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Abstract: The influence of rainfall on loess subgrade is closely related to the infiltration depth of rainwater.
Mastering the infiltration depth of rainwater and the distribution of moisture content in subgrade is the key to
analyze the influence of rainfall on subgrade stability. Based on the Richards partial differential equation of
soil infiltration and the conditions of horizontal infiltration of rainfall subgrade, the partial differential equation
of subgrade under rainfall infiltration is established. Based on the functional extreme value problem and the
principle of variational method, the solution of the differential equation of water infiltration process in
subgrade is explicitly solved, the change of water content of loess subgrade slope under different rainfall
conditions is analyzed combining with the fitting equation of subgrade soil test result with different moisture
contents. The variation rules of water content, cohesion and internal friction angle of the upper, middle and
lower parts of subgrade in the process of rainwater infiltration under the action of one-time rainfall and
continuous rainfall are analysed. The result shows that (1) The horizontal volume moisture content
distribution in subgrade is closely related to the location distance and the distance of wetting peak. (2) The
moisture content in the subgrade slope decreases nonlinearly with the subgrade depth of the vertical slope,
and the volumetric moisture content tends to be stable at the wetting peak. (3) The variation rules of

moisture content in the upper, middle and lower parts of the subgrade are different. The wetting peak in the
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lower part is the largest, the rainfall infiltration is the deepest, the impact is the largest, while those in the

upper part are the smallest. (4) The change rule of moisture content of continuous rainfall is the same as that

of one-time rainfall, but the size of wetting peak is different, the moisture content of subgrade does not

increase linearly with the continuous action of rainfall. (5) With the increase of rainfall infiltration, the

moisture content of subgrade decreases nonlinearly, while the cohesion and internal friction angle have the

exponential relationships with the moisture content. When capillary force gradually reaches equilibrium with

seepage resistance, the curve shows a sudden increase of inflection point.

Key words: road engineering; rainfall infiltration model; variational method; subgrade slope; moisture

content distribution; wetting peak
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Fig. 1 Variation curves of shear strength parameters of

subgrade soil with different moisture contents
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Fig. 2 Changes of moisture content in upper, middle and lower parts of subgrade during one-time rainfall
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Fig. 3 Changes of moisture content of upper, middle and lower parts of subgrade under continuous rainfall
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Fig. 4 Comparison of moisture contents of various parts of subgrade under one-time rainfall and continuous rainfall



30 VA

ST $39%

ARAHLEENIE 3 P, AR LA S — R R AL
MR, BRI 4 R, (ER IR K
AN FTANTR], - — R o T R G 2 o TR % b A 3
TR SEACKR [R] , 3 252 A T w8 ) 4 3 g R — I
R ¢ A = RTRT T E=5 =37 -y N = £ 1 ] U
SERTRERR AL T K BUREE , BN S OK R0, 2L
AR T BRFENKIIERS 11, BRFEI SRR IR B
PRSI AR I, RN AR T3 KR I i i
i i AP AR AN IR RSN WA 2 &1 P
BRI AR AN, X BRRLE T

0 —a— 60 min
K% —e— 180 min
60 —a— 300 min
—v— 600 min
o -+ - 60 min
& - <~ - 180 min
=< 40 .
R = -300 min
w - o - 600 min
& 30 ML
20
10
0 1 ]
0 20 40 60 80 100 120 140
x/cm
(@) B

K I B SE R %, IR9P T RO R ™
5 T b Lo R AR R I
PEESAI SR, ORI A 2R S I AR TRE
YIRS, REEFEABREI, B KR AR
WA, 10 2 2R 0 R P JBE 48R A 2 K R AR HOR
RO R R B A A S K SRR R I DN,
FIRAEARBIE—BUENS, FERITAEESE TR,
FHOHMAH B IRI MBI, X3 0 R RN
IR R PRV, SR S i
TR TR, TR TR RS

4r —a— 60 min
— kR —*— 180 min
35+ st sshiRREIRES —a—300 min
| .
| ' Il | —v— 600 min
< 30l [ ! - +-60 min
&= | [ - <-- 180 min
& L | - - 300 min
i ,' - -¢-- 600 min
= , HELEFE
10 1 1 1 1 1 1 ]
0 20 40 60 80 100 120 140
x/cm
(b) M EEEE

BS mEWdEPREL. B, TEHRUFHBRATMNEZANETL

Fig. 5 Changes of cohesion and internal friction angle of upper, middle and lower parts of subgrade during rainfall
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