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ABSTRACT

The influence of %reliminary cyelic plastic deformation by
tension-compression (R,=Epin/Emax=-1) on the fracture toughnes
by static and cyclic loading of 15Kh2MFA heat resistant steel
in two conditions was investigated.

Unnotched plates ( gage length cross section 12,5x45 and
14x45 mm) were subjected to preliminary cyclic plastic defor-
mation and one edge notched specimens were done from them
after deformation. The compact specimens were made from failed

plates too (gage length cross section 12.5x45.0 mm).

The amplitude of the elastoplastic deformation was 0.3, 0.45
and O.7% and the relative number of cyclics N= 0.3, 0.6 and
0.85 (N=N-Nc, where Nc is the number of load cycles until the
appe?rance of a crack with a length of 0.5-1.0 mm on the sur-
face).

It was established that 1in the case of relatively small
preliminary deformation the change in static fracture tough-
ness is caused by a change in yield strength as the result of
the Bauschinger effect. However, with an increase in cyelie
deformation the total irreversibly dispersed specific energy
of inelastic deformation and the structural changes in the ma-
terial are the determining factor. A physically based method
is proposed for prediction of the influence of preliminary
cyelie plastic deformation on the statiec and cyclie fracture
foughness of cyclically softening steels.

KEYWORDS
Fracture toughness, preliminary plastie deformation, static
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INTRODUCTION

While operating some elements of highly leaded structures
(such as in a zone of stress concentration) may be subjected
to eyclic inelastic deformation, which leads to a change in
mechanical properties of the material. )

Together with the influence on the characteristies of
strength and plasticity ( Ivanova and Terent’ev, 1977; Lebedev
?tt?l.’ ;978)h of preliminary cyclic plastic deformation the
atter also as a s=substantial influenc

toughness by static e vl oine fraciiee

Kanadzava, 1968; Troshchenko et al., 1987).

Although in the majority of cases preliminary cyclic ic
deformation reduces K, , in genergl, its iggldgnce gxasgéé
above characteristic is ambiguous and will apparently be
determined by the conditions (hard or soft) and amplitude of
loading, the ratio of the temperatures of preliminary
ﬁ{;ilc plastic deformation and teeting, and the type of mate-

In this work the influence of preliminary cyelic plasti -
formation on the characteristics of fractu¥e~y£ouéhges§ 1gfdea
hia37r§s1stant steel under static and ecyeclic 1loads was
studied.

EXPERIMENTAL PROCEDURE AND MATERIALS

The chemical compositions of the steel, wt. %, was as f
_com n ee . ollows:
0.18C; 0.5751; 0-47Mn; 2,58 Cr; 0,16Nii 0.62 Mo; 0,3V; 0.0195;
0.013P; 0.011Ti. The characteristics of the mechanical proper:
;;gi of the tested steels in two condition are presented in
e.

Table. Characteristics of the mechani i
s nical properties of tested

Steels >y MPa -,y MPa 5, % vy %
15Kh2MFA(I) 584 T00 21.0 T4.6
15Kh2MFA(II) 1100 1157 16.6 pT.2

The characteristics of fracture toughness under static K,;(Kg)

and cyclic Kje and K?c loads was investi i iaxi

. . L gated 1in un
tension of plates with thicknesses of t=12.5 and 14 mmuwiﬁglgg
edge notch and also of compact specimens with a thickness
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loading K, ( Ivanova et al., 1966;
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5>f t=12.5 mm at temperatures of 123 and 293 K, where Kic and

Kic are the critical stress intensity factors corresponding
to° the minimum cyclic and dynamic fracture toughnesses
( Troshchenko et al., 1987).

Unnotched plates (gage length cross section 12.5x45 and
14x24 mm) were subjected to preliminary cyeclie plastie
deformation and one edge notched specimens were done from
them after deformation. The compact specimens were made from
failed plates (gage length cross gection 12,5x45 mm}). In
this case only those failed plates, in testing of which the
level of net stresses did not exceed 0,40, (o, is the
nominal yield strength of the steel), were used. The
reliminary cyclic plastic deformation was done with hard

€4 = const) elastoplastic loading and with a stress ratio of
the loading C{cle of Re= Epip/ fmax = -1, Where €a »  Emqin
and Epax are the ampliiude, minimum, and maximum elastoplasr{lm
deformation of the loading cycle. The amplitude of the elasto-
plastic deformation was 0.3, 0.45 and 0.7% and the relative
number of cycles N=0.3, 0.6 and 0.85 ( N = N/No ), where Ng
is the number of load cycles until the apgearance of a crack
with a length of 0.5-1.0 mm on the surface).

The fracture toufhness in static loading was determined in
accordance with the methods ( GOST 25.506-85). The critieal

stress intensity factors Kic and K. were determined with a
stress ratio of R=Kpin/Kmax=0-1 (Kmi and Kpax are the minimum
and maximum stress 1n%en31¥y factors).

The influence of preliminary cyclic plastic deformation on
the fracture toughness of 15Kh2MFA steel in the plastic (I)
and embrittled (II) conditions was investigated.

The preliminary cyclic Rlaetic deformation of the specimens of
1SKh2MFA(I) and 15Kh2MFA(II) steel was done at 293 K. In the
first case the specimens were fractured at 123 K and in the
second at room temperature. The ductile crack growth in de-
termination of static fracture toughness was not absent.

EXPERIMENTAL RESULTS AND DISCUSSION

The character of the influence of preliminary cyelie plastie

deformation on the fracture toughness of the investigated
steel under static and cyclic loads is quite_complex
(Fig.1). An increase in the relative number of cycles N to 0.3
decreases the static and cyclic fracture toughness of
15Kh2MFA(I) steel at 123 K, but with N>0.3 the fracture
toughness at static loading increases, although there is

ractically no change in Kjc and Kic. While with N=0.3 an
increase in the amplitude of elastoplastic deformation £4
reduces K,o, with the maximum number of cycles (N=0.85) the
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Fig.1. Experimental ¢ So0lid lines ) and
X . 0 calculated - ( p
lines) relatlonshlpskof the critical stress iéteggggg
factor K/, (1-3) Kic (4-6)
’ e » and K,,(K.) =
IJheMPA(D)steel ‘at T23 Kk (a) ang <'Cf %sxrfguz?z(rgf
s ee§.at 293 K (b) to the number of cycles N and the
fpfg 10. °nergy of inelastie deformation W:(1,4,7)
“a=0-3%; (2,5,8) £,=0.45%; (36,9 £a= 0.7% Y
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eritical stress intensity factor Ko increases.

Fig. 1 shows the boundaries (horizontal short lines) of
fulfillment of conditions of plane strain (maximum constraint
of plastic deformations at the erack tip) according to the

criterion t > 2.5(K,o/ o,)2.

The influence of preliminary cyclic plastic deformation on
fracture toughness may be described through the specific
energy of plastic deformation W (Fig.1), which was determined
as follows ( Troshchenko, 1966):

W= [ AW - AWp ( aW / NS ) N, (1)

where AW is the energy density of inelastiec deformation per
cycle (N=0.5); aWr is the density energy of inelastic defor-
mation per cycle with stresses equal to the fatigue 1limit;
? is a parameter which defines the intensity of the inerement
in the nondan%erous portion of the dissipated energy with an
increase of sfress amplitude.

At the same time taking into consideration the influence of
temperature and loadin% rate on K,, and oy, and summarizing a
multitude of experimental data for steels, it was established
(Hahn et al., 1971) that

Kie = 01/ 0,0 (o, / 7.431 )2 (2)
where 7. - ¢leavage stress.

With the use of Eq. (2) let us anal¥ze the influence of preli-
minary cyeclie plastie deformation (R, =-1) on the brittle
fracture resistance of 15Kn2MFA(I) ~and 15Kh2MFA(II) steels.

For 15Kh2MFA (II) steel (Fig.1) the inecrease in brittle
fracture resistance with an increase in the number of cycles
°of N ¢ 0.3 is related to the Bauschinger effect. At the same
time the greatest reduction in yield strength o, Ais found in
the ccurse of several loading cycles and stabilization of it
2ecurs  at  approximately N=0.7. During cyclic loading with
N < 0.1 the change 2. May be neglected since the fatigue
damage iz negligible and Plastic deformation is absent.

According to E7.(2) a decrease in o, with o= const must lead
to an increase in fracture toughness K,,. The reduection static
fractiure foughness of 15SKh2MFA(IT)_ steel with a further
increase in the numbap of eyeles ( N > 0.3) (Fig.1) oeccurs
#ith an unchanged value of “ye s Which, in accordance with

2}y, may be caused only "~ hy a  decrease in cleavage

Th=  influence or preliminary cyelie prlastic deformation on
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1 k . o e
K¢e and Kie i8 similar.

A further increase in K,. of 15Kh2MFA(I) i i

j C A steel .
an increase in the gl_‘elkiminary number of cycles filzlgen::l)s vfxlgﬂ
ﬁgzlfeatures of formation of the microstructure of he mate-

The development of surface microcracks i i
a5 . in ecime
15Kh2MFA(I) and 15Kh2MFA(II) steels during fatigsgpgé::gswegg
1nve§t1gated. In 15Kh2MFA(I) steel microcracks, the size and
density of which increase with a further increase in the
2;@??5 fg;dgycleq%hare formed even in the early stages of
ing wi i i ati

¥oale. 0.3_05%%- an amplitude of elastoplastic deformation

If the size of the plastic zone at the cra i i

2 ck ti
than jhe average distance between micr-ocr"ac,gicsry %s %g::
preliminary cyclic plastic deformation leads to a reduction in

K,c» Kic, and Kie but with r, > ¥ an incre i

ase in the
of cycles the value of K,o(KoJ of 15KheMFA(1) at 123 K Fonen
ses. Since in all cases E%e %ransitoin to brittle fracture in

eyclic loading (K{c, K?c ) occurs with r, < ¥, there is not an

. . 1 k . .
i;g§:§se in K¢{c and Ki;c with an increase in the number of

On the basis of an analysis of the experime

. e ntal dat -
tained an approach that has been propgged to predié%izz gge
influence of preliminary cyclic plastic deformation on brittle
fracture resistance. Let us consider the schematic relation-
?gégxognghgfs2;;;2M§K?§§?rettoughness of 15Kh2MFA(I) steel at

’ at 293°K umu
of inelastic deformation. 2 to the ace lated energy

For 15Kh2MFA(II) steel the fracture toughnes i i

; F tee = C e K taking into
consideration preliminary cyclic pl 39 ? rﬁg i % )
is determined as follows? 4 Disstss  date tion (Fig.2)

Kig= Ko + aKclo,) - Ko(W), (3)

where K,. is the fracture toughness of the origi i

g e a 0 inal ;
aK,c(4o,) is the change in fracture toughness fs the g:éﬁf%aié
the Bauschinger effect (area I in Fig.2) and K,o(W) is the
?haTget_ énf fra:ture toughness  caused by fﬁ: $n9r0y ‘Of
inelastic deformation dissipated in the terial in oyeli
o o ) P he material in cyelice

With the use Eq. (2) and (3) we obtain

Kfe= Ko + (o / 7.431)7 (07, - 07 ) - ky W,  (4)

< 4

where o, is determined from the result of investigation

ye
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of the rules of inelastic cyclic deformation in the area of
stabilization at a given amplitude of elastoplastic defor-
mation; the parameler k characterizes the intensivity of
embrittlement of the material in cyclic loading and has the

dimension MPavm/(MJ/m’).

KEe,Kie
AK, o (W)
K¢
%
Ko [ - | -
oC _I ‘ i/
l w

Fig.2.Schematic relationships of the static fracture toughness
of 15KhoNFA(II) steel to the accumulated energy of

inelastic deformation.

As follows from Fig.1, the calculated and experimental
relationships agree satisfactorily. The greatest error (32.9%)
corresponds to a relative number of cycles of N = 0.85 with

Ea = 0.7%.

In analo with Eq.(4) the dynamic fracture toughness of
15KhoMFA(II) taking into consideration preliminary cyclic
plastic deformation (Fig.2) is

KEE = Ky + (oo / T-431)7 (o™ = 0a” ) - kwa Wy (5)

where o4 and o, are the dynamic yield strengths of the
original material and the material subjected to preliminary
cyclic plastic deformation, respectively, and K,o is  the
dynamic fracture toughness of the original material. The
coefficient ky, is determined similarly to ky.

Therefore preliminary elastoplastic deformation in the stage
before crack origin has a significant influence on the charac-
teristics of brittle fracture resistance under static,
cyclic and dynamic loads, which must be taken into
consideration in calculations of the 1life of critical
structures based on the criteria of brittle strength.
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CONCLUSIONS

It has been established that depending upon the degree of
embrittlement of the materia] and also upon the prellm@nary
cyclic plastie deformation and test temperatures frelim;nary
¢yclie plastie deformation differently influences the brittle
fracture resistance of 15Kh2MFA stee].

¥hile in the initial 8tages the change in K,, is caused by the
change ip Yield strength as the result of the Bauschinger
effect, with g larger number of cycles the total energy of
inelastic deformation and the structural changes in the mate-
rial relateq to it are the determining factors.

A method ig proposed for predicting the influence of prelimi-
nary eyelie Plastic deformation °n the brittle  fracture
resistance of cyclieally softening steels.
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