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Shear Strength of Typical Stand Root-soil

Composites in Beichuan County

Li Jiajing, Yang Jianying, Wang Xin, Yang Xinrui, Yang Chunyan
(School of Soil and Water Conservation » Beijing Forestry University , Beijing 100083, China)

Abstract: [ Objective | The aims of this study are to explore the characteristics and disparities in shear strength
of root-soil complexes in different forest stands, and to provide a theoretical basis for addressing local soil erosion
issues more effectively. [ Methods] This study focuses on Beichuan County, Sichuan Province. Direct shear tests were
conducted on intact root-soil complexes of several typical forest stands in the area, measuring relevant indicators
such as shear strength, soil properties, and root characteristics. Principal component analysis was utilized to
analyze the influencing factors of shear strength. [ Results] (1) There were significant differences in shear
strength among root-soil composites of different forest stands. The shear strength of 30-year-old Magnolia
liliiflora forest (XY ) was the highest, followed by Spotted bamboo Phyllostachys bambusoides forest
(BZ), while the shear strength of 5-year-old Cryptomeria forest was the lowest. (2) The plant root system
significantly contributed to soil stabilization, with an increase in shear strength of root-soil composites
ranging from 0. 13 kPa to 0. 99 kPa, with an average increase of 350. 0%. Additionally, the peak
displacement, softening segment length, and residual shear strength of root-soil composites were enhanced,

with average increases of 75.0%, 66.7%, and 262.5%, respectively. The total energy consumption of
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root-soil composites varied among different forest types but generally correlated with their shear strength.

(3) Comprehensive analysis through principal component analysis revealed that, apart from soil bulk density

and the dry and wet weights of 5~8 mm roots, all other indicators were closely related to shear strength.

[Conclusion] Plant roots play a significant role in soil stabilization. The notable differences in shear strength

of root-soil complexes were observed among different forest stands.

Keywords: shear strength; energy consumption; undisturbed root-soil complex; influence factor
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Fig. 1 Schematic diagram of the operation of the

root soil composite shear strength tester
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Fig. 2 Specific device structure diagram of the

root-soil composite shear strength tester
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Table 3  Shear ductility indicators of various root soil composites
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Table 4 Principal component variance contribution rate
and component matrix of root soil composite

shear strength, root parameters, and soil properties

EETN PC, PC, PC, PC,

AR S E 0.99  0.15 0.04  —0.01
MAELETE 0.99  0.01 0.06  —0.08
RARBFAKR —0.28 —0.79 —0.06 —0.36
TIERE —0.02  0.08  0.05 0.98
FHA KR —0.03 —0.69  0.03 0.41
0~0.002 mm + Ok 0.27 —0.85 0.30 0.01
0.002~0.02 mm +HE/HA  —0.20 0.91 0.04 0.02
0.02~2 mm + 3R —0.26 0.76  —0.38  —0.02
<2mmPBRTHE 0.84 0.28 0.39 0.15
2~5 mm A TH 0.97 0.10 —0.13 0.04
5~8 mm AR TE —0.25 0.33 0.87  —0.14
>8 mm AT H 0.96 0.06 —0.13 —0.14
<2 mm RREE 0.57 —0.12 0.70 0.19
2~5 mm R AW E 0.95 —0.04 —0.19  —0.08
5~8 mm MR R & —0.25 0.21 0.90  —0.22
>8 mm AR HE 0.96 0.06 —0.15  —0.13
FRE(E 7.06 3.52 2.55 1.42
TETHRE/ % 4411 22.03 1596 8.84
BB E TR/ % 4411 66.14 82,10 90.94

E:PCy . PCy  PCy  PCy 43 IR 85 — W43 VB — 40 58 = o3 26 1
AT

TEXS AN R AR 23 AR — 1 55 R BT B 5 B2 52 ) A 3R
WEFE b A BT BT o B 2 5 MR S E KR L
FKA FHEBR 0~0.002 mm & 84 F K 5 7
ARG o R ] - e b 9y 5 5 K
ZIERAELERMHCK R SHRALSTIEE . <2 mm
WMAEATEE 2~ mm RETEE.>8 mm BERET
WE R OEAR G, ARIE G e X E R AR AR —
T A RHUBYSR BE R R AES P AS  B RE
R TAT AR L AR R 3 AR o IE B, P DG BRI ]
AR YA — 525 PR BT 5 5 BE B2 ) PR 3R G K 6
KRIR AT A AR — 52 5 PR BT B 98 B2 55 AR AR AR
ARG

5 % ig

(1) YRR E LR B AR E S ERH
TSR B AT LN 0.13~0.99 kPa, V- X4 g
350.0 %0 s [A B, AR — - &2 A Ak 1y W (S0 S L BRE B
KB BR Ay B V) SR 3 A5 B 1G5, OF 35 5 R 4 0 ok
75.0%,66.7%,262.5% , R RIEPERF R A .

(2) ARG R — 15 G R T 5T 58 2 22 = 0] W,
Prbk  BEAT AR (BZ) AR — 4 52 & 1R BL BY 58 14 Je K, o0
1.12 kPa; A[RAEFRAGMIAZ bk i, R B 10 a M1 EZ
MR 53 B AR — - 52 & PR B B 5 B d5e K, Ry 0.47 kPa;
[ Fft A R (30 a) A [A] B L 30 a 3 AR (XY) i 57 5
JEI K .2 1.15 kPa; [A F 4R B (10 a) AS [ 44 Fh 35 B
H10 a EMIEZ MR (LSO — LB S RPT g S T
10 a A JEAMKR(HP) . AR — + 52 &A1 e &
THFEEE IR R R 0 22 5 85 bt 0 o B ) oK
INE AR AR R — B

(3) 3 3 32 5 3 0 AT 3 6 Bt B 5 B B i PR R 1E
LA R IEAE S 5~8 mm IR T
B AR 5 2% UIA X,
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