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Study on Damage Mechanisms of Concrete Piers Impacted by Debris

Flow in Complex Terrain

CHENG Maili, GUO Shaoheng, TA Pengpeng, CHENG Jutian
(School of Architectural Engineering, Yan'an University, Yan'an 716000, China)

Abstract: To investigate the disaster-causing mechanisms of debris flow impact on concrete piers in
complex terrain within hazardous mountainous areas, simulation tests were conducted using discrete
element software PFC3D on three types of slope flumes: convex, linear, and concave. The movement
patterns and accumulation characteristics of the debris flow were analyzed, and the damage evolution
patterns of concrete piers under dynamic impact of debris flow were deeply studied. The results indicat-
ed that the debris flow on the concave slope exhibited the largest start-up velocity and the highest peak
average velocity (6.38 m/s), but the shortest movement duration. In contrast, the debris flow on the
convex slope showed the smallest start-up velocity and the lowest peak average velocity (2.53 m/s),
but the longest movement duration. The debris flow accumulation on the convex slope was the most
dispersed, covered the widest disaster area, and resulted in the greatest accumulation height in front of

the pier, while the accumulation patterns on the concave slope exhibited the opposite trend. The peak
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impact force of the debris flow on the pier under the convex slope condition was the largest in both the

X and Z directions, and the displacement response at the pier top was the most significant (5.0 mm).

Under the concave slope condition, the peak impact force of the debris flow on the pier was the small-

est in all three directions, and the pier-top displacement was minimal at only 1.07 mm. The pier dam-

age was the most severe under the convex slope terrain, with the largest damage height range (0.27 m

to 1.32m from the bottom of the pier), followed by the linear slope, while the concave slope exhibited

the smallest damage height range (0.06 m to 0.31 m). The pier damage rate followed the same ranking

as the peak impact force in the main impact direction (X-direction): convex slope => linear slope = con-

cave slope. The research findings can provide a reference for the prevention and mitigation of debris

flow impact disasters on bridges in hazardous mountainous areas.

Keywords: debris flow; concrete pier; complex terrain; numerical simulation; impact damage
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