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CREEP FATIGUE:
PAPER III
Diercks Equation: Modification and Applicability

Tarun Goswami

Research Assistant Professor, Department of Mechanical Engineering
University of Utah, Salt Lake City, Utah, 8411, USA

ABSTRACT

Creep-fatigue data of low allow steels were
compiled from international sources, and trends in
creep-fatigue behavior were identified in Paper I
Methods of life prediction and their trends were
examined in Paper II with respect to compiled data.
Diercks equation, a multivariate creep-fatigue life
extrapolation equation, for SS, 304, in terms of strain
range, temperature, hold time and strain rate
parameters is modified and extended to the life
prediction of low alloy steels in this paper.

KEY WORDS: life prediction, observed life, factor of
+ x2, over or under-predicted, standard error,
equivalent factor on life, low alloy steels, strain range,
material-dependent equivalent strain rate.

INTRODUCTION

Several high temperature, low cycle fatigue
(HTLCF) or creep fatigue, life prediction methods /1-7/
have been developing during the last two decades.
These methods were reviewed in Paper II /8/.
Phenomenological methods of creep-fatigue life
prediction require several combinations of laboratory
tests for material parameter determination. Strain rate,
frequency, continuous fatigue, hold time, balanced and

unbalanced dwells, equal and unequal ramp rates and
relaxation details are a few requirements. Diercks
equation /7/ is a multivariate equation, in terms of test
variables, obtained by a least square best fit equation
from a bank of creep-fatigue data on SS 304. With
modifications /9,10/, prediction by this method was
found to be superior to the damage summation
technique and comparable to or better than the strain
range partitioning technique, when extended to 2.25Cr-
Mo and 9Cr-1Mo steels, involving hold times of a few
minutes. The details of those modifications are
available in publications /8,11/. Diercks equation and
its modification are discussed below.

DIERCKS EQUATION

Diercks equation has been discussed in /9,10/ with
other methods of life prediction. ASME code case N 47
specifies this equation as a basis for the design of
fatigue diagrams /10/ in high temperature low cycle
fatigue of SS 304. A least square best fit equation of SS
304, expressed by multivariate regression functions in
strain range, strain rate, temperature and hold time
parameters, was evolved. The equation with the above
variables has the following form:

(log Np12 = 1.20551064 +0.66002143 S +0.18040042
S% - 0.00814329 S* + 0.00025308 RS*
+ 0.00021832 TS* - 0.00054660 RT?
- 0.005567 RH2 - 0.00293919 HR2
+0.0119714 HT - 0.00051639 H2T2 (1)
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where S is a strain range parameter (S=Ag/100), R a
strain rate parameter (R=loge), T a temperature
parameter (T=T./100), and H is a hold time parameter
(H=log(1+ty)), Ag; is the % total strain range, € is the
strain rate, T is the test temperature of SS 304 and ty, is
the duration of hold time in hours in the above
equation.

Kitagawa et al. /9,10/ modified this equation which
has been the subject of an extensive study /11/.
Equation (1) was corrected for fatigue, by life or cycle
ratio (o), which is a ratio of cyclic life of SS 304 with
the low alloy steel being investigated for the same
strain range, temperature and strain rate. Thus, if the
right hand side of Equation (1) is denoted by a constant
term C for a particular S, T, R and H, Kitagawa's
modification takes the following form:

o= Nr(of SS 304) / N¢ (of low alloy steel) under
the same conditions. 2)
[log ( NNI'V2=C

The fatigue correction factor or the cycle ratio was
observed to be dependent on temperature, strain range,
and strain rate. It varied from 1 to 5, from high to low
strain ranges, when other test parameters remained the
same. This, in turn, requires material data for both
materials under similar conditions, which is difficult
where a data bank is not available.

The life prediction by the modified Equation (2)
was within a factor of 2 for 2.25Cr-Mo and 9Cr-1Mo
low alloy steels /9,10/. However, this modification
cannot be applied where data on the pure fatigue be-
havior of low alloy steel and that of SS 304 at the same
temperatures and strain rates are not available. These
data are essential to determine the cycle ratio (o). It
was assessed with hold periods from 1 to 10 minutes.
The above modification was not assessed for several
hours of holds, where the predicted life was nearly the
same for the total strain ranges from 0.55 to 2%. It
predicted a saturation effect of dwells. No account of
decreasing strain rate (which is a rate of deformation
[de/dt] or when integrated for a cycle Ae/t, where < is
the cycle time) with increasing hold period was made
in the model. Instead, the strain rate of the pure fatigue
tests was considered.
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MODIFICATION OF DIERCKS EQUATION

Replacement of cycle ratio (o) with cyele time (t)
factor:

Owing to the limitations discussed above and the
advantage of the equation that it does not require any
creep-fatigue tests, a further modification was under-
taken to eliminate the requirement of relative material
properties of SS 304 and low alloy steels. Equation (2)
was modified, replacing o (cycle ratio) with a cycle
time parameter (t), which is a ratio of total strain
parameter (S), (As/100), to strain rate (%/sec). The
equation was proposed in a modified form:

[log (x Nfy12=C (3

The life of various low alloy steels under creep-
fatigue, as determined from Equation (3) was found to
be same, if at the same strain range, temperature and
hold time the strain rate parameter was constant.
Hence, to apply this equation for a range of low alloy
steels, a material-dependent equivalent strain rate ( €e),
was introduced.

The modification made by Kitagawa et al. /10/ also
involved a temperature correction factor, which scales
the creep rupture properties of SS 304 with respect to
the low alloy steel being investigated. The iso-stress
creep rupture properties of low alloy steels range from
50 to 100°C lower than the creep rupture properties of
SS 304. With the introduction of a temperature correc-
tion factor, the creep-fatigue response of low alloy
steels does not change appreciably (from 10-15 cycles).
Hence, the temperature correction factor has not been
changed.

Material-dependent equivalent strain rate (€¢)

The material-dependent equivalent strain was deter-
mined by trial and error, as follows:

1. obtain a total strain versus life extrapolation with a
few creep-fatigue data points in terms of

Agc= A (NpP C))

2. determine the parameters (A and -B) of the best fit
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equation discussed in Paper I /12/ (there are 50
combinations of hold times and other test variables;
these can be used to generate a response curve or
analyzed statistically for a mean or average line),

3. extrapolate this equation at several strain levels,

4. use Equation (3) probabilistically with several as-
sumed values of material-dependent equivalent
strain rate (range from 0.05 to 1.0 for most
materials),

S. select the value of the material-dependent
equivalent strain rate (ée), when there is a good
degree of fit between the extrapolated life and that
predicted by Equation (3). Choice can be made
between the most conservative and the over-
predicted response.

The material-dependent equivalent strain rate varies
from data to data as the parameters of the extrapolated
equation change with the creep-fatigue test type. A
range of constants of Equation (4) has been tabulated in
Paper I /12/ for a range of hold times. From a large
number of low alloy steels studied, the material-
dependent equivalent strain rate was considered
“constant" for each low alloy steel grade for simplicity.
However, one value of the material-dependent
equivalent strain rate will be very conservative for one
type of creep-fatigue sequence, for a particular hold
direction and may over-predict for the other holds.
Hence, the material-dependent strain rate should be
determined by appropriate data fitting. A value of 0.1
was obtained for 0.5Cr-Mo-V and 1Cr-Mo-V, 0.25 for
1.25Cr-Mo and 0.5%/sec for 2.25Cr-Mo, 2.25Cr-Mo-V
and 9Cr-1Mo steels. These values have been kept
constant for all combinations of hold times and strain
ranges for the above grades of low alloy steels, assessed
in this investigation. Figure 1 describes the fit between
the extrapolated behavior (drawn with data, Ref. Table
22, Paper I /12/) and the life predicted by Equation (3),
with different values of material-dependent equivalent
strain rate (€). Further derivatives of the material-
dependent equivalent strain rate are left to the
individual user and his data by the five-stage method
described above.

Equation (3), when assessed, showed life prediction
of low alloy steels within a factor of 2 for a short hold
of a few minutes to holds of 16 hours for most test data

Total strain range

High Temperature Materials and Processes

points. The merits and demerits of this method have
been described in Paper II /8/. A few useful, relevant
points in this paper are that Equations (1-3) only
consider’ hold periods in which they are more
damaging, that is, either tension or compression for the
balanced cycles. From’the existing knowledge on dwell
sensitivity, 1Cr-Mo-V is a tensile dwell sensitive
material whereas 2.25Cr-Mo is compressive.

With the above modifications, this method has been
assessed with the creep-fatigue data compiled in Paper I
/12/, as discussed below.

APPLICABILITY OF MODIFIED
DIERCKS EQUATION

Life Prediction by Modified Diercks Equation for
0.5Cr-Mo-V Steel

The following are parameters of the modified
Diercks equation for 0.5Cr-Mo-V steel;

Temperature parameter = [(test temperature +

100°C)/100]

Material-dependent equivalent strain rate = 0.1

Equation (3) was used to evaluate life.

4
1Cr-Mo-V
+
‘ -
@ Extrapolated life
{[* MDESR=0.1
C MDESR =0.15
A MDESR =0.2
A T T
10! 102
Cycles to failure
Fig. 1: Determination of the material-dependent

equivalent strain rate (MDESR) for 1Cr-Mo-
V.
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Batch 1: Limited data have been compiled for this
low alloy steel type. When assessed with the modified
Diercks equation, only 6% of the test data points were
outside the factor of + x 2. 94% of test data points were
predicted within a factor of 2. From one-half hour to 16
hours tensile hold times were assessed and plotted in
Fig. 2.

Life Prediction by Modified Diercks Equation for
1Cr-Mo-V Steel

The following are the parameters of the modified
Diercks equation for 1Cr-Mo-V steel:

Temperature parameter = (cycle temperature +

100°C)/100

Material-dependent equivalent strain rate = 0.1

Equation (3) was used to evaluate life.

Batches 1 and 2 of the 1Cr-Mo-V steels comprise
interspersion fatigue-creep tests with 23 and 47 hours
tensile hold times. The effect of combined cycles on the
creep-fatigue behavior has been noted in Paper I /12/.
There are beneficial as well as damaging effects of
combined cycles that cannot be accounted for in the
model. Hence, these sequences have not been assessed
with the method to comment on the applicability of the
modified Diercks equation.

10000
@ 0.5 hour hold
{|® 20hourhold
Q 16/0 hour hold
Factor of 2
1000 -
1
100 T
100 1000
Observed life
Fig. 2: Life prediction of 0.5Cr-Mo-V Batch 1 by

the modified Diercks equation.
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Batch 3: When assessed, 70% of test data points
were predicted within a factor of + x2, and the remain-
ing 30% of the data within a factor from 3 to 11, as
shown in Fig. 3. The discrepancy exists /13/ in the very
nature of this data. Transformation of inelastic to total
strain range has been made within a temperature
difference of 50°C in the table (Paper I, Table 8) /12/.

Batch 4: A large number of test conditions exist for
this batch. The prediction by the modified method was
found to be conservative within a factor of + x2, as
shown in Fig. 4. The beneficial effect of an unbalanced
hold (16/0.003 hrs.) enhances life by a factor of 3 as
compared to only 16 hours tensile hold cycle. Such
effects cannot be described by this method. However,
life prediction of a 16 hr. tensile dwell cycle was within
a factor of £+ x2.

Batch 5: Hold time sequences of one-half hour to
16 hours have been assessed with this model. At lower
strain ranges (0.5 to 0.6%), with hold times of one-half
and 16 hours, life prediction by the modified Diercks
equation was very conservative. However, 75% of the
test data points were predicted within a factor of £ x2
in Fig. 5.

104

A Witype
® VOtype
®  Ottype

Factor of 2 band

o
w
L

Conservative prediction

102 - - {
102 103 1
Observed life
Fig. 3:  Life prediction of 1Cr-Mo-V Batch 3 by the

modified Diercks equation.
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10¢
Observed life

Fig. 4: Life prediction of 1Cr-Mo-V Batch 4 by the
modified Diercks equation.
104
@ 16/ hrs.
® 2/0hrs.
A 0.5/0hrs,
Factor of 2 band
103 4
102 4 Conservative prediction
1 L]
10 et 102 103 10
QObserved life

Life prediction of 1Cr-Mo-V Batch 5 by the
modified Diercks equation.

Life Prediction by Modified Diercks Equation for
1.25Cr-Mo Steel:

The following are the parameters of the modified
Diercks equation for 1.25Cr-Mo steel:

= {15
4 050 hrs.
® 0.166 hrs.
8  0.0166 hrs.
Factor of 2 band.
103 4

Predicted life

Conservative predicton

102 —rr — —
102 109
Observed life
Fig. 6: Life prediction of 1.25 Cr-Mo Batch 1 by the

modified Diercks equation.

Temperature parameter
100°C)/100
Material-dependent equivalent strain rate = 0.25
Equation (3) was used to evaluate life.

Batch 1: Pure fatigue and creep-fatigue combina-
tions were assessed. 66% of the test data points were
predicted within a factor of £ x2 and the remaining
33% were within a factor of 4 as shown in Fig, 6. The
discrepancy in the predicted life may be due to the
definition of the failure criterion, where cycles to
failure were expressed in terms of 20, 33 and 40% in
load drop. It was different for various test conditions.
For this reason alone, the prediction band was within a
factor of 3 for the combination of strain range and hold
time (0.5% and 0.166hr hold), respectively, when 40%
decrease in the peak tensile load was the failure
criterion.

Batch 2: Prediction in the case of creep-fatigue
cycles was very good. 90% of the test data points were
predicted within a factor of + x2. In the case of a one-
hour hold cycle, at 2.03% strain range, representing
10% of the test data, prediction by this method was
within a factor of 2.06, which may be considered as 2.
Hence all the creep-fatigue data were predicted within a
factor of + x2, as shown in Fig. 7.

(cycle temperature -+
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103 104
| 0.083/0 hr.
+ 0/0.083 hr.
© 0/0data
£ &
3 :
""i £ 109 :
& 2
=~ °
Factor of 2 band
Conservative prediction Paitor of >
10 2 - 3 10 2 > ﬁz 4
10 o 10 i0 10 10
St b Observed life
Fig. 7:  Life prediction of 1.25 Cr-Mo Batch 2 by the Fig. 8: Life prediction of 2.25 Cr-Mo Batch 3 by the
modified Diercks equation. modified Diercks equation.
Life Prediction by Modified Diercks Eqguation for Batch 4: When assessed below a cyclic life range of
2.25Cr-Mo Steel: 10* cycles, balanced, compression and tension only
1Is, li i ithi f: f £ x2
The following are the parameters of the modified ks S" lfe_ peipeditediviibiatiasionon ke e
; . shown in Fig. 9.
Diercks equation for 2.25Cr-Mo steel: . .
Batch §: Data analyzed by the modified equation
Temperature parameter = (cycle temperature -+ Y s 3
100°C)/100 gave a prediction within a factor of £ x2 for 100% of
: ’ : the test data points. This method was found better than
Material-dependent equivalent strain rate = 0.5
Equation (3) was used to evaluate life.
Batches 1 and 2: Data compiled in Batches 1 and 2 104
contain the interspersion type of tests involving 2 0101 hr.
combined cycles. It has been pointed out also in the M °’°l-; :'~
A ® 01 e
case of 1Cr-Mo-V steel Batches 1 and 2 that combined "
cycles are associated with a healing and/or detrimental
effect with respect to the number of such fatigue cycles &
that cannot be accounted for in the model. Instead, they = el
s
are not assessed to comment on the applicability of the g
modified Diercks equation. &
Batch 3: When assessed, 67.5% of the test data
points were predicted within a factor of £ x2 and the \
remaining points were within a factor of + x3, as shown Conservative prediction
in Fig. 8. It may be seen from the data that 5 minutes
tensile and comprehensive hold times are very small
and may not cause any damage at all. Batch 3 is mostly 103 . I
a continuous fatigue, with two tests having a hold of 5 103 Observed life b
minutes in either direction, to cause interaction effects Fig. 9: Life prediction of 2.25 Cr-Mo Batch 4 by the
of creep with fatigue. modified Diercks equation.
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the damage summation and comparable to the strain
range partitioning techniques, as shown in Fig. 10.

Batch 6: Data were analyzed by the modified

Diercks equation, where 88% of the test data points
were predicted within a factor of + x2. The remaining
12% of the test data points represented three test con-
ditions, of which one involved error in part of the
testing, where the life of 1.2% total strain range and the
same hold time was 3/4 or 75% of the life at 4.30%
total strain range. The remaining two cases, repre-
senting 8% of test data points, were within a factor of

2.

2, as shown in Fig. 11.
Batch 7: Data were assessed with the modified

Diercks equation, where 91% of the test data points
were prdicted within a factor of + x2. The remaining
9% of the test data points were within a factor of 3. The
capability of this model was verified at a high strain
rate of 1.48% /sec, when prediction was found within a
factor of 2, as shown in Fig. 12.

Batch 8: A comparatively new alloy, information

regarding the material behavior and life prediction by
other models is not available. When assessed with the
modified equation, 64% of the test data points were
within a factor of + x2 and the remaining 36% of the
test data points were within a factor of 4 to 5, as shown
in Fig. 13. The above discrepancies, where 36% of test

10000

1000 1

100

Fig. 10:

0.23/0 hr.
0.01/0 hr.
0.54/0 hr.
0.08/0 hr.

> e ¢

10l00
Observed life
Life prediction of 2.25 Cr-Mo Batch 5 by the
modified Diercks equation.

100

Predicted life

Predicted life

10000

High Temperature Materials and Processes

104 4
| 0.016/0 hr.
A 0.034/0 hr.
® 0.166/0 hr. Factor of 2
103 4
102 v
102 103
Observed life
Fig. 11: Life prediction of 2.25 Cr-Mo Batch 6 by the
modified Diercks equation.

104

102 .
102 103 10
Observed life
Fig. 12: Life prediction of 2.25 Cr-Mo Batch 7 by the

modified Diercks equation.

data points were within a much larger error band of
4/5, were due to the assumption that this material is
similar to 2.25Cr-Mo steel, and the tests involved only
continuous fatigue cycling. The modified Diercks
equation is applicable better under creep-fatigue condi-
tions with hold times.
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104
|
103 4
]
102 # T
102 103 10
Observed life

Fig. 13: Life prediction of 2.25 Cr-Mo Batch 8 by the
modified Diercks equation.

Life Prediction by Modified Diercks Equation for
9Cr-1Mo Steel:

The following are the parameters of the modified

Diercks equation in the case of 9Cr-1Mo steel:
Material-dependent equivalent strain rate = 0.5
Temperature parameter = [(test temperature + 50) /
100]

Batch 1: The modified Diercks equation was
applied to the HTLCF data of 9Cr-1Mo steel. Below a
life range of 10% cycles, 90% of the test data points
were predicted within a factor of + x2, as shown in Fig.
14.

Batch 2: The modified Diercks equation was
assessed with the creep-fatigue data of 9Cr-1Mo steel.
At lower strain ranges (0.5%), with 15 minutes tensile
hold, prediction by the modified Diercks equation was
very poor. However, as the hold time and temperature
increased, the prediction was found to be very good.
70% of the test data points were predicted within a
factor of + x2. These data have been plotted in Fig. 15.

Prediction Capability and Limitations of the
Maodified Equation:

The success of a life prediction method depends on
the spread of the error band in which the observed and
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Conservative prediction

102

102 103 10
Observed life
Fig. 14: Life prediction of 9Cr-1Mo Batch 1 by the

modified Diercks equation.

predicted data fall. In creep-fatigue life prediction, the
acceptable band is +2, since it maintains a very high
statistical confidence (95%). All methods do not predict
100% of the test data points within a factor of + x2 in
the case of low alloy steels, as reviewed in Paper II /8/.
Table 1 compares the predictabilities of the damage
summation technique and the strain range partitioning

104

0.25/0 hr. 538C
0.5/0 hr. 538C
0.5/0 hr. 593C

1/0 hr. S93C d

Factor of 2

Predicted life

Conservative prediction

108

103 Observed life

Fig. 15: Life prediction of 9Cr-1Mo Batch 2 by the
modified Diercks equation.
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Table 1
Comparison of the modified method with DSA and SRP
Material Batch No. Temperature Heat Prediction by | Prediction by | Prediction by

Treatment DSA SRP MDE
1Cr-Mo-V 1 540°C N&T 69% 75%
1 485°C N&T 100% 100%

4 565°C N&T 57% 85% 100%
2.25Cr-Mo 1 540°C A 29% 100%
1 540°C N&T 82% 96%.
1 485°C Q&T 100% 58%

3 600°C N&T 70% 100% 67.5%

5 600°C N&T 0% 100% 100%

technique under various conditions and the percentage
of test data points predicted within a factor of + x2.

At least 67.5% of the test data points were predicted
within a factor of + x2 by the modified Diercks
equation. This is a simpler method, does not require
material tests and predicts lives comparable to those of
SRP and DSA.

Only Batch 4 of 1Cr-Mo-V was characterized for
different hold times in tension and compression of the
types t /0, t/t, O/t and xt/yt /13/. This data set is ideal to
assess the capability of a method. This batch has been
assessed with all the popular methods of life prediction
/13/, where it was concluded that no method is
adequate. All the test data points were predicted within
a factor of + x2 by the modified Diercks equation.

The modified Diercks equation also has some of the
limitations of the other methods of life prediction
discussed in /8/, since it considers both the tension and
compression holds equally damaging and does not
account for dwell sensitivity. In equation (1), a hold
time parameter accounts for the time of hold which is
log(1+hold time). It is evident that only tensile dwell
time can be assessed with this method as log of a nega-

tive quantity (more than an hour compressive hold)
becomes infinite.

Also accounting for hold times is possible only once
in the expression for the hold time parameter. Hence
balanced dwell cycles will not be analyzed; instead,
occurrence of hold where they are more damaging
(longer times and direction) will be considered. Healing
effects are more complex when combined cycles or
unbalanced holds are applied. Such situations are
underpredicted by all the methods of life prediction
discussed in /8/.

Amidst these demerits, it predicts life in a
reasonable range, which merits its applicability. It does
not require the constants determined from creep-fatigue
test histories or continuous fatigue data. This alone
qualifies applicability of this approach, when other
methods fail to derive initial material response without
conducting any tests.

The life prediction by the modified Diercks equation
was statistically analyzed for standard error and
equivalent factor on life /14/, and the results are
tabulated in Table 2.
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Table 2

Diercks Equation: Modification and Applicability

Error band in the proposed life prediction equation

Material Temp. Batch % Tests within a factor of SE EF
C° 2 3 4

1Cr-Mo-V (N&T) 540 1 85 15 0.055 1.135
1Cr-Mo-V (N&T) 485 1 75 25 0.065 1.16
1Cr-Mo-V (N&T) 538 2 50 50 0.1457 | 139
1Cr-Mo-V (N&T) 483 2 50 50 0.081 1.205
1Cr-Mo-V (N&T) 550 3 94 6 0.012 1.02
1Cr-Mo-V (N&T) 565 4 100 0.008 1.01
1.25Cr-Mo (A/R) 550 1 67 33 0.102 1.26
1.25Cr-Mo (N&T) 600 2 100 0.021 1.05
2.25Cr-Mo (A) 540 1 60 20 20/5 0.234 1.71
2.25Cr-Mo (N&T) 540 1 67 33/5 0.058 1.14
2.25Cr-Mo (Q&T) 485 1 67 33 0.0256 | 1.06
2.25Cr-Mo (A) 538 2 100 0.0435 1.1
2.25Cr-Mo (N&T) 538 2 67 33 0.0136 1.03
2.25Cr-Mo (Q&T) 483 2 33 67 0.1692 1.47
2.25Cr-Mo (N&T) 600 3 67 33 0.005 1.01
2.25Cr-Mo (N&T) 502 4 100 0.0636 1.157
2.25Cr-Mo (N&T) 600 5 100 0.064 1.15
2.25Cr-Mo (N&T) 550 6 88 12 0.0059 | 1.013
2.25Cr-Mo (N&T) 593 7 91 9 0.055 1.135
2.25Cr-Mo-V 593 8 63.6 18 18 0.0282 1.06
9Cr-1Mo 550 1 90 10 0.0589 1.145
9Cr-1Mo 593 2 70 30 0.0625 | 1.154

(*not specified in this abstract, SE, standard error and EF, equivalent factor on life determined statistically, when the
factor exceeds 4 it is expressed by % test data points / range of factor.)

1.

44

CONCLUSIONS

The modification of the Diercks equation proposed
in this paper does not require any relative material
properties as required by Kitagawa's modification.
Fatigue correction in terms of a cycle ratio requires
the ratio of cyclic life of SS 304 and low alloy steel
being investigated at the same strain range, strain
rate and test temperature. A cycle time parameter
was introduced into this modification which is the
ratio of the strain range parameter to the material-
dependent equivalent strain rate. The temperature
parameter has been kept the same as that of
Kitagawa et al.

The material-dependent equivalent strain rate has
been determined from data fitting. For the sake of

simplicity, its value has been kept constant for each
low alloy steel grade.

. This equation applies to any length of hold times

and cyclic lives below 10* cycles in the low cycle
fatigue regime. However, compressive dwells
together with balanced and unbalanced cycles
assume only one segment of hold time where it is
more damaging.

. The standard error and equivalent factors between

the predicted and observed creep-fatigue lives of
low alloy steels were below 2 for all cases, which is
better than any other method of life prediction
analyzed statistically.

. An approximate creep-fatigue response of a low

alloy steel can be derived without conducting any
laboratory tests.
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