MODIFIED C' INTEGRAL FOR HULII—MATERIAL BODIES

M.Pavis'm', A.Sedmak'. N.Savovic'

Modifie integra\ for mulu—material podies has
been int‘roduced in order to recover pa independen
cy of Xntegral. 1ost pecause o aterial hetero
genelty proced is analogous o e Rice’s J in

ated 2S three—material body with different proper—
ties in base and weld metal and heat-affected—zone.

Welded high—temperature components, 1ike turbine pipennes and
rotors, often fail pecause of excessive creep damage jncluding
stable creep crack grout.h. 1f the conditions of steady state creeR
are i‘uli‘illed the appropr‘late fracture mechanics parameter is C
integra\, being path 1ndependent under the same conditions as
Rice’s J integral, including material homogenelty, at jeast

crack direction. since weldments generally do not fulfﬂl this con™

yver 1ts path independency. Such 2 modlficatlon is 1ntroduced in
this paper: and an example js given to illustrate theoretlcal con~
siderations. The procedure is pased ©on Gurtin’ s approach, (1),
1eading to the integral expr‘ession analogous to the J integral for
multi—phase pody, defined in (

*
MODIFIED C INTEGRAL FOR MULTI—MATERIAL BODIES
starting point in the theoretical analysis i C. integral, with

s
the integr'ation contour, as glven in Fig. 1. Taking into account
the notations in Fig- 1, one can write:
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since only G encompasses crack tip. Notations in eqns (1) and (2),
not given in Fig. 1, are as follows:

€
: 1) ;
= = i o t d d
W H(c‘)) £ a'”dcU is the strain energy density, 01) an c"
are stress and strain tensors, respectively, W is displacement
vector and denotes time derivative. By simple adding of eqs (1)
and (2) the following expression can be obtained:

-

a;‘ a 3;1‘
c = é [Wn1 - o'”nj-g)—(:)ds - Si‘.{ ([H]n1 - [o‘un’gx—;nds (3)
k

where G denotes the outer contour, and 1,, k=1,2,3,4, contours
along material boundaries (Fig. 1). Squared brackets in the second
integral term denote so-called Jjump function, defined as follows:

[F] = F' - F where F* and F_ denote function value at the positive

and negative contour side, respectively.

It should be noted that only problems which are symmetrical to the
crack planeare analyzed here. Considerations‘about "y component of
crack driving force" (see e.g. (3)) are not in the ;scope of this
paper. 1t should be also noted that the modified C integral was
introduced for the three-material body, chosen 2as the representatl—
ve for weldment with three different material regions: base metal
(BM), weld metal (wWwM) and heat-affected-zone (HAZ). Modifications
for any other number of different materials are straightforward.

FINITE ELEMENT CALCULATIONS AND RESULTS

Calculation of integral expression (3) was performed using post-
processor, specially written for the finite element programme, pub-
lished in (4), andmodified here to take into account complex mate-
rial behaviour under creep conditions ("overlay concept"). All cal-
culations are done on PC 486.
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2) was chosen for cal 1atio since NO peri ntal evidence was
avallable: ass hat the gpecimen had been taken from X"
shaped W€ ded joint, ith the prop rties © , WM an AZ 2as given
in Tal These Pre rties fi pitiow a though © osen 1N

having in mind the purpose of this \nvest&gatlon - material hetero~
geneity effects ~ they are quite satisfactory.

Mater&al properties

notation:

B and D ~ constants in Norton 1aW
E - young’s modulus,

v - Polsson’s ratlo

s
h were used, 1-4 through all three
7-10 thr

materi d WM, ough only
The calculat&on was done also BM only ijn order to verify the
procedure.
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1 Integratlon contours for C. integral
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Fig. 3 Finite element mesh
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