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Compared with other precursors, infrasound has exceptional earthquake sensitivity; but it lacks relevant quantitative 
simulation of the dynamics of main faults and the mechanism of infrasound anomalies generated by earthquakes. 
Nevertheless, it is impossible to understand information on fracture source development based on these characteristics, 
which poses a challenge to applying this method to earthquake prediction. This paper uses the concept of percolation theory 
to establish the scale and loading variation in earthquakes from microfractures to large fractures. In an elastic medium model 
with several cracks, a theoretical analysis is done to understand the formation of acoustic emission and seismic activity.  
A dynamic study of the solid material in the initial microfracture during the extensive fracture process is carried out based 
on the dynamic method. The physical principles of solid mechanical fracture prediction are discussed, the characteristic 
mechanism of acoustic anomalies is revealed, and the applicability of the infrasound anomaly principle to the prediction of 
ground fracturing is discussed. Through the conclusions obtained from these theories, an analysis of the physical process of 
acoustic signal formation during fracture generation is carried out, the existing records are analyzed, the characteristics of 
phenomena are explained, and the causes of phenomena are partially revealed to verify the effectiveness of infrasound 
anomalies as precursors and to explore the method of predicting earthquakes through acoustic signal recording. 
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Introduction 
Acoustic emission was discovered as early as the 

1930s as a phenomenon associated with the processes 
of rock deformation and failure and is an information 
carrier that effectively reflects the changes in the 
internal structure of rock. Since then, acoustic 
emission monitoring technology has been gradually 
developed and is used in seismic monitoring. It can 
observe and analyze important disturbance events1-2. 
As monitoring increases, the causes of infrasound are 
revealed. In 2003, Olson linked a recorded infrasound 
signal to an earthquake occurred in Alaska on 
November 3, 2002. He further found that sudden local 
surface movement was the source of the infrasound3-4. 
Many subsequent scholars have also analyzed the 
acoustic waves generated by earthquakes and revealed 
the sources of infrasound5-6. Usually, an abnormal 
signal is received one day before an earthquake. 
However, before some large earthquakes and a few 
days surrounding the earthquake, abnormal 
infrasound signals are observed for more than ten 

consecutive days7-9. The abovementioned researches 
focused more on the preceding relationship between 
individual anomalies and the occurrence of 
earthquakes. 

At present, there are few long-term statistical 
analyses for infrasound before earthquakes. Li's 
research group observed and studied abnormal 
infrasound signals for many years and found that 
infrasound precursors have obvious characteristics 
and stable time scales. Compared with other 
precursors, infrasound has special sensitivity in 
earthquakes10. There is currently much data on the 
characteristics of the amplitudes of acoustic emissions 
and seismic activity, such as the statistical 
relationship between frequency and magnitude 
(repetition rate curve)11. The infrasound method has 
been applied to earthquake prediction and some 
successful cases have been achieved, showing the 
effectiveness of infrasound phenomenon in proposing 
a prediction algorithm hypothesis12-13. According to 
statistics, the relationship between seismic activity 
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and infrasound anomalies is significant. Therefore, it 
is necessary to quantitatively evaluate the correlation 
between earthquakes and the quantitative features of 
infrasound to use these quantitative features as 
measures of the amount of information of this 
precursor type. Actual observations also show that 
there is a stable time scale for the occurrence of 
infrasound precursors. The research group at the 
Beijing University of Technology summarized 92 
earthquakes from 2002 to 2008, according to the data 
provided by the USGS. The number of earthquakes 
produced abnormal signals within 2 days before the 
earthquake was large, followed by 1 and 4 days 
before the earthquake. Among them, 75.6 % (59 of a 
total of 78) received signals 1 – 9 days before the 
earthquake. The consistency of the calculated value 
with the observed value is believable, and the 
geoacoustic observation results for the purpose of 
prediction can be processed according to the 
regularity obtained in the rupture model12-13. 

To monitor and predict earthquakes by using 
infrasound phenomena, it is necessary to establish the 
relationship between infrasound characteristics and 
earthquake preparation processes from the perspective 
of system science. This investigation also provides an 
explanation for their strong relationship with 
earthquakes temporally and spatially and lays a 
theoretical foundation. 

Based on the statistical analysis of a large number 
of long-term continuous observations, the following 
problems must be considered to further predict the 
rupture infrasound of a geological body. 1) The 
physical mechanism of the basic earthquake rupture 
process and the unstable disturbances caused by it in 
geological fields based on acoustic emissions must be 
understood. 2) The physical characteristics of the 
broken medium (forward problem) must be 
calculated, and the damage degree of the medium and 
the degree of approaching the limit state must be 
estimated from the physical properties of the 
infrasound signal measured by the experiment. 3)  
The statistical significance must be evaluated, that is, 
it must be evaluated whether the infrasound 
precursors are indeed statistically related to 
earthquakes or not. 

In studies of earthquake initiation, to correctly 
understand earthquake precursor phenomena, scholars 
have proposed various physical modes of earthquake 
initiation, such as the elastic rebound mode, 
expansion mode, crack connection mode, combination 

mode, obstacle, and concave-convex body mode14. 
The geological body failure problem is complex. Thus 
far, in addition to the analysis of the stress state before 
failure, there are only several simplified models for 
numerically simulating the earthquake preparation 
process, and there is a lack of detailed quantitative 
research15-16. In general, the above model can explain 
only a specific earthquake process or precursor to a 
certain extent; the scope of application is limited and 
not universal, and a quantitative model is lacking. 
Therefore, only through studying quantitative models 
the characteristics of precursory anomalies can be 
explained, understand the changes in the physical and 
mechanical properties of geological media, and 
determine the location and timing of the primary 
faults to predict earthquakes. 

Evidence shows that crustal seismic activity is not 
produced by regional stress fields with uniform shear, 
which is used in strategies to solve earthquake 
prediction problems, but by local fields of exponential 
elastic stress17. If a similar process is to be found, it is 
clearly necessary to study how an internal crack is 
initiated and generated over a long period of time. 
Recent studies have shown that structural fractures are 
considered to be the result of irreversible 
deformation18-19. The fracture system and continuous 
movement in the rock stratum increase the irregularity 
of the fracture system distribution20-21. Fractures are 
considered to be the leading cause of crustal 
anisotropy22-23. The physical concept of the fracture 
process is similar to the percolation theory. The 
critical density of the crack is identical to the 
penetration threshold, and the primary fracture is 
similar to an infinite cluster. According to the 
definition, a fracture is a deformational transition, that 
is, the loss of adhesion between different parts of a 
continuous medium under the action of force. For a 
given object, the change in the adhesion degree of the 
crack system from local to global is the decisive 
moment of any fracture process mode24. The long-
term fracture process can be confirmed by the shape 
of the creep and acoustic emission cumulative curves, 
which can be divided into three stages: the slow 
change stage, the stable stage and the accelerated 
stage. The fracture-penetration model assumes that 
the cracks are sufficiently far away from each other at 
the time of fracturing (except for the primary fracture 
of the water body), which confirms that the 
prefracture state is achieved due to the interaction in 
the crack field. 
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Therefore, percolation theory is used as a 
mathematical tool to study the mechanisms of seismic 
rupture and infrasound anomalies. The main contents 
include a quantitative description of the cohesion of 
the phase with random inhomogeneity, including the 
cohesion of the crack system, the establishment of an 
analogy of the infrasound anomaly characteristics 
from the basic penetration mode principle, the 
physical mechanism of the basic earthquake rupture 
process, and the unstable disturbance of the acoustic 
emission in the geological field caused by it. 

 
Statistical analysis of infrasound observations 

The infrasound anomaly signals before 101 M7.0 
earthquakes that occurred globally from 2002 to  
2009 are shown in Figure 1. Among them, 314 
abnormal infrasound signals were received before the 
earthquake. Figure 2 shows the correspondence 
between earthquakes and abnormal signals from 2002 
to 2009. For the recorded multiple abnormal signals, 
the maximum amplitude signal is usually taken as the 
recording. For simplicity, the relationship between the 
314 recorded infrasound anomaly signals and 101 
earthquakes was studied first. There are 365 days in a 
year, and two of these years are leap years. Therefore, 
the total sample size is 2922 days (365×8+2), and the 
average occurrence rate of abnormal infrasound 
signals during these 8 years is 10.7 % = 314/2922(ref. 12). 
It has been found that the duration of the observed 

infrasound signal before the earthquake is relatively 
long, generally up to a few hours, the waveform is 
complex, the signal-to-noise ratio is high, and it has 
asymmetric positive and negative pulse signals. The 
duration of each pulse is similar, and the overall trend 
of the voltage amplitude increases first and then 
decreases gradually. There are multiple peaks, i.e., 
multiple main frequencies appear simultaneously, and 
the energy is relatively scattered. The primary  
energy is concentrated in the 0.005 – 0.018 Hz 
frequency band25. 

The duration of the infrasound anomaly is several 
hundred seconds to several thousand seconds, and the 
period is approximately 1000 seconds. On the basis of 
the above results, it can be expected that this anomaly 
indicates large-scale cracks, and most of the abnormal 
signals received within 2 days before the earthquake 
are greater and have a good correspondence with the 
main rupture time25. This shows that the physical laws 
of ruptures of different scales are uniform. In general, 
the nucleation process of earthquakes involves the 
superposition of concentrated fracture forms26,27. It 
can be predicted that when the rupture process is 
complex, the temporal characteristics of the 
infrasound signal are different. In actual observations, 
the infrasound frequency and waveform of the same-
magnitude earthquake in different regions are 
different. The derivation of the correlation between 
the crack growth process and the infrasound 

 
Fig. 1 — Locations of 101 M > 7.0 earthquakes globally during 2002 – 2009 
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waveform before the earthquake reveals that the 
recorded infrasound pulse waveform is complex or 
smooth in this case. The bending on the front and 
back edges of the pulse can be explained by the 
change in the growth rate at different growth stages of 
the crack, which may be due to different crack growth 
rates under different stress states and multiple other 
reasons28. 

 
Simulation of the fracture process and acoustic emission 

According to percolation theory, some basic 
physical models corresponding to the rupture are 
modelled as follows: the object is approximately 
regarded as a grid of nodes with a grid constant of l. 
At the beginning, all nodes are complete, 
corresponding to the ideal defect-free object. The grid 
nodes are lost, similar to the method assumed in the 
theory of multiple rupture dynamics; i.e., microcracks 
are generated due to large thermal fluctuations. If the 
crack concentration increases continuously, the crack 
cluster overlap field forms an infinite cluster at a 

certain time. It is assumed that the fracture state is 
reached when the crack field corresponding to the 
permeability threshold xc at a certain stress level 
overlaps. This x value (x = xc) can be considered the 
critical crack density sufficient for rupture. 

The topological criterion of rupture can be fully 
and naturally explained by some basic definitions of 
percolation theory, the penetration threshold xc and 
the critical penetration radius Rc. The object is 
approximated as a grid of D-dimensional nodes. The 
probability of single node damage is set to x, the 
distance is l, the number of nodes forming a cluster of 
damaged nodes is set to s, the number of node clusters 
with a scale equal to s is ns, and the total number of all 
node clusters is Ns. 

 

a
c

lini
ss xxxnN

  2
)(   … (1) 

 

Where, xc is the x critical value of a continuous chain 
composed of damaged nodes, which is an infinite 

 
Fig. 2 — The received 310 abnormal infrasound signals and 101 earthquakes with magnitudes > 7.0 worldwide during 2002 – 2009 
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cluster that runs through the whole system; x∞ (or Wx) 
is the proportion of the damaged nodes contained in 
the infinite cluster (the density of the infinite cluster): 



cxxx  . S(x) is the average number of nodes 

in each finite cluster: 
 

      c

ingi
s xxxnsxS 2

 

… (2) 

 

cL
 is the relevant radius: 

 


cc xxL    … (3) 

 

G is the generalized conductivity: 
 

  t
cxxxG    … (4) 

 

Where, α, β, γ, ν and t are the critical exponents that 
satisfy the similarity assumption and do not depend 
on the mesh type (different from xc). Ns, x∞ and S are 
the zero-order, first-order and second-order initial 
moments of s, respectively.  

Figure 3 shows the variation in G, Wx, and V with 
x. W is the proportion of damaged nodes contained in 
an infinite cluster (the density of an infinite cluster), 
and V is the effective volume of a local cluster. 
Figures 3 and 4 show that the concentration degree 
reaches xc, which marks the transition from quantity 
(number of breaks) to quality (type of caking). xc is 
also a singular point in the mechanical relationship. 
For example, when x < xc, internal forces (contraction 
force and internal stress) act on the entire system, 
while when x > xc, their action is limited to the 
connected parts of the system. Only  when x > xc,   
the damaged  parts  of  the  system  that  are  infinitely 

 
Fig. 3 — Schematic diagram of the dependence of the (a) 
generalized conductivity (G), (b) proportion of the damaged nodes 
contained in the infinite cluster (W) (1 means 100 %), and (c) 
effective volume of the local cluster (V) on crack density (x) 

 
Fig. 4 — Schematic diagram of the dependence of the (a) proportion of the average number of nodes of each finite cluster (S) (1.0 means
100 %), and (b) correlation radius of finite clusters (L) (unit in metres) on crack density (x) 
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clustered apart move independently under external 
forces. Figure 4 shows that divergent functions, such 
as S and Lc, at x → xc are infinite clusters, which are 
unique precursors of the occurrence of the main 
rupture. 

The quantity xc and the deterministic characteristic 
quantity of the system are combined to form the so-
called variables that are independent of the grid type: 

 

1) For the grid problem of the contact line, there is 
an invariant BcB: 

 

1


D

D
zxB ccB   … (5) 

 

Where, z is the matching number of the contact line 
grid, and BcB is the average teaching of the nodes 
associated with the given node when x=xc. For the 
two-dimensional system, BcB is equal to 2, while for 
the three-dimensional system, it is equal to 1.5. 
 

2) For the mesh problem of nodes, there is an 
invariant θc. 

 

cxf *c    … (6) 
 

Where, f is the filling coefficient for a two-
dimensional system; θc is equal to 0.5, while for a 
three-dimensional system, it is equal to 0.16. 

A rupture can occur by increasing the radius of 
influence sphere R to the critical permeability value 
Rc under the condition that the concentration degree 
of the damage (crack) is constant. To relate Rc to the 
fracture stress σc, the following relationship can be 
used. 
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Where, α is the scale of the defect, Δσc is the stress at 
a distance Rc from the stress center, and its expression 

is  /c EG . E is the elastic modulus of the 
object with defects, and G is the Griffith surface 
energy. Substituting Rc into the cohesive condition for 
three-dimensional objects28, it can be concluded that: 
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Where, 4/3 2
ss N   is the average distance 

between the cracks. 

Equation (8) can be related to the source barrier 
model. The exponential variation in the dependence 
of σc on the average distance between defects shows 
that a small change in the defect spacing can also lead 
to a significant change in the strength of the chain (the 
tiny volume that separates them). 

 
Simulation of acoustic emission and seismicity 

There is already a large amount of data on the 
amplitude characteristics of acoustic emissions and 
seismic activity, such as the statistical relationship 
between frequency and magnitude (repetition rate 
curve)11. The percolation theory provides theoretical 
support for studying clustering phenomena in random 
environments, and this model takes into account the 
excessive time for the formation of concentration 
gradients, which is neglected by the double-
membrane theory. The following establishes an 
analogy of these features from the basic principles of 
the penetration model. 

The same element of standard damage can cause 
elastic pulses with different amplitudes, depending on 
how much the damage cluster generated by it 
increases at scale L. For example, when x-0, each 
broken element is isolated and each of them can be 
attributed to the element amplitude A0. However, with 
increasing damage concentration, the pulse amplitude 
should also increase. When the x value is large, even a 
broken hole can cause the merging of some large 
clusters, which causes a sharp change in the opening 
degree of the macroscopic cracks physically or 
corresponding to the joint. The stress–strain state of 
the merged cluster can also change dramatically when 
the crack affects the overlap of the spheres. In both 
cases, elastic strain release can be expected in a larger 
volume, i.e., large acoustic emission is expected to 
occur. The amplitude of these pulses uses the 
dimensionless amplitude A, and the conditional 
amplitude obtained from the cluster analysis results in 
the computational experiment29: 
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Where, A0 is the conditional amplitude corresponding 
to the occurrence of isolated damage (the analogy of 
microcracks), and ni is the number of damages in the 
ith merging cluster (the analogy of macrocracks). All 
clusters involved in the formation of newly merged 
macroscopic cracks, including ∑ni element fractures 
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(or clusters), must be summed. Clearly, the larger the 
absolute value of the scaled growth of the secondary 
cluster composed of the primary cluster due to the 
occurrence of bridge damage is, the larger the value 
of A. 

Figure 5 shows the dependence of pulse 
accumulation (number of crack clusters merging 
toward NA) on x in different A-value intervals. In this 
figure, A0 is the corresponding conditional amplitude 
of the isolated broken mouth, and A is the amplitude 
of the acoustic pulse, which involves only the ratio of 
the two and does not involve the specific value. The 
reason for this is that the conditional amplitude A0 of 
the broken mouth of different structural geological 
bodies is not the same value (at present, there is also a 
lack of rock experiments to determine the rock mass 
media of different material structures). For small 
amplitudes (curves 1 and 2), this dependence is 
obviously different from the case of large amplitudes 

(curves 3 and 4): the former changes from steep to 
slow, and the latter rises sharply while approaching xc. 
The method of tracking weak pulses cannot predict 
the point close to xc. 

Figure 6 shows one of the basic dependencies 
between acoustic emission and seismic activity; this 
dependency is the frequency-amplitude relationship 
under different damage concentrations (repetition rate 
diagram). The horizontal axis represents the square of 
the conditional amplitude A, and the vertical axis 
represents the number N0 of crack coalescences with 
amplitudes greater than or equal to the corresponding 
A. Although some individual segments of these curves 
can be approximated by straight lines, as x increases, 
the initial dip angle decreases, and the steepness 
decreases when the A value is large. However,  
the simulated amplitude relationship (Fig. 6) is 
qualitatively consistent with the observed acoustic 
emission and seismic activity data. The consistency of 
the calculated value with the observed value can be 
believed. The geoacoustic observation results for the 
purpose of prediction can be processed according to 
the regularity obtained in the rupture model. 

The modelling of the fracture process of the 
geological body based on percolation theory 
illustrates the reasons for the increase in the number 
and average amplitude of infrasound intensity pulses 
and the increase in amplitude dispersion (dispersion). 
The acoustic anomaly is a reflection of the beginning 
of the mechanical instability stage. The amplitude and 
variation in the elastic wave velocity obviously reflect 

 
 

Fig. 5 — Curve of the pulse accumulation number with changing 
A values according to x, where the A value intervals are based on 
different A0 values. Data l: A/A0 = 1, data 2: 1 < A/A0 < 10, data 
3: 10 < A/A0 < 50, data 4: 50 < A/A0 < 100, and data 5: A/A0 > 
100. The x axis means density and the y axis means the 
cumulative number of pulses with an amplitude of the A value 

 

Fig. 6 — Dependence of the total number (N) of crack 
coalescences with amplitudes greater than or equal to A on the 
square (A2) of the conditional amplitude (the curve of the analogy 
of the repetition rate under different x values). Data l: x = 0.l, data 
2: x = 0.2, data 3: x = 0.3, and data 4: x = 0.4 
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the change in the stress–strain state of the medium. 
The change indicates the failure of the stability of the 
stress state in the rock mass. It is also a sign of the 
magnitude of a large or small earthquake event. 

The above experiments explain the causes of false 
precursors and theoretically reveal the complexity of 
precursors. Infrasound anomalies are not only 
generated at the source but are likely to be indirectly 
related to the formation of the source, which is mainly 
reflected in the phenomenon, and the signal is not 
directly related to the source. The acoustic precursor 
before the macroscopic fault is only a triggering 
effect, reflecting the rapid change in the tectonic 
process in a region, which is related to the distribution 
of internal stress and local strength but not to the 
preparation of specific earthquakes. The waveform 
change in the elastic wave velocity generated by the 
change in the deformation velocity of the rock mass 
may be regarded as a false precursor of a macroscopic 
fracture. False precursors do indeed exist; i.e., there 
are precursors without earthquakes. 

 
Cracking time of the system 

The earthquake source (shear fracture) is caused by 
the development and interaction of a large number of 
shear fractures in the earthquake area. Due to the 
interaction of fissures (microfractures), the avalanche 
stage of earthquake initiation begins. A large number 
of researchers have pointed out that the beginning of 
avalanche-type fractures occurs under certain 
conditions of microfracture density, independent of 
the rate of stress growth30. The avalanche growth of 
the number and size of cracks leads to a sharp 
increase in the total deformation rate and changes the 
overall physical characteristics of the medium. A 
continued increase in deformation leads to a decrease 
in stress. Due to the heterogeneity of the medium 
properties, the unstable deformation gathers in a 
narrow band and forms some relatively large cracks. 
At this time, due to the general decrease in the 
average macroscopic stress in most of the rock 
volume, the cracks stop developing and heal locally. 

However, it is more complicated to determine the 
cracking time of the three-dimensional system. 
According to the calculated test results, the 
concentration of the locking section in the two-
dimensional finite system is not large29, so the 
difference between the x value and xc that may occur 
in the two-dimensional system is very small. 

In the three-dimensional mesh, there are infinite 
fracture clusters when x=xc, and there is also a 

growing infinite continuum cluster. Therefore, 
cracking may occur only when the crack 
concentration is greater than xc. The bonding 
properties of the studied mesh do not depend on its 
preparation method. It does not depend on increasing 
the number of cracks, x, or making the system reach a 
certain minimum concentration of 'cracking' by 
sequentially healing the cracks in a completely broken 
medium. Then, it is clear that only when the 
concentration is xc' = 1-xc the infinite continuous 
medium cluster disappear, and cracking is also 
possible. In addition, xc' can be called the cracking 
threshold. If the concentration of the locking section 
is small, then x3D ≈ xc

’ = 1-xc. Since xc(b) varies in the 
range of 0.1 – 0.4 for three-dimensional meshes, the 
value of x3D is significantly higher than that of xc. 
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Where, Φ is the probability integral and xL
c and DL are 

the average value of the percolation threshold and its 
dispersion, respectively when L is given. 
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Where, A, B and C are constants. If L
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very small, then 
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The repetition rate of the fault (earthquake) is 
related to the concentration of the damaged mouth xi, 
the scale L and the dimension D of the system. 

With the threshold approach, the number and 
average scale of crack clusters in geological bodies 
change. According to the previous analysis, the 
acoustic anomaly is a reflection of the beginning of 
the mechanical instability stage. As the threshold is 
close to the penetration threshold, the rupture can be 
considered a rupture in the penetration model. The 
occurrence time can be reflected by the increase in the 
infrasound amplitude. Therefore, we can approach the 
penetration threshold based on the number of unit 
phenomena and further predict the probability of the 
rupture time in the rupture penetration model. 

In addition, the fracture growth rate before the 
earthquake is not always constant in the whole 
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process of growth. It has been observed that the 
growth rate sometimes accelerates and sometimes 
slows. The change in the fracture growth rate before 
the earthquake leads to the complexity of the 
frequency distribution of the observed signals, as 
shown above. 
 
Discussion 

Currently it is impossible to rigorously simulate the 
earthquake preparation process, and a considerable 
amount of work remains to be done. From the 
perspective of infrasound precursors, elastic energy is 
released with the expansion of the internal 
microcracks from the earthquake source. The energy 
radiates into the surrounding media leading to elastic 
waves. The activity patterns of these waves reflect the 
evolution of microcrack expansion. Models of the 
rupture process of geological bodies based on 
percolation theory can explain the anomalies, such as 
the increased number of strong infrasound pulses, 
average amplitude and dispersion degree 
(discreteness) of amplitude from the perspective of 
the evolution of crack density, and reflect the 
common patterns underlying the formation of 
infrasound precursor characteristics. However, 
whether there are specific characteristics of seismic 
infrasound signals in different regions remains 
unclear. A detailed quantitative description of factors 
such as the medium structure, physical properties, 
stress state, and the expansion evolution of the entire 
crack system and large-scale crack groups in the 
source region of each specific earthquake case is 
necessary to answer this question. 

In this study, the effects of changes in the number 
and average size of crack clusters on infrasound 
amplitude and waveform using simulations is 
analyzed. To connect microcrack density with 
material parameters, the pre-rupture material is treated 
as a metastable state. The state transition from 
metastable to stable is simulated through the 
accumulation of small amounts of new states, and 
thus, the focus was placed upon microcrack 
accumulation. In this model, the rock blocks were 
simplified as elastic media. However, the actual 
geological environment contains multiple media and 
pores31, and atmospheric factors such as monsoon and 
precipitation also have roles in the genesis of 
earthquakes beneath different rock blocks32. These 
complexities were not considered in this study. Future 
research could refine the computational model to 

incorporate these geological and atmospheric factors, 
enabling a more accurate understanding of infrasound 
phenomena.  

Quantitative theoretical research on the association 
between earthquakes and infrasound signals faces 
numerous challenges and remains in its infancy. The 
analyses of the time-frequency domains of a large 
amount of infrasound signals received pre-seismically 
did not show clear or definitive relationships between 
earthquake parameters, such as magnitude, and the 
amplitude and frequency of pre-seismic infrasound 
anomalies. However, these statistical analyses have 
identified empirical relationships between infrasound 
characteristics and earthquake magnitudes, which 
allows for a certain degree of quantitative estimation 
of magnitudes from signal features and approximate 
predictions of earthquake occurrence time based on 
signal reception time. Theoretically, if the relationship 
between observed anomalies and earthquakes cannot 
be quantitatively described, their association cannot 
be analyzed statistically. To some extent, this study 
established a theoretical link between deformation 
anomalies and seismic activity and provided 
theoretical explanations for several key characteristics 
of infrasound signals. In future research, the best fit 
between theoretical calculations and actual 
observations can be focused upon for the development 
of a theoretical framework to quantitatively predict 
the key elements of earthquakes based on infrasound 
precursors. 

The limitations of observational conditions prevent 
the observational data from accurately reflecting the 
earthquake preparation process. First, the infrasound 
observation data of the earthquake cases involved in 
this study were derived from infrasound monitoring 
stations. Apart from human factors (e.g., estimation 
accuracy of time delays and array layout) and sensor-
generated errors, the data were also influenced by 
various atmospheric factors during propagation. 
Furthermore, it remains a significant challenge to 
obtain an accurate atmospheric model today, which 
affects the accuracy of the raw data obtained from 
actual earthquake cases through numerical simulation. 
Second, infrasound waves can be generated from 
multiple sources, such as volcanic eruptions, 
hailstorms, strong winds, thunderstorms and nuclear 
explosions. Inaccurate identification of infrasound 
signal sources might introduce additional bias into the 
calculation results of this study. Third, the number of 
regional earthquakes involved in this study is small, 
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which makes exploration of the variations in seismic-
acoustic coupling across different terrains difficult to 
understand. Additionally, the consistency pattern 
between the extension direction of the acoustic 
radiation zone and the fault rupture direction requires 
more earthquake cases to verify. 

 
Conclusions 

In this paper, a statistical model of the fracture 
process that is independent of scale is established by 
using percolation theory, and a method of establishing 
a quantitative model of the seismic process in a 
random inhomogeneous medium is proposed, 
promoting the study of physical–mechanical 
processes of the source. Seepage theory is used to 
study the mechanism of earthquake ruptures and 
infrasound anomalies. The basic process of 
earthquake rupturing and the quantitative analysis of 
the unstable disturbance of acoustic emission in  
the geological field caused by it is given. The  
analogy for infrasound anomaly characteristics is 
established from the basic principle of the seepage 
mode. The following are the main conclusions of  
this paper. 

1) With increasing damage concentration, the pulse 
amplitude should also increase. A sharp change in the 
degree of physical opening of the macroscopic cracks 
corresponding to the joint is caused. The stress‒strain 
state of the merged cluster can also change 
dramatically when the crack affects the overlap of the 
spheres. In both cases, elastic strain release can be 
expected in a larger volume, i.e., a large acoustic 
emission is expected to occur. The calculation shows 
that for the large-amplitude signal, the emission 
increases sharply when it is close to the damage. The 
occurrence of large-amplitude acoustic anomalies can 
predict nearby ruptures and can be used as the basis 
for large ruptures. 

2) As the threshold approaches, the number and 
average scale of crack clusters in geological bodies 
change as the growth rate of cracks before 
earthquakes is not always constant in the whole 
process of growth. The change in the fracture growth 
rate before the earthquake leads to a complex 
frequency distribution of the observed signal. 
Therefore, the number of low-frequency infrasound 
phenomena with large amplitudes can be used as the 
basis for predicting the probability of the rupture time 
that approaches the penetration threshold, which is 
also the threshold in the rupture penetration model. 

In the field of deformation penetration research, the 
mathematical model of the earthquake rupture process 
can be established and further improved. This model 
combines the percolation theory with the seismic 
process model to study the possibility of abnormal 
signals that may occur when elastic waves pass 
through the medium, even when the stress is relatively 
weak, and the permeability threshold is reached. In 
summary, the special state of the material in the 
permeability threshold region is examined to estimate 
the state of the rock mass and determine the best time 
to estimate the stress state. 
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