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Fig. 1  Overview map of the study area:

(a) surrounding environment of the study area; (b)abandoned debris flow check dams; (c) gravels behind the dam
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Fig.7  Structural analysis diagram of different dam types under impact: (a) displacement of rectangular check dam;

(b) stress of rectangular check dam; (c¢) displacement of arched check dam; (d) stress of arched check dam
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Tab.2 Statistical table of stress and strain of check dam
A/ mm SFRUE 1/ kPa
WY LA B/ m
14301 2431 1#301 2430
20 0. 140 0.774 286. 180 923.469
40 0.170 0.751 298.700 851.256
60 0.154 0.735 255.920 764.820
P

80 0.210 0.792 329.820 798.550
100 0.197 0.776 294.330 828.000
120 0.168 0.749 299. 800 826.470
20 0.244 0.874 395.260 1 098. 000
40 0.235 0.843 373.540 1 000. 200
., 60 0.250 0.854 368.920 956.090
e 80 0.274 0.878 424.510 992. 680
100 0.271 0.852 386.790 979.126
120 0.247 0. 866 404.920 1 065. 000
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Fig. 8 Static influence of different spacings on two-level check dam cascade:

(a) displacement of check dam body; (b) stress of check dam body
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Fig.9 Simulate result of prevention and control effect of debris flow check dam cascade

(a, b) no check dam; (c, d) two-level check dam cascade with a spacing of 40 m
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Fig. 10 Movement characteristics of debris flow under two-level check dam cascades with different spacings

(a) accumulation height and maximum flow velocity at channel outflow; (b) accumulation amount
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Layout Optimization of Debris Flow Check Dam Cascade
Based on Numerical Simulation
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3. Institute of Natural Resources Monitoring and Comprehensive Land Improvement of Henan Province, Zhengzhou 450000, China)

Abstract: In engineering practice, a check dam cascade is arranged in a coordinated layout to prevent massive
debris flow disasters. After a debris flow overtops the first dam of a dam cascade, its movement pattern undergoes
significant changes, with the stress state in the second-level dam and the overall prevention efficiency being both
greatly affected by the distance between dams as well as dam structure. Previous studies only concerned about the
behaviors of a single dam in debris flow control design, lacking knowledge of how the spacing between dams affects
their load-bearing patterns and prevention effectiveness.

In this paper, based on field investigation, a fluid-solid coupled model in ANSYS-Fluent was utilized to
simulate the correlation among different spacings, types and stresses of multi-level check dams under the impact of
debris flow. Combined with the Voellmy rheological model in RAMMS, a thorough analysis of the spacing of the
dams was exemplified by a real debris flow gully, located at backslope of the Erlang Mountain, Sichuan, China.
The influence of dam spacing was discussed from two aspects: dam body static force and prevention effectiveness.

(1) After achieving a stable state of overflow in dam reservoir, the total pressure of debris flow slurry on dam
exhibited a laminar distribution with higher pressure at bottom and lower pressure at top.

(2) Compared with arched dams, the rectangular dam generated relatively smaller stress and displacement.
The stress and displacement endured by the first-level dam body was both less than those in the secondary-level dam
body.

(3) The establishment of a two-level check dam cascade provided a significant regulating effect on debris flow
movement. With continuous expansion the spacing between two dam bodies, the displacement and stress in the
second-level dam fluctuated. When the spacing was 80 m, the stresses and displacements in the two-level check
dam both reached the maximum value, indicating the most unfavorable spacing.

(4) With the increase of dam spacing, the maximum accumulation height and velocity of debris flow showed a
trend of increasing first and then decreasing.

(5) As for the real case of debris flow on the backslope of the Erlang Mountain, the protection effect was more
satisfactory when the dam spacing were designed at intervals of 40 m, 100 m and 120 m.

This study has implications for optimal design of debris flow check dam cascade.

Key words: debris flow; debris flow check dam cascade; numerical simulation; layout optimization
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