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Centrifugal Modelling of Rockfall Simulation Associated with Rock Fracturing

by Kazuya ITOH*, Yasuo TOYOSAWA*, and Osamu KUSAKABE**

Abstract; Rock-fall is the rapid movement of rock from a steep slope. The types of movement may be classified
into four types: free falling, bouncing, rolling or sliding. Rockfalls along highways often occur where natural
rock slopes are cut. When a piece of rock reaches the roadway below, it might cause a hazard to roadway users.
In Japan nationwide inspection on potentially dangerous slopes has been carried out every five years and
hundreds of millions of yen are annually spent on rock slope maintenance, and rockfall hazard mitigation on
both new and existing slopes. Although rock-fall protections works are applied, rock-fall prone areas are
increasing every year because of road extension work and degradation of slope materials. In order to implement
a rockfall protection work, it is important to evaluate and estimate the response of a recognized rockfall site, its
scale and time, the rockfall (i.e., velocity, bounce height, falling course, final position), rockfall forces (i.e.,
impact force, kinetic energy), etc. Several researchers have developed computer simulations to investigate
rockfall mechanism. These provide estimates of probable bounce heights and velocities for rockfall. Recently,
additional statistical data have been added providing probability distributions for velocity, energy and bounce
height of rockfalls. The computer program is applicable to almost all slope configurations. It is more flexible
than design criteria that require slopes of given configurations. Simulation, however, requires detailed site
conditions and slope geometry input data and assumptions; therefore accuracy varies, depending on the quality
of the input data. It is expected that centrifuge modeling could provide a more consistent set of data, properly
taking both stiffness variation with depth and damping characteristics of soil into account.

In this study, a series of centrifuge model tests were performed to observe the movement of falling rocks
during the falling process. The test program includes the measurements of trajectory of falling rock captured by a
high speed camera. A series of centrifuge model tests confirmed that falling rocks exhibit various types of falling
modes; free falling, rolling or sliding, sometimes associated with rock fracturing during the falling process. As a
result, in the case of model crushable rock, it was found that the observed movement patterns were rolling with
small bounces, and rolling with large bounces, occurring fracturing
Keywords; Rock fall, Centrifuge model test, Trajectory, Safety.
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Case history of labor accident due to rockfall.
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Fig. 3  Type of movement of falling rocks.
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Photo 1 NIIS Mark Il Centrifuge.
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Photo 2 General arrangement of models.
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Table 1 Technical specifications of NIIS centrifuge.
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Photo 3 Detail of Ball Dropping System.
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Photo 4 Model rocks (left: plaster (25 %) and Toyoura
sand (75 %) mixture sphere, middle: plaster (25
%) and Toyoura sand (75 %) mixture block,
right: aluminium sphere).
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Fig. 4 Point load tests (left: apparatus for the point load test, middle: typical load - displacement relationship of
point load test, right: illustrations of particles during test).
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Table 2 Statistical values of point load test.
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Photo 6 Closed-up view of the high speed camera.
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Table 3 Main specifications of the high speed camera.

gobooooogbogobooo

YR

CMOS (Bho—/% /7 1)

F—H Tk

10 Bit /&7 &L

R 2~ I

100 ~ 21,000 frame per sec (fps)

fizes Aty up to 4,000 fps at 512 x 512 pixel
up to 5,000 fps at 512 x 500 pixel

up to 10,000 fps at 512 x 248 pixel

LAk C-Mount or F-Mount available

IR ST (mm) NN
W145xH142xD296
B AT~y RES -
W80xH80xD77
RUIEAEY — 10.4 % at 5000 fps
BTV r oy H— OPEN to 1/200,000 #

goooobooobooboobooboooboo
goooobooobooboobooboooboo
googoedilommbOOnDOOonooOoOoOonDOO
goooooooooob20%000oooooo
O0Table20 000000 OOOOOOOOODOO
goboooobooboboooooboagooogon

BEEETAAAZTDAATAYRE

REEE
VA=l 5 )

Photo 7 Closed-up view of the camera head and
lighting system.
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Table 4. Test cases
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Table 5 Characteristics of rockfall movement.
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Photo 8 Typical example of simulated trajectory of
falling aluminum sphere (RF-01-7).
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Photo 9 Typical example of simulated trajectory of
falling mixture sphere without fracturing
during the falling process (RF-02-5).
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Photo 10 Typical example of simulated trajectory of
falling mixture sphere with fracturing during
the falling process (RF-01-4).
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Photo 11 Typical example of simulated trajectory of
falling mixture blocks (RF-01-6).
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Photo 12 Simulated trajectory of falling mixture
sphere while loading slide door of
multiple ball-dropping system (RF-02-4).
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