
176 ANALES DE MECANICA DE LA FRACTURA Vol. 9 (1992) 

CRACK INITIA TION AND GROWTH UNDER CREEP AND 
CREEP-FATIGUE LOADINGS OF 1Cr-1Mo-0.25V STEEL 

R. PIQUES, E. MOLINIE 1 and A. PINEAU 
Centre des Matériaux • Ecole des Mines 

B.P.87- 91003 EVRY CEDEX- FRANCE 
URA CNRS n°866 

Abstract. The present study deals with crack initiation and growth, under 
creep and creep-fatigue conditions, in 1Cr-1Mo-0.25V steel. 
In this creep ductile material, most studies have focussed on the creep 
crack growth (CCG) rates, da/dt, and load-geometry parameter C* 
correlations. Here the creep crack initiation (CCI) time is defined as the 
time, T¡, necessary for a defect to grow by a small critica! distance, Xc, 
(Xc:::. 50 Jlm for example). This initiation stage may representa large part 
of the rupture life of a cracked component. The importance of such 
studies is discussed in the first part. 
In the second part, an attempt is made to present a simplified method 
based on the fracture mechanics of creeping solids (FMCS) to define the 
relevant load-geometry parameters for crack initiation and crack growth 
under creep-fatigue loadings. In particular, it is shown that da/dN-L1K 
correlations apply only when the hold time, th is lower than the transition 
time, ttr between small-scale and large-scale yielding conditions. 
Converse! y, for long hold times, it is suggested to use the T¡- C * 
correlatíon to predict the fatigue life. 

l. INTRODUCTION 

Macroscopic cracks can initiate and 
propagate in metallic components at elevated 
temperature. Creep and creep-fatigue 
cracking have been extensively investigated 
in Cr-Mo-V steels which are used for the 
fabrication of components of steam turbine:;. 

The creep crack initiation (CCI) and creep 
crack growth (CCG) behaviour of these 
materials was thoroughly examined in the 
authors laboratory [1-3]. The emphasis was 
laid not only on CCG behaviour but also on 
CCI behavior under isothermal conditions 
(550°C). In particular, a CCI time was 
defined as the time, T¡, necessary for a 
fatigue crack to grow over a predetermined 
distance, Xc 50 Jlm). It was shown that 
the initiation stage may represent a 
significant part of the life of a component 

[4]. This material was investígated under two 
conditions, that is, the initial unaged 
condition, and after long term aging (:::. 
150 000 hours) in service exposure. In a first 
part, only a short account of isothermal 
creep cracking results is given. 

The second part of the paper deals with the 
cracking behaviour of 1 Cr-1Mo-0.25V steel, 
submitted to cyclic loading at 550°C. In this 
part, an attempt is made to develop a 
simplified method based on the Fracture 
Mechanics of Creeping Solids (FMCS) [5-6], 
to define the conditions according to which a 
creep cracking approach is more appropriate 
to account for hold time effects on CCI 
behaviour than a fatigue approach. 

1 Now at IRS!D, 34, ruede la Croix de Fer, 
78104 Saint-Geri1Ulin en Laye Cédex, France 
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In both parts, a number of results derived 
from the application of FMCS are used. It is 
therefore necessary to summarize sorne 
results. The stress-strain field around the tip 
of a stationary crack can be calculated, in an 
approximate way, as a function of time and 
distance from the crack tip. Upon loading at 
time t = O, the stresses in the instantaneous 
plastic zone are given, for r ---? O, by the HRR 
singularities [7,8]. Under small-scale plastic 
yielding conditions, the stresses just outside 
of the plastic zone are given by · 

(1) 

where f¡j (8) is a geometrical factor. 

As time increases, creep zones develop into 
the instantaneous plastic zone and eventually 
into the elastic zone. For materials essentially 
deforming by secondary power law creep, 
these stresses within the creep zone are given 
by the Riedel and Rice singularities [5,6] : 

• '<!¡j (8, 

where Bz and nz are defined 
creep law: 

the 

(2) 

O"ij ce, nz) are geometrical tabulated 
functions; Inz is a numerical constant. In 
Eq.2, Cs (t) is given by : 

Cs _ __:: ___ for t < ttr ; 
+ 1). t 

(4) 

e = C* for t > ttr 

where J is the contour intergral. Under plane 
strain small-scale yielding conditions, the 
transition time, ttr, is defined as : 

(6) 

E· Young's modulus; v: Poisson's ratio. 

It appears therefore that K or C* are initiation 
and crack growth under creep and cyclic 
loadings. In the following, the calculations of 
stress-intensity factor are made by using the 
results given in Ref. [9]. The load-geometry 
parameter C* is calculated for initial crack 
lengths, from simplified methods (see eg. 
[10-13]). 

2. CRACK INITIATION AND CRACK 
GROWTH IN THE CREEP RANGE 

Full details concerning the experimental 
procedures used to investigate both CCI and 
CCG behaviour are given elsewhere, i.e. in 
Ref.[l-3]. Both time to initiation, Ti, i.e. the 
time necessary for the crack to grow over a 
critical distance, Xc = 50 ¡.tm and CCG rates 
were determined. Based on the fracture 
mechanics of creeping solids (FMCS) - Ref. 
[5,6], the relevant load-geometry parameter 
applicable to this creep ductile materials is 
the C* parameter. A short account of 
simplífied methods used to calculate C* for 
test specimens is given in Ref. [13] . 

Here it is enough to remember that the load-
gecJme:try parameter, was defined from 

measurement the load-line 

as (see e.g. 

.'I.<.I.~IL.l..u~~....uu.u.M..~JJ.U~~.!..I.l.l<· Test results 
tested 

These results 
show a unique correlation Ti and 

Thc 
this 

mdepe~ndent of initial test conditions, 

T¡ = constant (7) 

a was found to be equal to 0.85 in 
ferritic steel (aged or unaged). 

Creep crack growtb rates, It was shown 
that the CCG rates exhíbit a typical two-stage 
behavior [2-3]. the initial stage I 

and remain essentially 
da/dt increases rapidly. Thus 

strongly on initial test 
conditions. No unique correlation can 
therefore be established in Stage I between 
da/dt and quasi-
linear to exist 
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between C*exp and Stage II CCO rates, that 
is, for da/dt ~ 5 J.lm/h. In fact, this quasi
proportionality reduces essentially to a 
simple correlation between da/dt and da/dt 
(Ref. [2-4]. This may bring into doubt sorne 
published data where only high ceo rates 
were studied. For engineering applications, to 
assess creep crack behavior, ít is suggested to 
use times-C* diagrams (Fig 1) to predict 
times to initiation without other 
consideration. 

3. CRACK GROWTH UNDER CYCLIC 
LOADING 

In steam power plant components, 
macroscopic cracks can initiate and 
propagate during in-service conditions under 
the combined influence of creep and fatigue 
damages. This is one of the reasons why we 
have investigated in more details the crack 
growth behaviour of 1Cr-1Mo-0.25V ferritic 
steel under creep-fatigue loadings. 

Exnerjmental nrocedures. Two different 
types of cyclic loadings were investigated : 
(i) Isothermal fatigue at 20Hz, 5 x 10-2 Hz 

and 3.7 x lQ-3 Hz.In these tests, the 
temperature was 550°C and the load ratio 
ratio R = Pmin/Pmax =O. l. 

(ii) Isothermal creep-fatigue tests at 550°C 
and R = 0.1. Hold times, th of 1 hour, 
lOh and 30h were investigated. 

AH these experiments were carried out on CT 
specimens with W = 40 mm and a thickness, 
B = 20 mm. More details on the experimental 
procedures can be found elsewhere [1-3]. 
Initial conditions of creep-fatigue tests are 
given in Table l. In this table, we have 
included the initial values of the reference 
stress, Círef, calculated from limit-load 
analysis (see e.g. Ref.[12]). 

Experimental resu!ts. Table 2 shows the 
experimental and calculated results. From 
measured stationary load-line displacement 

rates, Xexp, it is possible to calculate C*exp· 
According to fracture mechanics of creeping 
solids [5,6] Eq. 6 gives the transition times, 
ttr· In all tests, the times to nitiation, T¡ are 
much larger than the transition times, t~, as 
shown in Table 2. 

For hold times th $ lh, one obtains th < ttr. In 
this case, small-scale creep conditions prevail 
and the stress-intensity factor characterizes 
the time-dependent crack-tip stresss-strain 
field. Moreover, the time spent in crack 
initiatíon, Ti, can be neglected in comparison 
with either the time to growth, Ta, or the 
time to failure Tp (Tp = T¡ + Ta). 

The creep-fatigue cracking tests for which 
th ~ 10 h are such that th :;:: ttr. As indicated 
in the introduction, it appears therefore that 
the load-geometry parameter C* controls 
stress-strain singularities in the large-scale 
creep zone ahead of the crack tip. The 
experimental results show that the time to 
initiation, T¡, is of the same order of 
magnitude than Ta (and Tp). 

Di se u s si on. It appears necessary to 
distinguish two cases; the first situation 
corresponds to loadings such that th is 
smaller than the transition time, ttr, while the 
second one is associated with longer hold 
times. In the later case, because of the 
limitations in the correlation between ( da/dt) 
and C* parameter mentioned earlier, it seems 
more appropriate to concentrate on crack 
initiation than on crack growth. Both 
situations are considered successively. 

Fatj¡:ue ami creep-fatjgue crack growth. 
The results of crack growth rates 
measurements are reported in Fig.2 in terms 
of !.!.K for aged material. In all cases, after a 
transient regime characterized by a high 
slope of the da/dN-!.!.K curves a stationary 
regime is observed. The curves obtained at 
large frequency (20Hz and 5.10-2 Hz) are 
characterized by a relativeley low slope (~4), 
while those obtained under continuous 
cycling at low frequency (3.7 1Q·3 Hz) or 
with a superimposed hold time show a higher 
slope (= 10). Detailed examinations of 
secondary cracks on sections perpendicular to 
nickel-plated fracture surfaces showed that 
this change in slope was associated with a 
modification in fracture modes from 
transgranular at high frequency to 
intergranular at low frequency or with a hold 
time. 

It is necessary to limit the use of these 
fatigue da/dN-!.!.K curves for hold times 
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lower than the transition time, and to attempt 
to develop another approach for the tests in 
which creep damage is predominant. 

creep in 
engineering applications we have proposed to 
use C*-times diagrams similar to those 
shown in The results of the creep
fatigue tests with a superimposed hold time 
are reported in this diagram (Fig.3). The 
times to initiation given in Table 2 were 
defined as = N¡ x th, where N¡ is the 
number of observed to propagate the 
fatigue precrack over a critica! distance of 
50J!m. It was shown that it was possible to 
calculate C* for loading 
fully predictive methods, similar 
to those pure creep tests [3]. 

The results given in Fig.3 show that, for both 
unaged and aged material, the creep crack 
initiation developed for pure creep 
applies to tests, as soon as the 
hold time is much than the transition 
time, ttr, i.e. for hold of lOh and 30h. 
On the other hand, for lower hold times (lh), 
the observed times to initiation are much 
lower than those from the creep 
approach, as For those conditions, 
as indicated it is to 
adopt a based on 
curves are detennined 
with various hold times. 

4. CONCLUSIONS 

From this on a Cr-Mo-V ferritic 
two main "'v'"'"'u"''""" can be derived : 

(1) Creep '"1<''-'"'"'¡; behavior under isothennal 
conditions characterized the 
master-curve : 

. C*a = Constant. 

This correlation can be used to 
time to initiation in cracked ""'~n.~M 
provided that is calculated 
predictive methods. The method based on 
reference stress and reference 
can be useful for ca:~mt::t::J 

(2) In the assessment of creep-fatigue crack 
growth behaviour, it is necessary to compare 
the hold time, th to the transition time, t1r, 
calculated from the application of the fracture 
mechanics of creeping solids : 

(i) For th << ítr, the time to growth, TG 
represents a large part of the time to 
failure, TF. >Under these conditions, the 
crack growth rate is determined as a 
function of L1K and th under these 
conditions. ' 

(ii) For th >> ttr, the time to initiation is of 
the same order of magnitude than Tp. A 
pure creep approach based on T¡-C* 
correlation is recommended for these 
situations. 
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aofW Pmax H K¡nax 
1 rrW:? ti! 

(MPa.~ 
(MPa) 

(daN) (1!) 

0.398 1083 0.1 22.1 97 1 
0.401 1194 0.1 24.1 108 10 
0.539 712 0.1 21.6 121 1 
0.399 1250 0.1 25.5 112 1 
0.506 965 O.l 26.4 139 10 
0.434 1754 0.1 39.1 182 10 
0.387 1303 0.1 25.8 111 30 

Tab!e 1. Experimental inítial conditions of creep-fatigue tests performed on CT cracked 
spec1mens. 

CT (*) o 
C*exp ttr T¡ TG TF=T¡+TG Llexp, 

f{EFERENCE 
(¡..tm/1!) (N/m.lt) (lt) (lt) (h) (1!) 

8-06 (U) 0.11 6.8 36.7 355 1500 1855 
8-03 (U) 0.39 27.4 11.4 1610 640 2250 
1-32 (A) 1.42 81.2 2.4 32 1168 1200 
4-10 (A) 0.98 75.4 3.1 64 636 700 
2-43 (A) 1.32 89.5 3.3 368 557 925 
3-40 (A) 35.91 3990.4 0.2 22 34 56 
3-21 (A) 0.31 24.1 11.7 820 1580 2400 

(*)U= Unaged; A= Aged. 

Table 2. Experimental and calculated results of creep-fatigue tests performed on CT cracked 
specimens. 
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Figure 1. Time to initiation, T¡, versus C*exp in Cr-Mo-V steel. The results were obtained on 
CT specimens tested at 550°C. 
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Figure 3. Time to initiation, T¡, versus C*exp obtained on Cr-Mo-V steel- CT specimens 
tested under creep-fatigue conditions. 




