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ABSTRACT

Basing on the earlier data analysis given for the viscoplas~
tic material behaviour studies the method is suggesbed for the
structural steels life assessment under conditions of cyclic
loading at the complex stress-state making use of the plastic
deformation stability loss requirement bto assess the ulbtimate
state,

INTRCDUCTION

Under low—-cyclic loading the structural component design
normally involves either the component life prediction under

" the given loading conditions or its ultimate state assessment

for the designed lifetime., For the both situations the initial
parameters are taken to be the regime of the applied temperaltu~

. re and mechanicsl effects as well as the characteristics of the

material mechanical behaviour.

It is known /1-3/ that under the stress~controlled loading
conditions there exists the irreversible plastic deformation
accumulation or cyclic creep. As is shown /1-4/ these condibi-
ons are fairly well described by the dependences with the life-
time being correlated by the deformation intensity parameter.
These dependences are presented by a relation suggested by
V.A.Strizhalo /1/ where, baging on the hypothesis of the simi-
larity of the cyclic creep curves given in"the reduced strain
(S/Ef) and the reduced number of cycles(N/Nb)" relative coordi-
nates the stable creep rate (§min), the number of cycles to frac- |
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ture (N,) versus the asccumulated plastic strain ¢ relation
ship is written as

Nb'éminm ’E)Sf ('1)

where & is the coefficient of similitude standing for
the stable creep reduced rate(the slope of the cyclic creep
curve in the relative coordinateé) -
Basing on the experimentally established requirement for
the existegce of the generaligzed stress-straining diagram for
The materials studied it is in /5/ where the relation is sug-
gested for the life assessment under complex stress-—state cone
ditions which structurally is similar to Strizhalo's eguation

N Eimin = € &y | (2)

where &£{min is bhe creep rate minimum intensity; &ib is

the "intensity of the plastic strains accumulated to fracture '
which is taken to be equal to that of plastic strains correspon-
ding to single~loading fracture; €; is the coefficient hav-
ing the same physical meaning for the given type of the
stress-state as in Eq.1. Nevertheless, having obtained g fairp
agreement beetween the calculated data through Eq.2 and the ex-—
perimental evidences /4,6,7/, the possibilities for the wide
usage of this criterion are linitted by the necessity of conduc-
ting a great deal of basic studies, '

THE TECHNIQUE, RESULTS AND THRIR DISCUSSION

Basing on the elasto-viscoplastic model /8/ developed at
the Institube for Problems of Strength of the Ukrainisn SSR
Academy of Sciences as well as experiments conducted for sty
dying ‘the structural steels viscoplastic behaviour /9/, it is
possible to find the ways for simplifying and reducing the nium-

ber of basic experiments required for getting the sufficient
initisl basic data.

Write Eq, 2 as
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Np€imin = Ci (3

where Ci=§i{&ib is the parameter which in a general case is de-
pendent on the material stress-strain behaviour and is not de-~
pendent on the stress level in a cycle for the given ratio of
the principal stresses. Iquation 2 yields that Ci can be con-
sidered as the creep strain accumulabed in service at the creep

rate equal to étnﬁn
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Figs 1. Typical dlagram for the creep resulbtant in
the component quasi-static fracture at load.

If under cyclic loading the material fracture occurs ‘through
the quasistatic mechanism then similarly to the stress—strain
kinetics for the case of single loading it could be assumed fir—
stly that in course of service there will exist the improvement
of material resistance due to its strain hardening and secondly -
the reduction of the studied component carrying capacity due bo
the geometry and:dimensions variation, e.g. négﬁi£§9§§ §39§&3§
lar specimen subjected to cyclic tension. A%t the first creep
stage the reduction in specimen carrying capacity due to its ac—
tual cross~section is balanced by the material strain hardening,
Hence the creep processes occur with the diminishing rate. The
second creep stage (& = Emin ) corresponds to the balanced statbe
with its possible duration varying and being dependent on the
material capacity of hardening, specific feabures of the speci-
men design and the maberial stress state. Gradually the creep
process gebs activ-abed and proceeds with the accelerating ra—
te (the third stage).

Thus the second stage (the balanced stagé) is adequate to
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the plastic deformation stability loss requirement which for the
biexial tension ( K= 6;/6g=0... o
= in the region K= (. 4

) may be given as:

(14 52821 0y 65" Geq (E1)
or 2VRE-K=+1 v/ Tygm 9

2 b
2K-1 . 2K __ gy BOb o o
U ayReer s+ akeitr &) (3 S, = Gegte) )
= in the region K=1.. oo

(1+__“2_"&‘_{__8L)_§_§_n__=6 (&i)
NIRRT 2 T gum = Beq (&

where G , G5 and & 83) are the limiting
stresses and the respective uniform plastic ‘strains for wnis-
xlal and biaxial loading,

The geometrical representation for the solution of Eg. 4 is
the diagram given in Fig, 2. It involves the generalized curve

Geq (&) as well as those desoribing the fracture of the stryu-
ctural component in its deformation

&,

e

6(‘)

eg i . — —

& efé) . 3
(o5} =
Og

Using this diagram, as is
shown from the figure, stre-
Sses and strains as well as
the pertinent losses in the
carrying capacity of the cop-
bonent could be readily de-
bermined with the principal
stresses ratio ranging over
K = O K oo * F!J.I"bherfmom
re the special best data

. & showed that for the given
Fig, 2, Graphic I'epresentation P .
of equation (4) fom various prin- Prillcipal stresses ratio the
cipal stress ratios: cobangent of the angle bet-
1o K =06:/6p-c0 2- K=2 * ween the fracture curves and
B_K':'];q'-l’( EOQBQ
the generalized one 6% (& L)

is in correlation with the
parameter Cj for the same stress ratio. The validity of

this experimentally observed evidence is provegd by the coinci-

dence of this angle cotangent values and those of the parametepr
Ci for the ultimste transitions. In the case O =

it = 0 (mate-
rial exercises britble fracture) the curves intercept practi-

cally at a right angle and on the other hand, at C; = oo

©5 o
v &l &o& g
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(material exercises plastic deformation without a deformation
limit) the fracture curves intercept with the curve (53%(8g) at
a very small angle,

Accordingly due to the proportionality of the above angles
and the parameter C; values for a certain given (arbitrary)
stress state and in uniaxial tension which are considered to be
the base test condition we obtain

C'tg oy

ctga:un (%)

GL= Cun

where Cun is obtained using the cyclic creep curve under
uniaxial repeating tension conditions (see relation 3) and the
cotangents for the angles &; and Kyn are calculated
through one of the relations resultant from (4):

- in the region with K =0 ... 1

b
deege)  VZGib v (6)
ctoo; = —~ ==
— in bhe region with K =1 SRS
b = (38 _ 2K~ Gy \-!
ctgos = (g 2K 1+ef

Criterion 3 along with  Ci involves the parameter &;min
standing for the minimum creep rate which is determined through
the following assumptions.

The material creep is considered to be resulbant from the
local elastic stress relaxation in a crystal labtice which ari-
ses in the process of active deformation. The material relaxa-
tion behaviour is fairly well described by '"the balanced states
diagram" which in its physical meaning is adequate to the stres-
strain diagram with the strain rate tending to zero /8,10/.

The authors developed a comparatively simple -fechnique for
constructing this diagraﬁ in step cyclic loading testing /9/.
The results of the tests conducted proved the above curve %o
be invariant with respect to the stress state.

The stress—strain curve for the ultimate strain rate will
be located above the balanced one whereas the stress ¢ cor=
responding %o any given strain & could be presented as
a sum of the balanced stresses OGp, (&) and some excessive
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stresses ¢* (&) (un-balanced) which constitute the creep, ra-

te at the streas ©(&) , i.e. at the initial strain & .
Provided l(L is a certain parameter standing for visco-

_ sity coefficient, ELCP is the creep rate intensity for

: the unbalanced stress Gf s then using a nonlinear Newton mo-

del we obbtain

éi,cr = kL(Gr)ﬁf (7

Using the available experimental data /8/ we assume
b
ki(6]") = a(67) (8)

where O b are the material constants for the specific
o temperature conditions determined by the two basic test data
g under uniexial repeating tensibton.
A In fact, (7). with the account taken of (8) could be given as

. ' % \b+1
Eier = Q(GL) (9)
or in the logarithmic coordinates

n €ier = N + (b+4) LG

With respect to the two bests conducted at stresses
i
G'=6* + By, and G'=6%"+ GgaL under conditions of the
unisxial tension we obbain

Ln é«lu_ncp = lha + (b+{)Ln(6*’+ 6;)31')
n €l = lna + (b+1)n(6*"+ Gbal) (10)

where é;na~ and éﬁnm* are the creep rabes in uniaxial tension,

Solving these eguations we obtain the Values of the cons~—
tants O and b having determined Gbat and.GbaL using
the respective values of the initisl strains from the balanced
diagram.




- 18.7 -

The range for using the criteria of types (1), (2) and (3)
is limited by the quasistatic-to-fatigue transition stress Bjtr

fracture mechanism where the transition stress levels ap-
peared to be dependent on the stress state whereas could be de—
termined for any wvalue of K=§;/B¢ using the deformation stabl-
1ity loss requirements (see Egs. 4) where the egquation of The
generalized curve Geq(§;) is replaced by that of the quasiste-
tic curve Oibal(Ei).

Constructing the graphs in a similar way which is given
above it is possible to calculated the values of the transiti-
on stress Oitr for any ratio of principal stresses over the
range WK =0...00 , Here the data required for calculation are
obtained using the experimental low-cycle fatigue curves with
respect to the transition stresses for two the most readily at-
tained types of the stress state under cyclic loading (e.q. uni-
axial repeating tension and repeating internal pressure),

Prom the point of view of the plastic deformation stability
loss requirvement & itr could be considered to be the maximum
stress when the balanced stress state and the fatigue fracture
could be abttained. Therefore the lowest unbalanced stress go—
verning the lowest cycle creep rate éLan in guasistatic fracture
will be given as ' '

@? = B maxA - Gitr

using (9) we obtain
. o b+i
Eimin = AL (Bimax — Bitr) i

or basing on (3)

Ci

Np =
Q(Gi,ma.x - Bitr

)b-t-{ (11)

The extensive test data for the reactor steels. proved a
high efficiency of criterion TI having conducted a comparati-
vel& small number of basic bests showed in Figure 3. As is
seen a fair agreement is observed for the 1life calculation and
experimental dats for all principal stress ratios in testing
the 15X2HMFPA steel at the initlal service stage and the
1SXOMFA steel at the late service stage using the technique
/11/ for thin-walled tubular specimens wnder stress-controlled
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proportional repeating loading.

Neate, cycies

0" -
’.
“ e Pig., %. The comparison of the expe=
< xe rimental and calculated life for the
. 15X2MFA steel (a) in the late servi-
o * ce stages and 15X2HMFA $teel (b) in
£ a the initial stage at btemperature
N cotdn 10O T Ny s 293° under complex stress state con-
7 ditions: 1 - K =02/8p =00 § -
o 4 2-K=2; 3-K=s1;4-K=0,5
. y uging relation (11),
7 o
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CONCLUSTION

1. Basing on the experimental data obtained by the authors for
the reactor pressure-vessel steels the ‘technique is develop-
ed for the assessment stresses and strains corresponding to
the structural component'carrying capacity loss under bia-

s xial ecyclic loading conditions.

S 2. Using the elasto-visco-plastic model suggested along with
the extensive experimental data on visco-plastic material
behaviour, the calculation and experimentsl method is propo-
sed for structural steels life estimates under complex stress-
state conditions in cyclic loading which allows the labour
consuming experiments to be simplified as well as the num~
ber of basic tests necessary for getting the sufficient ini-
tial data to be reduced.

3+ The experiments performed allow the balance equation to be -
suggested which makes it possible to obtain the structural
steels life estimates with the account taken for the type
of the stress state in quasistatic fracture under repeating
loading conditions,
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