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ABSTRACT

The present work is dealt with a research of the local creep
near the crack tip in same steels, with a relevant method pre-
gsented for processing the obtained experimental data. In tes-
ting materials for stress corrosion (in the case of absence of
crack propagation) due to local thermally activated flow near
the crack tip it may be recommended to estimate the behaviour

of the material in the terms of the crack opening in the pro-
cess of the tests and the stress intensity factor.
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INTRODUCTION

The overwhelming majority of articles operating in corrosive me-
dia experience, besides, the effects of external loads. Struc-
ture of any material is thought to contain such defects as
cracks which in the cougse of time under the action of applied
stresses either stgrt spreading, which may result in damage to
the article concerned, or tend to open without spreading, which
may invite untolerable deformation of the respective member.
Such an opening of the crack is caused by creep of some volume
of the material in the zone of the crack tip (with the loading
held constants), i.e. local creep. Cracking of a loaded mate-
rial possessing an initial crack and placed in an aggressive me
dium occurs only in the case of fairly strong materials, while
opening of the crack tip without growing lengthwise, i.e., lo-
cal creep, is usually characteristic of rather plastic materi-
als under comparatively minor loads due to thermally activated
flow.

The present work is dealt with a research of the local creep in
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#uie aleeln, with a relevant method presented for pro-
asaalng Lthe obtained experimental data,

METHOD OF TESTS

The tests for study of the local creep were carried out at

room temperatures with the use of prismatic specimens measuring
80x20xI0 mm. One of the lateral faces of the specimens was pro:
vided with a fatigue crack, 3 mm long, breliminarily grown from
an acute notch,

Due to a higher blasticity of the material under test the appli-
cation of a load gives rise to a plastic zone near the crack
tip, an opening of the tip and its sticking in the plastic zone

result, in the case of a long-acting load applied to the sSpeci-
men (the tests were performed with a three-point bend) no
start of crack growth arises, however, the brocess of its ope-
ning beging and tends to increase in the course of time.

The local creep takes Place only in a small local zone close

to the crack tip, provided this zone is much less that the to-
tal length of the crack with the notch, and the crack opening
is negligible, therefore the approaches of linear mechanism of
failure are found to be well applicable., The €xperimental stress
in the net section did not exceed 0.8 of the bending yield point
The processing of the experimental data has allowed: (4) deter-
mination of kinetics of" € local creep, i.e. a change of the
Grack opening with time%%He predetermined loagd corresponding

to the value of the stress intensity factor K3

(b) determination of the relationship between the crack ope-
ning as a measure of the local creep and the value of factor K
as applied to the particular test base (20 hours, 50 hours, etc))
(¢) determination pf the value of the stress intensity factor

corresponding to Kg - the start of the local creep, i.e, the
start of the_ crack tip opening for any bre-assigned time of

the tests?
ég) determination of th
¢ — the start of the 1
applied ( t = O ).
The information derived from the like experiments makes it po-
ssible to estimate both tge forge criteria of local creep in
the terms of factor K ( K s K& ) and the tendency to a plas-
tic flow with time, that is characteriged by the parameter IL:

0 t -1
L:=(K6.—K8).t
The value of the stress intensity Tactor can be calculated by
the following formula:
Pya
K 108 G 3Y 4
¥ = L.98) ~onbpdie T0ussN -~ 2500 25,8 %

where P is the axial load applied to the centre of the speci-
men;'B is th¢ thickness @f the Specimen; W is the width of the
sp901me?; & 1s the total lensth of the crack and notch;

= a/i.

values of factor K
b |

e
L0oca

_corresponding to
creep upon removal of the load

:
i
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in a 3% i : i hloride

¢ F i were tested in a 3% solution of soglum'c :
£?ihsggg%§§?nging (at regular interggts) tni.HOECh area and

& ing by the use of the fiber optics. )
ﬁﬁi'ggigg 2g?%ieotegts were specimens fabricated frgm’low—dlloy
;tegls, type Cr - Mn - Si with S,B%Cdaiter girggn%n%i%ﬁdotigé
1 ing ¢ a temperature of 600 C, and type —lio~— Os
ggglgfe:§ gf ing first type was obtained as a product Qf. (q)h
an ordinary industrial smelting (steel I); (bg_a smelting wit .
a higher frequency for the admixtuges (steel 2); and (c) a smel-

S -

tine laz fluid bed (steel 3). ! i ! :
éngsgggirOE the second type was tested in two states: (dgoln
the initial state after a cold rolling, a heating up to ?)__—5r
1030°C, a 30-minute holding, a cooling and a repeated heating
to 7201750°C with a holding for one nourﬁ(steel 4050 (b)) after
an additional preliminary deformatio? (I2%) and an annealing
for 24 hours at a temperature of 600°C (steel 5).

TEST RESULTS

| ime dependences were obtained in the.form o: a func-
g?gnpié?iggting the increment of the crack ?1p oggnlng (Athe)
versus time t during which the speolmgp was ?i uguii v i
specified load, in other words, the original value o w (e
intensity factor (K), In this case the initial Opiﬁlnbrogéss
directly at moment of loading the specimen (i.e. ?bpd - .
of varying the applied lo%d f§9? ziﬁo tglggeogri? rligdicgggd
t taken into account, while e valu t
gﬁi ?ﬁcrement resulted gﬁo?ha prologg igtigg g?t;?:f%éi%’ %ﬁ:.
i i i il e proce 5
tglﬁiz é? confii?ltylgy Withinpthe limits enabling ?h? approa-—
ches of theolinear mechanics of failure to be practically
used. i ' SR
i il E the relations between the crdck opening in
i;géin%él;igrigzsvalue of the initial stress 1ntensgtg factor
K on the expiration of 20 hours (Fig.I, a,c) and IO ours
(Fig.I, b) of application of the load. 44 .
From Fig.Il (a,b) it will be obvious that ne crack ope s
creases with rise of the initial value of %dC?Oi A%hlngnﬂle
sity of the crack opening growth_ls determined Y : e g
of inclination of the straight lines to the X-axis:

Q,LJ%____) e

di ik y; R 0

i ar that the value i is a substantially sensitive p
izmzieglizth regpect to different methods of smelting of a
f the same grade. ; | o
ggzeinzersectign o? the strength lines with the X-axis gives
the value of Kg corresponding to the start of the crack_?pen—
ing in a definite lapse of time. Steel 3 features ﬁge highest
sezsitivity of 4  'to the ‘crack opening, however, it also hgs
the greatest value of the stress intensity factor KS'(the pa-
rame%er of the opening start AS b Tge more the tlmg T of
the load application the less is the factor Kg at which the
ing starts (a . y

%ggcgagge?tgitions ot " - Kz" for the steel of type
Cr-Mo-V in the initial state (curve 4) and afte;‘the deforma-
tion and annealing (curve 5, Fig,I, c) show a high sens%t1v1—
ty of the criterional estimation of the local creep to the
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Fig. I. (a) Increment of crack tip Opening versus
initial value of stress intensity factor X
(and K“) in 20 hours of holding under load.
I - steeli;2 - gsteel 23 3 - steel 3; (b) sa-
me, in IOO0 hours of holding under load.

structural state of the steel concerned.
The dependences bresented in Fig,I (a,b) for different holding
durations make it bracticable to plot the curves showing the

factor Kg at a function of time ¢ (Fig.2). It is evident from
these curves that steel 3 ig found most advantageous as compa-—
red to the other two versions at any time of eXperimental hold-
ing of the specimeng under load (up to IUC hrs), The intensity
of diminishing of Kg with time for this steel is least as com-
pared with that of the otner Steels.

The results of the eéxperiments are tabulated below.

From the particula{s bresented in Table I it transpires that
the criterion of Kg may vary within rather wide ranges and
Serve as a characteristic of the local creep resistance as g
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TABLE I Criteria of Local Creep of Tested Steels

K%? Ky K% L.1072 i 1077

Material e wba @172 e
‘“_n - Nra
Steel I £3.0 80,1 44.2 0.067 0.54
Steel 2 335.0 35,8 42.8 0.188 0.67
Steel 3 6I.9 Ei.T 62.2 0.030 T.15
Steel 4 10.0 3.0 I4.2 0.210 3.28
Steel 5 48.5 45.0 50.T 0.083 O.42

function of ti@e during which the material is held loaded., The
criterion of Ky is independent of the test ime and therefore
in this respecglis more advantageous than K% . Comparison of
the parameters L and i suggests that one angithe same steel
may be inferior in L but superior in i to another type of
steels.

CONCLUSION

In testing materials for stress corrosion (in the case of ab-
sence of crack growth) due to local thermally activated plagtic
flow near the crack tip it may be recommended to estimate the
behaviour of the material in the terms of the crack opening in
the process of fhe tests and the stress intensity factor. The
parameters of Kg and K% are the characteristics of the start
of opening of the crack tip upon applying the load, respecti-
vely after a definite lapse of time (t) and at t = 0,

The sensitivity of the material to the crack opening is charac-
terized by the parameters L (time dependence of the opening
start) and i (sensitivity of the crack tip opening to the chan-~
ge of the load for the present beriod of +time),
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