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PROPAGATION OF COMPLEX DISCONTINUITIES WITH PIECEWISE CONSTANT AND VARIABLE
VELOCITIES ALONG CURVILINEAR AND BRANCHING TRAJECTORIES

A.8. BYKOVTSEV

The method of functionally invariant solutions of wave equations utilizing
the principle of superposition is used to construct exact solutions for a
system of complex discontinuities propagating with piecewise constant
velocities along curvilinear and branching trajectories. A passage to

the limit is shown in the course of which the solution constructed yields

a solution for the case of the propagation of discontinuities with variable
velocities along smooth curvilinear trajectories. It is shown that if

the propagation of a major discontinuity {crack) begins with the formation
of a pure shear element, then as the velocity increases, dislocation
components of the displacement vector will appear at the discontinuity;

if on the other hand the propagation of a major crack begins with the
formation of a pure dislocation element, then as the velocity of propagation
of the crack increases, it will branch and considerable shear components

of the displacement vector will form on the branched segments of the crack.
The minimum values of the branching angles are determined. Theoretical
seismograms are given computed for the curvilinear and branching cracks
consisting of alternating elements with dislocation and shear components

of the displacement vector at the discontinuity.

The high -frequency emissionsg observed in nearly all seismograms cannot be explained within
the framework of the model representations developed in /1-4/ and based on the concept of a
seismic focus as the only propagating shear fracture area. In this connection, considerable
efforts have been made in developing the concepts of a discrete, intermittent (jump-like)
growth of the fracture process at the foci of tectonic earthquakes /5-10/%*%, (**Bykovtsev A.S.
some problems of the dynamic theory of dislocation discontinuities and their seismological
applications. Candidate Dissertation. Mosk. Gorn. Inst. 1979.) The analyis of numerical
solutions of problems concerning the jump-like motions of shear cracks /5, 6/ has led to the
formulation of an essentially new “"barrier" model of the process of growth at the focus of a
tectonic earthquake /6/ which represents a generalization of the models /1-4/. The work done
in this area is generalized in the monographs /11-13/, where the investigations carried out
are discussed in detail.

The use of the force approach in /14-16/ to describe the cracks, i.e. in the case when
the stresses are specified on the surface of thecrack, considerably limits the possibility
of modelling the motion occurring in the course of fracture within simple, as well as complex
foci of tectonic earthquakes. Thus the analytic solutions /14, 15/ were not used for an b
effective analysis of specific seismological problems, since the numerical realization of the
analvtic solutions and the derivation of physical conclusions from /14, 15/ presented a very
complex, practically insurmountable problem requiring the solution of pentuple integrals. For
this reason, many workers preferred the kinematic description of the fracture areas, and this
proved to be the most productive approach in investigating the special features of the wave
fields originating at simple as well as complex earthquake foci, At present, a sufficient
number of examples exist of the use of the kinematic approach for effective modelling of the
special features of seismic emission (/1-3/ etc.). The basic idea of constructing solutions
consists of the fact that the solution of wave egquations for a point source in the form of a
momentless equilibrium dipole {the emission field of such a point source is equivalent to the
emission field of an infinitesimal dislocation) was integrated over the fracture area of the
given configuration. The soclutions obtained were used to analyse a number of interesting
problems, it was found, however, that generalizing the method to embrace a complex system of
discrete discontinuities leads to an exponential growth in the computer time necessary to
carry out such calculations.

A basically different method was developed by in /7-9, 17-23/, where the magnitude and
direction of the displacement vector at the fracture was specified over the whole of the
fracture area in the form of a boundary condition, and the boundary value problems of the
*prikl.Matem.Mekhan.,50,5,804-814,1986
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theory of elasticity were then solved. This is how the problem of a jump-like propagation of

a circular fracture area was solved in /7/ and the analogues of the well-known Griffith, Yoffe
and Panasyuk-Lozovoi problems were solved in the kinematic formulation in /17-20/. It was
shown, as a result, that the behaviour of the dislocation discontinuities is qualitatively
analogous to the behaviour of cracks, the sole difference being in the values of the numerical
ratios of some of the parameters, and is connected with the fact that in a small neighbourhood
of the crack edge the stresses and deformations are proportional to the distance of the power
~%, while in the theory of dislocation discontinuities the behaviour of the stresses and
deformations in a small neighbourhood of the crack edge depends on the configuration of this
edge /21/.

The use of the kinematic description of the discontinuities enabledthe author, in the work
cited in the footnote, to construct a solution, and to calculate the theoretical seismograms
for a curvilinearly propagating shear fracture. The fundamentally novel, basic qualitative
result which emerged from the solution obtained was that the seismic emission may become sign-
alternating in certain directions. This clarified the phvsical nature of the sign-~alternating
trains of impulses observed in real seismograms even after removing the effect of the factors
connected with the layered nature of the earth's crust. The result was used in /8, 9/ to
offer a basically new model of the fracture processes occurring at the foci of tectonic earth-
quakes, based on the jump-like propagation of the major fracture along a piecewise smooth
curvilinear trajectory. The model generalizes substantially the models of /1-4/, as well as
the barrier model /5, 6/. A detailed analysis of the wave fields generated by the jump-like
propagation of the discontinuity was carried out in /22/, together with a study of how the
form of the impulses depends on the function describing the displacement vector along the
discontinuity, and analysis of the form of the theoretical seismograms produced by a curvilinear
unit shear crack. A solution is obtained for an antiplane system of star-like cracks, and the
diagram of the directions of seismic emission is analvsed in /23/.

Thus the fact that the growth of fractures in rocks occurs not over a smooth flat surfaces,
but along some curved or branching surfaces, makes the problem of the dynamic growth of
curvilinear cracks consisting of alternating shear and shift elements, particularly interesting.
Therefore, the main object of this paper will be to study representations of dynamic fields of
elastic perturbations generated by arbitrarv cracks propagating with varying velocity along
arbitrary curvilinear trajectories. The soluticns obtained can be used to solve one of the
fundamental problems of theoretical seismology, namely to determine new relations connecting
the elastic displacement fields with the position, orientation, the trajectories and velocities
of propagation of cracks in the earth's interior. Another application (which may prove even
more important than the seismological one) is the studv of acoustic emission signals in
stressed constructions. These signals portend the total disintegration of the structure (they
emanate from the dynamic dislocations and cracks).

1. Basic representations and construction of the fundamental solution. Let
us consider the following auxiliary problem. Let a generalized dislocation discontinuity
begin to propagate at the initial instant ¢t =0 from the origin of the Cartesian system of
coordinates Ozyz with constant velocity v in the direction of the =z axis, through a homo-
geneous lsotropic medium whose shear modulus is p. We shall regard as a dislocation dis-
continuity, the discontinuity whose description involves the kinematic method of specifying
it, i.e. the magnitude and direction of the displacement jump is specified along the fracture
line, depending on the coordinate and the time, at every point of the fracture surface. The
initial conditions are zero.

We denote by U,, U,, U, the components of the displacement vector along the corresponding
I, Y, 32 axes of the Cartesian rectilinear coordinates. The problem is assumed to be plane,
i.e. U U,, U, are functions of z and y only.

The basic equations of the dynamic theoryv of elasticity in this case have the form

Up==UL+US, U,=US+Up U,=U} (1.1)
A 1 eUs
AUyP = o F o M=z,y; AU =— at: M=z,4,2)
&
ou. o ou.r au_° _ ous A B P
oy oz oxr dy T 9a? ay?

Here the superscripts p, s correspond to the longitudinal and transverse displacement
components, and ¢, and ¢, are the velocities of the longitudinal and transverse wave respect-
ively (ep > ¢s).

Let the dislocation crack be described bv a homogeneous function of zero dimension | (r/t).
The following expansion is admissible in the general case:

Fr/y=1(/)i /) j+Ff/k (r=VzEF y?) (1.2)
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where i, j, k are unit vectors directed along the z, ¥, 2 axes respectively. We can therefore
represent the dislocation crack as the sum of shear, shift and antiplane shear cracks and
obtain the following boundary conditions (O, Oy, 0O: Oy, Oxgy Oy, are the components of the
stress tensor):
Uy = Yofy (rt), 0y, == 0 when y=0,0<a<<vt 1.3)
Ug=0,0, =0 when y=0,2<0, 2 > vt

for the shear discontinuity {the problem is skew symmetric with respect to the 2z axis),

=1/ofs(r/t), 04y==0 when y=0, 0 <z < vt (1.4)
U,=0, 05y=0 when y=0, 2 <0, z>uvt
for the shift discontinuity (the problem is symmetric with respect to the z axis),
U, = Yyf3 (r/t) when y =0, 0 <z < vt (1.5)
U, =0 when y =0, 2 <0, x > vt
for the antiplane shear discontinuity.
The problems formulated above are selfsimilar. We shall solve these problems using the
general approach /24/ based on representing the solutions of the equations in terms of
analytic functions of a complex variable, enabling us to formulate the selfsimilar problems

as certain Riemann-Hilbert problems for a half-plane.
If the functions LU,, LU,, LU, and homogeneous, then the following notation can be used:

UL=LU,, Up=LU, US=LU, 0Ox==L0x 0y,y=Loy, (1.6)
Oy == L0y, Ong==1LGygy Opz=Loy; L=0ammnjgzmot
Then the general representation of the solutions in terms of a single analytic function
of complex variables

tw—iy Ve —e? @+ )

Zp == z2+y2 (kzp' S)
will have the form
ch ~— Re [Up (Zp) - Us (Zs)]’ U?IG = Re {Vp (Zp) -+ Vs (Z;)], U= 0 (17)
. (7 =20 = oM G =25 oy B
= Be{ =Ry W' (35)
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for problems symmetrical about the x axis /24/,

USl=Re[U,(z,) +~Us(z)], U,/ =Re[Vy{z,)-+V.(z)], U, =0 (1.8)
° kg o . 2 , dz
Oy == c; {{Cs- —2(e =z, W' (z) 'djp +
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9,2 , 2V .,
Uy iy =— Wi'(a), V) (@)=-"——L— W)

8 s

-2t R 2 (e;? — 222) .
Us’ (z): 's—_;"“" Wfl (Z), Vj (Z) = " ;: Wi (;)

K Y-
for the problems skew symmetric about the z axis /9, 22/, and
° 8z

U;’:UV":O, UZO:_—-TRGI’V:;(ZS), Tap== [ Re Wa) (ZS)TI:- y (1.9)

o \ az,
o, =W Re Wy' (2,) T

for the antiplane case.
Using the representations (1.7)-(1.9), we formulate the boundary value problem (1.1}~

(1.5) in the form of the following Dirichlet problem:

Re W, {z) = Y,f; (1/z) when Im z = 0, Rez > v-? (1.10)
Re W;(z) = 0 whenImz = 0, Rez < p!

The solution of the boundary value problem (1.10) is given by the Schwarz integral /25/

Wj(_:_>=_1_§u+ico (1.11)

2ni t—z

Knowing the function W;({(z), we can use formulas (1.7)-{(1.9) to write the stress and
displacement components, remembering that L =1 since the displacements are uniform functions.
Let us consider in more detail the case when
f (r/t) = B (b, by, by) = const
In this case the solution of (1.10) has the form

W,() = — L In(l —vz), i=—1 (1.12)

Substituting (1.12) into {(1.7)-(1.9) and summing the solutions obtained, we cbtain the
following expressions for the displacement field:

U—UP UL Uy=Up+US U,=-2are, (1.13)

25

U P = Ab;[2arc, — Fp] — Abe [(Bs* — %) In, + */2 a7 L, — £,
Ut = Aby[Bs?arc, - F,] + Abs [Bs In, — B2 Lin, — £,]
pr = Abl [(1 + ﬁlQ) ]np “T' ﬁl an + fp] + Ab2 [632 arcy + Fp]
U, == — Aby[21n, — Y2 BB L, 4 7,] + Ab; [2arc, — Fy]
(rpfi— m P sin @ + [y — (n, — m By) cos g}

{1 — yr, €08 ) 4 yzmpﬂ sind ¢
(nB:—m )2 P*sin?q +[y—(n,—m P} B cos g]*

(B — yn, cos g 4 yim ?sint @

In,=1In(n, 4+ my), ln;=la(n, + m,)

¢ ym, sin @
Cp == B ]
arc, == arctg [=yn,cos5 *

Ln,=1In

Ln,=In

. ymg sin @
arc, = arctg W
Fp==ymy(ynysin 2¢ + 2sinq), fr,=vym, (yn,cos2¢ + 2cosq)
Fo=9B"m, (yf'n, sin 2¢ + 2sin¢),

Fo==yB"m, (¥ 'n cos 2¢ + Zeos ¢)

2 22 3
A=, b=ty pr—t—Tr, pe=-t 2
LA v
ﬁ=77 Y=¥
_ Iy _[ V’nkz“t ny >1 o . r=]/.z:2—{—y'-"
S n <1 (k=p, s); p=arctgy/x

In a small neighbourhood of the moving crack edge, i.e. when r; = V{z — vt)® + 2 — 0 and
@, = arctg [y/(z — vt)], the stress field behaves as follows:

Opp =0, 082 Q1 -} G, 5in? ¢y + Gy Sin 29 == [blKg + szzI-r} D (1.’14)
Ogg = Oxx sin® @y Cuy cos? 1 — Oxy sin 2@1 == {g?lK‘I{l;D + sz‘i"[] D
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O = (Oyy — Oxx) 510 @1 €08 @1 + Ty COS 2y == {b;Kﬁé + bgK}.‘-p] D
D-1yB20,, = —2b; {v,7'B: Iv® + 20%6,°1 8% + v,7'B4%B.} X
sin @, — by {BoB-2y, 7Byt [v? + 20%B.%) -+ 4Byye")} cos oy
D-1y*B-%0y, = —2b,6,* Byt — Bave™Y) sin ¢ —
by (Bs*vi Byt — 4Povut) cos ¢y
D2p204, = by (4Pyy1t — Ba*Ba'va™t) cos ¢y —
28,85 By~ — Pove) sin gy
Opp == —DbyByy," sin @y, 0,5 = Dbgfyya™" cos gy
¥o= (1 —y*sin® @), vo = {1 — v*p~*sin’ @), D = p/2ar,

The functions (1.13) and (1.14) play the part of the fundamental sclutions, which can be
used, with help of the principle of superposition, to construct the solution of the problem
for an arbitrary system of cracks propagating with arbitrary variable velocities along
arbitrary curvilinear trajectories.

2. Construction of the general solution. suppose we have m principal directions
in which the curvilinear cracks begin to propagate at instants of time t=1¢t,> (8 =1,2, ..., m)
from the points (x5 y,%) . We shall assume that the trajectory of every crack consists of n®
rectilinear segments making angles a (i = 0,1, ..., n —1) with the z axis, the tips of these
segments moving with velocities . Let the values of the displacement vector components at

every rectilinear segment of the c¢rack be b;’, is1- We will assume that the instants of time &%
correspond either to the instants of change of direction, or to the instants at which the
rectilinear cracks stop.

Then the solution of this problem will consist of the superposition of the fundamental
soltuions (1.13) constructed above, with the obvious change of arguments

, - 5 (] .
L=y Y—rGu le=et—1t8 v—svin, bj— b in {2.1)
and will have the following form:
ki §

m
U= S {3 U0 n vhs t— 105 75 72) — 2.2)
d=1 =0

n-—-1

-8 528 [ s . & =8
2 U® (B, 41 Visrs T —tairns Taians P2icn)]
i=0

3% = (z — a;®) cosad 4 (y — yi¥) sine;® (2.3)
Ty = (z — 2,5 cos aly - (y—yP)sin ol

g = — (z — ;%) sina® 4 (y — g% cos 2,0

-8 . & &
Joiay = — (& — xS sinaiy + (¥ — yd)cos iy
i
) 6
P == 8 i ZE‘\ 0 (Lagey — Eareay COS 2
=
i ,
¥ == yo® - l?v 08 (tamy — tara) sin oy

=y

Here the upper and lower indices on the displacements U are the same as in the fundamental
solution given by (1.13), and are therefore omitted in order to simplifyv the expressions.

we shall assume that the trajectories of curvilinear cracks are given for every principal
direction in the form of smooth functions g°{z, y, z.1). Let the values of the displacement
vectors on every separate curvilinear crack be given in the form of uniguely specified functions
b5 (x, y, z, 1), and the velocities of propagation of the crack edges in the form of the functions
1® (). Then the theoretical seismograms can be found using the following well-known procedure.

By decomposing every curvilinear trajectory into a series of piecewise-rectilinear segments
and determining the mean values of the functions &2 (z, y, z, ) and ;%5 (f) for every segment,
we can use the solutions (1.13) and (2.2). According to this solution, the displacement jump
and the velocities of motion of the crack edges will be constant on every pilecewise linear
segment. Then, by increasing the number of segments we can bring the solution (1.13), (2.2)
as close to the solution of the problem of the propagation of the cracks with variable
velocities along the smooth curvilinear trajectories as we please, since it is obvious that
if we pass tothe limit in the solution (1.13), (2.2}, (2.3) as

T R TR S (2.4

6 o 5
bi i — b5, i 0, apy—a®-—0

then the solution of theproblem with given piecewise-linear functions g;® b;® v;® can be brought
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as close as desired to the solution of the problem of the propagaticon of cracks with variable
functions g%, b%, 18,

Note that the approach proposed here can be especially effective in analysing seismograms
and can serve as a means of establishing new relations between the parameters of the theoretical
seismograms and of complex cracks occurring in the focus zones of tectonic earthquakes.

3. Analysis of the solution and numerical calculations. The study of how the
stresses (1.14) near the moving crack edge depend on the angle ¢, measured from the direction
in which the crack propagates, and on its velocity of propagation, show that beginning from
some value of the critical velocity v,, two symmetrical maxima in the stresses s, in the
case of pure shear discontinuity and in the stresses o, in the case of pure dislocation
discontinuity appear near ¢, =0. This implies that the conditions for the rectilinear propaga-
tion of the crack become unstable as the velocity increases. Thus, when the velocity of motion
of the crack tip continues to increase further, i.e. when ¢>y,, rectilinear crack propagation
becomes impossible since either the trajectorv will curve, or the crack will begin to branch.
The corresponding equation for this critical velocity is the same for both the shear and the
dislocation discontinuity /17, 19/. The equation is found from the condition that

=0 Y h = for ure d ation 1
f shear; 0 loc
e oxr pure G2 l P 1ls (3 }
and has the form /l ;/
41 1 @ ﬁ l/-i at — (a 2) 2 (2 a?) o 0, Vi Qeg (32)

Let us give some values for the root o of (3.2) depending on the value of Poisson's
ratio v
@ 0.46 0.485 0.515 0.55 0.59 0.64
v0 01 02 03 U4 05

This shows that the critical velocity of rectilinear propagation of dislocation disconti-
nuities of the first type, i.e. of discontinuities with a stress singularity of the type oij; = Kyt
/21/at the tip of the crack, will be approximately 109% less than that for cracks /26/, i.e. for
dislocation discontinuities with a singularity of the type o;j= A;# ¢ at the tip of the crack.
We note that in the case of antiplane shear discontinuities the velocity of the shear wave
is the limiting velocity.

Fig.l shows the variation in the stress intensity coefficients KL” Kéw
dislocation discontinuity b =b3=0, by=1 (Fig.la), k¥, kH k]l for the pure shear disconti-
nuity by =1, by=1b; =0 (Fig.1lb) and KH¥, KDL KT for the complex discontinuity b, =1,b, =

I
K., for a pure

1,b3 =0 (Fig.lc). The curves 1I,2,3 correspond to the velocities of propagation of the dis-
continuities 0.1cs, 0.7¢, 0.8, The qualitative behaviour of the graph for Kém is the same as
that given by Yoffe in /26/.

Fig.l shows that the increase in velocity is accompanied by an increase in the values of
the coefficients K, in all directions, for all three types of discontinuities; although
characteristic maxima appear in the values of the coefficients K.e (with increasing velocity
of propagation of the discontinuity), their magnitude decreases in all directions for all
types of discontinuity. The behaviour of the coefficients £X,, depends essentiallv on the
direction. Thus all three types of discontinuity are characterized bv two directions in which
the values of X, are practically independent of the velocity of propagation of the dis-

continuity. The directions divide the space between the front of the moving discontinuity
into two zones. 1In one of these zones the values of & decreases, and in the other it

r(

increases.

Thus, when —63°< ¢, < --63° for pure dislocation, -—27 < q, < +37 for pure shear and —IZ3 <
¢y = +-47° for a complex discontinuity, the value of &, decreases, while for the remaining
values of the angle ¢, it increases with increasing velocity of propagation of the dis-
continuity. If we then assume that the directions inwhich the values of the coefficients A,
are practically independent of the velocity of propagation of the discontinuity are responsible
for the formation of branched segments of the crack, we obtain the values of the smallest
possible branching angles ¢, =~ +63° for a pure disclocation discontinuity, and ¢, = +37° for
the pure shear discontinuity, and for a complex discontinuity the branching angles will depend
on the ratio of the shear and dislocation components of the displacement vector at the dis-
continuity.

Thus, analysing Fig.l we find that if theprocess of fundamental development of the dis-
continuity begins with a pure dislocation element of the fracture, then as the velocity of
propagation of the crack increases we have, apart from the appearance of two symmetrical maxima
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in the stresses o,,, also a sharp increases in the stress o, along specified parts of the

zone situated in front of the moving crack edge. This must lead to symmetrical branching of

the crack and the formation of considerable shear components of the displacement vector on the
bounded segments.
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Fig.1l

Fig.2

If the fundamental crack propagation begins from the pure shear fracture element, then as
the velocity of propgation increases we have, in addition to the appearance of two symmetrical
maxima in the stresses o,, also the formation of a discontinuity in the field of tensile
stresses on one hand, and of a zone of compressive stresses on the other hand, This should
lead either to deviation of the trajectory of motion by an angle ¢ from its initial direction
and the formation of a considerable dislocation component of the displacement vector on the
deviating segment of the crack, or to splitting of the crack into two branches. On one of
these branches the displacement vector will have only the ghear component, and both the shear
and the dislocation component on the other branch.
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491

Fig.3

Figs.2 and 3 show theoretical seismograms (displacement-time relations) for the crack
branching and bending schemes described above. The solid line depicts the behaviour of the
component #, and the dashed line the component «, of the displacement vector. The theoretical
seismograms were computed using formulas (1.13), (2.1)-(2.3) with help of a FORTRAN program
written to produce the numerical results inthe:form of graphs. The maximum computer time for
a single version including computing three components of the theoretical seismograms and
their spectra at 12 observation points and of the diagrams showing the directions of seismic
emission, did not exceed 5 min. The initial parameters of the medium and the cracks were as
follows: «cp = 2300 m/sec, ¢, =1300 m/sec, r=900 mm, m=2, nl = nd = 3, ! == p;? =730 m/sec, =l = ==
ng' =yt = 0, ayl == 0,2 =0, gl = —45°, ot = 45°, af = 0, =0, byt = byt =0, byt = by,® = 0.7, bygle= b2 =0, byt =
by =1, bu,zl = byt = 0,7, byl mr hy =1, 40 = =0, nt== g =gt = 1,2 = 25.4078 sec, g =32 = ! = t,2 = 50.107%
sec ¢! = ;2 = 75.10 sec for the crack beginning to propagate froma pure dislocation element
(Fig.2) , and the seismograms were computed for ¢ = 0,60, 120 and 180°. The parameters m = 1. nt =
5, 08 = 780 m/sec, o zl=r gl = al =0, ol = _45° al=0, ol = —45°, al =10, t1 =0, ! = ! == 25.10~¢ sec,
ty! =t = 50-107% sec, ' = g8 = 75-107% sec, f;!= ! = 100.10~ sec and ! =- 125.10~¢ sec were used for
a crack beginning to propagate from a pure shear element (Fig.3) and the seismograms were
computed for ¢ = 30, 60, 120, 150, 210, 240, 300 and 330°.

We see that in both cases the form of the theoretical seismograms appears to be consider-
ably complicated by the high-frequency emission manifesting itself in the seismograms by the
appearance of characteristic extrema and step-like segments. The segments correspond to the
instances of arrival of the waves from the shear and dislocation elements of the crack
appearing when the trajectory of motion of the crack becomes curved, and are also connected
with the jump-like change in the velocity of propagation. When the path of crack propagation
is curvilinear (Fig.3), the seismograms with sign-alternating trains of impulses are observed
in separate directions. The sign-alternating train of impulses in the P-waves (longitudinal
waves) will be sharpest along the principal direction of crack propagation, i.e. it will
depend essentially on the position of the seismic focus and the observer, and on the magnitude
of the angles of rotation of the separate segments of the crack.

We note that the larger the angles of rotation of the separate crack elements, the more
there will be observation points at which the sign-alternating seismograms will be fixed.

Thus when the angles of rotation of the separate segments of pure shear cracks are close to
90°, the sign-alternating signals in P-waves will be cbserved in almost all directions.
Analysing Figs.2 and 3 we can see that the duration of the general signal in the direction

of motion of the crack is much shorter, i.e. the high frequencies will be higher in the
direction of motion than in the oppbsite direction. This is an obvious example of the Doppler
effect. This special feature of the wave field can be used as an important factor in choosing
the plane of main propagation of the crack and in determining its direction of propagation.

The integral estimate of the components u, shows that the total emission in the P-waves
(over all observed points) will be positive (i.e. compressive), since the principal crack
contains mixed elements on which we have the dislocation component of the displacement vector.
Therefore, 1f an analogous effect is discovered when analysing full scale seismograms, we can
assert that in the case of the real earthguakes the complex elements of the crack will grow, i.e.
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we
on

shall have both the shear as well as the dislocation components of the displacement vector
the principal fracture surface.
Thus, analysing in more detail the recordings of full-scale seismograms over a number of

stations, we can obtain additional information concerning the character of the fracture process
occurring within the earthquake foci.

9.

10.
11,
1z,
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.

26.

The author thanks V.Yu. Sckolov for help in writing and debugging the computer programs.
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