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Numerical Simulations for Deformation and Failure of Layered Rock Slopes and Their
Support Design by Particle Flow Code
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Abstract: In engineering construction, layered rock slopes are very common. Affected by their structural planes, the
instability and deformation characteristics of those slopes are more complicated, therefore, it has caused certain
difficulties in the design of support engineering. Thus, numerical models with different dip angles of strata were
constructed based on a high and steep rock bedding slope as the prototype by the software PFC2D. A method of
searching for potential sliding surfaces of slopes by the inversion method of critical loads was proposed and mesoscopic
analysis on the process of deformation, instabibity and failure was performed. By comparing critical load coefficients, the
relative stability of slopes with different dip angles of strata was obtained. The support effect of wall-anchor systems with
different dip angles of strata was obviously different. The support effect of horizontal rock slopes and cut bedding slopes
with large dig angles were better, while the supporting effect of reverse slopes were worse. In the optimization of support
design for slopes, to increase the embedment ratio and embement angle within a certain range could improve the support
effect. From the perspective of construction and economy, the support design with an embedment ratio of 0.33 and an

embedment angle of 90° was recommended.
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Fig.1 The remote sensing image and actual rock slope
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Fig.2 Geological models of slopes
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Table 1 Mesoscopic parameters of models
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Table 2 Comparisons between macroscopic parameters of numerical models and physical and mechanical parameters of slopes

LB WPER R E/GPa BRI c/MPa NEEHES o /(°)

B bR LED| WRIE/% SR L ED RP/% bR LED| W% /%
HA 18.60 18.42 0.83 15.70 15.92 1.20 40.30 41.81 3.74
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Fig.3 Loading-displacement curves simulated by numerical models
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Table 3  Critical loads and critical load coefficients

(1)

Y=
n

HIEWA(0) s 574 /N e 51 2 P9 7
5 500 1.12
30 413 0.93
60 425 0.95
70 510 1.12
120 374 0.84
135 463 1.04
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Table 4 Structure types of slopes and their stability
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Fig.5 Supporting schemes of slopes with different dip angles of strata
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Table 5 Critical loads and critical load increment factors
simulated by numerical models after being supported
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Table 6 Critical load increment factors in different ratios of
embedment length to pile length simulated by numerical models
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Table 7 Critical load increment factors at different embedment
angles simulated by numerical models
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