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Model test on stability of soft rock slopes composed of nearly
horizontal redbeds with cracks

DENG Wei', XIAO Shiguo’
(1. Department of Geological Engineering, Southwest Jiaotong University, Chengdu, Sichuan 610031, China;
2. Key Laboratory of High-speed Railway Engineering, Ministry of Education
(Southwest Jiaotong University), Chengdu, Sichuan 610031, China)

Abstract: Regarding to the problem that soft rock slopes composed of nearly horizontal redbeds with cracks in the
eastern Sichuan area is prone to sliding failure under long-term heavy rainfall conditions, based on a typical slope
example with double weak interlayers, similar materials that can characterize the softening and cracking
characteristics of the soft rock in water are prepared with elastic modulus and tensile strength as the main control
factors. A laboratory physical test model on a soft rock slope with fissured nearly horizontal redbeds was

constructed, and the deformation, crack propagation and stability evolution of the slope under long-term rainwater
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infiltration was investigated. The results show that (1) the development of slope deformation can be divided into
three stages - initial deformation, uniform deformation and accelerated deformation failure; (2) the crack
propagation of the slope mainly includes the ‘upper-narrow and lower-wide’ cracks developed from bottom to top
in the rear of the slope, and the related cracks developed from top to bottom in the front of the slope. The crack
propagation area is mainly concentrated between the upper and lower weak interlayers, where excess pore water
pressure is easily gathered; (3) a numerical simulation of the test model via FLAC3D presents the seepage process
of the thrust landslide, and shows that the excess pore pressure increases initially and then stabilizes gradually with
time. At the weak interlayers and vertical cracks, the excess pore water pressure increases cumulatively; (4) the
evolution process of the sliding surface and slope instability can be divided into three stages: shallow fracture
development and penetration, fracture spreading to deep weak interlayers and gradual penetrating, fracture further
extension and slope failure. The weakening of rock mass caused by long-term rainwater infiltration, together with
the gradual development of cracks to the deep zone of the slope and their connections with the soft interlayers to

form the multi-stage stepped sliding surface are fundamental reason of slope failure for the soft rock slopes
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composed of nearly horizontal redbeds with cracks.
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Table 1 Main mechanical parameters of rock prototype and
model materials
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Fig. 14 Crack evolution process of the slope model
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Fig. 15 Variation curves of excess pore water pressure of
measuring points in the slope with time
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Fig. 16 Numerical model for the test slope seepage
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Table 2 Main physical and mechanical parameters of the
numerical model

= ¢/kPa o/(°) o/kPa E/MPa k/(cm-s™)
R 235 152 30 0.459 6E-3

w2 132 41 800 82.7 0

24 23.5 15.2 30 0.459 1E-1
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Fig. 18 Contour of excess pore water pressure in the slope under

different rainfall duration
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Fig. 21 Analysis model of potential sliding body of the slope
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Table 3 Parameters of the sliding surface in the slope model for

stability analysis
[i1¢=e 0/(°) c/kPa Py/kPa V/kPa Lim S/m?
I 16.4 31 17.53 3 0.85 0.2
I 15.8 28 31.58 5 1.3 0.31
] 15.2 25 33.88 6 1.4 0.6
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Fig. 22 Variation curve of loading thrust with time on the back
of slope
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Table 4 Analysis results of the slope stability

BB T R/AKN-m™) F/(kN-m™) K
I 1 27.30 12.42 2.20
I Il 37.67 27.36 1.38
m m 37.68 4226 0.89
5 4ig
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