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Application of a Distinct Element Method in the Analyses of Rock
Avalanche and Tunnel Stability in Blocky Rock Masses

Hyun Koo Moon, Seok Bue Chang

ABSTRACT

The distinct element method(DEM) is well suited to the kinematic analysis of blocky rock mass-
es. Two distinctive problems, a rock avalanche and tunnel in jointed rock masses, are chosen to
apply the DEM which is based on perfectly rigid behaviour of blocks. Investigated for both prob-
lems are the effects of the input parameters such as contact stiffnesses, friction coefficient and
damping property. Using various types of models of the avalanche and tunnel, an extensive par-
ametric study is done to gain experiences in the method, and then to alleviate difficulties in de-
termining parameter values suitable for a given problem.

The coefficient of friction has significant effects on all aspects of avalanche motion(travel
distance, velocity and travel time), while the stiffnesses affect the rebounding and jumping mo-
tions after collision. The motion predicted by the models having single and mutiple blocks a-
grees well to the observations reported on the actual avalanche. For the tunnel problem, the be-
haviour of the key block in an example tunnel is compared by testing various values of the

input parameters. The stability of the tunnel is dependent primarily on the friction coefficient,
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while the stiffness and damping properties influence the block velocity.

The kinematic stability of a tunnel for underground nuclear waste repository is analyzed

using the joint geometry data(orientation, spacing and persistence) occurred in a tailrace tun-

nel. Allowing a small deviation to the mean orientation results in different modes of failure of

the rock blocks around the tunnel. Of all parameters tested, the most important to the stability

of the tunnel in blocky rock masses are the geometry of the blocks generated by mapping the

joint and tunnel surfaces in 3-dimensions and also the friction coefficient of the joints particu-

larly for the stability of the side walls.
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Fig.1 Single-biock distinct element model of Sherman Glacier rock avalanche.
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Fig.4 Velocity-distance curves for different

shear stiffnesses.
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Fig.6 Motions of single block and multiple

blocks simulating rock avalanche.
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Fig.7 Comparison of velocity-distance curves

between single block model and 4-block

model.
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Table 1. Geometric properties of 3 joint sets

bt

used for 3 distinct element models of tunnel.

Joint set(1) | Joint set(2) | Joint set(3)
Dip angle 34 76° 65°
Dip direction 303" 107° 157°
Spacing 0.3-1.5m 0.4-3m 0.4-0.5m
(mean) (0.7m) (15m) (0.4m)
Persistence 3-8m 1-4m 0.5-2m
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Fig.13 Distinct element model for the tunnel
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