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Two-ways dynamic shear testing of rock discontinuities 
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ABSTRACT: Dynamic shearing properties of rock discontinuities are of great importance in many 
rock engineering applications. Nevertheless, dynamic shear tests on rock discontinuities are very rare. In 
this study, the authors describe two-ways shearing experiments on various natural rock discontinuities 
and saw-cut planes. Natural rock discontinuities involve schistosity planes in quartzite, green-schist, cool
ing planes in andesite, saw-cut planes of Ryukyu limestone, Motobu limestone, andesite and basalt from 
Mt. Fuji, dolomite from Kita-Daitojima, grano-diorite from Ishigaki and Inada granite. Furthermore, 
these experimental results are compared with those from static and one-way dynamic shearing experi
ments and their implications in practice are discussed. 

1 INTRODUCTION 

Rock dynamics have become one of the most 
important topics in the field of rock mechanics and 
rock engineering. The spectrum of rock dynamics 
is very wide and includes the failure of rocks, rock 
masses and rock engineering structures such as 
rock bursting, spalling, popping, collapse, toppling, 
sliding, blasting, non-destructive testing, geophysi
cal explorations, science and engineering of rocks 
and impacts of projectiles and meteorites. 

Earthquake is an instability problem of Earth's 
crust and it should be regarded as a subject of rock 
mechanics. Earthquake is caused by the varying 
crustal stresses and it is a product of rock fractur
ing and/or slippage of major discontinuities such 
as faults and fracture zones. Therefore, the shear 
response of rock discontinuities has a direct rel
evance to the mechanism of earthquakes and their 
source characteristics, and their effect on rock 
engineering structures. 

This study is concerned with two-ways (or bi
directional) dynamic shearing testing of rock dis
continuities. However, some discussions are made 
how to consider the dynamic loading with a ref
erence to actual conditions. Natural rock discon
tinuities involve schistosity planes in quartzite, 
green-schist, cooling planes in andesite, saw-cut 
planes of Ryukyu limestone, Motobu limestone, 
andesite and basalt from Mt. Fuji, dolomite from 
Kita-Daitojima, grano-diorite from Ishigaki and 
Inada granite. These experimental results are also 
compared with those from static experiments and 
their implications are discussed. 
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2 BACKGROUND OF DYNAMIC SHEAR 
TESTING 

Dynami amic shearing tests on rock discontinuities and
interfaces are recognized as an important item of 
constitutive modeling of discontinuities and inter
faces under dynamic conditions. When structures 
are constructed on/in rock masses having various 
kind geological discontinuities and possible ground 
motion estimations incorporating fault modeling, 
the determination of their dynamic shearing char
acteristics are necessary (Aydan 1989; Aydan and 
Ohta 2011). Furthermore, dynamic conditions 
may be particularly of great significance in rela
tion to the long-term stability of the structures 
and during earthquakes as well as in the science 
of earthquakes due to rate dependency of strength 
characteristics. 

There are very few experimental studies on the 
dynamic shearing response of rock discontinuities 
and interfaces in literature (Aydan et al. 1994, 1995, 
1996, 2011, 2015, 2016; Celestino and Goodman 
1979; Fox et al. 1998; Gillete et al. 1983; Huang 
et al. 2011; Iwata et al. 2016; Kana et al. 1991, 1996; 
Okada and Ito ). Aydan et al. (2015)have recently 
shown that dynamic shearing even induces temper
ature rises along discontinuities and adjacent rock 
mass. The temperature rise depends on the dynamic 
shearing rate, normal stress and frictional proper
ties of discontinuities as well as thermal proper
ties of adjacent rocks. The increase of normal 
stress, dynamic shearing rate and frictional prop
erties results in proportional increase of tempera
ture. Therefore, the heating along discontinuities 
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