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

Numerical simulations on failure and stress wave propagation in solid 
materials using a 3D lattice spring model 

T. Nishimura & M. Kohno
Tottori University, Tottori, Japan

K. Fumimura
Taisei Cooperation, Tokyo, Japan

ABSTRACT: A three-dimensional numerical model, in which matter is discretized into a system of mass 
points connected with springs, is developed for the study of rocks. This model applies to two dynamic 
problems: one is stress concentration and failure initiation at a crack tip in plate subjected to a uniform 
tension and the second is a wave propagation problem in plate. The first numerical example represents 
the value of the stress intensity factor calculated by the linear elastic fracture theory. The stress state 
reaches the limitation (tensile strength), then tensile failure surface initiates at the tip. The failure surface 
is progressively developed and the rate of the development is deeply related to the value of the damping 
constant in the equation of motion. The second is the propagation of plane harmonic wave. Directional 
characteristics for the wave through the two lattice structures are displayed. 

1 INTRODUCTION 

On the macroscopic level of observation, rock 
can be seen as a thing consisting of a number 
of different and distinct particles are adhesively 
interacting as a result of micro-structural forces. 
With such a representation, the modelling of 
the mechanical behavior of rock materials may 
be generally divided into two categories. Firstly, 
there are the discrete models, for which the equi
librium conditions, the kinematic conditions and 
the constitutive behavior are formulated for each 
individual micro-structural element with respect 
to its neighboring micro-structural elements. Sec
ondly, there are the continuum models, where the 
equilibrium conditions, the kinematic conditions 
and the constitutive behavior are formulated for 
an assembly of micro-structural elements, using 
the continuum concepts of stress and strain. A 
considerable advantage of discrete models in com
parison to continuum models is that the inhomo
geneous effect at the micro-level can be taken into 
account more accurately and the dynamic failure 
process can be properly described. However, the 
relation between representative micro-structural 
elements in a macro-structural configuration has 
yet to be developed, which causes the discrete 
models to embody the procedure to get the rela
tion between the micro-structural parameters and 
the macro properties, such as Young's modulus 
and Poisson's ratio. 
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A three-dimensional numerical model, in which 
matter is discretized into a system of mass points 
connected with springs, is developed for the study 
of rocks. The relationships between the microme
chanical parameters of the springs and the macro 
material elastic constants of the matter have been 
derived and the explicit finite difference scheme is 
adopted for solving the system of the equations of 
motion (Nishimura et. al. 2014). The local strains 
are evaluated by the relative normal and shear dis
placement vectors between particles. It is known 
that the rigid rotation should not produce strain 
energy. Therefore, in this method, the rotation 
related term is expressed with the Euler angle and 
is removed from the calculation of the relative 
shear displacement vector. The stress state is evalu
ated on each nodal point and failure can be exam
ined based on a failure criterion. 

In this paper, this model applies to two dynamic 
problems: one is stress concentration and failure 
initiation at a crack tip in plate subjected to a uni
form tension and the second is a wave propaga
tion problem in plate. The first numerical model 
represents the value of the stress intensity factor 
calculated by the linear elastic fracture theory. The 
stress state reaches the limitation (tensile strength), 
then tensile failure surface initiates at the tip. The 
failure surface is progressively developed and the 
rate of the development is deeply related to the 
value of the damping constant in the equation of 
motion. The second is prepared to simulate the 
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