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Abstract:

Plateau have led to a significant increase in the risk of shallow loess landslides. This situation reveals the engi-

The superimposed effects of extreme rainfall events and engineering disturbances in the Loess

neering governance contradiction of "ecological improvement vs. disaster intensification" in ecological restora-
tion projects. This study focuses on the mechanical properties of the root-soil interface of Robinia pseudoacacia.
Through methods including in-situ testing, single shear test, and theoretical analysis, we systematically quanti-
fied the multi-field coupling effects of moisture content fluctuations, root topological types, and variations in
root content on the shear strength evolution of the root-soil interface. The results indicate: (D Vegetation roots in
the shear strength characteristics of the root-soil interface. The shear process can be divided into three stages:
initial linear elastic deformation, damage accumulation, and progressive failure. @ The stress-strain curves of
the root-soil interface can be categorized into softening and hardening types, with the softening type comprising
a strength-increasing phase followed by a strength-decaying phase. (3 A predictive model considering the stress-
strain softening of the root-soil interface was proposed, demonstrating favorable predictive performance. This re-
search provides essential data and theoretical support for ecological restoration in rapid slope stability assess-
ments that incorporate vegetation factors.

Keywords: loess landslide; root-soil interface; single shear test; mechanical strength; deformation model

CHMDM BRSO R L R K bR RRE R R B

R P K B

J A 2546 B2 400 S A 5 S it 45T 4K, T A it S A A A
[ g — TR O U I B A R R (G2 R IR 4, 2020; 221
B, 2022)  FEMCHESR T, AHBEAR 8 A1k J1 253008
P Al B R 3 T AE S TR O, )2
B W AR SRR + 9 F, LI AS P A T | 2 45
TR A2 A ARBT YIS A A R, o A
TET 0 5Y 98 2 0000 720 0 il 4 4 T S AR AR R 1Y
AR AR BR AT (B 8%, 2021; Forster et al., 2022) . Hil ¥ AE
N A 5 LA P, AR 2R 3 3 80 5 A
AR G i = 4 [ £ 4%, S 3T T e sl s i bt
BYPERE . SR, I ) H 43 5 I A RE A R S
FOR 2GR 2 444, Ui e T A R4
e 1) AR~ B A FH R T I 3 R Pk K (Liu et al,
2019; R K&, 2021; Xiao et al., 2024) . P, A S#AT
AL AR 3 - ST BY )R O AR R, B 5% AR
Bl R BE B A, SEBK 0 L AR LY O
HEIEME

W A 525 VR BT UV RE AR S BB — 1 AR AR Y
SR SRR, o AL A o B R R Ak PR
F1 03 5 T AR 2R M R g0y AR ) R A5 SR R, B
il 0 3 A M 5 Hb BT K B 455 24 8 (Bordoni et al.,
2015; Tanikawa et al., 2021) . 47 ¥ 8 + & & K A9 WF

ARV ER G o AR M AR T B R = RN B
T2 60 R A R~ R X LA AE AR 2R 4% 4 0 A o e T
B SRS 2 A 4, T D T B R 56 A7 AR e
R ZR 4 0] 5 it T4, 5 3 Y3 & L AT 2L
AR (Fan et al., 2008; Lian et al., 2019) ; 7 & 45 5 1
P27 T RO R AR R EAR W KB R
AR bR SR G VR BT U5 I AE AE DG I M (i B B
1990; A5 47 5, 2014; = SCIH4E, 2023) . R S AR
F P O AR BB IN DA 2k G RIS, T P EE A
(14 728 Tk R IF DRI oA TR 9 AR 2R T 4 9 7 O sRAT A2
il (Wu et al,, 1988) o 41 X A [F] 45 i) #4) 74 fi AR 22 1F
GY B I AR 2 (45°~60°) 8 o8 14 35 vk [ 7 7 43k
S E RO AL, HAT Y iR B AR R 42T 30%~
42%, X — G 5+ 5 G 1 bR g 43 A B DDA
7 (Waldron, 1977; Cascini et al., 2010) . 2 R HVRESE
23 i A AR S, Y I 30 em B, B+
A 118 A IS 249 SRR 8 AR R 2 97 a0 O R s I
T 15 em WM AR i T AR 3 Ty 52, 76 0 Sy 4
PR T A M B 0 7 24 B AR S 18 i 82%, 3k — B
ZAEREN S L MIRZ W R I . ST 5T
Xt AR & [ 1 22 IR B[] i Ak B e = 3R e P A T
R R T X AR - A2 A R A A R R A e AR



34 Wodb o H R

NORTHWESTERN GEOLOGY

2026 4F

i AN BB (AR 2 06 45, 20085 5272 Hi, 2017) o 7 5 J3 P
SRR T, 52T Mohr-Coulomb FHE Pk i) Wu FE5
BRI I TR AR R A AR A S PR SR B O R, LA
P S B B0 T B i TR A A 1, (R R
3 7 7 2 IR 3o 2 (PR 5245, 2016) ; FBM A5 U 5 iof
FIALF AR BB W RG], 9RF T Wu BB R 2, H
TCIEAH IR VEAE 5 N ) BRIE AT R o AN, R T AR &R
[ b ah R A AR VR FH DGR, iy TR TR ST E
PR a7 A TS HE AR, B T AR E M PR AR R
K EE #5210 i o o) 249 T HE TR N FH RO 4, 20215
2P EAE, 2022)

gk LTk, Ao AR + 52 & R g 6 42, LA
A8 22 BT YT R 0 1 R B985 R AR A R 45 1k
h LR, TR R AN A 5 K s P BB G, T
R+ 55 G RRIE AR & R 5550 B AR L ARRAE, dE 57 4 F 45
PRI 25 N AR 52 6 AR I g — g A48 T ASE 5, Shy o+
Y SR RSB A R M 1 P A R BRI R

1 Me5IrE

1.1 REXHEHRE

T 55 FH 0 AR AR 2R R0 9 R B R AR TR
BT T E N B RO . BT TR I8 S0 R PR A vk X
IR AR 2R o0 A E AT P A, A A 25 R R B, AR AR R

25 0] 3 A 5 b 2 KT, A8 1) 8 R B )2 TR R B n
FOPE B . R W Ge T R, X SRR AR R B
20 0.1~10 mm, 75 H3 (B 57 J7 43 oK AR R 1y T
Y5 T R ENHE) N 023%~2.11%, 545§
DXL B 2 A 4 R 7 ) MR A BERRAE (B 1) . AR R
FE R B MR 4 242 8 R 4R, R BE (K 50 em)
S B, SR PR B <000 B 52 A e vk i AT AR
B 40 AL B, A R AR ORE S KR AR e .
IR HCH AR PR IX 50 om WRE JFUIR £, 2 (4 T 5
75 A5 1 ) (GBT50123-2019) FL 15 I3, H: FE Ay 33
BN KRB K F12.5%, T % 1.30 glem’, iR
28.14%. ¥R 16.82%, W45 HLIE & 24 A k3 B &b £ .
12 REXHENHEE

S SRR R AR FME B R A2, B R R
i FREESCAN-UE11 B 45 20 (8 O = 4E 5 &
g5, X Z AR AR RAEAR (REEREEE S 2, 10, 15, 20 emy;
BB R 1~10 mm) FF J& 25 45 B = 4k A K5
i 7 3DReshaper #C{4ab 3 A5 2= B4, 56 T B B
(L) 5 B 2K B (XM LM 22, & 25l BE R 4L
B(=(L-X)/LENR R B AL FE br o IR0 H0E s
2 cm, 10 cm, 15 cm & 20 em M & A9 BAE 70 W K
0~1.38%. 0~6.48%. 0~16.85%. 0~7.71%. 15 cm
R KA 7R R, B3 T A A, ok

TEH NG SR SR E o fEdbSEAl b, B TR

(a) Lx><H .8%_2.'2>< .5m

160 | *E(;?:lﬁﬁé (mm) (d)
i 140} 222 A
e~ ©442  Tree . .

100
—— T 2
S 1E 80

40050 e .

200 . N

0 20 40 60 80 100 120 140 160

XUk

IKFIEE (m)

Bl RS EHEREFIMEE R B

Fig. 1 Field investigation and sampling of root distribution characteristics
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Fig. 2 Main steps and results of root system grading
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Fig. 3 Schematic diagram and physical unit of the stacked-ring single shear apparatus
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