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Free-fly rolling model of stone on rock slope and control techniques
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Abstract: Aiming the problem of rolling stone disasters of highway rock slopes, a theoretical
analysis model of rock jumping and rolling was established. By deducing the trajectory equation of
rock movement, the horizontal velocity and vertical velocity of the first drop point of rolling stone
and the horizontal distance of the second drop point were derived. In addition, the horizontal
distance of rolling stone falling into the structure surface and the impact energy on sand cushion
were calculated, the depth of rock rolling into sand cushion was calculated, and the relationship
between impact energy and depth was analyzed. At the same time, the impact pressure, the

maximum normal compressive stress, the impact energy and the amount of indentation of rolling
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stone falling into sand cushion were derived. The proposed model was verified by two examples.
According to the calculation results, a reasonable protection method was selected for the
protection of rolling stone hazards. The results show that in the first example, the amount of
indentation of rolling stone falling to sand cushion is 1. 28 m, and the thickness of sand cushion
on the designed structure is 2 m. Considering the safety reserve of structure, the distance of
horizontal movement of rolling stone after hitting the slope is less than the horizontal distance
from the impact point to road edge, and the impact energy of rolling stone flying down to the
ground is 167 kJ. The passive protective net of AXI-015 (protection grade is 200 kJ) can
effectively protect the structure and avoid accident. In the second example, the amount of
indentation of rolling stone falling into sand cushion is 0. 87 m, the impact energy is 124 kJ, and
the thickness of sand cushion with 1.5 m is backfilled to the top of the designed hole. The passive
protective net of AXI-015 (protection grade is 150 kJ) can effectively protect slope rolling rock
hazards. The effect is obvious of which using proposed method for calculation and protection. At
the same time, it is proved that the model can be implemented, which can provide useful guidance
for similar projects in future. 6 tabs, 3 figs, 25 refs.
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Fig.1 Falling model of rolling stone
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Fig. 2 Side slope of the first example
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Tab.1 Parameters of slope (the first example)
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Tab. 2 Parameters of rolling stone and sand cushion (the first example)
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Tab.3 Impact analysis results of rolling stone (the first example)

Ty | A R )
¥ , * M i /T | AR 0/m
P./kN Pmax/ (KN« m~2)

SHcf| 1334

ARG AT 05 00 48 22 14 el T 0 R e R 3% 1) s
3 T LA JEE 7 45 4 1 32 D3 AT B R Y SRR
TR A bt R4 i B R/ BT AR W R JE AN /N T

118. 56 167 1.28

=

2 m, BHMRA CIEBIBR A E T AR N 167 kI %
JE B AT RE 4 R AE RIUBLR A9 3 B sh B 47 X &
45 (SNS) RISy AXT-015 (B 47 % 9% hy 200 K] i 2K
1.5 mfE R85k 0 & At .
2.2 B

MEZK — 1L BH 15 380 23 6 U B P BR 38 11 O 2 i
e a3 Fron . M IR AR A s BE L3R IR A TR
R SE R — L A R AR (R Y HLR L A T TR
fLBE TSR A TP Z R B p 3 — &8t 8h,
A5 FHE L WBRER 7224, hiRmIT
PR RE R 30 my 43 2 9,5 1 Jhim 10 m, R
1:0.7,5 298 10 m, ¥ % 1+ 0.3, L3 4, 3
H60°~65°, i O SHEE THAZ . KE 2411
BRI R AT e 2 AR KU R R

 (b) M

3 S ik
Fig. 3 Side slope of the second example
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Tab.4 Parameters of slope (the second example)
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Tab.5 Parameters of rolling stone and sand cushion (the second example)
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Tab. 6 Analysis results of rolling stone (the second example)
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