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Abstract: On July 20, 2021, Henan Province experienced an extreme rainstorm, triggering numerous
subgrade water damage incidents. Through on-site investigations of subgrade water damage, the re-
gional topography, geomorphology, and hydrogeological conditions within the affected area were iden-
tified. A failure mode for loess embankment landslide was proposed, and the failure mechanism of the
embankment landslide was analyzed through numerical simulations. The prevention technology of mul-
tiple segmented control grouting with perforated steel pipes was used to stabilize the embankment

slope. Excavation investigations and high-density electrical methods were used to explore the grouting

* Wk B H#3:2023-09-28; & [ H # :2023-12-11
ES T b [ 584 A BRI RHEAF ST T & 3R (N2022G020) A [ 4k 38 B} 2 01 5% e 45 141 A BR 2 =) 2 4 191 H
(2022Y17333) .5 i 48 T S 0F & 5 5% k140 (2022-SF-158) %% Bl
PEE BN GUFRE(1997—) , B BI LAY 6L, Wit . R R FE PR 98 . E-mail:jiaweif3@163.com

772



effectiveness of perforated steel pipes in reinforcing the loess embankment, and numerical simulations
were used to analyze the stability of the loess embankment slopes before and after grouting reinforce-
ment. The research results indicate that: (1) Embankment landslides differ from superficial slope sur-
face slides, often caused by low-lying terrain at the slope foot where precipitation accumulates at the
foot or lower part of the embankment slope, soaking and softening the embankment slope, resulting in
insufficient shear strength of the slope and causing landslides. (2) The numerical simulation results indi-
cate that the depth of accumulated water at the slope foot has no significant effect on the vertical stress
field of the embankment slope but significantly impacts the horizontal stress field and displacement
field of the side slope with accumulated water. As the depth of accumulated water increases, the maxi-
mum shear strain value of the embankment slope increases, and the stability coefficient decreases. (3)
Excavation investigation and high-density electrical method results indicate that the perforated steel
pipe grouting technology achieves good splitting grouting results in the loess strata, filling the internal
pores of the loess slope with cement slurry, thereby isolating the internal water flow channels and sup-
pressing internal water erosion. (4) The numerical simulation results after the perforated steel pipe
grouting reinforcement indicate that the stability of the embankment is significantly improved. The re-
search results provide a reference for the railway system engineering department in water damage pre-
vention and control work.

Keywords: subgrade; railway water damage; embankment landslide; failure mechanism; prevention

technology
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Table 1 Soil parameters of embankment slope

37 WHMBIE FE N
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o &,i/ T T T Tk

& (kgem *) F B . 54
MPa (cmes ') kPa ()

0.54 1840 26.22 0.414.5X10* 22.6 21.4 0.30
0.65 1888 21.00 0.414.5X10*20.0 21.1 0.32
Mt 077 1935 15.00 0.414.5X10 " 13.0 20.4 0.34
0.88 1982  9.00 0.414.5X10* 12.0 20.2 0.38
1.00 2030  4.65 0.414.5X107* 10.2 20.0 0.40

¥JE 0.54 1900 25.78 0.408.5X10° 29.4 16.8 0.30
it 1.00 2090 5.85 0.408.5%10 7 15.6 14.3 0.40
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Fig.10  Stress nephogram at 3 m depth of accumulated water
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Fig.17 Maximum shear strain nephogram
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Fig.18 Magnitude displacement nephogram of embankment

instability
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Fig.19 Sectional view of regulation project of embankment
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slope using perforated steel pipes prevention technol-

ogy
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Fig. 20 Photo of excavation investigation of 1~3# cement

slurry
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Table 2 Replacement rate of steel grouting pipe slurry in

loess stratum

WA BB MR/

R BEHR/

HA/m* BEEEE/m m* RE/m* %
1.2-1.4 0.4 0.01800  4.500 0
1.4-16 0.4 0.020 16 5.040 0
1.6-2.2 1.2 0.06213 5.1775
&it 2.0 0.10029 5.0145
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Fig.21 Interpretation results of high-density electrical meth-
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Fig.22 Numerical calculation model after reinforcement
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Table 3 Crown beams and steel grouting pipe parameters

B/ (kgem ) FPERL R/ MPa TR B
R 2360 3.00e4 0.20
A s 7 850 2.06e5 0.20

343 HHELER S

(DR 11550 br

P 23 Sy o [ 5 B BLK 3 miE B SR R N =
Bl R ) 2 B 43 A e 55 K 1 e A o, 8% 32 1
FAm AL R F R E 2S5 A TR R OK, B SR Az 1
T 3035 A0 B O, R AR 32 B R R ) 3% T kG
R AERE R IR B o KA . 76 B AL A S 1
FHR AR A 0 340 38 1) 7K S 55 8 1y By 7 A T 486 K
B R R IASX TR A o KT I g R ) 1 g e K
{4351 4 —0.255 MPa Fll —0.483 MPa( fii {5 % /m %
JE ), A8 F R R4 )5S i 0.008 MPa il
0.003 MPa.

Zone XX Stress Z
Calculated by: Volumetric Averaging S3ine
(LOOE+O0 |Y X

=1 00E+HDS
~1.25EH)5
=1.50E+05
~1.75E+H05

=2.55E+H05

-
§38
%

(a) KTRL A

Zone ZZ Stress Z
Calculated by: Volumetric Averaging
0.00E+00 1 | Y x

=1.80E+05
—225EH)5
=2 TOE+H0S

“3.15E+H05

(b) E RS
&1 23 il 5 S RAR K 3 m TR g = 14
Fig.23 Stress nephogram at 3 m depth of accumulated water

after reinforcement
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Fig.24 Magnitude displacement nephogram at 3 m depth of

accumulated water after reinforcement
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ed water after reinforcement
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Fig.26 Maximum shear strain nephogram after reinforcement
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Fig.27 Magnitude displacement nephogram of embankment

instability after reinforcement
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