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Abstract: [ Objective| The tensile and shear resistance characteristics of the riparian alpine meadow rooted
soil and the influencing factors along the riverbanks of the Yellow River source area were analyzed to provide
data support for research on riverbank protection and the mechanical mechanisms of riverbank failure in the
source area. [ Methods] Taking the meandering river Lanmucuoqu in Henan County, Qinghai Province, as
the study area and the rooted soil of alpine meadows with varying degrees of degradation along riverbanks as
the research object. The effects of water content, root content, root system composition, and the number of

freeze-thaw cycles on the tensile and shear strength of root-bearing soil were analyzed. The relationship
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between the tensile and shear strengths of the root-bearing soil was also explored. [ Results] The tensile and
shear strengths of the rooted soil gradually decreased as the water content increased from 30% to 55%, and
the shear strength was approximately five times than that of the tensile strength. The addition of plant roots
effectively improved the tensile and shear strength of the soil. As the root content increased from 0% to
0.25%, the tensile and shear strengths increased by 45% and 107%, reaching maximum values of 4.38 and
19.98 kPa, respectively, when the proportion of gramineous plants was 100%. After multiple freeze-thaw
cycles, the fitting curve of the root-bearing soil showed a bimodal pattern, with the original network
structure of the soil first being destroyed and then reaching a new equilibrium as the number of freeze-thaw
cycles increased. A linear correlation was observed between the tensile and shear strengths of root-bearing soil.
[ Conclusion | The degradation of alpine meadows in the Yellow River source area has led to significant changes in
root quantity and root system morphology, resulting in a gradual decrease in the tensile and shear strengths
of the rooted soil. Therefore, it is necessary to minimize overgrazing and human interference to protect the

native alpine meadow vegetation along riverbanks and maintain the stability of riverbanks in the source area.

Keywords: rooted soil; tensile strength; shear strength; alpine meadow plant; freeze-thaw cycles
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Table 1 Grading indicators of different degrees of degradation in alpine meadows
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Table 2 Basic characteristics of alpine meadow soil with different degrees of degradation
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Fig.1 Root materials for experiments
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Table 3 Single factor experimental design

I G 5 K&/ % Rl B/ IR A/ % R 2R 20 B
1 30,35,40,45,50,55 0 0.1 GC100%
2 40 0,1,4,7,10,13 0.1 GC100%
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Fig.3 Remoded tensile testing instrument

3 &R 50br

31 BKEMERLERN MEEEXRD

P A0 25 B AT A, MR AR 0.1 00 AR R
R R AR NP5 BB B SRR AR TR o R
IR 3026 HE TN & 5596, L T I A AR b AL
/NIEREIR 18.80 %0 5 2 5 K F8 Ry 30 0 I, ot 4 o J¥E A
K ik 4.84 kPa, FHPIHR Z& X U0 VA R 2R 4
ST EERE ) RBE R Sy W R R s g Y AR KR
Rk AR A AU A R K A 3G £ N W VR R AL AR £
SRR T BEAR . ULAh, SRR A & 8 E L
SORE 1) 7K A RS AR JEE R T FH 7 /)y AR R A Lk
AV Bl STE b A SO & AR i HE BT v IR Y BE )
S8/, PR B 2 S KRG B R AR R Pk
[EWZETN RN S D Rl e w71 DAL 9 N
H P& 4 RN, AR - AR BT 98 3 B A 5 K R Y 1 A
27.96 kPa Jsi/N%] 12.87 kPa, A Ui BEHY 5 1% .
32 SREMEBL AN AHEEXIE

P 98 AR s S AR O R UG i 2 (K
SYTL AL TE F KN 40 %0 554 T A &R R br i
S8 8 R 3.56 kPa. i B LI g 35 B A B, A 0K ]
P B 42 B A I M IR . ML D AR R A R A R
TR A HT R o8 B L ELBT R B AT A AR R 45 G 1
WG . 65 K AR 500 S AR 86 B2 AN 0040 3
JNZE 0.25 % , FhTHr s B 38 g By 45% , H &R+
B HE 5 B 7E A MR B R 0.25 U0 I A B B K, B b o i
IR SR AR 1.19,1.23,1.25,1.46 F1 1.45



55 5 ] 5 g 45 < BRI R E

) A AR A RBT R BB R R R

ALNEES 63

£ . ML S A3 Mol 0, 2 AR - AT B9 5 B 5 B P ik
JE 3 )2 13.3 Fl 3.56 kPa, — 2 B BE & AR R B9 59 n mi
WK, FEHR TR RGN AR T A R R
Sy AT ISR T O ARSI AE R O S B O ER . 1E
B R AR RIE £ RIE S REETE 2 A Uy )
LB 7 B v A AR A R A B e T
MHZ T &R AR TE 2 2R 7, RA fﬁh
5 ) — B A AR FR RE A A R R 32 BN g, I g B
TR () W 1T, TG T T G M R AR AR B Ak
PRI 25 R BN A R S K R A AR R AR A 40 89
5 FE R T H AT hi s B

307 <A~ PURHRFE
o st —Oo— FLBY IR L
=4
% 20} §=66.774¢°"
= 15| R=0.9952
&S
o 107 7=6.3128¢""
E R=0.943
St A---ee- Ao Ao Acee-- Ao A
0 . . . . . . )
25 30 35 40 45 50 55 60
& IKE%
B4 ZREAOINEHTERLEESKES
MAEEMEXER

Fig.4 Fitting relationship between water content of soil
with roots and tensile strength under condition
that root content is 0.1%
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Fig.6 Fitting relationship between tensile strength of root-containing

soil and proportion of gramineous plant roots
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