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Summarx

The ratio p between the largest principle stress 0, and the yisld strength

Y for a yielding situation can be used as a (admittedly rather incomplets)
characterization of ths stress configuration.

For the plans-stress and plane~strain state in théir for yislding mast un-
favourable configuration, like at the tip of sharp notches, p = -¥3 (= 1, 15]
and p = (2 +m) 1— (= 2,97) resp.

During quasi- statiu crack growth - and also for a larger crack lsngth than
in an otherwise comparable situation - a decreass of a possible existing
plane-strain condition in favour of the plane-stress condition occurs for
materials 1ike metals, showing a plestic zone ahsad of the cracktip, when
loaded.,

When dealing with an unstable fracture, while the plastic flow at the crack-
tip remains contained at initiation, a critical stress- intensity factor K
can be indicated, which will depend on the state of stress, in gensral baing
somewhere in between plane strain and plane stress and to be referrsd to

by p.

The ratio between the plastic zone sizs 2rY ahead of the cracktip in a
loaded plate and the plate thickness B, detsrminas P, in the senss that when
2ry 2r.

5 is very small, p=3 and when —El exceeds a certain valus (of the order

of, but less than 1), then p=1,

From estimates of the plastic-zone size at instability, 8.g. by means of

a suitable displacement recording and the quasi-static crack sxtension from
the fracture appearance, in addition to the reading of the instability load,
the state of stress can be quantitatively found, viz. by indicating p.

Thus obtained Kpc-values remain obviously dependent on 0 (and slightly
dependent on p). If validness is interpreted as allowing a prediction to

be made from a critical crack length under a certain load to the critical
crack length under a different load, rather than referring to a material

property not dependent on thickness (like K

J, these K -values can be
Ic pc

considered valid,.



ON THE VALIDNESS OF CRITICAL STRESS-INTENSITY FACTORS

wWhen trying to determine the fracture toughness of practical construction
materials like b.c.c. or f.c.c. steel plates at the service temperature or
somswhat below, the KIC-values often prove to be non-valid, which means that
the relsvant ASTM-condition, viz. 2.5(—%EJ2 < crack length and thickness
for the investigated specimen is not satisfied. (Y = yield strength; KIc.
critical stress-intensity factor for the plane-strain situation.)
Trivially this 1s due to the plasticity of the material, which postpones
failure till well outside the elastic response region. It can also be
stated that in those cases the test temperature was too high, or/and the
thickness too small, or anyway that the constraint of plastic flow was not
sufficiently realized to achieve the plane-strain condition.

Also the conditions for a valid KIQ-determination referring to 2% stabls
crack growth with failure occurring outside the slastic response region is
often not satisfied,

In fact the non-validness means that it turns out impossible to make pre-
dictions of failure load for an arbitrary crack length in a plate at a
certain temperature, when this failure load was determined for a certain
crack lesngth at that temperature and for a certain thickness of the relevant
material, while yet the plastic region near the cracktip remained contained
in tha.considered cases.,

In this respect it might be noted, that for each plate thickness of a
material showing plastic flow apparently a temperature exists above which
KIc sven does not exist. For when the plastic zone size ZrY becomes of the
order of the thickness B, the plane-stress configuration becomes predominat-

ing. Estimating this plastic-zons size for the plane-stress configuration
in the usual way as: 2rY = ;%T (according to the Irwin or Dugdale approach]

apparently, as K < Kc' an upper limit of K_ -values for a certain thick-

Ic Ic
«a

2r
neas is indicated by YvmBa, when for —El * 1, the plane-stress

situation is realized.

The temperature, where ths YymBa vs.T- and KIc vs. T -curves intersect is
the thickness dependent plans-strain /plane-stress transition temperature,
iha validness of critical stress-intensity factor determinations referring
‘a plane stress appear to rsly on the condition that failure occurs in the
zlastic response region,

seneral it can be concluded that predictions appear possible from a valid
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critical stress-intensity factor figure in a certain plane-stress situation

towards another plane-stress situation or from a valid KIC[KIQ) figure in
the plane-strain situation towards another plane-strain situation.
for situations in between, the pradiction possibilitiss appear poorily

analysed in litseraturs.

If, admittedly in an incomplete way, one characterizes a stress configur-
ation by the parameter p = %l & with 0; largest principal stress, one
has in the for yielding most unfavourable situation like near sharp crack
tips in the plane-straess situation, p = %V@ = 1,15 2 1 and in the plane-
strain situation: p=1(2+m %/3 = 2,97 = 3,

(Note: Obviously for uniaxial loading, p = 1; for pure torsion, p = %/3.]
If the yield stress is stronger temperature-dependent than the critical
cleavage (or twinning) stress cf. like for b.c.c. metals where its tempera-

turs coefficient is negative, the p-values define transition temperatures

as follows:

p= %v% physical transition tempsrature: intersection of OF(T) with
K(T) = 373 v(n),

p =1 embrittlement temperaturs: intersection of af(T) with Y(T) =
uniaxial yield strength.

p = %/3 plane stress notch embrittlement temperature: intersection of

UF(T) with %/3 Y(T) = yield stress in for yielding most un-

favourable plane-stress situation.

p= (2+ﬂ]%/3 plans strain notch embrittlement temperature: interssction of
UF(TJ with (2+ﬂ]%/3 Y(T) = yield stress in for yislding most un-
favourable plane-strain situation ("highest” or absolute

transition tempserature).

In general one can try to describe the slastic stress field outside the
plastic region for contained plastic flow at the tip of a line crack by an
elastic line crack (if this plastic region is at least shaped like in the
Dugdale approach, otherwise one will have to accomodate the bordar of the
elastic crack ta the elastic-plastic boundary linel.

For a cracked plate uniaxially loaded transversally to the line crack and

assuming the plate dimensions considerably larger than the crack lengtﬁ, ons
will then have to comply with (s.g. amalogous to Well's consideration L1]):

r K

p

(r, +r, JpY = erz ogdr = [ Y2 fp_ dr = —£ 72y iveisesnieaas (1)
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using e.g. Sneddon's approximation af Westergaard's solution for the

alastic case or the mors realistic Dugdale approach. This refers to:

a2
210 = crack length(possibly enlarged by stable crack growth
with respect to ths original crack length 22,1,
Q
2£° + ZrYl = elastic crack length = 24.

rY1 + rYz = plastic zone size at cracktip,

K = stress intensity factor, referring to elastic crack =
g

o} (20 + rY:)'F' when in the plastic region p = Vl ’

with 0, = yield stress,

ag ® gross stress
= distance to tip of elastic crack

W = specimen width
F = 2
F[WJ = geometrical correction factor for relevant
specimens,
K 2 K 2 KZ 2
ry "'-—;L-‘ (rY ’-——-p—-)DY"-—: r =-K——-=r ® Lo (2)
2 2mp y2 1 2."p2Y2 ™ Y1 ZHDZYZ Y2 Y

From the ;ast 8quations one easily derives, with y = Y/0o,

2 2 2 2 . wr* ry 2
p " - ampivi ety T TE " Ty cveeennnnn. (3)
: Zo loh 2mp2Y2-f

- 1 2n(z-z°a) = Zw(l-loﬁ) 3 2 2
FY'.F .....1___, K aygo "‘*——r— =YV2,0 —gﬂ}_.s_..__.....(ll)
P L 2mpy?-F?

W fmea-e B
In fig, 3 the function FY —g— from equation (4) is plotted as a
2 i [¢]
function of W for some current fracture mechanics test specimens,
It 1llustrates why the estimate of the critical stress intensity factor hy

iterating for PY in plane-strain or plane-stress, sometimes shows a minimum

difference betwean and ry, which remains > g,
2anyY
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If, besides the load, the effective crack length.can be estimated, e.g.

by a crack-opening dispiacement recording, either at the tip or at a
convenient place at the crack edges [cf.[Z]) one can apparently estimats
K_+ For from a certain £ and 0 follows p (in fig. 3); the same holds at un-
stability. This evaluation of p, or Ty» from a crack-opening displacement
recording, can proceed, according to Westergaard, as:

plane strain c.o.d. § = 2n = 4(1-v?) % 92222

2
plane stress c.o.dy § = 2n = 4 % 22-23

with n = crack-edge displacement at real cracktip (in the assumed load

direction transversal to crack).

2
For both cases and intermediate ones: c.o.d, § = i% Ez-lg and thus
252 LF2
geg . EE 4, —
150223 amy® (-2 ")
2
2 1 3202 le
(For an infinite plate with F = v7, one has p? = — (1+ -—739—11
17 $- <29, Zy -
o E

From the alternative Dugdals approach, which appears somewhat mors realis-

tic, % can be deduced, according to: a

82y o
CeDede § = —?r-E—ln sec v and CO8 S = mep

r F2exp E“:
y Ené 5 820"y
DX R ve v ETS
Lo 820 Y 2mY2{exp =] = 1}
Bﬁo Y

It is concluded that for o hd %Y and % < 0.3 the stress-intensity factor
2Mp“F

2
2 p°y*-F
fairly independent on P, and allowing predictions in the sense as stipulated

doss not depend on p. For the critical Kpc‘ one has then YW.OA

above.

This was revealed by calculation for a (infinite) plane with F = v/, efifig.
0Tl
) and for a single-

edge notched plate with F as indicated in [3]. W

1 and 2, for a central cracked plate with F = (
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