STRAIN AND DAMAGE IN CONCENTRATION
ZONES AT LOW-CYCLE HIGH-TEMPERATURES
LOADING

N. A. Mackhutov¥*, M. M. Gadenin*, O. A. Levin*
and A. N. Romanov*

“Mechanical Engineering Research Institute, Moscow, USSR

ABSTRACT

Tow—cycle high-—temperature fobigue life estimation method 1is
described. Fonlinear effects of material behaviour and lccal
plastic strains redistribution are taken into accounte. Calcu-—
lation results are verified by experimental data.
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INTRODUCTION

The initiation of cracks due to static and low—cyclic loading
in structural elements takes place in stress concentration zo-
nes where plasbtic struins preliminary urise. The crack exten—
~ion is accompanied by the growing rolc of stresses und stra-
ins redistribution at the crack tip. The kinetics of elasto-
-plastic strains here depends on the material static and cyc-—-
lic properties, on the form and level of nominal stress cycle
and on the temperaturce-time facter (willer 1970, .lanson 1979,
Serensen 1979, ilackhutov 1981).

The range of intensive activity of temperature—time effects at
low—cycle loading of austenitic stainless stsel is © = 600 +

+ 650°C; for mild low-alloy steels ©t = 250-350°C; for heat—-re-—
aistant sluminium zlloys t = 1204+190°C .

yiechanical behaviour under homogeneous state

The variation of matericl cyclic diagrams in above—mentioned
temperature conditiong nay be described in coordinates ''range
of_ relative stressee S =575, - range of relative strains

& =6/6, ' using the pover spproximation of the following
type:

S®=6" 0
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where the cyclic hardening factor 7 and its variation accor-—
ding to the number of loading semicycles is determined by the
following equation (Mackhutov 1981):

I 2)
yle,™ + £7@-0Fw)

where: /7, is the hardening factor at static loading; A‘t)and

€, are the material parameters; and the function F(C A D),
which characterizes the cyclic change of mechanical properti-
es, for the cases of cyclic hardening and softening, is assu-
med accordingly in the following form (Mackhutov 1981, Seren-—
sen 1979)

/77, =

Fk)=1 /5 8C P& 1)
Flk)=explc®® (&,-1)(k-1)]

Jhen there is a dwell AZ in semicycles of tension or compres-—
sion, the effects of strain diagram kinetics may be taken into
account in the system of equations (1)-(3) by introducing the
equivalent time of deformation by means of corresponding re-
duction coefficients (iackhutov 1981). The experimental data
show that for two-frequency loading conditions, when an addi-
tional stress (strain% component — having a higher frequency
and connected with the action of secondary work processes — is
superimposed on the main process of low-cycle strain, we can
also observe variations of strain diagram described by above
relations. In Fige. 1, which presents data of steel 13-8 at
t = 300°C under static loading (Fig. 1a) and cyclic loading
(Fig. 1b=d), one-frequency (Eg,= O) and two-frequency loading
with frequencies 4 = 1 cycle/min and % = 25 Hz and with ran-—
ges of superinpozed strains €g,= 0,035 and 0,07%, the strain
curves for the two-frequency conditions are situated higher
and their hardening modulus is greater. The analysis of the va-
ristion of cyclic strain parameter A®= 6, /( €, - 1) (Fig.
1b) shows that its value decreases with the increase of the
range €gz . The calculated according to equation (2), with the
use of above-mentioned data, values of the cyclic hardening
factor s, for the first semicycle ( £ =1) of considered two-—
frequency loading conditions and the corresponding estimated
strain curves (Fig. 1c) are in satisfactory correspondence
with experimental data. The estimated curves of the variation
of m, for the following loading semicycles and the correspon-—
ding experimental points for the above-nmentioned steel and
loading conditions are shown in Fig. 14; the figure proves that
it is possible te take into account the effect of cyclic mate-
rial hardening, due to the action of the itional high-fre—
quazacy deformations, Ly aeans of @ sct of Tincetic e ustions
(12=(3)
soonential equations of the type (3) proved to be also very
sctive for the description of experimental data obtained
from the tests of heat-resistant aluminium alloy of the type
Rit 58 in the bvenpzrature ruonge 1204215°, stress aiplitudes

g = Uy Gy + U Gy )y DY IIREETY factors ~1=s/z =< O znd loa-—
¢ing freguencies 3,3 107 41,6 107 Hz, i. e. in the conditions

or

(3>
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5f intencive influence of tenperature—time effects.

Strains and demages in the constrained zones

The strain ch cteristics obtsined under homogeneous ;tress
vere vsed ag basic dabe for solving boundary value problems of
cyclic plasticity. Jhile using the method of finite elemengsz
the quantification of the field was Performed by means of Tri-
angular squere elements whose dimension and aumber was optimi—
zed on the basis of the error analysis for an elastic solution
(the number of nodes 130, the number of elements 292). The cal-
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culations were
hen in the load
oubincc, ajquations o©
ageing hVDOtAQSIS (Serensen 1979

erformed using the strain theory of plasticity;

ing cycle processes of failgue and crsep were
the utrALn th sory in the form of the

A used.

©
A
(9

serimental ev;iuutlon of durability in con-

The calculated—ex
contration zones under low—cycle loading is based on the
lysis of the kinetics of local clasto—ulustic stresses and

strains in the most loaded structural elementse. Due to the non-
linearity of low-cycle mechanical characterisvics of the
rial, to the accumulztion and redistribution according to
nuwiber of plastic sbraia cycles, the realization of exact ana
lytic : gsolutions of cyclic boualurv~V4lue problems is rather
difficult. s these conditions more perspective sceen to be the
aupproaches connected with the developnent of numerical and ex-
vallPﬂtul ‘hods of investigatlir the processes of strain
which allow to evaluuate the limiting states wnd
with - sotisfectery degree of cccuracy for en—
calculationse.

In this puger, the results of calculations of the kinetics of
static znd low-cycle strains in the conceatration zone, irade
by means of the method of Tinite clements and intervclation
relations of the type of MNeuber equation, connecting the va-—
lucs of the coefficients of stress and strain concentration in
clastic and pl) tic zones, are compared with the data of the
direct experiments pprformvd unaer identical temnpcrature-force
conditions on specimens with a central circulsar hole (Fige 2)e

In Fig. 3 are shown curves ol strain redistribution in the
lcast cross section of a heat-resistant alwainium alloy RR 88
£1at bar with an central cercular hole accerding to the number
of c¢ycles; in Tige 4 are shown lines of egual dsncge, plotted
on the basis of strain 1bllb obtained by means of the mcthod
of finite elenments using linear swmation of gstatic and cyclic
damape according to the low-cvcle fracture ¢ ‘iterion in the
mO¢lOMLHb form:

or a;+a;=1
Mo
./ & e my max S max )
K ) -d (2k) “'(Zk-x)
sted nuuber of :rcles before cracl initis-—

bracbion zones

sities of local cyclic plastic stains in
cleg on the contour of the stress concent-—

ic Jtrs n aefter fracture during creep-rup—
tion oi the crclic strain equivalent time
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The data of strcin wkinetics und life calculations have been
compared with the results of direct experiments, made on speci-—
mens of the type shown in Fig. 2b using the moire and zrid me-
thods. .echanical characteristics under ! neous stress for
aluminiuwn alloys (specimens in Tiz. 2&a) have “been obtained by
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means of servohydraulic muchines MRE and MIPL; for austenitic
etainless oteelg — on btubular specimens, on install i
with mechanicsl force — cicitziion. ime on
local stress-strained states heve been u on the
"Instron". i satisfactory correlation of estimated and experi-—
mental data has been obtained.
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