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Research on Soil Shear Strength Reinforced by Vegetation Roots in
Slope of Cold and Arid Environments

ZHAO Yujiao', HU Xiasong'?, LIU Changyi', DOU Zengning', LI Guorong'
(1. Department o f Geological Engineering , Qinghai University, Xi'ning , Qinghai 810016, China;
2. Qinghai Institute o f Salt Lakes, Chinese Academy of Sciences, Xi'ning, Qinghai 810008, China)

Abstract;: The experimental site of this study is set up in Qinghai University, Xining Basin. We take root-soil
composite systems in layer A (0 cm) and layer B (20 cm beneath the ground surface) on the slope with the
planted herbs and shrubs by the approach of herbs and shrubs single planting and mixing planting, and from bare
slope as shear test samples. And the characteristics of soil shear strength of the slope with herbs and shrubs are ana-
lyzed. The results show that: (1) the cohesion forces of root-soil composite systems in layer A of the slope with the
2 herbs are 24. 09 kPa and 22. 81 kPa, respectively, both of which are higher than the cohesion forces (19. 03 kPa,
17.91 kPa) of root-soil composite systems in layer A of the slope with 2 shrubs. Compared with the cohesion force
of bare slope, the increased cohesion force amplitudes of root-soil composite systems of herbs are 104. 67 %
and 93.80%, respectively, the increased cohesion force amplitudes of root-soil composite systems of shrubs
are 61.68% and 52.17% , respectively, so the increased cohesion force amplitudes of root-soil composite sys-
tems of herbs are much higher than shrubs; (2) the cohesion force of root-soil composite systems of the slope
with 2 herbs decreased from 24. 09 kPa, 22. 81 kPa to 19. 06 kPa, 21. 02 kPa with the increase of soil depth,

which reflects the reinforcement by herb root in the shallow layer of the slope is significant; (3) the increased
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cohesion force of root-soil composite systems of the mixture of 2 herbs and 2 shrubs is higher than that of sin-

gle plant. The increased cohesion force amplitude of root-soil composite systems of the mixture of 2 herbs

and 2 shrubs is 0. 13% ~42. 83%. This study provides theoretical support for quantifying the contribution of

vegetation roots to soil shear strength under different planting patterns, and it also has theoretical value and

significance in further discussing the mechanism of soil shear strength reinforcement by roots on slope.

Keywords: cold and arid environments; root-soil composite system; shear strength; shear test
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LA (Sabina valgaris) HR—+ & & R 9E 47 B 573K
B IR 2 R AR — 2 AR AT B R EE R T
A HORG R I (E RS g B 31,600 ~46. 2300, K
AT I 2 BAE B b S5 LU B (Amor pha
Sruticosa) BT AR F N BFFERS G il 3 X 2 Bl AR
AR — L SR T = N B BT AT H R T AR
B0 N 0.1 g/60 cm®, 0. 3 g/60 cm®,0. 5 g/60
em®,0.7 g/60 em®, 1.0 g/60 em® 19 5 P &HET .,
R— T EERMHUT IR EERE ., 45 RRW . E—ED
R B Y0 FEL P L 2 R AR — 5 B I A T B o Rl
AR R A T3 ORI AR AR R e AT BT 5
JE B VE I f A & AR B . A LB 5 4 R T e A [
AR AR — A AR BT 5T 5 B U A OCAR R
18 i AR BT BT 5 R O AR S AR R T S 2K
s — 2 5E ¥

YR IR 0 A JE LB AL 2 Ff B —Fhopg R A
AR — T A AU DRGSR B R k43 5
12,32, 11, 04 kPa, 4l 58 J7 (8 i 384 o il B2 A v Ay
104. 676,93, 8002 Fh i —Fp A E AR SR — £ &2
AR B SR T R R A i 7. 26,
6. 14 kPa. K 2B J1 {69 5 0 0 2 AR vk 61, 6804

52,170, N3k 4 FiiR . AT LLE H .4 FRAR AR 2 i
I A AT B 5 R 1 3 5 AE R E /MR IR O 4 25 7K
F TR PR R A SR B XS L W E B B — A
A A B — R VR R ) 00 0 R 2 A R T B R Y 4
S A AR B A B B, X E B T REAR R L2 R
MAIHESF TR LT 0—20 em B+ P, B 7E Bk
ML ARREEBENEANR AT EKRL,EF
TR B IAGVE . X T B RS2 i — g 21
AP — 5 AR R I E R S
Bl 4. 69,665 kPa, Kl B g [ (0 3% i i 2 4K Okl
32.64%,46. 28052 P —Fh R E RO PEAR—+ &
AR B R A R 0 ORE JR J7(E 3 ) il 6. 89,
4.10 kPa, H 5 J7 {8 (4 35 i g B2 AR Rl 47, 95%,
28.53%, Nk 4 iR, X ALBEEREAL 4 R
R — T A R AR A iR RS 58 07 (8 0% 1 gt 22 R
BE DY HARIRBERG N 4 RhAE AR — 152 G R A R R
JIE R AU WOk 58 07 (8 0 385 I iRt 2 180 B R
H 2 Tl R A 1) T R R A 2 b E R R T R R o
KE/MRIK N 72.03%,47.52%,23. 64 % ,13.73%
S 7 A R 0 4 S0 A AT 2R K R T R R L R
ZHR G L DRI T 32 EAR AR R R 2 i i+
A %)l TV
3.4 EEMELER-—TEGEREBESN
TSR X P 2 AR BE A Y A XS L+ A
P MR — 2 A AR A SR L+ 4 2R KR
R—+ 8 AR, % T+ ERPEM R 25K
WFE A2k AR R AR T E N E
BYIRE L 430 A5 B AS [7] R B 9 il G 3R T o (B N JE
B o (R EE R S s, RS2 6 LR
ARG R AR ) 0 R R A B
SERAEHT S [R] B o Bt 3 300 30 A A TR B 1% s vy 2R g )L +-
BN TN e o i QA e S D) i o [ 28
B A A 4 R SRR R R £
TR0 A7 BT AL Bl i A JE 9 14. 05,13, 81, 11. 36,
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11. 07 kPa fR ¥k F& Ik 2 B )2 4b 4 9. 43, 11. 38, 7. 35,
7.43 kPa, 4y MK T 4. 62,2. 43,4, 01, 3. 64 kPa; It
A4 PR B iR 30 ke - AR 1 G 5 0 A A A B A AL )
B R B (BB e B IR AT BT A B eR 23
LR A JE Y 119, 37%., 117. 33%. 96. 52%,
94. 05 %0 Mk K B Ik & B 2 4b 1Y 65. 6226, 79. 19%,
51.15%6,51. 70 % , FLREAIG I 2 43531y 53.75%4,38. 14 %%,
45. 37%6,42. 35 %0 s J UMl , B —FP A I FEARTE S 3 A 2
£ R TTER R 12. 32,11, 04 kPa, B 2 X £ + 1 51
kM 4.69,6. 65 kPa, 4r BIFEME T 7. 63,4. 39 kPa, K

BAKREE R A 20 104.67%,93. S0% (L ZE B
JZ AL B 32. 64%,46.27%, 43 BIFEAL T 72. 03%,
A7.53 %0 B YR G A A AL 1 o A I 3 B AR T
RN R AR B — AR 2% 1F T B R AR R . X R ON TR
B AT, Y B R AW 2 B R AR T Y
I RAR FH X BEACEE 5, 2 PR A AR I A LE RAR #4k
TE RV 3 AR A — e B AR AR R
TEAE S T H AR AR 285 o A G e M1, B 3 B0 0 B 25 0 3
VAR A 8 e AR KR R X A R B B R A 48 5 A
JH 320 3457 ALK o T A MR 2 5% = A 1) T P 3% 7 A B

4 RABER4IME—FER—TEEFKXHFLERLE
iy ey RER T o/kPa WEEBE i g/ O WE WK kP R IR %
AR B2 AR B2 AR B2 AR B2
2 25 Pk 5L 1 24.09 19.06 21.5 23.8 12.32 4. 69 104. 67 32. 64
e Tl Y T 2 3 22,81 21.02 23.7 24.1 11. 04 6.65 93. 80 46. 28
7 S BN L3 3 19.03 21. 26 21.6 23.1 7.26 6.89 61.68 47.95
BT b 17.91 18. 47 21.3 21.5 6.14 4.10 52,17 28.53

T @ F R 3R T3 A B2 B — PR — 5 MR G 3R 0 BB 3R iR SR D0 (s A 8 D BR300 T i g < AL AL 0 30 9 52 4 1A i
R SR I — A B R 3 R 3R 015 © R 3R 3 38 00 Wt 2 48 2 B — AL A 5 R R AR 2R 0 ML 3R e e 2R 0 M4 e 9 2 G R AR T
BET7 Ry S A RERE R R T R/ AN AR AR 3R BURE (KR 2R D {E <1004

£S5 RER4MESHER-TEGFRHNETRBER
. WE p/(g e cem ?) TR o/ % K2 11 c/kPa WEEHEA o/ ()
AJZ B2 AJZ B2 AZ B2 A B2
Egunblib) 1.54 1.63 17.70 15.95 11.77 14. 37 20.7 22.0
T 5% i X6 L+ 3 il 4 5 0 35 1.79 1.84 22.48 20. 48 23.13 21.72 24.7 23.6
7 2k B G L+ 2 25 K 3 1.92 1. 86 19. 74 19. 60 25.82 23. 80 26. 2 26.1
1 T 2 TR A R 3 1.87 1.85 25.25 20. 42 22. 84 21. 80 18.7 22.7
TS B R 1.89 1.81 21. 42 20.03 25.58 25.75 22.6 23.8
6 RER4MESGHER-TEEFRHEEIRABEENRKE R
— ki 71 c/kPa MR Ff o/ () KB KA/ kPa KB IR M B/ %
AR B2 AR B2 AR B2 AR B2
ER LR 3 11.77 14. 37 20.7 22.0 0 0 0 0
7 £ B X 1+ T 7 2 5 3 23.13 21.72 24.7 23.6 11. 36 7.35 96. 52 51.15
Fr 46 B0 38 L+ A0 25 vk B T Bk 25.82 23. 80 26.2 26. 1 14. 05 9.43 119.37  65.62
1 - T R AR 3 22. 84 21. 80 18.7 22.7 11. 07 7.43 94. 05 51.70
B E A0 2R VKR B 25.58 25.75 22.6 23.8 13. 81 11. 38 117.33  79.19

TE - DF oK 5 74K B 09 2 00 5 P AR AR — 5 15 A CRE Rl 58 00 (R 3R iR G 5 (0 e o 0 D JFC AR 0 05 0k« i A A 400 320 8RS 5

{EL—AH B A B Ak 3R - IO 3R 1M s R RS 3R 7 i BE R 0 S R ARR — B A U G 2R (B AR 3R R R R D (4R Y

&, H L

B, H A

PRIT 71 R R 0 8 AL/ AR S 07 8 Ak 3R 4 i B R R R 1 <100 %,

3.5 B—MER-—TESENIERESEGMHEN
R—tTEEGHNEEEERIL
HIZE 7 AT XN 4 PR M AR — -2 & 1K
MR UR U S (RN VA VA S A L e
WR—t SRR R (. DI 48 X8 L+ 40
ZEVKE YO A LR A R AL A SR L+
A0 ZE VKRR A R AR — 1 2 S R R G RO

25. 82 kPa, A7 Z5 B X L o — FP A AR — & A Ak
FERE 2R 7 {8 1 41 25 DK B — bR AR — - B 5 IR R
KB B4y 9 6. 79, 1. 73 kPa. K B 1 i A 8
R EEMK K A 35. 68 %0, 7. 18 % s ZEHE I LA R B JZ AL, #7
ZHR NG L4025 UK R A R AR — 5 A AR A

FHME R 23. 80 kPa, P SR 3G LA —FhAE AR —
AR REAL R A0 ZE VK B P — R A AR — + &2
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BRI EERG R I E 3 9 2. 54,40 74 kPa, R 23R )
B B 180 T e BEAR YR Ry 11, 9596 ,24. 87 %, 2ol b, FL
by 3 IR A i R 14 0 3k S TR A5 A 0T ) B — AR A1 38
TS LLT AR R — 82 A WAk R K
{5 0.03~7.67 kPa, i B Sy hn g EE M 0. 13% ~
42.83% Wk 7 iR . LA X ] 0L TR A R 4%

F T B AR AR 2R 0 300 35 b M T 5 5 B 9 SR AL 2K
TR B AL AR 2 iR ) B — AR A% 4R R B STk
L L PR T PR T 0 38 A A 98 A R e AR AR 2 S i 00
A o S BLRJE MR ZR RIR 2 AR 2 A A 23 (8] A 1) AR
FhFE L AE B3 A PR BRI AR R S5 R AR B T
AR A5 A R AR 16 7 T 00 AR L SR A

7T HERBE-—FHER-TEGHNTERESEAHEYR —LTESHREREL RN

A B 3K Af / kPa i 5B g 380 i %/ %
5 A 3 9 26 Bl
TRA R 2% PR — T oA 0 3 S AR BE AR =
. e 25 H Y L B 4.1 0.46 21. 54 2.16
20 00 )L+ 2 0 L 0 R
e Fl P m 3 Y 0.32 0.7 1. 40 3.33
X e £ HR 0 L Bk 6.79 2.54 35. 68 11. 95
e 45 08 L+ 4 25 DK 25 0 3
YR 25 VKR 1 1.73 4,74 7.18 24. 87
LB b 4,93 3.33 27.53 18. 03
B+ T B 5 =
e o 7 A 3 B 0.03 0.78 0.13 3.71
W 7.67 7.28 42. 83 39. 42
BT A2 vk h =
2 25 VK R 1 1.49 6.69 6.19 35.10

TE @ 2 0oR SR 38 AR B9 2 38 5 R 2035 5 A IE B — R R 380 KG 2R 0 A L i i B0 L O AT B 05 2 RS AR — R A R SR T (i —

AHNL B — B A AR — £ AR R IIE s @ KRB iR B 48 1 2 IR &
R KA /A R B — R AR — + 52 & IR RE 1R (i X 100 %,

AR TG 5T Bk X 4 Fp B — R AR — A AR
FER A FMREFMER L E SRS TEN AT
B AIRER W 4 FOR &M R — 2 &Kk
()Rl 5 T A 280 DR T AH 0L A A 4 bR — A AR —
S G PR IERE 1R SR DA BOA R I REASFIRE RTR &
Fofr L 1) 757 KO0 2 i 40 3 b AT B R R RS B AR X R
BERIER .

EAFFEAE FARSEA AR ST 58 R 32 SR A
B 22 M 46000 3 35 ) T AR BE (Vetiveria zizanioides) + /7
M4 v (Ligustrum quihouwi ) fR—+ & &K 47 H 57
W KR T IEA R &K R AR SRy #4040 T,
AR 22 0 52 5 U e 59 58 B8 0 S e R A . e 4
TR RN 10, 1~15. 71 mm®, FHR N 16
24,12 SIIENL T EMRE /N L iR —+ 5 &
PR IEAE R 2R (MR 90. 97, 88. 89 kPa, ¥ T
N TR — R R AR K R S {H 66. 61 kPa, &
TR AR 3 o X & M B (Chnatherum splendens)
W— T ER A i LR — T 8 G A Ay
L+ R R FAR— A P T =8 40 15, 15 51 3
Foft KR — b 52 A RS SR T (B ELRG 3R 0 vh R 2 /MK
AT ARG L+ H AR — L' AR AR —
T EAE ARG — L E A E L KR
MUH 94. 1%, 66. 6%, 39. 2% , HUIA g Hil ) B 22 0
WY AR B 3 W VR T (RIS SR AR
5 REAR LA AR 7 2 0 e DX A 14 o 77 2 R A B
— R A B R B .

ol AL 20 495 5 A I B — ol A 00 38R SR T A L e A R LA B T vk R

4w

(D 8 MR NPT A RLR
W—+E GRS T8 17, 91~25. 82 kPa, % +
NYEAE A RAL R IR T3k 1177 kPa, B 8 Fp 2
RURE Y B AE S LR A R B — & & it BE RS
BHYKRTE L HYAE A Z R RR B J7 5 3w L
TBEMAMKR—+&2 45 ERIE N 18 47~
25.75 kPa, IR R T & L B 78 B 2R B Ab iR 1
KT JIE 14. 37 kPa, it B AP AR 2R BE &0 35 2 /3 i Bk
FARMPLRY R E

(2) BA—FAr 45 0 N B0 AE W) 0 B AE B T DL
A A AR — 52 A R RS SR 45 24. 09,
22. 81 kPa, B K F 5 —FpAE I 1 HE R A Y D B e A
AR+ 2 A R R R 1M 19. 03,17, 91
kPa, 15 B A A 40 AR 2R A0 0 R A ) AR 2R X 300 3 3R 2
AR S 3 AR R e R ) - AR B A R A1

(3) B 300 W+ VR B 1 s 4 FhE A FhAE AR R
X 2 B B 5 5T mk Y RIS B 4 0 R 53. 75 %,
38.14%,45. 37%0,42. 35 % , A L4 T B — P i R AR AR 2R
X 2R A B BY 5 BTk 0 B AR R B 72, 0400,47. 5200 L
5. BB 2 0 3 - U VR B B 0 REAS AR R 6 A AR B
SER 5 P 1 5 A T S5 AR A%, A O AR R ) [
1 TF 16 2 &4 Ok

D) FERYERZUTH 2 A E RS R W
MR8 A ARERE AL R (E, 88 2 FpA 9 o — Fh hiE
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