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As may be inferred from pressure vessel service
experience and test results under cyciic loading there
exists considerable difference in number of cycles prior
to macrocracking under low cycle loading of smooth spe-
cimens and full-scale structural elements. Therefore,
cyclic loading resistance design of a structure usually
includes 20-fold lifetime and 2-fold strain safety fac-
tors in relation to a fatigue curve obtained for smooth
specimens. In the present paper an attempt has been ma-
de to analyse it starting from the assumption that mas-
sive sections of large products have always initial
fabrication defects which may be the sites of fatigue
damage nucleation. In this connection,number of cycles
to fatigue crack initiation sharply decreases in full-
scale structures, and propagation of these cracks is
the main process which governs structure lifetime.

In order to check the applicability of the above sug-
gestion a correlation was made between test results un-
der cyclic loading in elastic-plastic region for speci-
mens containing fabrication defects and generallized
data of pressure vessel fatigue tests under cyclic
loading as given in a paper by Ruiz/2/ (see Fig.1).

The specimens were made of low-carbon steel (U.T.S =
40kg/mm2) and low-alloy steel(U.T.S.:?Okg/mma), and of
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their welded Joints as well, The defect in the middle
of the gauge length was of an internal slag inclusion
type. Maxdimum defect size values lay between 1.0 ang
3.0 mm. Specimens were subjected to the given level of
deformation in symmetric cycle which most closely corre-
Sponded to metal loading conditions in stress concentra-
tion zones. During testing a moment of crack appearance
on the latera]l surface of the specimen was noteqd. It was
assumed to be the moment of fatigue crack initiation.

Figure 1a illustrates data Scatter ranges for Pressure
vessel tests ag it is shown in paper /1/. It should be
emphasized that pressure vessel lifetime is determined
from the moment of fatigue crack initiation, In the same
figure there are points corresponding to test results of
Specimens with accidental defects. A good correlation
between specimen ang vessel test results Provides a sup-
port to the validity of the assumption mentioned that in
pressure vesselg tested failure is generally nucleateq
from the available fabrication defects. This can mainly
allow for the reduction of full-scale structure lifetime
28 compared to small smooth specimens.

The results obtained bermitted %o Suggest a calculation
diagram to evaluate fatigue crack growth under loading

of material in elastic-plastic region. Parig's relation

Used in such a purpose /2/ —é{{% =C (A K)m MM
. Cla .
Where aN - fatigue crack growth rate;

AK - stress intensity factor range;

Mand ¢ - material constants
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can be applied only in the case of material loading in
elastic region since the calculation of A X value on the
basis of the well known formula is impracticable when
loading the material beyond this range. An approximate
method of estimating fatigue crack pPropagation in elas-
tic-plastic region of loading utilizing the relation(1)
is basen on introducing a fictitious value for stress
intensity factor ranges A K¢ , the latter being equal to

X AK (2)
where X - factor which implies a specific character
of fatigue crack propagation under elastic-
plastic straing
AK - stress intensity factor range calculated
using formmlas of linear mechanics.
In this case the stress value is assumed to be equal to
allowable amplitude of alternating stress intensity
Sa B where E-modulus of elasticity, Co -strain
amplitude. In order to identify ol factor test results
for defective specimens have been used for which depend-
ing on fracture surface schematic presentation of fa-
tigue crack front in defective region can be given as
concentric circumference down to the crack exit on to
the specimen lateral surface(see Fig.1b). This is the
case when lifetime required for crack propagation can
be evaluated u?%gm/tfe form&;’tcad(l&)
N={ax ST C S ﬁ ()

If the initiation of the crack from a defect is as—

sumed to occur at the first cycle of specimen loading,




= df =

then & factor relation may be obtained starting from

the formula(4) by means of Yecalculation at N=N*, where
N* is a number of ¢ycles to crack exit on the lateral
surface of the specimen.In calculations stated above ¢
and M constant values were found experimentally by test-

ing specimens of the materials under investigation in
elastic region. The

in Fig.

results of these calculations given

1b show that X factor values for the materials

tested with 10% data scatter concentrate near the curve 1

which is offered to be used in calculation assessment of
fatigue crack growth rate under elastic-plastic loading.
The analysis made on the basis of the calculation
technique suggested has promoted a physical interpreta-
tion of Ruiz curve(Fig.2). This curve corresponds to
lifetime required for fatigue curve growth from the inji-
tial size adequate to the acceptance level in the pres-
sure vessel quality inspection code,

to the magnitute at

which the growth can be noted by non-destructive testing.
In a particular case this may correspond to a double

accidental defect size.
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Fig.1. Tést results of specimens with accidental

defects.

arison with Ruiz's data. )
%5 ggnplgndence of oL factor on 50./6\{ relation.
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2. Estimation of pressure vessel endurance
at the stage of fatigue crack propagation.
1. Low bound of scatter band of Ruiz's
experimental data.

imated

. Pressure vessel endurance estima
g by doubling defect size on the ac-
count of fatigue crack propagation.

before fa-
4, Pressure vessel endu:;ance
tigue crack propagation,imitating
brittle fracture.
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