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Abstract—In this paper by extending the results of Rice, Ouyang, Lu and Chen and using the
micropolar field theory proposed by Eringen some path independent integrals for micropolar
media are presented.

1. INTRODUCTION

In 1968 Prof. Rice[l] proposed the famous J-integral in two-dimensional fracture mechanics.
Since then a great deal of scientific papers have been published all over the world.

In 1982 and 1983 Quyang and Lu[2, 3] presented some path independent integrals
in nonlinear fracture dynamics for two- and three-dimensional cases, respectively. They
considered the nonlinear elastic case and the elastic—plastic case. The physical meanings of
those path independent integrals and a criterion in nonlinear fracture mechanics are given.

In 1984 Chen[4] derived the three-dimensional J-integral by means of the general
potential energy principle and Green’s theorem and gave the J-integral a power type. This
result may be seen as a fracture criterion.

In 1974 Gross[5] had already investigated the fracture problems for micropolar media
in his habilitations thesis.

In 1981 we obtained some new conservation laws for linear micropolar elastodynamics
[6]). Then Jin[7] derived in 1983 the theorem on the conservation of the non-conservative
field based on the differential variational principle and the conservation law for a certain
class of continuum mechanics.

Using the micropolar field theory[8] and expanding the results of Ouyang, Lu and
Chen we present some path independent integrals for micropolar media in this paper.

2. CASES IN MICROPOLAR FRACTURE DYNAMICS

2.1, Path independent integrals in micropolar elastic media

For the sake of simplicity, we shall use the rectangular coordinates throughout this
paper. We assume that there is a plane crack in a three-dimensional micropolar body.

For the dynamical case, the equation of continuity and equations of motion for the
micropolar elastic media are as follows:

dp 0
5;+(3—M(Pvi)—0, M
ot o
5;} +p(F,—v) =0, (2)
omy; .
e + e+ p(Mi—a) = 0, (3)
X;

where p, 1, x;, u;, @, t;, my, Fiy M, v;, 0; and g denote the density, the time, the rectangular
Cartesian coordinates, the displacement vector, the microrotation vector, the stress tensor,
the couple stress tensor, the body force density, the body couple density, the velocity, the
spin density and the alternating tensor, respectively.
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Here we are concerned with the nonlinear elastic micropolar body with infinitesimal
deformations and microrotations. From the micropolar field theory we know that ¢, =
ou,/ot = u,, 0, = j;09,/0t = j,;¢, (j; 1s the microinertia tensor), the kinetic energy density
K and the deformation energy density W are

K =14pu, +/0:9,) 4)
W= f(fo' de;+my dyy), (3)

where ¢; and y; are the strain tensor and the wryness tensor :

Ou;
& = @_xj =& 6)

00
Yy = 5;} @)

Let S be a surface around some part of the crack border, we may establish the following
theorems.

Theorem 1: The vector integral

D, = J‘Il J {[W—K_—p(l:iui'l'Mi(Pi)]n_(tivui"'mivq)i)} ds dr +J‘ pVu+0 V) dv |
1o JS v

o

)

is path independent for any § around some part of the crack border and any ¢, > ¢, > 0.
Here n is the projection of outer normal vector v of S on the crack plane, ¢, and m, are the
traction vector and the couple vector on S, V is a region bounded by S and crack surfaces
and V = i(6/0x)—j(8/0y).

Proof: Considering a closed surface S, not including the crack border inside, we have

f K j (t¥u,+m¥e,) dS di =f f (% +my, V) dS di
t S A)

4
0 fo

o 0 - ' 5
= J: [a—xj (t;Vu)+ a—)'c;(mjiv‘l’i)] dV dr

0o WV

n [ Tty ou;\  omy a¢,)
= J:O dy[a—xj Vui+thV('a—;;>+ EV(p,‘FM,,V(a dv d:

J ¢l
(T

= j [p(,— F)Vu,+ tjiv(eji + &)+ p(6,— M)V,

o JV

- Sglljﬁ(p,--{— mjiv'}’ij] dv d:

= J’] .[ (o — F)Vu+ p(6:— M)V, + VW] dV dt

= j j p(0:Vu;+.9¢) dV dr+ j J (W~ p(Fiu; + Mip))In dS du. )
‘o v ty VS
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But

h
A= J. J. p(z},Vui-&—o"iV(pi) d¥Vdr = J p(v,?a,ﬁ-oﬁrp,) dv
te JV %

f
i

@

t, a a “ a
_L J:o {vi[pg;(Vu,H 5§Vu,}+a,-[p§-[(7¢,)+ 5?%,-]} dedv.  (10)

From the equation of continuity (1), we have

ap 17
Frine 'a";;(PUf)-

Thus the terms (9p/61)Vu, and (3p/01)V o, are of higher order of smallness compared with
the other terms in the two brackets, respectively, and therefore they may be omitted. Hence
(10) can be written as follows:

n 0 G
A= | poVu+oVep)dv| - p(w, %0, +j;0,¥p) dV di
JV o Wiy WY
™~ ‘, Nl‘ ol
= | poVu+oVe)dV| - \{LTCER +j0:0))] dV dt
- [ 4 '0 w‘o - v
r 1 r
= | pVu;+0¥¢) dV| — Kn dS d1. (11)
JV ty  WJto VS

Substituting (10) and (11) into (9), we obtain

Ju J {[W~K—p(Fu;+ Mp)n—(t.Yu,+m¥ o)} dS dt+J.y o0 u+0%0) an o
ty JS

to

(12)
If there are two different surfaces S, and §, around some part of the crack border,
then we have S=S,+I1*+ 857 +I1-, where I1* and T1- mean the upper and lower crack

surfaces between S, and S,, and S7 denotes a surface obtained from S, by inversing its
outer normals. From (12) we have

J:! J‘ {[W—=K—p(Fu;+Mp)n—(tVu,+m¥Ve)} dS dr+ f poVu+o V) dV ! =0,
t 5 Vo

[ fo

(13)

here ¥y = V,—V, is the domain between S, and S,. Sincen=0, ,=m; =0 on II* and
I1-, then we obtain from (13) the following equality:

J‘” J {[W"K“P(E“."*'Mifpi)]n—(fiv“i+miV(Pi)} ds de
e JS,

[

+f P(va“i+5iv§9i) dVlf) = J‘H L {{W—K—p(Fu;+Mp)n
v, o ‘o 2

t

A +m,-V(p,~)} ds dr+ J p(v,~Vu,-+o‘,~V(p,) dav (14)
A '

@

This means that eqn (12) is a path independent integral, Q.E.D.



732 Tian-aN Dal

In some cases, it is convenient to use a surface S moving with 1. For example, if crack
steady propagation is considered, then we have S = S(z) and V = V(1) and the following

Theorem 2: The vector inteyral

D, = J‘ '[ {[”;’*‘P(l']—F:)u.+P(di—Mi)(Pi]n
! St1)

Qo

f
I

—(tVu+mVe,)} dS di— j J p(u Ve, + o Vo) dV dr, (15)
140]

to

or simply

D;= J‘ {[W—p(t;— F)u;+ p(d;— M))p;Jn— (t;Vu+ miv‘!’.‘)} dS~ J P(u:vvi +o.Va,) dV
S(1) 146

(16)

is path independent for any S(¢) around some part of the crack border and any ¢, > 1y = 0.

Proof: From (9) we have
L {(W—p(Fu+Mo)n—(tVu+mVe)} dS dI+L p@Vu,+6Vp)dV =0 (17
The last integral may be written as
ﬁ , p(0Vu+6Vp, dV = Lp(v,-u, +6,0)n dS— L pu;Vs,+ ¢ Va,) dV. (18)
Then substituting (18) into (17), we obtain

J {IW+p(6;— F)u;+ p(d,— M), Jn— (t.Vu,+ mivﬁoi)} dS_-[ P(UIV’:’;‘ + (P.'Vd'i) dv =0
s v

(19)
It is easy to prove that the integrals D, and D, are path independent, Q.E.D.
2.2. Path independent integrals in micropolar elastic—plastic media
Let W* be the elastic deformation energy density, i.e.
We = J(t,-, deg+my; dys). (20)
In the present paper we assume that
&y = &5+¢&f, @n
Vi = Y5+ (22)

Now we may propose the following theorem for the crack propagation in micropolar
elastic—plastic media.
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Theorem 3. The vector integral

D,= fll J‘ {[W'"K"P(Fiui‘*'MiQDi)]“_(’ivux+miv¢1)} ds dv
t S

0

5]

+ J“ J (t; Vet +mVyr) dV de +J pVu;+0Vp)dV| (23)
1 14 vV

0 o

is path independent for any surface S around some part of the crack border and any
t, > to 2 0 in the elastic—plastic media.

Proof: For a closed surface not including the crack inside, by using the equality (12)
we have

f' J [— Wen+(1,Vu;+mV,)] dS dr
t A}

L]

= J.tl J (W~ W)—K~p(Fu;+ Mp)n dS dt+J p(wVu,+6.%9) dV'I
1o S y l

[]

0

= f | j (t;Ver+m;Vyp) dV de— f
{3 |4

[ fo

J; [o(fu;+ Mi@;)—KIn dS

h

ivi iV ) dv
+Lp(v u+oVe)d . 24)

Thus we get eqn (23). It is also easy to prove that (23) is path independent, Q.E.D.
From a moving surface, we may easily show the following

Theorem 4. The vector integral

D= fll J‘ {[W+P(vi—Fi)ui+P(0"i-Mi)<Pi]n—(’ivui+miv¢i)} ds dr
o IS0

[

- f [ o V6, +0%6)dV di, (25)
1 JVO)

o

or simply

Dy = J‘ {[W+ p(O;— F)u;+ p(6;— M) ]n
S(7)
—(tVu+m¥Ye)} ds dt—I pu Vo, +0.Y6) dV dr (26)
140)]

is path independent for any surface S(¢) around the crack border and any ¢, > ¢, = 0.

2.3. Steady crack propagation in micropolar media

Without loss of generality, let the propagation velocity of the field be Ci. Now we
consider the surface § moving with the same velocity and use the following new coordinate
system:

Ny
I
N
1
Il
.

f=x—ct, J=y, 27
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Then we have

cu, cu, u _
=—_—= = 2
b Ct ct ¢ 0x 2%
do, 0y; do;
= - 29
%= Jig, ”(61 iFT: (29)

a%.= 0. (30)
Therefore, from (29) and (28) we obtain
v, = —c%, (31
6, = —Cjj %, (32)
o=l (33)
g; = ¢l %;q—)z—' (34)

Considering a constant path S in X, y, 7 system, from Theorem 2 and Theorem 4 we
get the following path independent integrals

5 azu, 52(0,‘
D, = L{[ W+c p(u,--ggg +@; W)‘P(Fiui-*-M,-(p,-)]n

" 02 0%, _
—(I,Vu,-%nz,-V(p,-)} dS—chp[u,V(ij)—Hp,V( 6;: )] dv (39

for the micropolar elastic media and

e 2 eazM' eaz(‘oi € e
D, = L{[W +c P<uia—i’2’+‘ﬂi aj2>_p(-Fiui+Mi(pi):|n

%, 7o\ .
—(tﬁuﬁm,Vq;,-)} dS—chp[us (a—;)+(pff7< a;: ):l dv (36)

for the micropolar elastic—plastic media, respectively.

3. MICROPOLAR FRACTURE STATICS

For the static cases, we may from (16) and (23) obtain the following

Theorem 5 : The vector integrals

S, = f {IW—p(Fu+ Mo)n—t.Vu+mVe,} dS (37)
A)
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and
S, = J. {[W'—p(F,u,-+M,(pi)]n—(l,-Vz(,+m,f’(p,)} dS+J (r,,Ve{}+m,,Vy{j) dv  (38)
S P

are path independent for any surface S around some part of the crack border in the case
of micropolar elastic media and micropolar elastic—plastic media, respectively.
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