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Abstract: The railway subgrade in China has entered a stage where construction and maintenance are carried out si-
multaneously, and it will face a complex service environment involving the coupling of traffic load and extreme rain-
fall. As a result, the existing weakly expansive soft soil subgrade is prone to slope collapse diseases. Based on a
weakly expansive soil railway subgrade project and in combination with the particle image velocimetry (PIV) technol-

ogy, a visualized model test device system for weakly expansive soft soil subgrade slope collapse was independently
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developed in this paper, so as to simulate the behavior of slope collapse of weakly expansive soft soil subgrade under
the coupled action of traffic load and rainfall. Through the analysis of variation laws of soil pressure and settlement at
different locations and those of PIV images of the slope surface at different moments, the evolution mechanism of
weakly expansive soft soil subgrade slope collapse was revealed. Results show that under the coupled action of traffic
load and rainfall, the soil pressure at the top of the slope, the foot of the slope and the base increases with the in-
creasing loading time and traffic load, while it shows a two-stage evolution law of increasing initially and then de-
creasing on the slope surface. The settlement increases with the loading time, and under the condition of extreme
rainfall, the settlement values at different locations increase linearly with the traffic load stress increment. By means
of observing the PIV images, the slope collapse mechanism is determined, i.e., the slope displacement will expand
with an increase in rainfall duration, and erosion gullies are formed subsequently. In addition, when the dynamic
load increases, both the slope settlement and slope collapse will be accelerated. The research results in this paper

provide theoretical support for studies on the mechanism of slope collapse of similar weakly expansive soft soil rail-
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way subgrade, which is of significance for ensuring the safe operation of trains.

Keywords: weakly expansive soil; traffic load; rainfall; slope collapse; evolution mechanism
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Tab.2 Statistics of mineral composition of sample
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Fig.1 Visualized model test device system for weakly
expansive soft soil subgrade slope collapse
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Tab.3 Schemes for model test
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Fig.2 Layout of soil stress meters and settlement obser-
vation points (unit: cm)
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5 AN [R) A2 iy 28 R R AV H
JEIMEAS AL ZE. IE 5 (a) ATLIE H, SE 4 R (A
Wi 1 22 B0 S0 5 v/ 9 AR A R 24 52 38 far
o S WEAE N 25kPa BF, £E 0 ~ 8 min AYHFI LR BT
B, L EFMENZ 0kPa $8)0%E] 17.0 kPa, Ffi/57E 8 ~

60 min BB B PN IZ RN, e FE 2 10.5kPa. Y
AZ T fa A0 S FRAE K 100 kPa IF, 7E 0 ~ 8 min 4]
AT B, 1R JIE M2 0 kPa 3403 52.0 kPa, Bi)S +
JES{ERGELE 48.0 kPa. IS XHLIE 4 (a) AT LR R,
S50 R I E AR EE , SRR () 4 T (B B I
LIREAR 50% , 33X & BHAE B N 4T H RN K T 48 A B N
Ak, PECAARFLBUK T AR, (A5 R {EA B
. BEE R LA T SR A B R
%, FARSEHIZ IR, R I ER 2 . X R
SHAE R A A fr R S VR, R AR e P
ZEVEEIFE, B AR B B I (Rl RS 5
W, FECE R IMEREAG. SR 2 IR T
R DB A8 38 far 20 3G A AR A A TR
PIAFEBAE 5 (b) FR, G400

{E =0.004 212 +0.966L —13.395

> 2)
R*=0.9891

60
— L=25kPa — L=75kPa
50l — L=50kPa — L=100kPa
¢ w WWWWWW
g . ,
i
. 20 )
H i
10 .
0 1 1 1 1 1
0 10 20 30 40 50 60
15} [3] /min
(a) PEME A R Iy RE ) A5 Ak i 28
50
40
]
< 30t
=%
=~
z 20}
E 10}
H ol
—10
220

0 20 40 6.0 80 100 120
ACIE A 2N ) 1 A/ kPa
(b)) JME L TR 5 3SR A, ) b (Rl i 2k
5 ARAZEBEWFHENNGEMENBEIERATHEL
EHET L
Fig.5 Curves of value of soil pressure in the lower slope
under coupling effects of different traffic load
stress increments and rainfall
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under coupling effects of different traffic load
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Fig.9 Slope collapse after rainfall ends
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Fig.10 PIV photo analysis of subgrade slope collapse un-
der traffic load stress increment of 25 kPa
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Fig.11 PIV photo analysis of subgrade slope collapse un-
der traffic load stress increment of 50 kPa
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Fig.12 PIV photo analysis of subgrade slope collapse un-
der traffic load stress increment of 75 kPa
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Fig.13 PIV photo analysis of subgrade slope collapse un-
der traffic load stress increment of 100 kPa
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