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Abstract
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A test frame has been designed and fabricated for use in the physical model simulation
of scaled-down slopes and tunnels in rock mass. To make the simulation realistic, it is designed
such that failure of the rock mass models is induced by true gravitational force. The test frame
performance is demonstrated by simulating stability conditions of rock slopes and tunnels under
static and dynamic loading in two-dimension. The effects of joint spacing and water submergence
can be incorporated. Over 1000 cubical and rectangular blocks of Phu Phan sandstone have been
prepared to form the rock mass models with joint spacing varying from 4, 8 to 12 cm. Results from
various series of model testing indicate that the designed test frame can realistically simulate the
modes of failure for rock slopes and tunnels.

The rock slopes are simulated under a variety of parameters; height of the slope
models is varied from 16 to 90 cm, the slope face angles from 28° to 75° with the static acceleration
ranging from 0.013 g to 0.225 g. The models show modes and stability conditions of plane failure
which are virtually identical to those calculated from finite difference analysis using FLAC code.
The effect of static acceleration is more pronounced for high slopes comprising small joint spacing.
Compared with the test measurements, the deterministic method however over-estimates the factor
of safety for plane failure by as much as 30%, particularly for the low sliding plane angles with
small joint spacing. This holds true for all slope models under both static and dynamic loadings.
The observed toppling failures agree well with those calculated by the deterministic method when
the friction between blocks is considered in the calculation.

The tunnel models are simulated under depths ranging from 16 to 100 cm with the
heights from 4, 8 to 12 cm. The vertical joint spacing is varied from 4, 8 to 12 cm while the
horizontal spacing is maintained constant at 4 cm. The static accelerations range between 0.132 g
and 0.225 g. Results reveal that the maximum span of the tunnels increases with depth and joint
spacing, and tends to remain constant after tunnel depth-to-joint spacing ratio exceeds 30. Beyond
this depth ratio, the ultimate value for the maximum span-to-joint spacing ratio tends to approach
10. The effect of dynamic loading on the stability is more pronounced for shallow tunnels in rock
mass with small joint spacing. The dynamic effect rapidly reduces with depth, particularly for rock

mass with large joint spacing.



