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Fig. 1 The random collision model of rockfall
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Tab.2 Rockfall impact calculation parameters
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Fig.3 Schematic diagram of rockfall collision
Fig.2 Comparison of theoretical results with experimental results
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Tab.1 Comparison of the calculated data and experimental data

No. R/m 0,/ (°) k, ky V,/(m-+s™") Vy/(m-s") Vy/(m-s™")
A06 0.061 82 0.63 0.21 5.92 5.63 9.47
A09 0.063 72 0.60 0.05 4.66 4.70 8.16
Al4 0.056 40 0.62 0.15 1.85 2.46 4.46
A17 0.061 20 0.80 0.34 1.86 2.56 4.42
B22 0.100 20 0.58 0.54 2.41 2.19 4.42
B27 0.090 30 0.58 0.52 1.16 1.08 2.17
B29 0.100 40 0.47 0.54 2.36 2.09 4.60

TE R AEBCEAR, V) M RV, IS R (w =0 rad/s) , V; 75 JEHT IR THERE # BEIE S5 JE
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Fig.4 Curve of mechanical properties of rockfall under different incident velocity

(a) Rebound velocity (b) Rebound rotation velocity (¢) Motion trajectory (d) Total kinetic energy
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(a) Rebound velocity (b) Rebound rotation velocity (¢) Motion trajectory (d) Total kinetic energy
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Abstract: An accurate prediction of the mechanical features of the wall rolling stone particle after the random

collision is vital for predicting, preventing, and managing the rockfall hazards. To study the effect of random factors

of the rolling stone-wall surface collision process on the motion features of the rolling stone, we selected four

primary influencing factors of the collision process (incident velocity, initial angular velocity of rotation, angle of

incidence, and angle of collision). The random collision model of a rolling stone was constructed. Based on the

basic equation of the rolling stone collision process obtained from the contact theory, the velocity formula after
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rolling stone collision was derived. Then, the effect of incident velocity, angle of incidence, and initial angular
velocity of rotation on the rebound velocity, motion trajectory, and total kinetic energy of rolling stones were
analyzed through an engineering example. The incident velocity, angle of incidence, and initial angular velocity of
rotation of the rolling stone had a strong effect on the collision process. The horizontal distance of the rolling stone
after the collision increased linearly with its incident velocity, while the vertical maximum jumping height and total
kinetic energy after the collision obeyed a power law. As the incident angle of the rolling stones increased, both the
distance of horizontal motion and the vertical maximum jumping height after the collision decreased. Moreover, the
former amplitude drop was much higher than that of the latter. The total kinetic energy of the rolling stones declined
continuously after the collision as the incident angle increased. As the clockwise direction of the rolling stone initial
rotation changed to anticlockwise one, the rolling stone rebounded. The horizontal distance increased continuously,
while the vertical maximum jumping height decreased gradually. The total kinetic energy after collision first
decreases and then increases with the change of the initial rotation. This random collision model is instrumental in
the prediction of the rolling stone motion trajectory and impact energy, as well as the control and prevention of

rockfall hazards.

Key words: rolling stone ; collision ;rebound velocity ; initial rotation ; motion trajectory



