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ABSTRACT: The article presents the development results propagation of an elastic - plastic wave. Impact force
is accompanied by plastic deformation. The issues of strength of various machines and structures experiencing
impacts can be investigated only with a clear understanding of the laws of propagation of elastic - plastic
deformation.

A method for determining the parameters of the deformed state of the soil at a small shear strain is obtained.

KEYWORDS: oy, a,— components of the voltages, ¢, &, —components deformation, v,, v, — velocities of the
moving the particles, D, C —velocities of the spreading the shock waves, gy, p(x) —density, U,V,W —components
of the displacement, F(g) — the function, defining dependency between voltage and deformation i.e. o= F(e),
F(&) - the function, defining dependency between intensity of the voltages and intensity deformation i.e. o=
F(E,‘i).

I. INTRODUCTION

The solution of a number of modern economic problems is associated with the study of the movement of soils
and rocks at high pressures and high strain rates.

The main sectors of the national economy and technology requiring the study of soil behavior under dynamic
impacts are:

« Ultra-deep and deep well drilling for exploration and production purposes.

* Open pit mining using an explosion.

* Actions on underground and ground structures of underground, ground and air explosions.

* Studies on the penetration of solids at low and high speeds into soils.

* The creation of the explosion of mine shafts and underground tanks, etc.

The actions of loads suddenly applied to the body do not spread instantly, but are transmitted from one particle
to another in an agueous manner.

Until recently, only the motion of elastic waves was studied, i.e. disturbance propagation in an elastic medium;
The dynamic theory of elasticity has important applications in seismology and technology.

Since the end of World War Il, great interest has been shown in the propagation of disturbances in an
elastoplastic medium. This is due to the following reasons.

Any amount of intense impact loading is accompanied by plastic deformation. Strength issues of various
machines and structures experiencing impacts can be investigated only with a clear understanding of the laws of
propagation of elastic - plastic deformation preceding fracture. On the other hand, real media are not completely
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elastic and there is a need to take into account the influence of plastic properties and the properties of the
nonlinear coupling of stresses from deformations.

Il. METHODOLOGY

Currently, a number of problems have been solved by the method of characteristics, by the method of sources
and sinks. In this work, we also use the method of characteristics. The book of Rakhmatullin describes the
application of the method of characteristics to the task. On the basis of the deformation theory of plasticity, the
exact solution of the wave one-dimensional elastic - plastic problem is sought.

It is shown that, depending on the laws of medium deformation, both shock and centered waves can propagate in
it. Solved problems in the first case, i.e. The problem of the propagation of shock waves is solved.

I11. EXPERIMENTAL RESULTS

Consider a homogeneous resting soil occupying the lower half-space.

Let at the initial moment of time t = 0 all particles lying on the soil surface (x = 0) be informed of the same
speed ¥, which will remain constant in the future, and let the vector ¥y , be parallel to the XOY plane: (v_0) ~
¥y (Vyo, Vyo, 0).

Flat one-dimensional motion occurs in the soil; all medium parameters depend only on X, t. The study of the
problem was carried out from the point of view of the theory of small strains. Since w = 0.

Flat one-dimensional motion occurs in the soil; all medium parameters depend only on X, t. The study of the
problem was carried out from the point of view of the theory of small strains. Since w = 0.
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Functions F (¢) and F{z;} are approximated by the following parabolas of degree n
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We put the expression Zand G in (2), then
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We introduce the notation

Fle)

Qle) = 'EIEL

Then

g, =F(s) +40(6)=
gy = 3g(G) Exy 3)

n 2 .
G :_\IIE" +5ed
The equation of motion has the form:

Aoy ‘u
;I = Fo 352 (4)
& E‘l-"
ERE
But ':—'; =1, % = v, differentiating these relations with respect to X, taking into account (1) and combining

with (4), it is easy to obtain a system of equations.
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Relation (3) and (5) together represent a closed system of equations that must be solved under conditions
Vy=Vyo, W=Vyo, at x=0 (6)
v,=0,v,=0,& =0, £,, =0 at x=w )

substituting (3) in (4) the system can be reduced to the following form:

E _ A dExy _ ¥y
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ac dx ' 8 Bx

a de Qexy

ar %ax b ax 0 (8)
ﬂ_ BE_E_ C._ai"'-" =0

gt dx dx

Notation used here:
a= —[ +4Q(6) +¥°
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The characteristics of the system of equations (8) are found from the equations

(de: a+ct (a+e)?+4b?
dt/ 2
The conditions for the existence of all four families of characteristics is the inequality

g+c>.fla+c)+40%  or

i,

(@ +3Z@)F +4Q(Q +6Q) =0 (10)

Since F (g), Q (G) are essentially independent of functions, it is obvious that the inequality Q + GQ > 0 is
necessary for the validity of (10).

It can be shown that it is also a sufficient condition for (10) if F(s} = 0. We make the assumption that the
inequality (@ + GQ) = 0 always holds. It is easy to see that a necessary but insufficient condition for the
fulfillment of this inequality is the monotonic increase in the function F{z;). Now it is easy to show the
inequalities & + ¢ = 0.

Under accepted assumptions, the system has 4 families of characteristics:

(dx]: atecdyla+e) +4b?
dt/; 2
(11)

(d:r:]: _atc—y(atc) +4b
dt/y 2
It can be noted that for the case of pure compression (resolution) without a shift (v,=0, ¢ = 1) system (8) has 2
families characteristic, calculated by the first formula (11).
For the case of a pure shift (v=0, £ = 0), system (8) has 2 families of characteristics defined by the second
formula (11).

dx

Therefore, further characteristics { dr)~ conditionally called compression characteristics, and characteristics

dxn 2 o
((d—i)"] - shear characteristics.

(2
drdyy’

A wave of pure compression (resolution) propagates along an unperturbed medium, along which a shear wave
propagates with compression (rarefaction).
Analysis of constants in equations (8) and the conditions for them (6) and (7) lead to the conclusion that the

problem under consideration is self-similar. The parameters vy, vy, €, &, ox oy depend only on the variable = :-; .
With this in mind, system (8) and conditions (6), (7) can be transformed

. 2
It is easy to prove that {d—i)

3z ary, BEyy
+E5,=0  SrHESE=0
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Vy =V, ¥y = 1y, at £=10

vy =1, =0, £=£y =0 aft f=w

The motion in a wave of pure compression (rarefaction) adjacent to the rest zone is described by the equations
obtained from (12).

v,=0, e = 0
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A
af

+E5 =0, (F-ah3=0 (13)

Where
1 rdF
a = a5(2) = [ + 4(IeD) + 4121 ']

The general solution of system (13) reflects a constant flow:
V,=Vy =const, e=el=const

the zone of which should be separated from the rest zone by the shock wave of compression (rarefaction). The
conditions on the shock wave taking into account (3) are written as follows (8):

vy =D& =10,

.'DDDFIL = _{HIL - HID:]-'
Ty = Flzg) +4Q(lz Dy (14)
Txp = F(0)

Here D is the velocity (constant) of the shock wave; Index | provides the parameters in the constant flow zone
behind the shock wave.

As is known, a shock or continuous wave arises in the medium depending on the mode (compression or
rarefaction) and on the direction of convexity of the curve o,1(e;) calculated by formula (3). For this problem,
the following conclusion follows from this rule [3].

. . . d q A d
If for compression (rarefaction) strains ﬁ = 0, then a centered compression (rarefaction) wave ﬁ = 0 ,then

the front wave can be a compression (rarefaction) shock wave. At ay=const, the shock wave of compression

(rarefaction) is ahead. For simplicity, the case when % changes sign, not considered.

We are now investigating the shear wave — compression (rarefaction), propagating over the region of pure
compression (rarefaction). The general solution of system (12) describes a constant flow

Vy=Vyo=const
Vy=Vy,=const
e=¢gp,=const
Exy= &xy2=CONSt

the constant flow region with shear should be separated by the shock wave from the region &,,=0, v,=0.

We write down the conditions on this shock wave, denoting the parameters before and behind the wave,
respectively, with indices 1 and 2 (Vxp=Vxo, Vy2=Vy0)-

Let the wave velocity relative to the fixed space b, and the wave equation x=x.=ct.

Then from the relations

[ bdt =x3+Uy(x"t), == fe_1
Up(xzt) = Uy (x7t),  va(xlt) =10

Easy to get
(b —vedoy = poc

as well as
Vyp = CEyyz. Vap T CE3 = Vyy +C& (15)

relations (8)
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" (b — V_rl:] Pyp = —Xyz
(=1 b — Vn:] (Voo —¥m) = _{xﬁ — %)

Take the form
_fJDSI:-'}.D = —x}.:
Poc(Vyp — Uy} = _{xﬂ — Xy ) (16)

Equation (13) must be added to conditions (15) and (16)
0p = Fle;) + 45,0(62)
Oyz = 3 Exyl '?{'5::]

1

G = | S 17)

Here vy, Vyo are known. To determine the constants ey, 2, Via, D, ¢, there is a system of equations (14) and (17).
PoPyolOun — O + pe Dvsg) — 075 + vy00y2(00 — )

a}.:{anﬂ Vyg + a_].':j

g =

= Poye (18)
F_-p:

It is seen from formulas (18) that by measuring the velocity of the front shock wave D, as well as four
parameters at the soil surface (vyo, Vyo, 0x2, 0y2) , €2, £xy Can be calculated.

Ex 5

IV. CONCLUSION

Thus, the following issues are considered in the work done:

1. Statement of the problem and application of the characteristic method to the problem.

2. A method for determining the parameters of the deformed state of the soil is obtained.

3. The result is obtained in the case of a small shear strain.

4. A method for determining the parameters and motion is derived, when the stresses at the boundary instantly
acquire finite values at t = 0, monotonically decreases with time.
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