
Rock Dynamics - Experiments, Theories and Applications - Li, Li & Zhang (Eds) 
© 2018 Taylor & Francis Group, London, ISBN 978-0-8153-9667-3 

Validation of a mathematical model for evaluating the dynamic shear 
strength of rock 

T. Okada
Central Research Institute of Electric Power Industry, Chiba, Japan

T. Naya
Dia Cosultants Co. Ltd., Saitama, Japan

ABSTRACT: The purpose of this research is to verify our proposed mathematical model for estimating 
the dynamic shear strength of rocks and to establish an evaluation procedure for obtaining dynamic shear 
strength. Monotonic loading tests and cyclic loading tests of natural tuff were conducted to obtain the 
mathematical model parameters. Then multistep shear tests under cyclic and seismic-wave loadings were 
performed, followed by simulations using the mathematical model. The test results showed the dynamic 
strength exceeding the static strength, agreeing with previous research. Furthermore, the dynamic strength 
calculated from the mathematical model of natural tuff was generally consistent with the dynamic strength 
obtained from the experimental data. 

1 INTRODUCTION 

Revisions to seismic design review guidelines for 
nuclear power plant facilities have increased the 
level of seismic ground motion designs from the 
level of traditional designs, thereby increasing the 
importance of dynamic analysis when evaluating 
the stability of the power plant's foundation bed­
rock and the rock slope around it. This has also 
increased the need to correctly evaluate the physi­
cal properties of the bedrock used in dynamic 
analyses, particularly dynamic strength. Dynamic 
strength, which is the strength used in dynamic 
analyses, does not have a clear definition, but for 
purposes of seismic design it can be said to be 
the strength exerted when a cyclic shear stress is 
a�plied in an irregular waveform such as a seis-
mic wave. Because seismic waveforms are diverse, 
and the stress (waveform) inside the ground also 
varies depending on the location, it is difficult to 
formulate a single definition of dynamic strength. 
For these reasons, in current usage, the strength 
exerted when a sinusoidal load is applied is gener­
ally called the "dynamic strength." 

In the seismic design of nuclear power plants, 
static strength has traditionally been used, based 
on the fact that when comparing dynamic and 
static strengths, the dynamic strength does not 
fall below the static strength (JEA 2008). This 
"dynamic strength � static strength" relationship 
has been confirmed for various rock types (Nishi 
& Esashi 1982, Yoshinaka et al.1987, Sugiyama 
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et al. 2001, Ookuma 2010, Okada and Ito 2009). 
However, this data is mostly from pulsating load­
ing in which the direction of shear stress is not 
reversed and includes no alternating loading data. 
In addition, there is considerable data for incre­
mental loading of sinusoidal waves and much less 
data for seismic (irregular) waves, and the relation­
ship b etween the two is not clear. To resolve these 
issues, in this research, in addition to comparing 
pulsating loading to alternating loading using 
natural tuff, we conducted multistep cyclic loading 
tests using sine waves and seismic waves. Finally, 
we validated our proposed mathematical model for 
evaluating dynamic strength by comparing it with 
the test results. 

2 MATHEMATICAL MODEL OUTLINE OF 
DYNAMIC STRENGTH 

2.1 Effect of fatigue 

When the stress amplitude is fixed and repeated 
stress is applied until the failure of specimen, the 
stress amplitude decreases as the number of cycles 
increases. The function expressing this relationship 
is defined as the fatigue function J; and expressed 
as follows: 

r f_Nf J;(N』:＝――-＝l-a·logN
f

名＿N=l
(1)
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