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Introduction

It is known that geological environments possess the
hierarchical multilevel organization of their block struc�
ture [1]. Any part of the earth’s crust represents a set of
structural elements divided by continuity infringements
of different scale. Block interfaces have lower strength
and deformation characteristics than material of blocks
itself. Therefore continuity infringements of various
scales are one of the ways of mountain massif existence
at greater irreversible deformations [2]. Realization
mechanisms of complex stressed geoenvironment ela�
stic energy can be various [3]. The main one among
them is localization of irreversible deformations along
interfaces of the earth’s crust blocks. The mode and spe�
eds of block relative displacements on active fractures
are defined by features of structure and the local stres�
sed condition, and also by the external natural and
technogenic factors [4, 5]. Values of displacement spe�
eds can fluctuate from several mm/years (crypic mode)
up to the first m/s at strong earthquakes. One of the
earthquake mechanisms is relative shift movement of
blocks. Its realization is connected with achievement of
limiting value of shift stresses along the interface. The�
refore the relevant problem of geophysics is the definit�
ion of initiation conditions of unstable displacement by
active interfaces of the earth’s crust.

In the present work, on the basis of computer mode�
ling by the method of movable cellular automata
(МСА) [6], the investigation of initiation conditions of
block dynamic sliding along the interface located in a
complex stressed condition under vibrating loading has
been carried out. We shall note that during number of

years the MCA method is successfully used for studying
of response features of complex heterogeneous materi�
als and environments [7, 8].

Problem statement of numerical modeling

For solution of stated tasks on the basis of MCA
method the qualitative bidimentional model of section
interface of structural elements of block environment,
Fig. 1, а. has been developed. The model sample consi�
sted of two high�strength blocks divided by the interface
area for which the mechanical properties of broken down
substances were set. Response functions of block auto�
mata and the interface are shown on Fig. 1, b. It is visible,
that for block automata the response linear function was
set, and for the interface the response function had a long
irreversible area. Continuity infringements in the interfa�
ce area, size of which is much smaller than the size of cel�
lular automata, were modeled implicitly through the res�
ponse function (curve 2 on Fig. 1, b). Infringements of
greater scale were modeled by setting of unbound pairs of
cellular automata in the interface material.

In performed calculations the lower surface of the
model sample was fixed, and loadings were applied to
the upper surface, Fig. 1, a. It is important to note that
geological environments are located in the constrained
conditions limiting volumetric deformations of blocks,
and freedom of their relative moving along interfaces.
The pair of environment elements, environment influ�
ence of which was brought to increase inertia move�
ments and also to intensive absorption of mechanical
loading energy was considered in the work. For imita�
tion of these environment properties on automata of la�
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teral surfaces of blocks the additional viscous force was
acting, directed on axis X, Fx

visc=–αVx, where Vx is the
component X of the respective automata speed.

а

b

Fig. 1. Structure and scheme of model interface loading (a),
response functions of block automata (curve 1) and in�
terface material (curve 2) (b). Dashed line corresponds
to unloading

In works [8, 9] it is shown that influence of vibrating
effects is essential when stress level along interfaces is
close to integrated value of fluidity limit. Therefore the
preliminary loaded samples were considered in the work.
The initial stressed condition was set by the application to
the sample upper surface of the external force having nor�
mal (Fy) and tangential (Fx) components (Fig. 1, a). Value
Fy was fixed and its specific value made 20 % from the
fluidity limit of border material. Under vibrating loading
the important role is played by natural frequencies con�
nected with distribution of longitudinal and cross�section
of elastic waves on the sample [8]. For the given system
(Fig. 1) they are concluded between values νL

⊥ and νH
||, re�

spective to distribution of cross�section and longitudinal
elastic waves on length L and height H of the sample.

The important criterion for seismic danger estimati�
on of geoenvironment fragments stressed condition is
«stability» of current condition of active interfaces to vi�
brating influences. The following calculations are per�
formed in the work for studying of vibration influence.
After setting the initial stressed condition of the interfa�
ce (Fig. 1) the local vibrating influence was applied to
the system, the automaton S of the upper block, located
near the interface Fig. 1, a, was used as a source. Local
cyclic loading was set as follows. In all the pairs of the
automata S with neighbors besides «classical» potential
and viscous forces of interaction [6] operated the addit�
ional periodically fluctuating normal force of repulsion

(Fig. 2):

where Sij is contact area of automata pair, ν is frequen�
cy, tstart is time of the cyclic loading beginning, t is pres�
ent time, Pmax – fluctuation amplitude of «vibrating»
pressure, n is cycle number.

а

b

Fig. 2. The scheme of action (a) and the law of «vibrating»
pressure fluctuation (b) of «dotted» source of vibrating
influences (in figure Т is period of vibration)

On Fig. 3 the dependence of resistance force of the
sample Fresist to shift deformation with constant speed
under value of tangential displacement lsh is resulted. On
the graph the variables Fresist and lsh are normalized re�
spectively on the maximal resistance force Fmax and bor�
der thickness hintf. It is visible that the curve of resistan�
ce to shift is characterized by three basic stages: quasi�
resilient, quasi�plastic current and beyond (areas of sof�
tening and residual durability).

Frequently geoenvironments function in conditions
of constant influence of vibrations of various nature.
Gradual accumulation of small irreversible deformati�
ons on the most loaded interblock borders (in the end of
the quasi�resilient and in the beginning of the quasi�pla�
stic stages on Fig. 3) can lead to occurrence of block dy�
namic sliding. We shall note that influence of weak in�
dignations on geodynamic processes (including prepa�
ration of earthquakes) is one of the most discussed pro�
blems in geophysics [10]. Therefore the investigation of
initiation features of unstable shift along block interfa�
ces under cyclic influences with controllable parameters
(frequencyν and amplitude Pmax) is carried out in the
work. The interfaces being in various stressed condit�
ions, shown by dots 1–3 on Fig. 3, were considered.
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Fig. 3. Dependence of resistance force to tangential displace�
ment of the model fracture active wing Fresist/Fmax from dis�
placement value lsh/hintf. Dots on the diagram mark the al�
located levels of stress Fresist/Fmax: 1) 0,66; 2) 0,76; 3) 0,82

Laws of unstable shift formation 

under local vibrating influences

Results of calculations show that local vibrating in�
fluence leads to accumulation of irreversible deformati�
ons in the interface and generation of damages. As stres�
sed condition of the interface zone is defined by action
of forces from structural blocks, then with accumulation
of damages these forces begin to surpass the force of in�
terface shift resistance. Thus the upper block begins to
be displaced in a direction defined by the force Fx until
the force Fresist does not become equal to Fx because of in�
terface material hardening, and performance of the en�
vironment will not lead to a supper. Such displacement
can be considered as a small steady shift. The further in�
fluence leads to occurrence of new damages and shifts.
Such shifts in addition accelerate the process of defor�
mation accumulation along the interface. With increase
in number of damages the value and speed of displace�
ment of the upper block increases. At the certain stage
the effective shift durability of the interface becomes
lower than specific value of the applied force which le�
ads to unceasing movement of the upper block with ac�
celeration which can be associated with unstable shift.

Dependences of block displacement values along the
border lsh and instant speed of displacement Vx from quanti�
ty of vibration cycles of vibration Nvibr is shown on Fig. 4. It
is visible that, since some moment, the upper block begins
to make small displacement along the interface, Fig. 4, a.
Gradually, the amplitude of shifts increases and time inter�
vals between them decreases and becomes comparable to
duration of shifts itself. At the certain stage another shift be�
comes unceasing and the dynamic slipping is happening,
Fig. 4, a. The analysis of speed time dependence of the up�
per block shows that at the lowest average speed of the ini�
tiated by vibrations displacement (Vx~1,6.10–30 m/s)
«splashes» of speed, which amplitude increases with incre�
ase in amplitude of shifts and at late stages of loading 10
sm/s, Fig. 4, are connected with areas of shifts. The unce�
asing growth of speed occurs at the stage of unstable shift.

It is possible to draw an analogy between «splashes» of
the upper block movement speed (Fig. 4) and seismic wa�
ves radiated by centers of earthquakes. If to consider
shifts along the border as analogues of seismic events then

the whole process of cyclic loading represents final stages
of earthquake preparation. It is obvious, that small «stea�
dy» shifts answer to foreshocks, and dynamic sliding of
the upper block to the main event. Apparently from Fig.
4, between the end of the last «foreshock» and the begin�
ning of the main event there is a long time interval (about
10 % from full time of «earthquake preparation») during
which unstable shifts are absent. This effect in certain re�
spects is similar to the phenomenon of seismic calm
which quite often takes place before large earthquakes
[11]. In particular, the long seismic calm lasting about 40
years is revealed before the Chuiskiy (Altay) earthquake
on September 27th, 2003 [12]. Low seismicity of highly
stresses areas of environment is explained by action of
powerful disspative processes, and also by various mecha�
nisms of hardening [3]. Exhaustion of their resources le�
ads to fragile destruction. Duration «calm» area depends
on parameters of vibrating influence (ν and Pmax) and af�
finity of the interface intense condition to limiting value.

а

b

Fig. 4. Dependence of tangential displacement value lsh/hintf (a)
and tangential component of movement speed of the up�
per block upper Vx (b) from cycle quantity of local vibra�
ting influence at Fx/Fmax=0,66, ν=2.νH

||, Pmax=122,5 MPa

The analysis of local vibrating influences «efficiency» 

for initiation of shifts under active interfaces

As shown above, local vibrating influences can lead to
occurrence of unstable shifts. The analysis of «efficiency»
of such influences estimated through quantity of cycles Nto�

tal and full energy of vibrations Etotal, necessary for initiation
of dynamic sliding of blocks is performed in the work.
Frequency dependences Ntotal and Etotal for three allocated
on Fig. 3 stressed conditions are shown on Fig. 5. Frequ�
ency values of vibrating influence ν are attributed to maxi�
mal natural frequency of the sample (νH

||). Values of energy
to the value Eref

total,  respective to the problem with following
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conditions of loading: Fx=0,82.Fmax, ν=2.νH
||,

Pmax=980 MPa. It is visible that at ν<νL
⊥ the value Ntotal quic�

kly decreases with frequency growth. In the field of natural
frequencies Ntotal takes on some level and at further increase
ν practically does change, Fig. 5, a. Energy of one cycle of
vibration Ecycle poorly depends on frequency, therefore de�
pendences Etotal(ν) repeat curves Ntotal(ν), Fig. 5, b. Thus,
under local vibrating influences on the loaded interface
with frequencies comparable or exceeding natural for the
investigated fragment of the environment, the quantity of
energy spent for initiation of unstable shift is defined, ma�
inly, by relative value of shift stresses (Fx/Fmax).

а

b

Fig. 5. Dependence of full quantity of cycles (a) and energy (b) of
local vibrating influence, spent on initiation of инициацию
dynamic sliding of the active block, from frequency  ν/νH

||

at Pmax=490MPa and Fx/Fmax: 1) 0,66; 2) 0,76; 3) 0,82

The dependences Ntotal and Etotal from the amplitude of
«vibrating№ pressure Pmax for various stressed conditions
of modeling border are shown on Fig. 6. It is visible that
with increase in Pmax the quantity of the cycles necessary
for initiation of the unstable shift decreases in inverse
proportion to the amplitude. Exception is made with the
curve 3 for which the given dependence is fair only at
«small» Pmax (Pmax<300 MPa). The dependences Etotal(Pmax)
are increasing and can be approximated by direct lines
(Fig. 6, b). It is connected by that energy of one cycle of
vibration Ecycle is proportional to (Pmax)

2. With respect to
(Fig. 6, а) the parity Etotal~Pmax. is fair. Thus, with reduc�
tion of vibration amplitude the number of influence cy�
cles increases but, at the same time, the full value of en�
ergy spent on initiation of the unstable shift along the
border decreases. It allows to assert, that weak on capa�
cities, but long influences on highly stressed interfaces in
block environments in some cases can appear as the most
effective (at least, from the point of view of power inputs).

а

b

Fig. 6. Dependence of full quantity of cycles (a) and energy (b)
of the local vibrating influence, spent on initiation of the
dynamic sliding of the active block, from the amplitude
Pmax at  ν=2.νH

|| for Fx/Fmax: 1) 0,66; 2) 0,76; 3) 0,82

It is necessary to note that the interval of «peak» pres�
sure of the vibrating source considered in the present pro�
blem is high enough. So, characteristic pressures of wave
fluctuations composing microseismic background in the
earth’s crust are much lower. At the same time, the pres�
sure reaching tens�hundreds of MPa take place under the
influence on the studied fragment of explosive infringe�
ment by technogenic sources of fluctuations in capacity
of which well vibrators can act [13]. Series of high ampli�
tude fluctuations with duration up to several minutes can
be radiated also in the centers of strong earthquakes.

The character of vibrations in real environments both
natural and artificial genesis, frequently essentially differs
from idealized (Fig. 2, b). Besides the distinctions concer�
ning forms and repeatability of signals, the important featu�
re of many radiators of mechanical fluctuations is the
inequality of time «impulse» influence Tload and time inter�
val Tdelay between influences. Thus the ratio attitude
Tdelay/Tload can vary in wide limits. So, the microseismic
background represents complex and irregular sequence of
extending «wave packages» with various characteristics di�
vided by time intervals of various durations. Therefore the
response of model interface (Fig. 1) on local vibrating influ�
ences of the source S representing a series of «impulses» of
the sine wave form with set porosity (defined by the ratio
Tdelay/Tload) has been investigated in the work. The scheme of
such influence is shown on Fig. 7, a. The influence of inter�
val duration Tdelay and Tload on the efficiency of vibrating in�
fluence defined through quantity of cycles Ntotal and energy
Etotal, spent on initiation of the unstable shift of the upper
block has been analyzed. Results of calculations, in particu�
lar, have shown that significant fluctuations of the value Ntotal
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occur in a narrow range  Tdelay<2.TH
|| (TH

||=1/νH
||). Thus the

amplitude of such fluctuations can reach up to 50 % from
the average value and more (Fig. 7). With increase Tdelay the
value Ntotal «stabilizes», and at Tdelay>>TH

|| becomes practical�
ly constant (Fig. 7). We shall note that as energy of one im�
pulse of influence does not depend on Tdelay, the dependen�
ce Etotal(Tdelay) repeats the shown on Fig. 7.

а

b

Fig. 7. The law of source «vibrating» pressure change at
Tload≠Tdelay (а) and dependences of value Ntotal from value
of an interval between two influences Tdelay/TH

||: 1) 0,25;
2) 0,67, Fx/Fmax=0,66, Pmax=490 MPa

Change of the influence impulse duration (values Tload)
does not lead to qualitative change of the described laws,
however can be accompanied by appreciable change of cycle
quantity necessary for initiation of the unstable shift (curves 1
and 2). We shall notice that dependence of the «established»
value Ntotal (respective to conditions Tdelay>>TH

|| and
Tdelay>>Tload) from impulse duration Tload submits to shown on
Fig. 5 law Ntotal(ν), if to take Tload=T/2=1/2v and consider the
absence of dependence Ntotal from porosity of impulses. The
reason of decrease in efficiency of vibrating influence (ex�
pressed, in particular, in terms Ntotal and Etotal) at increase Tload

is speed reduction of energy allocation by the source.

Thus, efficiency of local vibrating influences on the
interface located in loaded condition is defined, mainly,
by time of energy allocation during one cycle of influen�
ce and practically does not depend on porosity.

Conclusion

The conducted on the basis of computer modeling by
the MCA method studying of laws of initiation under local
vibration influences of relative displacements of model
blocks along the interface which is being in the loaded con�
dition, has allowed to reveal their generality with final sta�
ges of strong earthquakes preparation, which mechanism is
connected with relative shift displacement of the earth’s
crust structural blocks. The analysis of the received results
has shown that efficiency of similar dot sources of vibration
is defined mainly by relative value of shift stresses and in�
fluence frequency or time of impulse energy allocation and
practically does not depend on porosity. Thus, long�conti�
nued influences with rather small amplitudes on highly
stressed interfaces in block environments are the most ef�
fective from the point of view of power inputs.

The work has been performed within the limits of integration
projects of the Siberian Branch of the Russian Academy of Science
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