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CORRELATION OF
CREEP-RUPTURE DATA FOR COMPLEX ALLOYS AT ELEVATED TEMPERATURES

INTRODUCTION

Among the parametric approaches to the prediction of 
the stress-rupture data for metals, the best known are the 
Larson-Miller (LM), Manson-Haferd (MH), Orr-Sherby-
Dorn (OSD) [1-3] parameters
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where:

	 t	 -	 the time to rupture /h,
	 T	 -	 temperature /K,
	 C, ta, Ta, B	 -	 optimized parametric constants, and
	b0, b1, b2,…, bk	 -	 the regression coefficients.

A distinguishing feature of the parametric methods 
consists in merging of several stress-rupture (SR) curves 
into a single curve. The deviations from the established 
correlation relations are encountered frequently, and they 
are, in fact, ignored. Moreover, simulation of the process 
of weakening is performed with a large number of essential 
simplifications. For instance, various models have been 
experimentally justified for certain limited conditions, but 
in reality those limitations are not taken into account. As 
a result, these correlations have been accepted by some 
and roundly criticized by others. 

The LM method is physically justified. Thereupon, 
it is expedient to consider in more detail the constant 
C, to which the physical meaning is attached in many 
researches. To determine the constant C, we use the fol-
lowing formula [4]:
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where σ1 and σ2 are the creep rupture strength values at t = 
const found, for example, from two rectilinear SR curves 
at T1 and T2 = T1 + ∆T and m′ is the cotangent of the SR 
curve slope at the temperature T1.

Formula (5) has been obtained as a result of transfor-
mation of expression (1). From (5) it follows that in the 

The main tendency towards the development of the methods for predicting long-time data on of metallic materi-
als is to derive the correlation relationships, which should be as general as possible. This paper presents the 
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Korelacija karakteristika puzanja složenih legura. Glavna tendencija u razvitku metoda prognoziranja puzanja 
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case where C is estimated on the basis of the data for two 
rectilinear SR curves at the temperatures T1 and T2 = T1 + 
∆T, the value of C depends on the mutual position of the 
curves. If the curves are parallel, C = const. If their slope 
changes essentially from one curve to another, then, as the 
time to rupture increases, the logarithm of the quotient in 
(5) increases and leads to a significant dependence of the 
characteristic C on time. Hence, for equidistantly located 
curves, the time dependence of the constant C is weak, 
while for the curves that are distinguished by the slopes, 
it may be sharp.

In investigations of refractory metals, calculations often 
give rather low values of the constant C. Thus, as a result 
of processing the stress rupture data for tungsten [5], C = 
12,2 was obtained and for Ta-10W alloy C = 10,8. Similarly, 
for molybdenum it was found that C = 13,5. This differs 
significantly from the quantity 20 that is commonly used 
for many materials. Within the framework of the traditional 
investigations, this leads to the conclusion that the constant 
C is sensitive to the material class. Actually, in the case 
under consideration, the difference in the constant C values 
for refractory and heat-resistant steels and alloys is mainly 
determined by a considerable time dependence of this 
constant. The point is that refractory metals are primarily 
studied at short loading times, whereas heat-resistant ma-
terials at long times, which results in higher values of C for 
heat-resistant steels and alloys according to formula (5).

The SR curves considered in Figure 1. are to some 
extent representative for the maximum wide temperature 
range of creep rupture tests as a whole. At the minimum 

temperatures, the slope of SR curves is often close to the 
horizontal one, and at the maximum temperatures, creep-
rupture strength decreases to low values (10-30 MPa) and 
lower. In these cases, the difficulties are encountered that 
were noted in part by the authors of [6] and which may 
be judged by the transition from the SR curves in Figure 
1. to the parametric curves in Figure 2.

As a preliminary, it should be emphasized that paramet-
ric transformations for obtaining parametric curves practi-
cally do not change the slopes of individual SR curves with 
respect to each other at different temperatures. Therefore, 
as follows from Figure 2., at the minimum temperature 
the SR curve sharply deviates from the parametric curve, 
which, in general, is a source of significant errors, while at 
the maximum temperatures, the cause of possible significant 
errors can be as follows.

At medium temperatures, as can be judged from curves 
2 and 3 in Figure 1. and from their mappings in Figure 
2., when obtaining a parametric curve for curve 2 with 
increasing temperature and decreasing stress, curve 3 is 
an important refining reference curve. For the curve at the 
maximum temperature, in this case this is curve 4, there is 
no such refining reference curve. As a result, the effect of 
the experimental data scatter on the shape of the estimated 
parametric curve may rise sharply. This can be judged from 
the following example.

Based on the data in Figure 1., parametric curves were 
obtained as shown in Figure 2. In this case, after the inter-
polation calculations, a prediction was made at a rather high 
value of S1: S1 = 1,32 and C = 18. At the values of C equal to 
22 and 26, the S1 values turned out to be equal to 1,36 and 
1,46. The parametric curves were also calculated by varying 
only the time at a temperature of 550 °C and σt = 226,3 MPa 
which were chosen arbitrarily as an example. In the former 
case, 2000 h were taken as the time to rupture instead of 1000 
h. At the C values equal to 18, 22, and 26, such change in the 
time to rupture resulted in lower values of S1 equal to 1,28, 
1,15 and 1,10. In the latter case, 500 h were accepted instead 
of 1000 h. At the C values equal to 18, 22 and 26, the value 
of S1 increased sharply to 1,79, 1,93 and 2,11.
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MATERIALS, TREATMENT, AND TESTING

A distinguishing feature of the base diagram method 
[4, 7, 8] is the manipulation of deviations of individual 
portions of the experimental or calculated diagrams from 
the corresponding portions of the base diagrams. Base 
diagrams are described by the following general equation 
with specified constants:
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where:

tσ′	-	 the current stress value from the base diagram / MPa,
σ1	-	 the one-hour strength /MPa, and
t	 -	 the time to rupture /h.
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The left-hand endpoint of an individual portion of the 
experimental curve in stress and time is denoted as σαt 
and αt, respectively, and the right-hand one as σte and te, 
respectively, for the relation te/at ≈ 10.

Using Eq. (6), specific features of each individual seg-
ment are characterized by the quantity
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which is an experimentally obtained characteristic of devia-
tion of the portion of the experimental curve in the range 
between αt and te from the corresponding portion of the 
base diagram in the range between αt and t at te = t. For 
example, to determine βe from Eq. (7) at σαt = σ100 = 400 and 
σte = σ100 = 340 MPa, the values of σαt = 400 MPa and αt 
= 100 h are first substituted for tσ′ and t in Eq. (6) resulting 
in the equation with one unknown σ1. The obtained value 
of σ1 defines the base diagram that passes through the point 
with the initial coordinates σαt and αt. Next, by substituting 
the established σ1 into Eq. (6), we can calculate tσ′ for t = te 
and determine the quantity βe from Eq. (7).

After substitution of σt for σte and β for βe, Eq. (7) is 
used in the form

( )t t t tα ασ σ β σ σ′= − − 	 (8)

to predict the sought value of σt from the initial value of 
σαt using β, which is a generalized coefficient of deviations 
of individual portions of the experimental curves from the 
corresponding portion s of the base diagrams. The prediction 
errors are calculated from the formulas
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and S1 and S2 are calculated by substituting the 
∆1 values at m = 1 or the ∆2 values at m = 2, 
respectively, into the following equation:
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Equations (6) and (7) allow representing 
the information on an individual portion of 
the experimental SR curve as a point (βe, σαt) 
in the system of βe, σαt coordinates (Figure 3., 
Tables 1., 2.). This makes it possible to ana-
lyze large data arrays in a simple and efficient 
manner and provides favourable conditions for 
the transition to the systematic analysis of the 

known experimental data. The important constituents of 
such analysis are the estimation and accounting of the β, 
βe, ∆1, ∆2, S1 and S2 characteristics for different groups 
of materials.

For solution hardened alloys, the most probable val-
ues in the temperature range of practical importance are 
β = 1…1,3, whereas for precipitation-hardened alloys 
β = 1,4…1,7. The above ranges of β values are mainly 
explained by an increase in the experimental βe values as 
the time of loading and temperature rise. The investiga-
tions performed lead to the conclusion that βe generally 
varies between 0 and 2,2…2,3 and takes its minimum 
values, i.e., βe ≈ 0, when the softening processes almost 
do not reveal themselves with time and SR curves are 
nearly horizontal. Such cases are rare. Within a very small 
range of low temperatures the values of βe increase rather 
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quickly; therefore, of practical importance is mainly the 
range of βe values from 0,6…0,8 to 2,2…2,3.

Stress rupture data for a large number of creep-rupture 
diagrams were extrapolated for one log-time cycle. It was 
established that in the case of the validity of the condition

β − 0,3 ÷ 0,4 < βe < β + 0,3 ÷ 0,4,	 (12)
 

the following condition will also hold true for the MBD 
predictions:

S2 ≤ 0,1…0,12.	 (13)
 
The results of processing the same stress rupture data [9 

- 14] are given in Table 3. (LM, MH, and OSD parameters) 
and Table 4. (BDM-2). The values of S1 in Tables 3. and 
4. are close. We may suppose that the use of such a large 
number of redundant constants raises serious obstacles in 
the way of efficient development of prediction methods.

RESULTS AND DISCUSSION

As an example, Table 1. lists the results of process-
ing the data [13] used as endpoints of 32 portions of SR 
diagrams for one heat. For all 283 portions of the curves 
for nine heats it was found that at σαt ≤ 340 MPa β = β3 = 
1,4, at 340 МРа < σαt < 480 MPa β = β2 = 1,0, and at σαt 
> 480 MPa β = β1 = 0,3 (Table 2.). These values of β are 

used in Eq. (8). The values of S1 and S2 were calculated 
for all nine heats taken together, i.e., for 283 portions, and 
for each of nine heats separately (Figure 3., Table 2.). The 
calculations were performed similarly to those in [9 - 14] 
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by the parametric methods [1 - 3]. The calculation results 
are given in Tables 2. - 4.

As follows from Table 2., the Manson-Haferd para-
metric method gives better prediction results. However, it 
should be taken into account that in all the cases, the BDM 
(Basic Diagram Method) data processing was carried out 
using at most three values of βi, which is a physically justi-
fied quantity, since it can be recalculated into the constant 
n in the tr ~ σn relation.

Besides, as follows from Table 1., the predictions 
were often performed for two three or more log cycles 
of time and more. In the analysis using the parametric 
methods the focus is on one or two constants, while the 
description of the parametric curves often requires five 
or six empirical constants to which no meaning can be 
assigned (Table 3.).

The results of processing the 
data [13] by the Manson-Haferd 
method and BDM are presented in 
Table 2. As is seen, the S1 values 
obtained by the BDM are generally 
lower than those obtained by the 
Manson-Haferd method. It should 
be noted that such a limited amount 
of data processed cannot be suffi-
ciently representative for a general 
conclusion. The BDM calculations 
yielded higher S1 values in 70 % 
of cases. Analyzing these data, one 
should pay attention to an impor-
tant circumstance. If the S1 values 
obtained by the parametric methods 
were comparatively low, increasing 
the number of constants caused a 
reduction in the S1 values. At higher 
S1 values, i.e., in the case of more 
complicated predictions, the increase 
in the number of constants did not 
result in decreasing the S1 values.

In the data processing by the 
Manson-Haferd method, the number 
of the constants used for each of nine 
heats was 7, 6, 7, 7, 6, 7, 6, 6, and 7. 
The general parametric curve was 
calculated for Ta = 340, lg ta = 18,0, b0 
= – 0,48, ..., i.e., with the use of seven 
such constants, which resulted in S1 
= 0,473. BDM calculations with the 
use of three βi values, viz., β1 = 0,3, 
β2 = 1,1, and β3 = 1,4, resulted in S2 
= 0,459. At β3 = 1,4 common for all 
nine heats, the value of β3 for each 
heat taken separately was 1,37; 1,40; 
1,40; 1,55; 1,42; 1,34; 1,48; 1,43 and 
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1,32; the values of Ta and lg ta for each heat were 0, 610, 0, 
0, 0, 0, 0, 600 and 29,6; 31,8; 10,2; 27,5; 31,1; 30,1; 28,2; 
30,4; 10,2, respectively.

It should be emphasized that the parametric methods and 
the BDM differ considerably. When the parametric methods 
are used, the main task consists in correlating experimental 
data by plotting an averaged parametric curve, whereas for 
the BDM the averaging is performed using the βi values. 
In addition, detailed data on each portion of stress-rupture 
diagrams are obtained in the form βi – βe (Figure 3.).

Studies [15, 16] lead to the conclusion that the develop-
ment of more general prediction methods is called for by the 
necessity to solve more complicated prediction problems. 
Typical examples of such problems can be found in [15], 
in particular the data in Figure 4. According to [15, 16], 
spline functions should be used instead of Eq. (4) in such 
complex cases to enhance the flexibility of the shape of SR 
curves. In the given case, the curves (Figure 4.) should be 
divided into separate pieces joined at the endpoints. One 
shape of the relation should be applied to values above the 
endpoints and another to those below them Above a spline 
point, one form of the dependence should be used; below it, 
the other, namely, for the stresses above the endpoints, the 
relation may be G = A + B lg σ + C/σ and for those below 
them G = A’ + B’ lg σ + C’ σ.

Now consider the performance of the BDM, which can 
be judged from the results of the corresponding data analysis 
given in Figure 4. and Table 5.

Table 5. presents the results of an ordinary processing 
by the BDM-2. The value of S2 = 0,135 can be accepted as 
reasonable if we take into account that the predictions were 
made with the use of only two constants β2 = 1,3 and β3 = 
1,6. Finally, it should be emphasized that out of 26 estimates, 
14 were made for 1,5 log cycles and more, including 8 
estimates for two log cycles and more, and 4 estimates for 
three log cycles and more.

CONCLUSIONS

The structure of complex alloys deformed at elevated 
temperatures is determined by a complicated function of 
a large number of interrelated variables. Considering the 

above conditions, the investigations performed make it pos-
sible to draw the following conclusion. The generalization 
and systematization of the known experimental data with 
a careful consideration of the general and specific features 
of the material behavior can lead to novel, more efficient 
methods for predicting the long-term strength of heat-re-
sistant steels and alloys.


