I AR AR R 2B 24 (H SRR AR),2026,57(2):199-210

Journal of Shandong Agricultural University ( Natural Science Edition )

VOL.57 NO.2 2026
d0i:10.3969/j.issn.1000-2324.2026.02.001

BERRAIE TIRE LK D45 B KRR E MR
17 B57, 4P & 2, RS, Ate, RE K
FL W) B TR 2200 T RE2E Bt , <79 2 650500

1 B NN NS A AR K R B A ot a2 A e A PR S, ) R [ R A O AR, o AR
AT B DA A A AR ] KR e I B8 R e a3 20 T R 4 4 R (R A2 H fish 35 & 6 FLAC3D #K
PEAT ZIRIF R TR BN S AR R AR A1 N AR R 3 Aoe AR A (R 72 o BFFFE 45 SRR W« CO RERE 1 [A) A B AR
FAT R AR PR OB R, A A I T 85.20% , LA [ Ry TS ARLA T A 00 1) 3 AR el s (20 A8 B A A
N AW RE VR ZE N KON TS S RE L L AL AN T 7 T 1) [R1 I i [RRR 28 0 2 I R S A v A v R T AR, e A
FRHRE YR P BRI/ 37% 3 (B AN IR B N8 7 3K I T B8R P A 305 P I AR A 3 4 20 2 S5 8, T i B W J BESHCIR
AT W4 REOKIE T B s (OFFFIBR T AW 125 57K 1 W RIBE A9 L] 22 7R S R s R 55
i34 P R I AE 45 FE LAP Sy L DX R 5 SE B VR SR AR A A
FER: RIS, REE O, KRR, UdRae e, B
FEGEDHES: U416.14 XEAFRIRTE: A XEHS : 1000-2324(2026)02-0199-12

Study on Hydraulic Characteristics of Root Zone Soil and Slope
Stability Under Rainfall Infiltration
HE Yu-qgiong, ZHONG Zhi-qun, ZHAO Yun-xi, ZHOU Xuan-yi, DAI Guo-fa’

Faculty of Transportation Engineering/Kunming University of Science and Technology, Kunming 650500, China

Abstract: In order to study the hydraulic characteristics of root zone soil and the influence of vegetation on slope stability
under rainfall infiltration, this paper constructs a restoration model of shrub-grass synergistic vegetation community,
conducts straight shear tests on root zone soils to quantify the effect of vegetation root reinforcement, and employs rainfall
scouring tests to analyze the effect of vegetation slope protection. Furthermore, it uses fish language to perform the
secondary development of FLAC3D software, enabling the study of the unsaturated slope stability under the coupling effects
of rainfall and root system. The results show that: (1) The root system of vegetation under shrub and grass synergy can
significantly enhance the shear strength of the soil, increasing soil cohesion by 85.20%. Additionally, vegetation can
effectively inhibit slope erosion under rainfall washout; (2) Under rainfall conditions, the vegetation slope can slow down
rainwater infiltration, delay the time required for soil saturation, and, combined with the mechanical reinforcement effect of
roots, inhibit the upward shift of potential sliding surfaces. This results in a 37% reduction in the rate of safety factor decay
compared to bare slopes; (3) The slope-protection effectiveness of vegetation varies significantly under different rainfall
infiltration modes, rainfall intensities, and slope gradients. Under heavy rainfall and steep slope conditions, the slope safety
factor decreases substantially; (4) The study reveals synergistic slope-protection mechanism combining the mechanical and
hydraulic effects of vegetation. It is recommended that under the shrub-grass synergy model, the slope gradient of spoil-field
slopes should be controlled within 45 degrees. This provides scientific guidance for the prevention and control of geological
hazards in mountainous areas.

Keywords: Rainfall infiltration; root-soil composite; hydraulic performance; slope stability; numerical simulation
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Fig. 1 Illustration of plant growth conditions under the
shrub-grass synergistic recovery model in the study area
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Fig. 2 Root spatial distribution characteristics diagram
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Fig. 5 Slope model size and monitoring point layout
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Table 1 Physical parameters related to slope soil
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Soil type Density Elastic modulus  Poisson ratio  Hydraulic conductivity Cohesion Internal friction angle
it 1717 12.5 0.32 2.26x107 16.55 23.99
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Table 2 Average value of vegetation pull-out force and growth index

e/ B S F3k F1/N Pk /em 4% /mm HH/em
Plant names Drawing force Plant height Ground diameter Root length
ITEE1=A 177.68+49.322 94.30+15.117 6.95+1.223 33.30+5.981
p N 251.75+98.282 150.33+31.150 9.5142.184 33.79+12.801
Fepi 304.35+143.114 155.30+30.115 3.24+0.732 24.23+7.384

TE R B 0 T B H AR 22

Note: The data in the table are mean + standard deviation.
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Fig. 7 Initial seepage field distribution diagram of bare
slope (unit: kPa)
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(a) Bare slope after 1-day rainfall
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(b) Vegetated slope after 1-day rainfall
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(c) Bare slope after 3-day rainfall
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(e) Bare slope 2 days after rain stopping
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Fig. 8 Diagram of seepage field distribution for two types of slopes under rainfall conditions(unit: kPa )
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Fig. 9 Diagram of pore pressure changes at measurement points in two types of slopes after 3 days of rainfall
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Fig. 10 Shear strain increment contour maps of two types of slopes before and after rainfall
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Fig. 11 Variation of safety factor for two types of slopes
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