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MODEL SYSTEM OF EARTHQUAKE
PREDICTION AND COUNTERMEASURES

Tan Chengye

( Seismological Bureau of Yunnan Province )

A model system of earthquake prediction and countermeasure is
designed, The necessaries, conditions, designed ideas, constructions,
functions, compositions of the model system and applied mathematical
methods are discussed in this paper,

It is impossible to treat the large system with complex constructions
and multiple functions by using a single model because the variables
are confined in a single model,The earthquake prediction and countermea-
sure investigation system which includes long-term, middle—term and
short—term prdiction, strong aftershock prediction, earthquake decision
making, contains multiple targets, functions and levels, It is necessary to
solve this problems by using the model system not by using a single model,

The idea of model system maintains to design and establish models
using system engineering methods, Outputs and inputs of several
models are matched each other and the functions of them are complemen-
ted each other,

Up to now, experiences on earthquake prediction accumulated are
insufficient for establishing an expert system of earthquake
prediction, To study systematically and comprehensively the earthquake
characteristics of every modes in several areas, refine various criteria
of earthquakes and establish model system solving problems of earthqua-
ke prediction and decision making are needful,

Functions of this model system may be divided into two groups:

1.The earthquake prediction functions

a . Recognizing earthquake risk in ranges and provincé;

b.Recognizing middle-term (0,5~ 5 years) earthquake risk;

c,Recognizing short—term (0,5— 6 months ) earthquake risk;

d,Recognizing imminent ( hours—15days ) earthquake risk;

e . Recognizing the-modes of coming earthquakes;
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analysis of shock sequence trend.If the genesis of a variety of sequen-
ce types is known, the recognization of earthquake process can be
promoted and it is useful for progress of earthquake prediction.

Asperity model is used to mainly explain foreshock and main-
shockC1—8J of plate boundaries and Barrier model is used to explain
mainshock and aftershockCl. 4. 63,In order to inquire into the possible

.genesis of intraplate earthquake sequences, based on Barrier model
and the analysis of actual data of earthquakes which occur in China,
we propose another heterogeneous body model-Obstacle model. It diff-
ers from Barrier model in the following aspect: the earthquake source
area, in Barrier model, is acted by uniform stress before mainshock,
the occurring of mainshock makes heterogeneous bodies produce, so it
is used to explain the occurrence of aftershock; the obstacle model
mainly shows that there are heterogeneous bodies in rock medium
before mainshock occu rring, besides the heterogeneous bodies in rock
medium which formed by mainshock, It is proved by a lot of fact of
geophysics. So, obstaclemodel is actuallyexpansion and perfection of the
Barrier model further. Obstacle as heterogeneous body of earth medium
is either the high strength area on the fault plane, or the special
area where its strength is similar but the structure is different.

In order to know the substance of obstacle, we have done the
experimental researchC8—9), and got the satisfactory results. In order
to understand the properties and effect of obstacle, .inquire into
possible genesis of earthquake sequence, we make numerical imitation
for the obstacle model.

The research of numerical imitation for the obstacle model

Earthquake is imitated as a rupture of natural occurringon fault,
in order to simplify calculation in the case of having no effect on
calculating result, we suppose that in linear elastic medium rupture
begins from a point, then expands on the fault where there are ohstacles.
Initial stress on fault plane is 1o, the crack is formed at t=0, its expan-
sion follows the criterion of thebiggest main stress.Shear stress decrease
from initial stress 1o to dynamic friction stress 1y on the ruptured
area. According to the theory of elastic mechanics, rock mechanics
and fracture mechanics, writing the motive equation and boundary
condition of displacement vector of any point on the fault, we make
calculation by the method of finite difference. In order ‘to inquire

into the properties of obstacle outstandingly and carefully, confirm
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each other conveniently with experiment model, we take calculation
of two dimension for the model emphatically and three dimension
work is also inquired for the obstacle model. In the solution of nu-
merical imitation, the more meticulous step T of differential time and
network D are cuted, the more accurate the solution is, but it is
needed for large capacity computer. In order to simplify the calcula-
ting procedure, in calculating, the dimensionless factor S is defined ass
g=Ts"Te (1)
Te— Ty
where s is critical value of stress, then
1+S=1_:ﬂ 2)
To— Ty

1+s represents normalized value of stress strength. The differeat
strengths of fault plane are embodied by various values of 1+s, the
different sizes of obstacle are shown by width D of differential net-
work.

Fig.1 shows the rupture expansion condition of shear crack on the
uniform fault, from it we can know that the crack is linear lengthen
with time. Fig.2 shows the rupture expansion condition of shear crack
with same size(1D) and different strengths (take the example of anti-
plane shear crack), it is shown that rupture expands continuously
crossing obstacle after a shorter stress concentration when strength
1+s is 3(Fig.2a); when 1+s=5(Fig.2b), the crack expands crossing
obstacle first, then the rupture expands in the obstacle and makes it
fracture fail after a shorter stress concentrationy when 1 +s=
7(Fig.2¢c), it is as the same as 1+s=5, but the re-fracture time of
obstacle is larger than the condition of 1+s=5; as obstacle strength is
bigger when 1+s=09, the rupture expands continuously crossing obsta-
cle, but the obstacle does not fracture finally. It is shown that all

ruptures have stress concentration when they meet obstacle, and the
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expansion ability of rupture is in inverse proportion to the strength
of obstacle from Fig.2.

Fig.3 shows the expansion condition of shear rupture on the fault
in plane where there are same strength (1+s=7) and various size
obstacles. When the size of obstacle is 3D ( Fig.3a ), rupture meets
obstacle and occurs stress concentration, them expands crossing
obstacle, and makes unruptured area fracture after a period of time
finallyy when the size is 5D ( Fig.3b), rupture makes part area of
obstacle boundary fracture after a same period of time of stress
concentration, then expands detouring obstacle, finally makes spare
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Fig. 2 The expansion condition of shear crack on the fault in antiplane where
there are same size (1D) and different strength (1+s=3(a), 1+ s=6(b),
1+s=7(c), 1+5s=9(d) obstacles
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Fig.3 The expansion condition of shear crack on the fault in plane where there
are same strength(1+s=7) and different size (3D(a), 5D(b),
6D(c), 10D(d) ) obstacles
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unruptured area fractures when the size is 6D ( Fig.3¢), rupture
expands crossing obstacles when the size is 10D (Fig.3d), rupture is
resisted at the front of obstacle. These results show that the rupture
expansion ability is in inverse proportion to the size of obstacle.

Fig.4 shows expansion condition of shear crack in anti-plane and
plane. In Fig.4a, rupture crosses the first obstacle and is resisted by
the second obstacles in Fig.4b, rupture expands continuously crossing
the first and the second obstacles separately, and then makes unrup-
tured obstacle fracture again after a period of time, We can see from
Fig.4 that motive patterns of tip point of various type cracks are
different each other.
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Fig.4 The expansion condition of shear crack on the fault in antiplane and
plane where there are-same size(6D) and same strength(1l +s=6) obstacles
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Fig.8 The expansion condition of shear crack on the fault where there are
same size (4D ) and strength (1+sw=6) obstacles in various media
((a)B=2.92Tkm/s, (b)P=4.508km/s)
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Fig.5 shows also expansion condition of shear crack with same
size and strength obstacles in anti-plane on fault with different me-
dia, Shear wave speeds are B=2.927 km/s, B=4.508km/s respectively in
Fig.5(a, b). The fracture expansion speed is also fast with high speed
medium, Otherwise, the initial crack length in Fig.5(a) is shorter than
that in Fig..é(ﬁ\b). From Fig.5(a) we can see that the rupture crosses two
obstacles separately, then makes the second obstacle fracture after a
period of time, but the first one is unfractureds; in Fig.5(b), the rup-
ture also crosses two obstacles respectively, but makes them fracture
again right away, So the expansion of crack is related not only to the
rupture speed and the rupture length, but also to the various media.

Fig.6 shows the fracture condition of three different strength and
size obstacles on the fault, The middle obstacle is fractured first as
it is weaker, then rupture is expanded in three ways; when it meets
the first obstacle, the stress concentration is taken place, the rupture
makes Lhis obstacle fracture; when rupture expands to the third obs-
tacle, the stress concentration is produced, as this obstacle strength is
higher, the rupture expands to the end of the fault crossing the obs-
tacle, then makes obstacle fracture again.
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Fig.8 The expansion condition of shear crack on the fault where there are
three different size (3D, 4D, 5D ) and strength(1l+s=3, =3, 5) obstacles
From the numerial calculation we get the similar results so that
of experiment(8—9J; the crack expansion ability is in inverse propor-
tion to the strength and size of obstacles it is related to the different
arrangment forms of obstacle and to the rupture speed, the size of
initial rupture area, the type of cracks and the properties of
medium, The results also show that there are various fracture forms
when the rupture expands to obstacle: rupture is resisted to the front
of obstacle; is branched by different arrangement obstacles, and
rupture expands pass through or crossing or detouring obstacles. We

can get the detail process of rupture and the whole process of rupture
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through numerial calculation, at the same time, The calculation resu-
Its prove the results of experiment imitation further. For example, a
rupture can expand detouring or crossing obstacle first, then makes
unfractured obstacle fracture after a period of time of stress concen-
tration.
The application of obstacle model in the explanation of
earthquake sequences

Through the research of experimental and numerial imitation for
obstacle, some types of earthquake sequences can be explained with
the properties and effect of obstacle:

(1 )Isolated type: Earthquake of isolated type is few to occur
in heterogeneous medium, unless there is only a obstacle with weaker
strength and the rest is all uniform on fault,

( 2 )Mainshock type: If there is only one obstacle with higher stre-
ngth, micro-fractures are occurred around obstacle by stress concen-
tration, then with the stress increasing these cracks make the medium
around obstacle and obstacle boundary or the whole obstacle fracture,
this corresponds to mainshock. And it corresponds to aftershock that
the rupture expands again and the process in which unfractured part of
obstacle is fractured. So, in this condition, the type of mainshock-
aftershock can be explained by obstacle model, If there is only a ob-
stacle with high strength or some obstacles which have large difference
on sizes and strengths, the type of foreshock-mainsh_ock-aftershock
can be explained., In the condition of single high strength obstacle, due
to the strength is high, the rupture expansion is more complext8J,
micro-fractures which occur in the medium around obstacle does not
become main-fracture right away as stress concentration, but the fra-
cture is formed in other weaker medium and expands to the obstacle,
this process corresponds to foreshock. When rupture expands to the
obstacle, the front of obstacle can be fractured or rupture detours
obstacle after a period of stress concentration, this process corresponds
to mainshock, the re-expansion of rupture corresponds to aftershock,
If there are several obstacles of which differences of strengths and sizes
is large, the rupture begins in the lower strength or smaller size obst-
acle first, this is the foreshock; the obstacles of high strength or big
size are fractured locally through stress accumulation, this corresponds
to mainshock, after it the rupture re-expansion can be considered
as aftershock.

( 3)Swarm type: If there are many obstacles of which differences
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of strengths and sizes is not big, fracture is occurred on obstacles one
after another, and the difference of the fracture strengths and relea-
sing energy is also small, this is possibly the earthquake genesis of
swarm.,

According to the properties and effect of obstacle, two examples
of earthquake sequences are discussed as follows;

The strong earthquake of which magnitude is Ms7.3 was taken place
at Haicheng county, Liaoning Province on Feb.4, 1975, the research
shows(0—14) the Haicheng earthquake is mainshock sequence typically,
There are features for the foreshock(l0); The magnitude is increased
unceasingly; the frequency of earthquake rises continuouslys foreshock
location is concentrateds the change of depth is small; the initial mo-
tion sign of p wave is consistent, Based on the analysis and inference of
observation phenomena and data, the genesis of the Haicheng earthqu-
ake sequences originates from the heterogeneity of earth medium. The
diagram of epicentre distribution( Ms>1.0) with different periods of
time is drown by computer using the catalog of the Haicheng earthqu-
akes from 1975 to 1984 precision of earthquake center is I or II category,
location error d3<<8km(Fig.7).From foreshock sequence,we know that the
fracture was formed on Feb.l, under the continue effect of structure
stress, main-rupture expanded along northwest di rection, in this
process, many micro-fractures were formed, they correspond to
foreshock sequences, reflecting to the earth surface is that the
location of foreshock is more concentrated@03(Fig.7a), The number of
micro-fractures increase rapidly with increasing of micro-fracture
speed, so the frequency of small earthquakes and their magnitudes all
rise graduallyC03, The postponement of expansion speed and stress co-
ncentration were taken place when rupture expanded to the obstacle,
namely, the earthquake frequency decreased rapidly on earth surface
and temporary calm status was appearance. When stress accumulation
got to some extent, the edge of obstacle was fractured, namely, main
earthquake (Ms=7.3) was occurred. From Fig.7b we can see that there
is a relevent gap in the northwest of Haicheng aftershock area, it
is shown that there is a higher strength obstacle in the source body.
After mainshock, the rupture expanded detouring one of sides of the
obstacle, a series of earthquakes occurred in the place where the rup-
ture passed away, then the obstacle was fractured finally after a
period time of stress re-accumulation (Fig.7c,d ) .It is also verified by

Fig.3b and the result of 7° sample of experiment imitation, As the
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obstacle strength is higher, there should be some stress concentration
when making it fracture, so after several bigger aftershocks were taken
place in the gap of Fig.7¢c, namely, around the obstacle, the biggest
aftershock of this sequence—the earthquake Ms6.0(Fig.,7d) on May 18,
1978, occurred in the obstacle,by this time the obstacle was fractured
finally. - '

The Xingtai earthquake (March, 1966) was a typical sequence of
swarm(5—193, We take all earthquakes ( Ms>2.0) from March 1, 1966 to
Dec. 31, 1984 of which epicentre precision is I or II category and
. location error 8<8km, to draw the diagram of epicentre distribution
with source depth, according to different periods Qf time ( Fig.8) .
There is a earthquake activity with magnitude of 3 since the 1st of
March 1966 in Xingtai area, then magnitude and frequency rise step by
step up to the 8th of March, Ms 6.8 earthquake was taken place, and
then the biggest earthquake Ms 7.2 was occurred on the 22th again, after
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Fig.7 Distribution of earthquake center of different periods of Haicheng
earthquake sequences

1.2.9>M=1.0 2.3.9>M=3.0 3.4.9>M=4.0 4.5.9>M=5.0 5.6.9>M=6.0

6.8.0>M=7.0 7.5.0>H=0 8.10.0>H=6.0 9.15.0>H=>=>10.0 10.25.0>H=15.0

that, several Ms6 earthquakes were taken place continuously, and then
earthquake frequency went down gradually., Through the analysis
and research of observational data, it can be considered that there are
three obstacles which have different strengths and sizes in undergrou-
nd media of Xingtai district. The middle obstacie may be a heteroge-
neous body itself, and it buries deeper, its strengti increases from sh-
allow to deep. The strength of southern obstacle is stronger relative-
ly, and the strength of north one is the strongest ( Fig.8) . The resul-
ts of Fig.6 and 34th sample in experiment show the similar case with
the above., Analysing Fig.8 we can know that from March 1, 1966 to
March 14, 1966, the rupture formed at middle obstacle first, and then
at the south one, the place of north one was open basically at same
time. From March 15 to March 20, the rupture was taken place at the
south and middle obstacles continuously and the of shallow of obstacles
were fractured basically, there is a tendency of rupture expansion to-
wards northeast (Fig.8a), From March 21 to March 22, 1966, after the
rupture met the north stronger obstacle, stronger stress concentration
was produced, the strong earthquake of Ms7.2 was taken place, and the
front of this obstacle is broken Fig.8b. The rupture expanded to nor-
th continuously, and it went detouring the obstacle after the north
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at depth of
middle obstacle is bigger, so it was fractured continuously (Fig.8¢c).

From Fig.8d, we can see that the depth of obstacles broken were

obstacle was locally broken. At same time, as the size

fractured again, It can be seen that earthquake frequency descented
gradually, Because the middle obstacle buries very deep and medium
strength is stronger, so the earthquakes with bigger magnitude were
taken place still.

It is a feasible method that the genesis of earthquake sequence is
inquired into by using obstacle method. If we know the underground
structure of a certain district, it is possible to judge the type of
earthquake sequence and to predict the development of the aftershock

sequence, so the research for obstacle can promote the development of
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earthquake prediction. Here, we only explain and inquire into the po-
ssible genesis of earthquake using obstacle model. If we want to pre-
dict earthquake in practical work, the geometric pattern and phy-
sical property and structure of crust medium should be determined at

first, this work will be studied in the future.
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