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Mechanism of the Hydrological and Mechanical Reinforcement Effects of
Vegetation on the Slope Stability under Rainfall
Jiang Shuihua', Xiang Zhuang', Lii Shengcai®, Wan Jianhong', Huang Jinsong'
(1.School of Infrastructure Engineering , Nanchang University, Nanchang 330031, China; 2.China Power

Construction Group Guiyang Survey and Design Institute Co. Ltd., Guiyang 550081, China)
Abstract: [ Objective] This study aims to investigate the mechanisms by which the hydrological and mechanical
reinforcement effects of vegetation influence the stability of unsaturated soil slopes under rainfall conditions.
[Methods] Based on a two-dimensional finite element method, this study first analyzes the effects of water uptake
by four typical root architectures on the pore water pressure distribution within the slope. Then, using the uniform
root distribution as a representative case, it quantitatively evaluates the influences of vegetation hydrological effects,
mechanical reinforcement, and their combined effects on slope stability under varying rainfall conditions and slope
angles. [Results] 1) Root water uptake significantly reduces pore water pressure and increases matric suction, among
which the exponential root architecture shows the most pronounced uptake effect. 2) In terms of hydrological effects, the
greatest improvement on the slope stability is achieved when both the root water uptake and root-induced changes in the
hydraulic conductivity are considered. 3) Under the rainfall conditions, the mechanical reinforcement effect of vegetation
is the dominant factor in maintaining the slope stability, and its stabilizing contribution increases with the root depth.
4) The contribution of vegetation mechanical reinforcement to the slope stability is significantly greater than that of the
hydrological effect, and this difference becomes more pronounced as the slope angle increases. [ Conclusion] The results

of this study provide an important reference for vegetation selection in ecological slope protection engineering.
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Fig.4 Pore water pressure distribution of vegetated slope under root water uptake

2.3 FETRVEF T HE 40 3 FLBS oK M R 4 1E 43 AT

Sy 485 7 R B 7K T 508 X i B R T A 9B el AR 1 5
mi, LA AR TR 2 RO 1 m) Ry ], 2% 3 Rh 4 T
(R 2):AUF BB ERPCEACTH 1, HD ALH ER]
WA AWK CT 0 2, H) K - F PR A/E A (T 0 3,
H,) . &R ¢}y 65 mm/d, BRIl 72 he

x2 HEIR
Table 2 Calculation conditions
TOL R E KSR w1
TH1 H, 2 BRI AR NS F R R R
T2 H % R A F WK A Gl i B 20 B R
? AR R WOKAE T FE R S R 2 D
T3 H, 7] B 2 B e X A1 B i R Y

SRR R A AR R K A T

P 5a Xf H A 1O A 00 R R B A S A
YeAERETN 72 h 5 M FLBOK B0 i o SR B, 583
AR E, BT AR TR H R B R i fL
BK HE o X EE T80 3R T80 2 AT 60, 78 100 3 o, il B
FKZImuBENEEERNBE R 515 T
TR BB BRI A B 1 B K 43 BE A8 T 1] TR
2 RIS H | R A ROk B3R 2R R R AR RS A
{45 22 )25 A7 5 R 30 8] 475 18 05 4 e A e ) ik o
F1o Ml muEZ A, T RE R BN KE

2 T 2 AOK S 38 T 7 FL B K AR /D
T T AR £ AR LA AT 5 AL, X b T 3
T LT AL, o WB 3 RO, 22 5 E T T80 3
THYRAC EZAE72h R RZWAKIEN. £id72h
FIBER , H TIX 2R TOLENRZ I muFENAB
Al 1 AR — B, AL BRK R S A e L — B i it
I myg o, T00 3B &4 72 hiR RWKAEH, 53
FLAL B K H A0 2 (1 B K, 86 W £ B8 B B e 19 97 AL B
K. T8 258 4 T80 A 6 H A 250

P SboX b T B0 3R R B 3 5 AR A i B LB
7K P i 88 TR 03 B A8 Ak 0 R IR . BRI (= 0D,
L 20 33 1t 3 FLL B K AR 28 — 94 kPa, i fIX T4 134
Yl —53.6 kPa. bl % BE M A FESE, KRBT AE,
RN T 25 2 WA /0 L PR R W K AR B R T
B W s . W, T A KRR L RB SRR
], Wl )2 AR ALBR K R AR AR — E 22 572

P 6 b T i Bl RAE B AR R AR R
AL B K SR (2 e, L Al Bl i 3 T 000k T 3, 4
BN B AE R 24 hS A DR 52 B 1 S LUK L (8
S BB W TR A AE K (R =72 h) Rk i B
RN AW S, A SR T8 R b
(49 7K T 30 = B A R R 0 R 2 A g 8 2k
FEWR IR R 100 76 D B e T T L8 £ 320 W R 0

http. // stbexb.alljournal.com.cn



120 K AR FRAE AR %40 %
(a) HHIAWAEA R T F S8 L ib i e LK K (b) 3L T A A A0 R e i A L PR 7 B e I I R £
FLBR A/ kPa FLBS K & /kPa
—100 —80 —60 —40 —20 0 —100 —80 —60 —40 —20 0
0 — . . ; — 0 ——~— , . —
1+ k 1 b = T e d
o +
I 4
2t e 2F
= T3 £
3r T @ 3 —0h
% ) }%ﬂﬁﬁﬂﬁﬂ % | T 'i‘g“ﬁ}ﬁﬂ%m
4 @Y 4+ =<2k
-- L3 Fa sl
ST = L8 g n S'l:ﬁﬂ}ﬁﬁmmﬁm
- LiR2 72h
6L Bt 6L
Es5 BEWERATHEHDEMELOWEILIEKESH
Fig.5 Pore water pressure distribution of vegetated slope and bare slope under rainfall
(a) M EiAHE, =0h (b) B, =0h
10 10
% | x % y
i 5 10 15 20 25 0 2 10 15 20 25
x/m x/m FLE K
(c) LAY, =241 (d) Y, =24h kPa

10

z/m
N

s} 10 15 20 25
x/m

() Wikile, =72h

0 _
5 10 15 20 25
x/m

B 6

z/m

40
20

0
=20

: \‘ S
—60
—80
—100
5 10 15 20 25
x/m

(D) LY, =72h

i x
| \
5 10 15 20 25
x/m

wn

=

0—

BERERTRINFSERBFOILEKRES S
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Fig.8 Comparison of slope FOS for three conditions under rainfall
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