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Abstract: The Material Point Method (MPM) is a mesh-free simulation technique that combines the advantages of Lagrangian

and Eulerian methods, providing a novel_dpproach \for simulating large deformations of slopes subjected to rainfall. A

two-dimensional two-phase single-point MPM“was employed to analyze slope responses under short-duration heavy rainfall

with varying soil saturated permeability coefficients and rainfall intensities. The research findings indicate that: (1) The onset of

slope instability was delayed jas ,the/intensity of short-duration heavy rainfall decreased. Concurrently, the shape of the

displacement curve at the slope toe transitioned from rapid steep increases to gradual increments during instability progression.

(2) Primary failure modes under short-duration heavy rainfall manifested as deep and shallow overall sliding or retrogressive

sliding, with the latter exhibiting greater destructive potential. Under identical rainfall intensities, slopes with lower and higher

saturated permeability jcoefficients tended to result in shallow and deep sliding failures, respectively. (3) Decreasing soil

saturated permeabilityscoefficients progressively weakened the influence of rainfall intensity on both the magnitude and

distribution patterns of pore water pressure within slopes.
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Fig. 2 Schematic diagram of sand free-slip test model
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Table 1 Material parameters

B2 IOIE T 1 IGHE T 2
] 7R 25 5 ps (kg/m®) 2673 2718
LB n 0.39 0.58
WK E E (MPa) 50 2.5
WEEE M ¢ (D 30.9 33
HER S ¢ (kPa) 0 0
bk 5 AR ] R SR R 0.4 1
THRAEL v 0.2 0.3
TIFIEIE Z B Ksar (cm/s) / 2.05x1072
FERIIC t () / 600
P& SRR 9 (mm/h) / 150
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Fig. 3 Comparisons of results from MPM and model tests
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Fig. 4 Comparisans ofwestlts from MPM and model tests
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Fig. 5 Schematic diagram of short-term heavy rainfall slope model
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Table 2 Calculating conditions and parameters

i b [REEH WHBER  BFEENEK
T
Ht g (mm/h) ks (cm/s) t (h)

1 +HE1 200 1x102

2 +HE2 200 1x103

3 TFE3 200 1x10* 1

4 +HE1 50 1x102

5 TFE2 50 1x103
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Fig.6 Soil-water characteristic and permeability coefficient curves
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