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ABSTRACT

The investigation has been performed on the influence of
warm prestressing (WPS) on the brittle fracture resistance of
structural heat - resistant steel 15Kh2MFA in two structural
states and the embrittled weld metal 10KhMFT. The stability
of the warm prestressing effect has been studied under cyclic
loading as well as with long hold time under load at an
olevated temperature. A calculation approach based on the
strain criterion has been developed. It makes it possible to
estimate quantitatively an increase in brittle fracture
resistance after warm prestressing.
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MATERIALS AND EXPERIMENTAL PROCEDURE

The tests were carried out on the 15Kh2MFA(I), 15Kh2MFA(1I1)
steels and the Svi1OKhMFT weld metal in the temperature range
293...573 K. Mechanical properties of the materials at 2593 K
are presented in Table 1.

Table 1. Mechanical properties of the materials

Material g 2sMPaY m o, MPa/ m &,% v %
15Kh2MFA(T) 786 931 17,0 67,7
15Kh2MFA (II) 1100 1157 16,1 67,2
Sv10KhMFT 561 624 21,3 66,3
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At the level of WPS K,=K,/K.(T,)>0.6 no changes occur in the

(Fig.1a.). In

brittle fracture resistence with K, variation (
is also not

the lower region of the diagram the K; value
gensitive to the K, variation and correspondes to the static
fracture toughness of respective alloys at ambient tempera-
ture. A point in which K, = 0.6K.(T;) is the boundary of the
diagram lower region. Here K.(T;) is the material critical
SIF at 293 K. In the middle of the diagram the K; value grows
continuously with an increase in K.

The above data agree with the results obtained elswhere

for the A533B-1 steel.

The shape of the diagram "critical crack tip opening displce-
ment (6.) and residual blunting (6,,,) after WPS vs the level

of WPS (K,)" (Fig.1b.) completely coincides with that of the

K¢ vs K, diagram. The & value, a8 well as K;, does not change
with the K, increase from O to 0.6K_(T;). No crack blunting

is observed in the given K, variation range. With a further
increase in the WPS level the crack tip would not close any
longer after unloading and the radius of its blunting grows

continuously along with the &, value up to K,= 0.6. At K,>0.6
the &, and & values are practically independent of the

changes in the level of WPS.

The above data allow to conclude that the crack tip blunting
after WPS of the alloys studied is the factor responsible for

an appreciable WPS effect.
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the dependence of the critical SIF after WPS (K,) and the
ratio K; = K./K.(T;) on the warm prestressing temperature at

K, = 0.85 (Fig.2) proves that the maximum WPS effect is
achieved at T,=423 K. Note that the maximum absolute critical

SIF value K; = 170 MPa¥m was obtained for the 15Kh2MFA(I)
steel, while the largest relative increase in the brittle
fracture resistance after WPS was obtained for a more brittle
steel 15Kh2MFA(II) at the same temperature of overloading.
The value K, for this steel exceeds the initial fracture
toughness value 3.2 times, while for the 15Kh2MFA(I) steel 2
times only. At T, = 573 K a decrease in the K, level is
observed for both structural states of the 15Kh2MFA steel
which is related to an appreciably lower (compared to T, =
= 423 K) value of the critical SIF K. and, hance, a lower
magnitude of WPS.

Unlike the 15Kh2MFA steel, the K¢ value for the Sv10OKhMFT
weld metal does not change in the temperature range 423 K<T,<

<573 K and is equal to K, = 128 MPavm which is 1.7 times
higher than the initial fracture toughness. This is explained
by approximately equal levels of K_ at 423 K and 573 K and,
accordingly, by similar levels of K,.

The brittle fracture resistance of the materials studied is
shown to be practically independent of the fact whether WPS
was performed with complete, artial unloading or without it
(Fig.3). Thus for the 15Kh2MFA(II) steel in all three cases

the K, value varies between 3 and 3.2, for the 15Kh2MFA (1)
between 1.8 and 2.1 and for the Svi1OKhMFT weld metal between
1.8 and 1.9. The obtained results s est that residual
compressive stresses have no essential influence on the WPS
effect for the steels considered.
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10), - a and s, v8 K, (3,7,11,), &, vs K, -
(4,8,12) - b for steels 15KhoMFA(IT) - (f~4),
15Kh2MFA(I) - (5-8) and Sv1OKhMFT - (9 - 12).
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The influence of cyclic loading after WPS was studied in
tention of 50 mm thick CT specimens of 15Kh2MFA(II) steel.
The investigations revealed that in the absence of fatique
crack growth onset in the 15Kh2MFA(II) steel under cyclic
loading (N = 200 cycles) a certain reduction in the fracture
toughness occurs after WPS. In this case, a decrease in the
K, value becomes more appreciable with an increase in the
amplitude.

The analysis of the experimental results enables a conclusion
to be made about the stability of the WPS effect under
conditions of subsequent cyclic loading in the absence of
fatique crack extension. A small reduction (3...9%) in the
fracture toughness is explained by the material damage at the
crack tip under the effect of cyclic load.
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Fig.5.K; dependence on the relative value of the crack
extension within the plastic zone.

In the case of fatique crack growth onset the character of
the fracture toughness dependence on the number of load
cycles after WPS changes (Fig.5). Irrespectively of the

level, after WPS fracture toughness does not change until
al/r, = 0.25. When the fatique crack extends by the value
exceeding 0.25r,, a monotonic reduction in the fracture

toughness occurs down to the value K, = 99 MPavm at the
boundary of the plastic zone r,. The fracture toughness does
not decrease down to the initial value due to the fact that
the level of cyclic loading at a temperature 573 K exceeded
appreciably the maximum allowable level of cyclic load
(0.6K_.) during fatique precrack growing.

In order to determine the contribution of residual compres-
sive stresses induced at the stage of wunloading into the
total WPS effect, as the crack was extending through the
plastic zone r, the load was measured at which a complete
crack opening occurred (P,) that allowed the magnitude of
residual compressive stresses to be evaluated indirectly. It
is found tha when the crack is growing through the plastic
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zone r., the K_ value does not change. Considering the fact
that after crack extention by the value exceeding 0.25r, the
fracture toughness decreases sharply while the magnitude of
residual stresses does not change, it can be concluded that
residual compressive stresses arising in the crack tip region
at the stage of unloading after WPS have no appreciable
influence on the total WPS effect.

The analysis of the data obtained revegled.that.the crack ti
bluntingymakea an appreciable contribution into the WPg
ositive effect. In addition, crack tip opening displacement
is an integral characteristic which takes 1qto_account the
material yield stress variation induced by radiation, strain
hardening =and other factors. At the same time residual
stresses arising in the crack tip region at_the stage of
unloading were found to have no appresiable influence on the

WPS effect.

As a result of the obtained data, a criterion of br}tt}e
fracture after WPS is proposed the essence of which is 1n
that fracture under static loading at low @empergture will
oeccur at the moment when the crack tip opening displacement
value reaches the magnitude similar to that at WPS at high
temperature

b, = &, 1)

The dependence of the crack tip opening displacement upon the
applied load under plane strain conditlons for a perfectly
plastic material is described by the following relationship

6 _0-6K% (2)

For a strain hardening material this dependence will be
defined by the equation (Panasyuk et al., 1986):

O.GKZ[ 2/ﬁ(1+u)(1+n)a°Az ]n

(3)
oo . 2B nE

S5 =

Were . oq . is the yield stress, E is the Young modulus, p is
the Poisson coefficient, n is the strain hardening exponent.

Thus from relation (1) consideri (3) an expression can be

written for determining the crifical SIF after WPS from the
crack tip opening displacement value at unloading
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ngE,

Here of ,, E,, ney are the material mechanical characteristics
determined at the same temperature as K.

The results obtained using the criterion proposed have been
compared with those obtained by Chell’s model (1981). It has
been shown that the criterion proposed allows a more accurate
prediction of the encrease in the material brittle fracture
after warm prestressinf. In addition, it makes it possible to
predict brittle fracture resistance for structural elements
of different thickness.
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Fig.6.K, dependence on the WPS for the 15Kh2MFA steel.

Fi§.6 presents the K; values for steel 1S5Kh2MFA(II) calcu-
lated for different K, values during WPS of 150 mm thik
specimens of that steel with cracks. The analysis of those
results reveals the accuracy of K, estimates after WPS which
is acceptable for practical application.
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