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> Block-rock mass

Rock mass 1s characterized by the block-hierarchical
structures. The deformation of rock mass 1s mainly
concentrated 1n interlayers between rock blocks, and the
deformation of the rock block can be 1gnored.

» Pendulum-type Wave

Kurlenya and Oparin found the sign-alternating
reaction of rocks to dynamic effects in the underground
explosion, and they think that there 1s a nonlinear sign-
alternating wave in rock masses, called the pendulum-
type wave.
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Fig.1 Pendulum-type wave isolated from rock mass

The phenomenon of pendulum-type wave can easily
cause engineering disasters in deep rock mass such as
rockbursts.
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Theoretical model

m Dynamic model of pendulum-type wave

m Hyperbolic elastic model

m Dynamic equation
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The bl
block and

lock-rock mass 1s simplified as an incompressible
|an interlayer with viscoelastic properties. The

spring 1s |

1near, and there are two drawbacks:

» Nonlinear deformation cannot be represented.
» The interlayers can deform indefinitely.
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Fig.2 Dynamic model of pendulum-type wave in block-rock mass



»> 2.2 Hyperbolic elastic model @UE?S@’&%ZOZZ

The expression of the
hyperbolic elastic model is

as follows:
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Fig. 3 Curve of hyperbolic elastic model



»> 2.3 Dynamic equation
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The dynamic equation of block-rock mass in the matrix

form:

When 1<i <n,

When i=n,

MX(6)+CX(6)+F =F(¢)

Where, M 1s the mass matrix; C 1s the damping matrix;
FE-Fas Fa- Fios - Figany - Fips - 5 Frae1) = Fial” 18 the
resistance vector generated by nonlinear springs.
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Fig.5 Frequency response of the rock block 11
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Consideration of initial geostress

The hyperbolic elastic model

can be grouped 1nto three 50-
categories: low stress state, high | §
stress state and ultra-high stress £ Ultra-high stress state §
state. PRy b |
= i
0,, — normal stress when §20- High stress state i
the deformation is half of the n |
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Fig.9 Division of stress states
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Fig.10 Displacement curves of the rock

block 1n three 1nitial stress states
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Fig. 11 Displacement amplitude of three
blocks with the increase of initial geostress

With the increase of initial geostress, the
displacement amplitude decrease approximately

exponentially.
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Based on the above analysis, we make a prediction
that in the ultra-high stress state, the phenomenon of
the pendulum-type wave does not occur in block-rock
mass, and the wave propagation 1s close to the
longitudinal wave. There are two main reasons:

» The cracks (interlayers) are basically closed under the ultra-
high stress state, and the vibration displacement of rock blocks
relative to the initial position 1s extremely weak. At this time,
the deformation of rock blocks cannot be 1gnored or even
become the main part of deformation, and the deformation of
block-rock mass 1s no longer dominated by that of interlayers.

» When cracks of the block-rock mass are almost completely
compressed, kinetic energy 1s no longer the main way of

carrying energy. 5
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»> 4. Conclusions @Uﬁﬁ?ﬁluy2022

» The improved nonlinear model can not only shows the
nonlinear deformation of block-rock mass, but also
limits the maximum compression deformation of
cracks between rock blocks.

» Kinetic energy and potential energy are constantly
transformed to each other in block-rock mass, and in
the free vibration stage, they are 1n inverse phase.

» In the ultra-high stress state, the phenomenon of the
pendulum-type wave will not occur 1n block-rock mass,
and the wave propagation 1s close to the longitudinal
wave.
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