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When rock support is designed in a seismically active underground mine, it is important to know 

the ejection velocity to be able to calculate the corresponding kinetic energy. Field monitoring and 

back-analyses have shown that ejection velocities of the order of 10 m/s and higher can be caused 

by seismic events of moderate magnitude. This is much higher than the peak particle velocity (PPV) 

predicted by scaling laws. Many authors have related attenuation or amplification of the ground 

motion to the presence of discontinuities in the rock mass (Li et al., 2012; Zhao et al., 2006; Zhao 

et al., 2008; Potvin and Wesseloo, 2013; Cui et al., 2017). Velocity amplification of a P-wave 

travelling through fractured rock near a free surface was recently studied by Zhang et al. (2015). 

However, seismic events with large magnitude are often associated with slip along weaknesses or 

shear fracturing of intact rock, which according to observations radiate much stronger S-wave than 

P-waves. Thus, the amplification of S-waves in the skin of the excavation becomes more important. 

Zhao et al. (2006), studied the shear wave attenuation passing through a fractured rock mass far 

from a free surface. It was found that shear stress ratio (ratio of shear stress by shear strength) is the 

most important factor influencing wave propagation. 

In this paper, the velocity amplification of S-waves was investigated by modelling the dynamic 

interaction between the fractured rock and a free surface using a 2D discontinuum numerical code, 

UDEC (Universal Distinct Element Code). A 1-D numerical model, comprising an elastic rock bar 

that is 300 meters long and 1 meter high with a fractured zone near the right end of the bar, was 

constructed for this investigation. Shear stress was applied as a half cycle sinusoidal load at the left 

side of the bar and an S-wave started to propagate along the bar. Parallel fractures with regular 

spacing were located near the free surface (right end) and normal to the incident wave. Based on 

the literature review, a range of parameters, such as fracture spacing, wave frequency, fracture 

stiffness and fracture number in the fractured rock mass were defined and the effects of the 

parameters on the velocity amplification were studied in terms of the velocity amplification factor. 

The magnitude of the velocity amplification factor, defined as the ratio of the wave amplitude at 

the free surface of the model and the applied incident wave amplitude was investigated. Two types 

of fractures/discontinuities were analyzed: i) non-slipping fractures, in which deformation was 

described by a linear elastic model with an extremely high shear strength is used to avoid slipping 

between the fracture surfaces; ii) slipping fractures, in which slip can occur between fracture 

surfaces when the wave amplitude becomes larger than the shear strength of the fractures. For 

slipping fractures, values for the shear stress ratio in the range 0 to 16 were considered to simulate 
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the effect of fracture slipping on the velocity amplification factor. It was found that the shear stress 

ratio, wave frequency, fracture stiffness, fracture spacing and thickness of fractured zone affect the 

velocity amplification, in which the shear stress ratio (ratio of shear stress to the strength of the 

fractures) is the most crucial factor influencing wave transmission. An amplification up to 3.5 times 

was noticed when an S-wave propagated through a fractured medium near a free surface. It is higher 

when the wave frequency is in the interval 100 Hz to 500 Hz. Also, small values of non-dimensional 

fracture spacing have large influence on velocity amplification. Furthermore, when the shear stress 

ratio decreases, the amplification factor decreases until it reaches a constant value equal to 2. When 

the shear stress ratio is larger than 1, the amplification is largely influenced by the non-dimensional 

fracture spacing (ξ), especially when ξ is small. It is anticipated that the findings can provide criteria 

to improve the current support design procedures and help mining engineers to improve their rock 

support practice in rockburst-prone areas. 
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Figure 1 UDEC model 
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Figure 2 (a) Velocity amplification factor related to wave frequency considering different fracture 
spacing. (b) Relation between velocity amplification factor and non-dimensional fracture spacing for 

variable shear stress ratios. 
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