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1. Introduction

The problem of thermal stresses induced by the action of a discontinuous tempe-
rature field was amply discussed in a number of papers [1]—[5]. All of them, however,
dealt only with the Hooke’s body.

In this paper we are concerned with thermal stresses due to the action of a dis-
continuous temperature field in an elastic micropolar body. The approach chosen
for the solution of this problem will be explained with the help of a simple example
of the bidimensional problem.

Under the effect of temperature ) (x) an elastic micropolar body suffers deforma-
tion characterized by two asymmetric tensors, namely the tensor of strain y; and
the curvature-twist tensor r;; [6].

(1.1) Y=t =i Ps Ku=0i, 4
&, being the known Levi—Civtd alternator,

The state of stress is characterized by two asymmetric tensors, namely the force-
-stress tensor oy and the couple-stress tensor ;.

The state of stress, the state of strain and the temperature are connected by the
following relations [7]
a;=(u+a) yu+(u—a) yi;+Ayw—vd) 9,

(1.2)
W =(y+e) K+ (y—e) &+ Prey 04y v=03A+2u) a,.

Here the symbols g, 4, a, ff, y, ¢ denote the material constants of the micropolar
body, while a, stands for the coefficient of linear thermal dilatation. Introducing
(1.2) into the equations of equilibrium

(1.3) in",j=0! 6;”(3"},"1-1!_”.1"-—"0,
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and making use of the relations (I.1) we arrive at a system of differential equations
in displacement and rotations [7].

(p+a) V2 u+(+p—a) grad div u+-2a rotep =y grad 0,
(y+e) V2 —dap+(y+f—e) grad divep+2a rot u=0.

The above equations have to be supplemented with boundary conditions. Assuming
the boundary of the body to be free of loadings we get them in the fol-
lowing form

(1.4)

(1.5) oum=0, p,;n;=0,

where the symbol n denotes the unit vector of the normal to the surface A.

2. The solution of differential equations of thermoelasticity

The solution of the system of Eqs. (1.4) will be given in the form of a sum of two
partial solutions

(2.1) u=u'+u"", @=¢p't¢'.

The solution

(2.2) u'=grad®, '=0

is the particular integral of the non-homogeneous system of Eqs. (1.4), while u”’, ¢
are general integrals (_Jf the homogeneous equations

(p+a) V> u"' ++(A+p—a) grad divu''+4-2a rot '’ =0,

(y+¢) V2" —da@" +(fi+y—e) grad divep’'+2a rot u’' =0.
Substituting (2.2) into the system of equations (1.4), we obtain the Poisson’s equa-
tion, which makes it possible to determine the potential of the thermoelasticity @

v

(2.4) Vib=ml, mzﬁﬂ'

Let us remark that this equation is identical — as to its form — with that describing
the potential @ in classical thermoelasticity (in Hooke’s body).

The stresses connected with the function
(2.5) 0;;=2ﬂ (‘DU—JU '35, Kk » ,Ufu =0, Lik=1,2,8

have also identical forms for Hooke’s and micropolar Cosserat bodies. The asym-
metric stresses o);, j; are connected with the solutions u'’,¢"" of the system of
Eqgs. (2.3). .

Consider an infinite elastic Hooke’s body. Assume the temperature disconti-
nuity §—0 on its I" surface. The symbols ) and 0 denote the values of the
function @ on the surface I', when approaching this surface from its internal or
external side, respectively.
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Let us assume a rectangular coordinate system y,, v,, ¥, situated at an arbitrary
point S on the surface I', the y;-axis being normal to this surface.

It results from Goodier’s considerations [l] that — owing to the properties
of the volume potential @ — the displacements u’ are continuous functions also
in the case of a discontinuous temperature field. Similarly, the shear stresses
0o (0, f=1,2,3; a#p) and the normal stresses o,; are continuous within the
whole region. Instead, the stresses o,, and o,, when passing through the surface
I” display a jump of the value

(2.6) ol —o')=03)—a{)=—2um (0" —0).

Goodier’s considerations hold true also for an infinite elastic micropolar medium
in view of the identical forms of Egs. (2.4) for both media.*)

The above considerations hold true for a bounded body. Hooke’s and micro-
polar bodies as well as a bounded body may be considered as a region separated
from an infinite space. The surface of a separated body A4 will not be free — in the
general case — of loadings (p;=07, n;) due to the potential @. These loadings have
to be removed by supplementing the state of stresses o}, 1); by the state of stresses
o’; i connected with the solutions p."’,¢’’ of the system of Egs. (2.3). The integra-
tion constants appearing in the solutions of the system of Eqs. (2.3) will be obtained
from the boundary conditions

2.7) (@)Fai) m=0,  ujn=0.

In classical thermoelasticity still another method of determining the & potential
is known. It consists in making use of Green’s function & verifying the differential
equation

(2.8) V2 & (x, E)=md (x—E)

with the boundary condition @=0. On the right-hand side of Eq. (2.8) there is the
nucleus of the temperature =3 (x—E) at the point &. Integrating the equation

(2.9) ® ()= [ 0(&) (& x) dV (5

¥
we obtain the potential ?b(x) for the prescribed distribution of the discontinuous
temperature.
After the stresses o', (x, E) connected with the potential ¢ have been determined
we get ;

(2.10) L = [0® 5 E XV (E).

12

Let us point to'the fact that the function @ will appear in the solution of Eq. (2.8)
as a singular function. The singularity will appear also in stresses r};,. It deserves

."‘) The only difference consists in different values 'of Lamé’s constants u, A for either of these
media. ¢
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attention that the singularity may appear only in o}, stresses, while the o}; and z/;
are regular.

1t should be stressed that certain solutions pertaining to thermal stresses due
to a discontinuous distribution of temperature are identical for both the Hooke’s
and micropolar media. It was shown in [8] that in a hollow sphere — provided the
symmetry of the temperature field with respect to a given point is preserved — as
well as in a hollow cylinder — provided there is the axial symmetry of the tempera-
ture field — the system of Egs. (1.4) simplifies to a single equation, identical as to
its form with that valid for the Hooke's body. The same considerations hold true
for the discontinuous temperature field.

3. The discontinuous temperature field in an elastic half-space

Let us consider exempli modo a simple bidimensional problem. Let a tempera-
ture nucleus #=d(x,—¢&,)d(x,) act in an elastic half-space x,=0 along the
x;=¢&,, x,=0 line. We have to determine in the half-space the stresses a;,
assuming the boundary x,=0 to be free of loadings:

(3-1) &||=0, &12;0, ‘f}|3=0 fOl" xl=0'
We are going first to solve the Poisson’s Eq. (2.8)
(3.2) V2o=md (x,—¢&,) 8 (x5)

with the boundary condition @ (0, x,)=0 and regularity condition $=0 for
| x3+x3| = 0.
The solution of Eq. (3.2) is known [9]. It reads as follows

COs a, X, da, da,

. 2m J‘mfo sina, &, sin a, x,
(33 B e
or else
i m X2 (x+€))?
(3.4) d=——In i_(-'__é‘_)_z_.
4 X3 +(x; "‘é])
The function @ shows the singularity of logarithmic type at the point (£,,0);
for |x}+4x3|— oo the function & tends to zero.
The components of the state of stress ¢), may be described by the following

formulae

O, = —Foa=—— .
11 22 5 }'; rf

4 ) mp [(x:+él)2—xi (x, —rsm—xg]
3.5) '

iy 2um X 46, X =&y
= xz( s e s ’1.2=[(XI:F'§1)2"|"x§]”z-
2 1
For x,=0 the normal stresses o;, and d;, vanish, while the stress ¢|, remains
different from zero. When approaching the point (£,, 0) the stresses increase bound-
lessly.
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At the boundary x,=0 we have

oo

4um s 2um .
= J e~ "% g, sina, x, da, .

(xi+€D)* =
In order to suppress the stresses g}, (0, x,) we supplement the state of stress 5:.,

by the state of stress ¢, /};. This additional state of stress will be expressed in the
micropolar medium by the function of stresses F and ¥ in the following way [10]

(3.6) 0120, x)=

g, =02 F—08,0,%, Oy =02 F+0,0, %,
(3.7) O1,=—0,0, F—2Y¥, 0,,=—0,0,F+3*¥,
=0, ¥, [ty =0, ¥.

The functions F and ¥ have to satisfy the differential equations
(3.8) ViViF=0, Vi(1-1*V?) ¥=0.
Here
(u+a) (y+e)
2__n32 4 A2 l ML S R e
Vi=0i+az, | P ’

The functions F and ¥ are connected with each other by the relations

—0,(1=12 V?) W=A40, V2 F,

3.9 - ) _ (42 (y+-e)

The state of stress 6);, /i; should be chosen so as to ensure at the boundary x,=0
the following conditions:

art Al ALY

(3.10) 011=0, a/,+01,=0, [{;=0.

The functions F and ¥ will be chosen in the form

F= f (M+Nx, a,) e""2* cos a, X, da,,
0
(3.11)

(=]

1 1/2
W= [ (Ce**+De™t) sin a, x, das, p=(a§ +75) .
0

For | x}+x3| — oo these functions tend to zero. The M, N, C, D constants will be
determined from the boundary conditions (3.10) and from the relation (3.9).

There is .
M=0, Ca,+pD=0,

a, e~ M6,

2
(3.12) ai(N+C+D)=—

C=2a2 AN.
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Whence

dpumA i} - 2um a5
gzeaty,  N=————— =l Dlissie =0
T[Ao Tl Aa P

2 42
Ag=1424a; (! ——};-) .

Taking profit of the formulae (3.7), we determine successively:

o 2um o oaye . S s
gy = f e [az x, %™ —24a3 (e7% ™1 —e™")] cos a, X, da, ,
0
o0 —a &
ik _2,um o O
AR [(2—a; x,) e™ "1+
b4 Ag
(4] - -
+2A4a3 (e —e™P*1)] cos a, X, das ,
5 —aady
ae _ 2um ~oape ] e
0y =—— e (l—ay x))e -
0

a,
p 2| a—agXy = ,—pXy . B
(3.13) 24a; ("-’ 2 e ﬂ sina, X, das ,

&1

o 2um gy e .
03, = f 4, —[(la; x,) e7%"
0

+24a;, (a; e72* — pe™P1)] sina, X, da, ,

M3 = (e™%*1 —e= M) 5in a, X, da,,
n 4y

' 0% 3 —u

i 4umA f 5 o= %
0

o dumA g2 emmh L 1

byy=———||} ———— =% ——e""L| cosiaz x; das.

Has = Ao P 2 X3 ddy
0

Let us remark that the singularity appears solely in a:” stresses, whereas in the half-

-space considered the g}, jt;; stresses are regular functions.

In the particular case of Hooke’s body the 67, fij; stresses assume a particularly
simple form. We pass to the Hooke’s body putting in the formulae (3.13):a=0,
p=¢, dg=1. The stresses a),, i, for the Hooke’s body may be written in a closed
form:

i 4;mr
Gy = 3’1(31"1—@1) [Ger+€1)%=3x3], S
4 “ 4 A —X
&;’2=—’”§l(x1+c1) (&)~ 2, (x4 &) 2 =% ]
(3.14) Try rs
Ary alr 4l‘um _3(‘)‘-' +él)2
O1,=0,, = — 4. xl[(*‘;'l"fl}"'xl_Tz’__ ]s
2

ALy Ary

H3=0, 4,3=0.
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The final stresses @, ft;; due to the action of the temperature nucleus situated at
the point (£,, &;) will be obtained by adding the formulae (3.6) and (3.13) and sub-
stituting x, —¢, for x,. If within the region @ the temperature distribution ¢(x,, x,)
is given, while outside this region there is =0, then the stresses o,; may be determined
from the formula

(3.15) g (X, X5)= fJ 0 &) [&:-; (€1, €25 Xy, Xﬂ-l—&}} (€ &y —\’z)] dé, d, .

12

A similar formula for the p; stresses reads as follows

(3.16) s x2)= [ [ 0(&,, &) A&, & x, x2) dE, dEs

il
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B. HOBALIKMI, TEPMMYECKWE HAINPSUKEHUA B MUKPOIIOJISIPHOM TEJIE,
BbI3BAHHBIE JEMCTBHMEM PA3PLIBHOI'O IMTOJISI TEMIIEPATYPBI

B nacrosuieii 3amerke astop obcyxpact npobiemy TEPMUHCCKMX HANPAKCHUIT B MUKPONO. 5=
HOM Tefie, BBI3BAHHLIX NEHCTBHEM PAIPHLIBHOIO MOJA TEMICPATYPhL.

'
Pewenne BOMPOCA COCTOUT U3 ABYX vacTteli: ]) CHMMETPHYECKHE HANPAKCHUA @ 5, CBAIAINILIC
e rH

€ TOTEHLMANIOM TIEPEMEIIeHHs i 2) He-CHMMETPHUYECKIe HATIPSKCHUS 0, My, CBAIAHHLIE C pe-
LIeHHEM CHCTeMbl YPaBHeHHil (B mepemelienusx H 060poTax) MHUKPONOAAPHOI ynpyrocti.



