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Mechanical characteristics of root system of dominant herbaceous
plants and shear strength of root-soil composites in

Jialangpute landslide area of Yili valley

Xu Yuanpeng, Zhang Zizhao, Zhang Zhiwei, Bai Yibing, Zhai Gaoyang
(School of Geology and Mining Engineering, Xinjiang University, Urumqi, Xinjiang 830046, China)
Abstract: [ Objective] The root mechanical properties of dominant herbaceous plants and the mechanical strength
of their root-soil composites in the loess landslide area of the Yili valley were investigated, in order to provide a
basis for vegetation-based slope protection and disaster prevention in the Yili region. [Methods] Taking the
Jialangpute landslide in the Yili valley as a study area, field vegetation surveys and laboratory experiments were
conducted on four dominant herbaceous plants: Oxytropis ochrocephala, Carex capillifolia, Poa crymophila,
and Medicago lupulina. Additionally, direct shear tests were conducted on C. capillifolia root-soil composites
under different vegetation coverage levels (root content gradients) to reveal root mechanical characteristics and

their influence on the shear resistance of root-soil composites. [ Results] The results of single-root tensile tests
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indicated that the single-root tensile force of the four plants ranked as follows: P. crymophila > M. lupulina == O.
ochrocephala = C. capillifolia. The ranking of single-root tensile strength of the four plants was P. crymophila >
C. capillifolia > M. lupulina = O. ochrocephala. The root diameter of all four plants showed a positive power-
law correlation with single-root tensile force and a negative power-law correlation with single-root tensile strength.
Direct shear tests revealed that the shear strength of the C. capillifolia root-soil composite exhibited an initial
increase followed by a decrease with increasing vegetation coverage, reaching a peak at 50% coverage
(corresponding to a root content of 6.71 mg/cm?), with cohesion increasing by up to 328.74%. [ Conclusion] The
mechanical properties of dominant herbaceous plant roots in the study area are significantly correlated with root
diameter. The roots significantly improve the mechanical properties of the root-soil composite through
reinforcement, anchorage, and root-soil interface friction. However, there exists an optimal root content for the
reinforcing effect, and excessive root content may disrupt the structural uniformity of the soil, thereby weakening
the reinforcing effect of the root-soil composite.

Keywords: Yili valley; mechanical properties of single roots; root-soil composite; shear strength; vegetation

coverage; root content
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Table 1 Distribution and biomass of herbaceous plants in Jialangpute landslide area
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Fig.1 Relationship between single-root tensile force and root diameter of dominant herbaceous plants in study area
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Fig.2 Relationship between single-root tensile strength and root diameter of dominant herbaceous plants in study area
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Fig.3 Relationship between root content of C. capillifolia
and surface vegetation coverage in study area

231 EAEBEE

Pl A Ry BF 5T X 6 A Bl 2 55 0 45 44 B 6 i 5 AR
g )i AW ) VAR A 411 B2 S TR Fu N L AT
N 775 55 YIS B SR G R S AR 2R 1 - 7 BT U1K 4
WO+ 2 G IR 5 R R 0 5 8 07 R B Ul
B K R LM o OB B B B R T i |
FEL B R B Ag BT TR N KT
B DI 7 B B D00 4 1 35 2% 30 L B A B .
H5ZE LR (G=0Y0O M I, &t s R + 5 A L

FEAES R LT T ¥R TN YR, U
AR 2R A 0% 300 4 B U1 AR T | B 5 0 BT U AR T fig

S AE F H R B AR B LR B B 35 R G R AED XS By DI v
B 10 52 ) KA, 40 9 AE Py—P, 4% 93 BLE 1 F 1 B
%R J1 7K TF 45 il 2 20T 3k 21 0 48 2 1 5Y 10 g e 1F
X R F

(D) P2 H EJ)F CREY R J) =40 kPa) , A [

FAF T By U)7 78 Bl A AR AR A 22 R G=50%
¢%mﬁmgm4w%n37mmLszWMKZ<%
1.94 mm) ; B J5 K KA G=30% (£ 2.30 mm) , G=
70% (24 2.39 mm), G=0% (] 3.93 mm) fl G=10%
(2412 mm) , TEIZFKRAT P87 U)A2 I g ) dy s 3]
SRR RN (G=50%) > (G=90%) > (G=
30%)>(G=70%)>(G=0%)~(G=10%).

(2) P, 3 & 71 F CHUSY N J) ©=60 kPa) , 7£ AH
6] 5 7 3 7K MR 2 A AR ST UL B B iR N TR
+ H P G=90% F /N (2 2.42 mm) ; G=50% K Z
(29 2.55 mm) ; B JF K G=T70% (£ 2.73 mm) , G
=30% (24 3.28 mm) , G=10% (% 3.44 mm) , G=
0% (Zy4.42 mm) . I Z&1F T HUsy U128 B 6k 1
FAE K (G=90%)>(G=50%)>(G=70%)>
(G=30Y%)>(G=10%)>(G=0%),

(3) P, 3 H ) F CREY N J) t=100 kPa) , & +
B B e K (29 4.76 mm) , AR5 B /N, Hid
G=90% f /N (£ 1.94 mm) , B J5 R K}y G=30%
(#)2.05 mm), G=50% (%] 2.22 mm) , G=10% (%
2.54 mm),G=70% (£ 3.70 mm) . ¥ % &M T Ht
SIS fE T AR B354 - (G=90%)>(G=30%)>>

=50%)>(G=10%)>(G=T70%)>(G=0%),

(4) P, H JE J1 F (300 kPa, BUBT W ) c=



43

TRITTMG A5 P B4 Mty 930 A5 4 3 O B4 REAAE W) AR R ) 2 R B AR R 0 At 0 iR 67

160 kPa) , # + & &K FE AN [F G T 57 U A7 F8 H /)
F KK G=50% K 3.0l mm, G=70% H 3.18 mm,
G=30% & 3.81 mm, G=90% & 3.90 mm, G=
10% 4 3.92 mm 33X Ui W 3% 45 14 T X 0 bt 85 Y1) A2 JE
e IR E 5N . (G=50%) > (G=T70%) > (G=
30%)>(G=90%)>(G=10%)>(G=0%).,

ZE Lk P—P AR R R 5 R, & AR R
FE AR TR BY B ) K S ¥ B /N BT DI RS L 3
e S AR (GO FEAN R T B 1 R AFAE 25 5% Ak —rp
5 I LR ) T QG ) A B R R b AR R U
BN RS 7R = 3 B S P,(300 kPa) F LA G=
50% F I

2000 a4 G=0% 2000 4 G=10% 3 2000 ¢ G=30% U
_. //’———"’ //”
160 e 150 150 | T
Q‘: -~ Q“; Q‘S ,/ T -
2 120 # i, i ST o yd
R = R 100 J R0
2 os0f Fto 2 v A !/
% ,/// ﬁR /// ﬂ 1/
. 50t/ i 50L /7 e
40 ¢ 7y // T 1/ v
I// _______ // //
0¥ . - ' . 0¥ . . : . 0 - : : !
2 4 6 8 2 4 6 8 2 4 6 8
B Y] L #/mm B Y] L #/mm B B /mm
2501 4 G=50% 2000 ¢ G=70% _.-="""~ 2000 fg=00% ____.
2001 e 150 150 | -7
ﬂ? il ﬂ? // /// ﬂ? /// —
< 150 ¢ s s < / ~ = F T
B P R 100 F A Riwop 7
00l e = S - B s
ER /s = / // R i/
v e 501 )/ e SO L [/ s
50 7 1/ et '/.v """"
///. ) ’// S
0 ¥ . 0 . . - o . . . . .
2 4 6 8 2 4 6 8 1 2 3 4 5 6 7
B Y14 #/mm B U147 B /mm BY Y] AL #/mm
EEEN - P, —P, ——P, —nme P,

B4 HARREMEERTIEFENI—MHBXR

Fig.4 Stress-displacement relationship curves of root-soil composite of C. capillifolia in study area
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Table 2 Test results of shear strength indicators of root-soil
composite of C. capillifolia in study area

s FHERE/ FHREE FERD FE

KG/%  (mgeem®)  Jic/kPa KA /kPa iR/ %
0 0 6.89
10 2.05 18.10 11.21 162.70
30 3.37 23.81 16.92 245.57
50 6.71 29.54 22.65 328.74
70 8.75 28.34 21.45 311.32
90 12.21 22.98 16.09 233.53
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Fig.5 Relationship between internal friction angle of
C. capillifolia root-soil composite and vegetation
coverage in study area
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Fig.6 Relationship between shear strength of C. capillifolia
root-soil composite and vegetation coverage under
different vertical pressures in study area
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Fig.7 Relationship between cohesion of C. capillifolia root-
soil composite and vegetation coverage in study area
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