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A long-term strength of the rod made of the damaging material with non-uniform tem-
perature field at pulling in the aggressive medium has been investigated. A combined effect of
the aggressive contact medium and non-uniform temperature distribution on dispersing de-
struction have been studied. It is shown that such an effect reduces the destruction time.
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Introduction. Experience shows that the medium of aggressive nature exert
debilitative effect on the constructive materials. This effect basically causes a
reduction in the strength limit. Thus, strength limit o, depends on the concen-
tration c of the particles of aggressive medium diffused into structural material.
Such dependence has been accepted elsewhere [1] in the form of the linear ap-
proximation dependence:
oL =0, (1— y/c) (1)
where y is the proportionality coefficient determined from experience.
As problem is solved in uniaxial case, the wall can be considered as a
rod. If we take the rod thickness equal 2h, and direct x-axis perpendicular, y-
axis along the rod axis, then aggressive medium concentration satisfying diffu-
sion equation in stationary case can be accepted in following simple form:
h—x
c(x) o )
It is assumed that aggressive medium is located in x =—h side. Ac-
cording to (2) boundary conditions ¢(~h)=1; c(h)=0 are satisfied.
The effect of aggressive medium on construction material is assumed to
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be small. As material is undergone to destruction and deformation, its strength
and deformation is determined by genetic-type destruction theory [3].

In the same case side faces of the rod have constant temperature and as
a result temperature in rod is distributed heterogeneous throughout the thick-
ness of the rod.
Problem statement: Suppose that the side surface of the rod of 2h width
whish is under the effect of constant traction force P is under effect of constant,
different temperatures T, and T, (T2 >T1) (Figure 1). Let's investigate the dis-

persed destruction process for this rod. Let's accept that the temperature field
across the rod varies in linear fashion:

T(x)=a+bx
a=leth. p_T-T 3)
2 2h

The issue is solved for the case of plane deformation. It is assumed that
all the parameters involved in the solution of the problem depend only on x-
coordinate.
Balance equation is written:
{Gxxyy +0,,,=0 @

Oyyx tO,,y = 0

From this system easily o,, =c,; o,, =¢, is obtained, where c, and

=0, we

x=th

c,are arbitrary constants. Since on the rod surface o,

x=th — O-xy
obtain ¢, =c, =0. As a result, despite the tension ,, =0 and &,, =0 do dot

depend on transverse coordinates the rod bending does not considered. It is be-
lieved that high tension stress does not allow rods bending.
Thus among the tension components only o, is non-zero, i.e. tension

state is uniaxial. Then
o,y =0T 5)
where o is uniaxial tensile tension and o =const; 4T - thermal stress;
y=a E - constant, a - coefficient of linear expansion; E - coefficient of elas-
ticity.
According to equilibrium equation we obtain:

h
J.O'YY dx="P (6)
~h

given here (5), we obtain:
h
[(e-Tydx=P (7)
-h

Given that o=const, from (7) is easily obtained:
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U:E+2—J.de (8)

Inserting (8) into (5), we obtain the following expression foro
ny :%"F%J.de }[T (9)

To investigate the first incubation step of the destruction the following
destruction criterion is used:

o aX+M.'Jmax =00(1_7/C) (10)
where y is proportionality coefficient of the aggressive medium.

4 Y

BT AY e

T2

L B

l

P

r

[

2h
Fig. 1. Longitudinal cross-section of the rod elongated in a non-uniform temperature field.

Here - M* is integral damage operator of genetic type that behaves in

the state of monotonically changing stress as a normal elastic operator; op - a
strength limit of the material without damages.
Solution of the problem. Taking into account the temperature distribu-

tion (3) in (9), we can write for o,
P :
ayy=E—be, b>0 (11)

It is seen from this expression, that maximum value of the tension
o, Is reached in the border x=—h and initial destruction occurs in this sec-
tion:
P oh (12)
yy X=—h— 2h Z
Inserting (12) into destruction criterion (10), we obtain for the begin-

Onax — O
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ning moment of the destruction or incubation period:

JM()_GO(l 7 _y (13)
If kernel M() is M(t)=m = const, from (13) we obtain:
. _oolly) 4 g =T,-T, (14)
P+ y hAT
From (14) for latent period of the destruction it is found:
P <P, =h(20,(1-y) - #AT) (15)

When the tractive force is P > P,, destruction occurs momentarily. It is

seen from the expression (15) that under the effect of the temperature field the
boundary value for the force P, decreases. And from (14) reduction of the in-
cubation period is obtained. The presence of the aggressive medium reduces
the value of the limiting force Py.

After the destruction of x=-h surface the destruction surface moves to
the next surface, and after some time z destructed layer of width u is created
(Figure 1). The width of non-destroyed layer of the rod equals h-u. In this case
the tension at the point x= —(h-v), (v>u) is determined from (5) by substituting
the lower limit of integration in the expression (7) by —h-1- (h—z) and the re-
sult is:

O_yy

1
)= 5 {P +7 | dej— 2T (16)

—(h-u)

Let’s assume that at the moment t >z the width v of the destroyed
part if a function of time, i.e. v =u(t). Then expression (16) can be written as

follows:

1 h
7y, ()= 2h——u(r)(P rx fmd X] e -

Inserting into (17) the expression (3) for the temperature we obtain:
P 1
t,r)=———+ yb|h+=u(r)-uf(t 18
7 1) = gt b+ u()-u() 9

If this expression to take into account in the destruction criterion written
for the destruction front, we obtain the following expression: (x = —h+u(t))

ayy(t,t)+'t[M(t—r)<7yy (t,7)d7 =0,(1—-c(t)) (19)

If to insert (18) and (2) into (19), then for the function u = u (t) charac-
terizing the width of the destructed part, we obtain the equation:
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P b h
Zh_—u(t)—%[Zh—u(t)]+;gb[h—u(t)]-£M (r)d7 +

(M (t— P sbu®l, __ [, 2h-ult)
+£M(t T){Zh—u(t) > }dr—ao(l 5 ] (20)

Equation (20) is non-linear integral equation and it is solved numerical-
ly. In the particular case when kernel of destruction operator is constant, i.e.
M (t) = m = const, let’s simplify the expression (20):

P zb ; P 20
pTe —7[2h—u(t)]+ m;‘:(—Zh—u(r) —TU(r)jdr-i-

+ omh—u®))k = o, (1- 72h;—:(t)j (21)

Differentiating the expression (21) relative to the time we obtain the
following expression with respect to derivative of the desired function u(t):

P(2h—u)™ + yb(h-15u)
P(2h—u) + #b(0,5+ mt)+ Uzori/

Initial condition for the resulting differential equation will be as follow-

u® = (22)

ing:
u|t:t0 =0 (23)
Note that the expression (22) is the expression for the velocity of prop-

agation of the destruction front. The function G at any time, including the ini-
tial moment, is positive:
2
i . =2mh _Prahyb (24)
0 P +2h? yb(1+2mt, )+ 2ho,y
A denominator on the right-hand side of equation (22) never vanishes.
To solve this equation numerically it is reasonable to rewrite it in dimension-
less quantities. We introduce the following dimensionless quantities:

2
f:£1 G:mt, ﬂ:h Zb
h P (25)
_df . 2ho,

“d0’ TP
With these variables, equation (22) takes the form:

f /
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, (2-f)'+p-15f)

= 26
(2-1)?+p(05+0)+2,250™y (26)
The initial condition (23) will be as follows:
f‘e:ao =0 (27)
In accordance with (14) the time T, will be as follows:
,-er) (28)
1+2p

The expression for the velocity of the destruction front in dimensionless
variables has the following form:
1+2801+26,))+ 0™y
Numerical calculations. In Figure 2 initial destruction time plot
against proportionality coefficient of the aggressive medium according to (28)
is presented.
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Fig. 2. Dependence of the incubation period on the coefficient
of proportionality of the aggressive medium.

Figure 3 shows the graphics of the destruction front propagation corre-
sponding to different values of the y coefficient characterizing aggressive me-
dium (y =0; 0.025; 0.05....0.2).
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Fig. 3. Curves of the destruction front propagation.
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Conclusion. A combined effect of the aggressive contact medium and
non-uniform temperature distribution on dispersing destruction has been stud-
ied. It is shown that such an effect reduces the destruction time.
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QEYRI-BiRCINS TEMPERATUR SAHOLIi DARTILAN CUBUGUN AQRESSIiV
MUHIT TOSIRi ALTINDA DAGILMASI

E.M.MUSTAFAYEVA
XULASO
Zadalonan materialdan hazirlanmis geyri-bircins temperatur sahasino malik ¢ubugun
aqressiv mithitdo dartilmasinda uzunmiiddstli méhkemliyi tadqiq edilmisdir. Agressiv mihitin
sopalonmis dagilmaya tosiri temperaturun geyri-bircins paylanmasi ilo birlikdo dyronilmisdir.
Bu tosirin dagilma zamaninin azalmasina gatirmosi gostorilmisdir.

Agar sozlor: cubuq, zodolonmo, sopslonmis dagilma, aqressiv miihit, temperatur.

IOBPEKIAEMOCTbD PACTSI’KEHHOI'O CTEP)KHSI C HEOJHOPOJIHBIM
MMOJIEM TEMIIEPATYPBI IO} BIUSTHUEM ATPECCUBHOMU CPE/IbI

3.MMYCTAD®AEBA
PE3IOME
UccnenoBana anuTenbHas MPOYHOCTH CTEPIKHA B arpecCUBHOM cpene, M3rOTOBJICH-
HOTO M3 TMOBPEXIAIOUIEroCsl MaTepualia MpU PacCTsHKEHHE B HEOJHOPOJHON TeMIiepaType.
JlelicTBUe arpecCMBHON Cpe/ibl HA PACCESTHHOE pa3pylIeHUE U3Yy4€HO COBMECTHO C JIEMCTBUEM
HEOJIHOPOJHOTO PACTIPOCTPOHEHHUs1 TemIieparypbl. [lokazaH NpuBOJ yMEHBIIEHHsS BPEMEHU

pas3pyIIeHHs 3TOTO AEHCTBUSI.

KaioueBble ciioBa: cTepKeHb, NMOBPEKIAEMOCTh, PACCESHHOE pa3pylLIeHHE, arpec-
CHBHAs Cpelia, TEMIIEpaTypa.
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