #/mm
00T c &AM 000 d “HH A AR
250 I 250 Pl
< ls‘ < ,_i/
£ 2000 e § 2000 L
i ;
E 150t /4 E 150 f
= s = T
& 100 f Al e Sor00p fRL T
o H
501, 50 M
F i
0 Llez X 0 L L
1 2 3 4 5 6 1 2 3 4 5 6
f7 #%/mm £ #/mm
B5 SKEHISGSHARGRARNTEANMLE
Fig.5 Stress-strain under different root distribution methods with water content of 15.65%
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Fig.6 Internal friction angle and cohesion of different root distribution methods under different water content

2.4 EFEEBPHIEREEST

FELLPY 5 BB 4 M X, SRR e — Pl 45 24 M Ao
HLACPFRY I SR AR 2 Bl 35 A S B 4 TR v )™
TR . N E TR A B SRR AR AR B Y 0k
PR BT BT 55 8 3 3% WIAR W) 75 4 % i B AG E R AT —
SO MR AR A AR B 0 T 2 i R AR E Y R i 5
— W5

(D SRS YORER Y. R
AR 52 TR B DR A 0 300 3 A R R M 9 R T il
FLAC 3D BB SRR AR . 20 BIBAUAR &

JE TR BE A AR O O Tl SRR E MR R . R
AKEE 0,1.0 1 1.5 m; B4 B LU 3R 7 [ 5
B EH e s B 0°,10°,20°F1 30°, 5T AR 7 ¥ B A &
J7 2 50 43 A R SE A Ay A B 5 HE, KO TR
0.8 m,AFHERIHE 0.5 m. sC45 4 B, 2,4 HEH 2 %
B A KRR R R T R o DU SR R 5 A M A A R B R —
JE Ao ) R AT AR M ) AR R BT Y A
RSFH0.05 my EARFITH RS HR 0.5 m. HHHH
AW EH T X B AT S A R AR X D
WA ES 3R H T Y A A AN A E e Z Oy



40 K - PR R

544

W7 #% .3 H T Z YR EEE X LY. Z X 3 A
[ 2 A%, W o o, LA TR R SE A
H=6 m, 3 fF 0=60", Wi HIEKTARASEGENF 4,

x4 DEITHERIRRSH

Table 4 Basic parameters of soil under root anchorage
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Fig.7 Total displacement variation under influence of different root length
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Fig.8 Total displacement variation under influence of different angles
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Fig.9 Total displacement variation under different root distribution patterns
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