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Tests and numerical simulations of non-orthogonal rainfall infiltration on
surfaces of unsaturated sand slopes

WANG Cheng-hua, WAN Zheng-yi, ZHANG Cheng-lin
(School of Civil Engineering, Tianjin University, Tianjin 300072, China)

Abstract: The traditional rainfall infiltration boundary, which is determined by decomposing the rainfall intensity simply
according to the direction of a slope surface, does not conform to the actual non-orthogonal rainfall infiltration. In order to study
the rules of non-orthogonal rainfall infiltration on the surfaces of unsaturated sand slopes, a series of infiltration tests on
unsaturated sand slopes under different rainfall intensities, slope angles and void ratios are carried out using a new and
self-designed artificial rainfall device. In addition, numerical simulations under the same conditions corresponding to the
laboratory tests are employed to analyze the rainfall infiltration. The variations of infiltration rates, seepage rates and water
storage increments of sandy soil with respect to infiltration time are obtained, and the influences of the rainfall intensities, slope
angles and void ratios on the test results are analyzed. The test results show that the overland flow does not emerge in all the
tests. They are different from the orthogonal infiltration theory. Finally, the comparison between numerical simulations and test
results unveils the differences in infiltration rates, seepage rates and water storage increments of sandy soil, and demonstrates
that the moisture content of the soil slope, water infiltration capacity and the transformation mechanism of boundary conditions,
which are calculated with the orthogonal infiltration theory, do not conform to the actual cases of non-orthogonal rainfall
infiltration.
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Fig. 1 Artificial rainfall infiltration test device
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Table 1 Test schemes
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M g/(mLmin") the o/(°) ';%E l.oi 'ﬁig ii
/(107°ms™)  /(10°mes ™)
q60 60 058 0 2.81 2.81
q60 60 058 15 3.01 2.91
G0 60 0.58 30 3.28 2.84
g2 20 0.58 30 1.37 1.34
q100 100 0.58 30 5.67 4.90
d60 60 064 0 2.79 2.79
g0 60 0.64 30 3.31 2.87
q60 60 073 0 3.01 3.01
dso 60 0.73 30 3.29 2.85
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Fig. 2 Variations of seepage rate of undersurface with time
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Fig. 3 Variations of sandy soil water storage increment with time
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Fig. 4 Variations of seepage rate of undersurface with time
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Fig. 5 Variations of seepage rate of side face with time
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Fig. 6 Variations of sandy soil water storage increment with time
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Fig. 8 Variations of sandy soil water storage increment with time
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FLE UGS SERIEPN
tbe  akPa b c w,/kPa  FRHR
0.58 3.69742 5.15481 0.66189 391 0.98535
0.64 3.17903 3.25464 0.91765 259 0.97947
0.73  3.15510 2.63899 1.17992 164 0.97603
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Fig. 10 Soil and water characteristic curves of sandy soil
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Fig. 11 Variations of infiltration rate of the sand slope with time
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with time (e=0.58, o =30° )
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