Post Yield Analysis and Fracture in Notch Tension Pieces
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LITRODUCTICH . T™irc recort usas a finita element approach bhased on
incremental lasticity to analyse a series of single edce notch (SEN),
deuble edg2 notched {LiN) and centre notch (CN) tension ¢eometries. The
majority of the comrutations are for non-workhardening and plane strain;
the efiect o7 plane :trecs and workhardening has bean assessed in individual
runs.
Typical mesh sizes were 450 nodes and 850 elements (triangular constant
strain).  In the region of the crack tip an element size of a/160 was used
(a=crack length 3Ei, half rack length (N). 1In all cases, loading was ap-
2lied as uniform displacements at the specimen ends. Special attention was
Jiven ko the behaviour of two parameters which have been suggested as mea-
svres of the elastic-plastic crack tip stress-strain field; the J contour
integral, and COD, the crack opening displacement,

J__JONToUR THTECRAL.  The derivation and formal definition of J as a line in-

tegral around the crack tip and as J = dP/da, the potential energy release
rate, is given in (1). The integral may be evaluated using the field values
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the firite element analysis. Tts property  as a crack tip characterising
Parameter is demonstrated theoretically only for non-linear elasticity or
total theory plasticity. Justification is provided for its use in the case
ot incremental plasticity by the apparent maintenance of path independence
in all the finite element sclutions obtained by the authors. Similar res—
ults have been reported elsewhere (2), but other work (3) reports path depen-
dence,

tThe enerqy interpretation of 7y again recquires the assurption of total the-
orv plasticity., For linear elastic behaviour J = G, the elastic enerqy re-

lease: rate, This interpretation has recently been used to determireJ experi-
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mentally (4). This reference alco indicates that fracture initiation
in alloy steels is characterised hy a critical value <f J over a wide

range of geometry and loading conditions.

CRACK OPENTING DISPLACEMENT. The main limitation of the constant strain

elements is that they cannot adequately rerresent near crack-tip con-—
ditions. At high loads where the deformed crack has a well-defined '"hose"
0D may be interpreted as the eaxtrapolated tangent to the crack profile.
Values defined in this way for bend specimens (5) have been shown to agree
with approximate expressions known to represent experimental trends, but
for tension, especially below general yield, the computed profile is more
rounded and the COD tangent definition no longer seems relevant. An alter-
native suggestion (6) adopted here, is to take the displacement at the
elastic-plastic interface on the crack profile. Other proposals are made (2).
RESULTS., The following main features emerge: (i) in SEN and (N plane
strain, plastic zones extend at approximately 45° to the axis of the crack
until they reach a free surface. The remainder of tl;xe plate does not yield,
even after further deformation. The shortest crack length SEN a/W = .1,
behaves rather differently. Here,yielding at the ends is extensive before
plastic collapse from the notch occurs. The whole plate is consequently
plastic with the exception of a small elastic enclave on the crack surface.
Collapse loads are in general agreement with those predicted by slip line
theory for CN, but higher for DEN and SEN. Tensile stress elevation at
the crack tip is initially about 2°y' There is some tendency for this to
fall off near and after general vield, but complete loss of triaxality
(i.ee cy = 1.155 CN plane strain) is not achieved. (ii) Fig.l contrasts
CN, SEN and DEN crack profiles. 1In the CN geometry after general yield a
1:1 relationship is established between COD and overall deflection.

(iii) In all geometries, the standard deviation of J for & path lengths
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was less than * 5% of the mean for plane strain (2 2% for plane stress)

i 3 ion < were rectangular
up to and well beyond gross yielde. Tntecration paths wi qu

in shape and varied in length between 0.5a and 10a. For shorter paths

. . < . 5 Eiti
ihe results became inconsistent at hicher loads. (iv) A linear relati

ship is established between J and overall deflection after general yield

~ . - _ 5.
(Fig.2)s. The slope is 1.1550y for CN plane strain and SEN a/W H

sbout 1.00 for CM plane stress and DEN 2a/W = .625. For SEN a/W = .1
y

i orkl i slight
the relaticnship is more complex (Fige3). Workhardening causes a g

: . imati
Jdecrease in J for a given overall deflection. (v) A simple estimation

of J (7) has been shown to Jive qood agreement with the experimentally deter-

mined values in (4). Fig.2 shows, for CN 2a/w = .3125, the excellent cor—

imi i her geo-
relation with the computed values. Similar agreement exists for ot q

i i i 3 is : below general yield J = K 4
metries. The estimation procedure 1s 3! El’ —

1 iate values for plane strain
K = F(a/W)g n(a+ry),‘ (ry and E- have the appropri

or nlane stress); above general yield J = <P , where p = limit load G x

da
overall deflection A. Thus, for CN plane strain J = —‘d2 5 [1.1550\,(\':‘—2\3)[;]
o d(2a Y
= N ] for LEN plane strain J = -d
= 1‘155°}’A’ and for P T(2a) [1.155 é-t]_og ((w-a) qVW-Za)A
W 2 -

= 1.C150 & <_Fr'sr 2a/W = .625)
v

(vi) The results establish e relationship hteyond general yield of J =

1.1550,,8% for Ci and deep notch SEN tests. This suggests an analogy with the
° Y

i i = trained yield
ugdale model relationship J = x'lavﬁ (1), where l-uy is the constrainec Yy

.625 for which M = 1.85 shows that

not
load is just proportional to
/-

stress. The relationship for DEM 2a/W =
this does not hold in general vhere ~ollapse

licament widthe

S XPERTENTAL RZSULTS. Tests are being conducted on various geometries of
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of notched plate. It is hoped to present experimental data, interpreted

in the light of the present computations at the Conference.

CONCLUSIONS. The evidence here indicates that J is a suitable parameter
for the characterisation of elastic plastic crack tip stress fields.
FProvided collapse loads are known, the confirmation given to approximate
estimates of J from simple l.e.f.m. and collapse is very encouraging.
Further experimental eviden e is needed to substantiate the use of J as

a fracture criterion.

The finite element analysis may not containaclear definition of COD in
tension geometries, but where COD is definable, as in the bend test, J and

COD correlate well.
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