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CREEP CRACK GROWTH CRITERION
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ABSTHRACT

A crack growth criterion Fur the case of the lopg-term ste
tic loading is formulated and test provaed. For a plate with
a central crack, the analytical evaluation technigue to compu-
te theo stress concentration faclor under creep condition s
proposed; it Aallows us ta detormine the local stress value
after the relaxatlon process is over.

KEYWORDS

GCreep atrength limit, crerp crack growth, net stress, steady
local stress, streoss copncentration lfacter.

The creep crack growth study i1z necessary mainly in cannection
with the crack growth prediction at the combined fatlguefcreep
process. When the crack growth at a leng-term static loading
is either absent or vervy =low, the crack growth rate analyeis
at the comrbined loading becomes significantly easier because
the time dependent factors [long-Term static damages, high
temperature corraosion} may not be coansidered.

Metal bhehavioonr in the presence of a crack onder creep condi
tions is defiomed, om the one hand., by the damage accumulation
for both the long-ters damage and corrosion and, an the other
hand, by the factors caused by the lecal creep straln (stress
relaxation and a erack tip bluntiog). The ceatribution of eve-
ry of these competing processes depends on the metal creep re-

sistance as well as on the temporature and stress level, The
crack tip deformation resistance deflined by the stress state
has also a significant effect. Dyee tox all these factors, there

rxiat a variety of creep crack growth behaviours,

The studios af the streszs and strain kineties in the stress
concentration zone showed thal relaxation rate is the highest
41 the bepinning of the test when the netal croep rates at the
wateh {=rack) tip differ greatly from that in the rest of the
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section. Thereafter the difference in the creep rates decreases
with the stress peak smoothing, with the relaxation process
and the stabilization of the stress at the notch tip.
The stress concentration remains, however, significant.

The test data show that the relaxation degree and rate are de -
fined not only by metal creep resistance but also by the n?t
section stress level at which creep tests are performed. Olkin

(1974) found out that higher the stress level, lower was
the creep stress concentration. Specific to creep stress re-
distribution at the notch (crack) tip is also the fact that a
constant stress zone appears in front of the concentrator. and

the creep damage is accumulated at the same rate at all the
points of this zone.
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Fig.1 Stress distribution in the crack section.
The zone size x (Fig.1), as the test results show, depends on
the static stres$ level, the notch sharpness and the degree of
restraint to deformation. For example, in a case of a very

sharp notch (crack), the constant-stress zone size for a plane

stress is as low as 0.2mm, as reported by Barnby and Nicholson
(1974) .

When studying the creep influence on the stress state, it is
necessary to account for the fact that. for all the metals: Fhe
creep strength 1limit exceeds the creep limit for a specified
deformation at the same temperature and for the time. This
is the case with all the metals. This is why a creep strain ac-
cumulation process (and, as a consequence, the relaxation pro
cess) continues when the crack tip stress is less than the‘crgf
ep strength limit. This means that the local! stress continues
to reduce after significant reduction (or even termination) of

the accumulation of long -term static damages that case the
crack growth.

Taking this fact into account, it can be supposed that if the
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metal creep

strength limit js high enough to satisfy the con
dition

st T

olax< at‘ (1)

(where aSt is steady stress near the crack tip
max

after the
completion of relaxation, and a: is the creep strength limit at

the temperature T) and if the relaxation process is slow
enough, then,after the insignificant growth (usually of the or

der of several tenths of a millimeter) of the crack introduced
before the creep test, the creep crack growth ejither retards
abruptly or stops. In this case the crack grows for a time
t<t1 where t_  is the time during which the stress at the crack
tip“decreases to the creep strength limit.This takes place when
the metal creep strength limit ig high enough and the net sec-
tion stress level anet is Comparatively low.

If the relaxation process ends off quickly and the

following
condition is satisfjed in the zone of constant stress

st T

anax>'at‘ (2)

the crack will continuously grow during the creep.

The steady local stress can be evaluated
formula proposed by Konson (1969)
factor at the steady creep

using the following
for the stress concentration

o =

c 2/(n+1)
c %o

(3)

where a_ is the elastlc‘ stress concentration factor and n the
power index in the power law widely used in engineering analy-

sis. The parameter n is to be determined by using standard
creep test results.

For the case of a plate with a central cr
elastic stress concentration factor may be
ling the crack by a very narrow ellipse.

possible because the radius at the actual
from zero even without the creep,

ack of length 21, the
determined by model
Such modelling seems
crack tip differs
as discovered by Iino (1978).

For an elliptical hole in an axially loaded plate of infinite
width along one axis, we have according to Peterson (1974)

¢: = 1+2b/a, (4)

where b is the ellipse axis normal to the acting stress, a
the second axis. It is evident that the major ellipse axis b is
equal to 21. The minor axis & is assumed equal to the crack

opening displacement in the center, &, that is determined by the
formula
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F = 4dri/E

{see Brook (187a)). Then, Lhe egualion (4) may be written asa
o

N | i 5

®, +EST 5]

If the plate Is of rinite width, an appropriate correction may
be introduced.

70 valic¢ate the relations (1) and (2) the cre¢p teata Were car-
ried out on cenlral crack specimens manufactured of different
materials soch as the AK4-1T1 aluminium alloy and the 16Cr-4641
nickel -hassd alloy. The specimens of the AK4-1T] alloy were Zam
thick by 100mm wide in the working part. Each had a concent-
rator in the form of threa holes:; ane ion the cemter. of dmm
digzmeter. and two near -by holes inm dia. sach. The specimens of
the MNi-based alloy Wwere ilmm thick by 100mm wide in the working
part. They had concentrators 1in the form of the central Zmm
dia. hole with twa side potches 0. 3mm wide by O.5mm long each.
Before the creep test the specimens were precracked by loading
them cyclically at roum temperature, The crack lepgth was measn
red by the 24X micreoscope.

Two specimens of rcach alloy were testled. The specimens of the
AK4-1T1 alloy had the same initial crack length 210—10!l.

They were cracp tesled at ISEUF nnder the inltial stress Falt
afl 110 and 2%ﬂ Mita . The specimens of the Ni based alloy were
tested at 650 ¢ under the applied {external} siress of 400 MFa
bur the initial crack lengths were different: 1 9 and 5.%mm &0
initial net stresses were equal to 416 and 434 MFa, respective-
Iw.

The wvalue of z; for these tests was determined by eq. 13).

Stpess concentration fFactors at the steady creep appeared to be
aqual ta 1.96 and 1.382 at aner of 110 and 220 MPa.respectively,

for the AK4 1TI alley, and for the Ki based alley it was equal

o
tog 1.66. However., the values of x, calculated using the formula

51 were sxtremely large.:i.e. 572 and 246, respectively. at @

of 110 and 220 MPa for the AK4-IT1 alloy X
- . e C :
The comparisom of o, CEIL I g shows that for the actual wvalues

of paramater n (in partlcular, p-20) the stress concentratlion
c = ;
factuor o depends on & to a small extant

i st
Croeop strosses at the crack tip, d.!x were determined by above-

nentioned values of l;. They are:

- for the AE4-1T1 alloy: 216 MPa (at c, =110 MFa) and 403 MPa

fat - -
ia aﬂﬂt 220 MPa);:

et

- foar the Ml-based alloy: 690 MPa {at 21 =1.9mm) and T20 WPa
fat 21 =5.8mm}. e

Cresp crack growth curves for these alloys are shown in Figs.2
and 3
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Fig 2 Crack growth curves for the ARL4-1T1 alloy specimens.

21, =

o g = 1.5
® Il = 5.5 mm

1
5 ﬂ W =,
“ig.3% Crack grewth rcurves for the Fi-based alloy specimens.
For the AK4-1T1 alloy the creep strength limit on the basis

the criterion [1) is satisfied. In thiz case the crack sLops
growing after the first 2-3 hours of test and remains short,
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as shown in Fig.2. At the higher stress value (o =220 MPa)
the crack tip stress exceeds significantly the cregp strength
limit. Therefore, the fast crack growth is observed. The crack
growth rate is the highest in the first half an hour of the
test, as long as the local stress remains high enough.

The similar relationship holds for the §1~based alloy having
the creep strength limit of 700 MPa at 650 C. The curves shown
in Fig.3 demonstrate the absence of crack growth in the case of
the relatively short initial crack (21 =1.9mm ), when the
relation (1) is evident and, in opposition, when the relation
(2) is satisfied, the crack grows rather intensively.
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