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The root anchorage effect of shrub species Caragana Korshinskii Kom.
in the loess area of northeastern Qinghai—Tibet Plateau

LIU Yabin'?, LIANG Shen', SHI Chuan', WANG Shu', HU Xiasong'?, LI Guorong'?, ZHU Haili'?
(1. Department of Geological Engineering, Qinghai University, Xining, Qinghai 810016, China; 2. Key Laboratory of
Cenozoic Resources and Environment on the Northern Edge of the Qinghai—Tibet Plateau, Xining, Qinghai 810016, China)

Abstract: Shrub species Caragana korshinskii Kom. dominates slope protection and soil and water conservation in the loess
area of the northeastern Qinghai—Tibet Plateau. However, the root anchoring mechanism and the effects of soil consolidation
and slope protection of this shrub species remain unclear. This study aimed to elucidate the anchoring mechanism of roots of the
C. korshinskii roots and establish a calculation model to evaluate their contribution to the stability of shallow loess slopes. C.
korshinskii plants with an 11-year growth period were selected as the study subject. The anchoring force of C. korshinskii roots

was determined through in-situ excavation tests, in-situ root pullout tests, and theoretical analysis, along with their impact on
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the stability of shallow loess soil slopes. The results showed that, due to the absence of a “bolt head” structure on the root
surface, it was reasonable to consider the anchoring force provided by the roots as the minimum value between the maximum
pullout resistance of the roots below the sliding surface and the anchoring reaction force of the roots above the sliding surface,
based on the geometric characteristics of the sliding surface. When the roots of an 11-year-old C. korshinskii roots were
anchored on different sliding blocks of a shallow landslide with a maximum thickness of 2 meters, the stability coefficient of the
potential sliding surface increased by 0.020% to 0.408%. When the roots of a single plant were anchored in the middle and
upper parts of the potential sliding surface, the stability coefficient of the potential sliding surface was relatively higher than
when the plant roots were anchored at the top and bottom positions. Moreover, when four C. korshinskii roots were anchored to
the shallow landslide with a row spacing of two sliding blocks (approximately 3 m), the stability coefficient of the potential
sliding surface increased by 1.035% to 1.111%, which was significantly higher than when a single C. korshinskii root was

anchored (P<0.05, ANOVA). The anchorage effect of the root systems could enhance the stability of shallow soil on loess

R

slopes under rainfall infiltration conditions, but the effectiveness was limited.

Keywords: loess slope; shallow landslide;

mechanism; stability coefficient
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Fig.1 Schematic diagram of the shallow soil body of the C. korshinskii roots anchoring loess and its anchoring mechanism
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Fig. 2 In-situ excavation test of root system above the hypothetical
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Table 1 Statistical analysis of morphological indexes of above-ground plants and root system above the hypothetical sliding surface
of the testing plants

Mtk EARRSE R Wi/ Eid/m HRe/m BARBUR WiE/m —SEAR R SRR FREEARA/ m AR K/m ARRER/m

HfE 11 1.76 2.20 27 1.99 20

3 3 0.027 34 0.87

&2 OHEHRRE T IR S F

Table 2 Physical and mechanical properties of root-soil interface of the testing plants

L/BLIPAE S d D RIVEE/(g-em ) FIR AR/ % R J1/kPa P A/ (©)
LICES 1.40+0.08 7.56+1.21 15.83+7.97 13.56+4.25

JEASE F7 43R 56 B H an 2 3 TR o AR 3 AT, FE
R LT 2 m L B AL, 56 bR TR AR R ARAR N 0.005 ~
0.020 m, HTIK H J1°4 0.206 ~ 1.666 kN Fi7 34 ok 46 1+ it
5 AR B OIF AR B8 B R AR, TR DUAR B AR 5T
A EI AR e T

=3 REHKHEERRRRMAKIAEER

Table 3 In-situ pullout test results of root system in anchoring
section of testing plants

FE R IAN  BERRA/m YR
1 0.206 0.007
2 1.243 0.020
3 0.519 0.005 AR B FIAR 5 3 [R] B 7
4 1.666 0.012
5 1.168 0.011
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Table 4 Calculation parameters and results of anchoring reaction force of testing plants growing on different blocks

AT AR-LMFRIIAPa AR-LEEEESM/(C)  HRRTRE/Mm  RAEEERE/m  fOE LR RS RARERE/(N-m?)  RE RN
1 8.31 12.51 0.040 0.461 0.6 17.7 0.513
2 8.31 12.51 0.033 1.204 0.6 17.7 1.207
3 8.31 12.51 0.029 1.655 0.6 17.7 1.546
4 8.31 12.51 0.027 1.912 0.6 17.7 1.709
5 8.31 12.51 0.027 2.000 0.6 17.7 1.805
6 8.31 12.51 0.027 2.000 0.6 17.7 1.805
7 8.31 12.51 0.027 1.930 0.6 17.7 1.729
8 8.31 12.51 0.029 1.748 0.6 17.7 1.650
9 8.31 12.51 0.033 1.485 0.6 17.7 1.529
10 8.31 12.51 0.033 1.147 0.6 17.7 1.141
11 8.31 12.51 0.036 0.737 0.6 17.7 0.762
12 8.31 12.51 0.040 0.257 0.6 17.7 0.278
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Table 5 Calculation results of stability coefficient of potential sliding surface in the C. korshinskii roots system anchored slope

14 t4 AR PRRTE B N
wrEaten S B w85 b“gﬁlﬁi';% f; i T Mﬂ; PIBOREIL oy i et i
guen HEUE gy OSBRI e, BRI RRERD ey wm R
/kPa /m Z Iy Jeff/(°) FERES/(°) /kPa

1 7374  0.903 57.966 32.034 2 12.510 8.310 0.513 1.339 1 0.156

2 19.252 0.903 50.216 39.784 2 12.510 8.310 1.207 13417 0.349

3 26.465 0.903 43.601 46.399 2 12.510 8.310 1.546 1.342 6 0.417

4 30.577 0.903 37.659 52.341 2 12.510 8.310 1.709 13427 0.427

5 29.967 0.839 32.352 57.648 2 12.510 8.310 1.805 13425 0.414

6 29967 0.839 27.531 62.469 2 12.510 8.310 1.805 1.342 0 0.378

7 30.434 0.891 22.776 67.224 2 12.510 8.310 1.729 13413 0.324

8 27.560 0.891 18.043 71.957 2 12.510 8.310 1.650 1.340 6 0.272

9 23414 0.891 13.435 76.565 2 12.510 8.310 1.529 1.3399 0.217
10 18.082  0.891 8.914 81.086 2 12.510 8.310 0.513 1.338 8 0.134
11 11.619 0.891 4.449 85.551 2 12.510 8.310 1.207 1.3379 0.071
12 4.055 0.891 0.010 89.990 2 12.510 8.310 1.546 1.3372 0.018
A - - - - - - - - 1.3510 1.047

B 1.3519 1.111

C 1.350 8 1.035

X 1.3370
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