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Abstract The dwell effect of the material can reduce the fatigue lives of titanium alloys at room temperature. A unified

fatigue life prediction method developed by the authors’ group is modified in this paper to predict dwell-fatigue crack

growth taking into account the effects of dwell time and maximum stress. The modified model can be successfully used to

predict the crack growth rate and calculate the fatigue life of different titanium alloys under pure fatigue and dwell-fatigue

conditions. It is validated by comparing prediction results with the experimental data of several titanium alloys with

different microstructures, dwell time, hydrogen contents, stress ratios and stress levels.
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List of symbols

A1 Material and environmentally sensitive

constant of dimensions in the crack

growth rate model

m1 Constant representing the slope of the

corresponding fatigue crack growth rate

curve in the crack growth rate model

4Kth Threshold stress intensity factor range

Kmax The maximum stress intensity factor

Kmin The minimum stress intensity factor

4Kop Stress intensity factor range at the opening

level

4Keffth Effective range of the stress intensity

factor range at the threshold level

Kcf Fracture toughness of the material

ru Ultimate strength of the material

ry Yield strength of the material

rfl Flow stress of the material

rv Virtual strength of the material

representing the material strength at limit

of ‘perfect’ condition (re = 0)

rmax The maximum stress level

rmin The minimum stress level

m Poisson’s ratio

R Stress ratio defined by rmax/rmin

re Empirical material constant of the

inherent flaw length of the order of 1 lm

fop Crack opening function defined as the

ratio Kop/4K

da/dN Fatigue crack growth rate

k Material constant which reflects the rate

of crack closure development with crack

advance
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n1 Index indicating the unstable fracture in

the crack growth rate model

a Crack length

Y Geometrical factor to calculate the stress

intensity factors

a0 Plane stress/strain constraint factor

a Parameter used to calculate the ‘virtual

strength’ of the material

A1, A2, A3, A4 Coefficients defined to calculate the crack

opening function fop

4Kth-cl Component of the stress intensity factor

range corresponding to crack closure

DrR Plain fatigue limit under stress ratioR

d Intrinsic crack length

4Kth-s Crack propagation threshold for short

fatigue crack under stress ratioR

4KthR Threshold for long crack under the stress

ratioR

A2, m2, n2 Material and environmental parameters,

similar as A1, m1, n1

j Material parameter for the influence level

of the maximum stress

t Dwell time

1 Introduction

Titanium alloy developments were instrumental in the

advancement of gas turbine technology over the latter half

of the twentieth century [1]. Compared to the steels, tita-

nium alloys have the superior strength-to-weight ratio, high

operating temperatures, and corrosion resistance [2].

However, since 1972, engineers have confronted to the so-

called cold dwell effect of titanium alloys, which refers to

the reduction of the number of cycles to failure for dwell

periods at maximum stress during stress-controlled cyclic

loading at room temperature [3].

In the past four decades, significant efforts and progresses

have been made to study dwell-fatigue and pure fatigue be-

havior of titanium alloys to find out how the material re-

sponds to dwell time. The prior research on titanium alloys

attributes dwell sensitivity to many deleterious mechanisms.

These mechanisms involved many factors, such as time-

dependent strain accumulation [4–6], microstructure and

micro-texture influences [1, 7–9], stress ratio effects [10, 11],

internal hydrogen content [12, 13] and environmental effects

[14, 15], crystallographic orientation dependence [5, 16],

interactions between creep and fatigue [17]. However, there

is no consensus on the basic cause of the dwell-fatigue sen-

sitivity of titanium alloys. Up to now, the problem remains

open both from scientific and engineering points of view.

Most of researchers have found that the dwell-fatigue

lives with the dwell period at peak stress for titanium alloys

were clearly reduced. For the titanium alloy IMI834, the

dwell-fatigue lives were shorter with the increase of peri-

ods especially under the high stress level [10]. As reported

in Ref. [19], the dwell-fatigue growth rates of the titanium

alloy Ti-6Al-4V are clearly increased with the increase of

the dwell periods, and the different microstructures had

different sensitivity to the dwell periods. Also, there was a

work [7] focused on the pure fatigue and dwell-fatigue

crack growth rates of the titanium alloy Ti-6242. It was

found that the long crack growth is similar for both dwell-

fatigue and pure fatigue, and the dwell-fatigue crack

growth rates are shown to be much greater than the pure

fatigue in the short crack growth regime. It is concluded

that the differences in the short regime are attributed to

possible creep effects that give rise to a mean stress effect

in the case of dwell-fatigue. From the tests of the pure

fatigue and dwell-fatigue crack growth rate for b-forged

Ti-6242, it was observed that the crack initiation results

from coalescence of shear-induced cavities nucleated at a/b
interfaces in large colonies of a laths nearly parallel to the

loading axis. The introduction of dwell periods at the peak

stress will result in an increase in the crack growth rate in

air as well as in vacuum [3, 20–23]. To probe the

mechanism of the dwell-fatigue on IMI685, the tests with

different hydrogen contents were employed [4, 5, 14, 18].

It was concluded that there is an increase in life with in-

creasing hydrogen content, and hydrogen content influ-

enced deformation characteristic in the high stress region

but did not affect fracture behavior in the lower stress

region.

Furthermore, from the viewpoint of engineering, im-

provement of the prediction equations should be developed

to explain the phenomenon of the dwell effect on the fa-

tigue crack growth rate and life estimation. Typically, the

linear accumulation model is used to consider the common

interaction of the fatigue and creep during dwell time. The

dwell-fatigue problem is separated to cycles with a trian-

gular wave form and a constant load (dwell load). If such a

separation is possible, the crack growth rate can be cal-

culated by the addition of two terms: the crack growth rate

(da/dN)tiang of a test with a triangular wave form and the

crack growth rate da/dt in a constant load test at the stress

intensity factor Kmax, corresponding the maximum load and

the hold time Dt. So Saxena [44] proposed a model to

predict the creep-fatigue crack growth rate by the linear

summation. This model was used to study creep-fatigue

crack growth behavior of some high strength alloys [45,

46]. But the linear summation is a simplified crack growth

evaluation method which has been applicable to some

structural integrity assessment procedure but the
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reasonability of the equation form has not been sufficiently

validated.

In this work, a modified model of cold dwell-fatigue

crack growth rate are proposed based on the unified fa-

tigue life prediction method which was reported in pre-

vious works [24–26]. The effect of the dwell time at the

maximum stress and the effect of the maximum stress

are included in the dwell-fatigue crack growth rate

model. The modified model is used to predict the crack

growth rates and lives of the pure fatigue and the dwell-

fatigue for three near a titanium alloys (IMI834, IMI685,

Ti-6242) and one a ? b titanium alloy (Ti-6Al-4V) un-

der constant-amplitude loading at room temperature. The

effects of microstructure, dwell time, hydrogen content,

stress ratio and different stress levels are analyzed for

several titanium alloys. And the prediction results are

compared with the experimental results to validate the

model.

2 Methods of Analysis

2.1 General Constitutive Relation for Fatigue Crack

Growth

Recently, a unified fatigue life prediction method (UFLP)

was proposed by Cui and Huang [24] based on fatigue

crack growth theory. The UFLP introduced an unstable

fracture condition into the crack growth rate curve and

defines a ‘virtual strength’ rv to replace the yield stress in

the McEvily model [27]. Later on, Wang et al. [26] pro-

posed an extended model based on the research results of

Li et al. [25] that the McEvily model with a fixed slope of 2

was not in good agreement with experimental results for

some materials. In this extended model, the parameter

m was adopted to represent the slope of the fatigue crack

growth rate curve for different materials. The stress in-

tensity factors at opening level DKop and Kopmax were in-

troduced in the McEvily model and were replaced by

Newman’s function in the extended model. Then, the

general constitutive relation in the improved crack growth

rate model is given as follows:

da=dN ¼ A1 Kmax 1� Rð Þ � 1� eka
� ��

Kopmax � RKmax

� �
� DKeffth

�m1
�

1� Kmax=Kcð Þn1½ �;
ð1Þ

where

Kmax ¼ pre sec prmax=2rVð Þ þ 1½ �f g0:5

1þ Y að Þ a=2reð Þ0:5
h i

rmax;
ð2Þ

Kmin ¼ pre sec prmin=2rVð Þ þ 1½ �f g0:5

1þ Y að Þ a=2reð Þ0:5
h i

rmin:
ð3Þ

2.2 Modified Model for Short Fatigue Crack Growth

The problem of short fatigue crack growth becomes a topic

of interest in recent years since the study of Pearson [28]

who observed that the linear elastic fracture mechanics

failed to correlate the crack growth rate of the short cracks

(0.006–0.5 mm) with that of long crack. Since then, many

works [29–37] have been carried out to investigate the

behavior of short fatigue crack growth and prediction of the

fatigue lives based on fracture mechanics.

For long cracks with crack length in excess of 1 mm,

linear elastic conditions are applied and the crack is as-

sumed to grow when the quantity DK reaches its threshold

value DKth. However, this criterion is no longer applicable

for the cracks shorter than 1 mm, and there is a gradual

transition to the fatigue strength as the controlling criterion

for the fatigue crack growth in the range of very short

cracks [38].

After the correction of the crack tip plasticity [39] and

short crack threshold [40], the general constitutive relation

in Eq. (1) was further modified for both short and long

fatigue cracks with the regions of crack initiation, threshold

region, stable crack growth and unstable fracture, which

can be expressed as follows [24–26]:

da=dN ¼A1 DK � DKthR � DKth�sð Þ 1� e�k a�dð Þ
h in

�DKth�sgm1

.
1� Kmax=Kcfð Þn1½ �;

ð4Þ

where,

a ¼ a0F; ð5Þ
F ¼ 0:5 sec prmax=2rflð Þ þ 1½ �; ð6Þ

d ¼ DKth�s=YDrRð Þ2
.

p; ð7Þ

DKth ¼ DKth�s þ DKth�cl; ð8Þ

DKth�cl ¼ DKthR � DKth�sð Þ 1� e�k a�dð Þ
h i

: ð9Þ

2.3 Constitutive Relation for Dwell-Fatigue Crack

Growth

The dwell-fatigue crack growth rate is usually calculated as

a linear summation of the pure fatigue and dwell conditions

[41–43]. In addition, some experimental results show that

the crack growth rate of dwell condition generally linearly

increases with the increase of the dwell time, t [41–43].

And the dwell-fatigue life of some titanium alloys is very
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sensitive to the maximum stress, which is usually smaller

than pure fatigue life if the maximum stress rmax is higher,

but close to pure fatigue life when the maximum stress

rmax is lower. Therefore, [(rmax-rR)/(ry-rR)]j is intro-

duced in the present modified model taking into account

the effect of maximum stress. Then concerned about all

this, the short fatigue crack growth rate model in Eq. (4) is

further modified to dwell-fatigue crack growth rate model,

as expressed in the following,

da=dN ¼A1 DK � DKthR � DKth�sð Þ 1� e�k a�dð Þ
h in

�DKth�sgm1

.
1� Kmax=Kcð Þn1½ �

þ A2thold rmax � rRð Þ
�

ry � rR

� �� �j
DKm2=

1� Kmax=Kcð Þn2½ �:
ð10Þ

3 Prediction Results and Discussion

In this section, the modified model of Eq. (10) will be used to

predict the crack growth rates and the lives under the pure

fatigue and dwell-fatigue conditions for three near a titanium

alloys and one a ? b titanium alloy under constant-ampli-

tude load including the titanium alloys IMI834 and IMI685

with different microstructures, dwell periods and hydrogen

contents, the titanium alloy Ti-6242 with long and short fa-

tigue cracks, titanium alloy Ti-6Al-4V with different mi-

crostructures. And the predictions will be validated by

comparing with the corresponding experimental results

which are derived from Refs. [4, 7, 10, 14, 15, 18, 20].

3.1 Fatigue Life of the Titanium Alloys

Experimental results of smooth-bar specimens of the titanium

alloys IMI834 and IMI685 will be used for validation of

Eq. (10) in dwell-fatigue life prediction. The titanium alloy

IMI834 for the experiments [10, 15] has two different types of

microstructure, the bimodal microstructure (bar stock mate-

rial, ry = 850 MPa, rb = 1180 MPa) and elongated pri-

mary a grain microstructure (disk material, ry = 860 MPa,

rb = 1046 MPa). The experiments [4, 14] of IMI834 were

conducted under R = 0.1 with dwell time of 120 s in each

cycle. The titanium alloy IMI685 for the experiments [4, 14]

was under two conditions, one containing 40 ppm hydrogen

(40 9 10-6, in mass fraction) (rb = 907 MPa) and tested

under cyclic loading (R = 0.05) with dwell time of 300 s, and

the other containing 60 ppm hydrogen (60 9 10-6, in mass

fraction) (rb = 976 MPa) and tested under cyclic loading

(R = 0.1) with dwell time of 120 s.

Equation (10) is used to predict the dwell-fatigue life of

alloy IMI834 with elongated primary a grain microstructure

under cyclic loading (R = 0.1) with different dwell time of

15 s, 120 s and 300 s. The experimental data for the condition

of 120 s dwell time will be first applied to determine model

parameters in Eq. (10) by optimal fitting method, as listed in

Table 1. Then, all of the parameters were used to predict the

cases of 15 s and 300 s dwell time. The prediction results of

alloy IMI834 with the dwell time of 120 s accordingly com-

pared with their corresponding experimental results, as shown

in Fig. 1. It can be seen that the predicted results are in

agreement well with the experimental data [10]. And the re-

sults show that the dwell-fatigue lives are evidently lower than

the pure fatigue lives for the bimodal microstructure and the

elongated primary alpha grain microstructure under higher

stress level. The discrepancy between them is reduced with the

decrease of the stress level. The dwell-fatigue life ap-

proximately reaches the pure fatigue life at 800 MPa for the

bimodal microstructure. But for the titanium alloy IMI834 with

the elongated primary alpha grain microstructure, the dwell-

fatigue life merges with the pure fatigue life at 700 MPa. So the

disappearance of the effect depends on microstructure largely.

The dwell time sensitivity of the titanium alloy IMI834

with the elongated primary alpha grain microstructure is

presented in Fig. 2. It can be seen from the test data [10, 15]

that the alloy IMI834 with elongated primary alpha grain

microstructure is very sensitive to the dwell time. It is clear

that the pure fatigue life decreases with increasing dwell time.

But the reduction magnitude decreases as the applied stress

level falls and disappears until the pure fatigue and dwell-

fatigue life curves coincide. The predicted results using

Eq. (10) agree well with the test data [15] under the dwell

time of 120 s and 300 s but small than the test data under the

dwell time of 15 s. Furthermore, to clearly illustrate the life

variations with dwell time, more comparisons between the

test data and prediction results of for the alloy IMI834 with

elongated primary alpha grain microstructure at 880 MPa and

R = 0.1 are shown in Fig. 3. It is evident that the reverse

trend occurs between the dwell time and lives and Eq. (10) is

able to predict the tendency of the dwell time effect.

Similarly, the behavior of the dwell-fatigue crack

growth for the titanium alloy IMI685 under different con-

ditions is predicted by the modified model and compared

with experimental data [4, 14]. The model parameters in

Eq. (10) are listed in Table 1. The pure fatigue lives and

the dwell-fatigue lives of alloy IMI685 with different hy-

drogen contents are shown in Fig. 4. It is evident the pure

fatigue lives are affected by the hydrogen content, and the

test data of the alloy with higher hydrogen content

(60 ppm), has the lower pure fatigue lives. Equation (10)

can well predict the behavior of the pure fatigue of IMI685

alloys with the hydrogen contents 40 ppm and 60 ppm.

Moreover, the dwell time 300 s and 120 s significantly

reduces the fatigue lives for the IMI685 alloys with dif-

ferent hydrogen contents at the maximum load. But the
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discrepancy between the dwell-fatigue and the pure fatigue

is reduced with decreasing the maximum stress. The pre-

dicted results by the modified model agree well the ex-

perimental results [4, 14].

In conclusion, by using the parameter t in Eq. (10), the

dwell time effect can be reasonably reflected and predicted

for two kinds of titanium alloys, IMI834 and IMI685. The

experimental results presented in Refs. [4, 10, 14, 15]

clearly indicate this phenomenon that the discrepancy be-

tween the dwell-fatigue lives and the pure fatigue lives is

reduced as the maximum stress decreases, and the curve of

the dwell-fatigue lives will merge with the curve of the

pure fatigue lives when the maximum stress reaches a

certain value. In addition, the parameter j in the modified

model is an important parameter to explain the applied

stress level effect.T
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Fig. 1 Comparison between the predicted results and experimental

data [10, 15] of pure fatigue and dwell-fatigue lives of titanium alloy

IMI834

Fig. 2 Comparison between the prediction results and the ex-

perimental data [10, 15] of pure fatigue and dwell-fatigue lives for

the alloy IMI834 with elongated primary alpha grain microstructure

under different dwell time
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3.2 Fatigue Crack Propagation Rate of the Titanium

Alloy

Experimental results of the titanium alloys Ti-6242 and Ti-

6Al-4V [7, 19, 21] are applied in this section to validate

Eq. (10) in prediction of dwell-fatigue crack growth rates.

The yield strength and the ultimate strength of Ti-6242 are

927 MPa and 1044 MPa, respectively [21]. Long crack

growth rates of the pure fatigue and the dwell-fatigue of the

alloys are predicted under stress ratio R = 0.1 and dwell

time 80 s. Short crack growth rates of the pure fatigue and

the dwell-fatigue of the alloys are predicted considering

three types of microstructure of equiaxed microstructure,

elongated microstructure and colony microstructure for

dwell time of 60 s at the maximum stress 0.8ry and at

stress ratio R = 0.1. Similarly, the behavior of dwell-fa-

tigue crack growth rate of a ? b titanium alloy Ti-6Al-4V

is also predicted by Eq. (10). Three Ti-6Al-4V alloys were

subjected to different orientation annealing processes, as

reported in Ref. [19]: One was TL orientation annealed at

700 �C (ry = 1009 MPa, rb = 1034 MPa); the other two

were TS orientation annealed at 700 �C (ry = 938 MPa,

rb = 1005 MPa) and TL orientation duplex annealed at

985 �C and 700 �C (ry = 938 MPa, rb = 1005 MPa), re-

spectively. The model parameters for Ti-6242 and Ti-6Al-

4V alloys are listed in Table 2.

The long crack growth rates of titanium alloy Ti-6242 at

stress ratio 0.1 are shown in Fig. 5. It can be found that the

predicted results agree well with the experimental data [21]

for the pure fatigue and dwell-fatigue of Ti-6242. Moreover,

the tendency shows that the crack growth resistance of Ti-

6242 under dwell-fatigue is lower than that under pure fa-

tigue. And the dwell-fatigue crack growth rates are about 4

times faster than the that of pure fatigue in all DK ranges.

The comparison between the test data [7] and the predic-

tion results by Eq. (10) for the short fatigue crack growth rate

of the titanium alloy Ti-6242 with three different mi-

crostructures is shown in Fig. 6. It is shown that the test data

[7] have great discrepancy in the lower DK below 5 MPa m0.5

but tends to be stable with increasing DK. The short fatigue

crack growth rate of the test data in lower DK is much faster

than the long fatigue crack the threshold. The phenomenon is

widely observed in the short fatigue crack growth rate tests

[29]. And the comparison shows that the crack growth data

are underestimated by Eq. (10) in lower DK but agree well

with the experimental results [7] in higher DK. Both the test

data and predicted results show that the crack growth rate of

the titanium alloy with equiaxed microstructure is the highest

among the three microstructures. But the discrepancy be-

tween the equiaxed microstructure and the elongated mi-

crostructure becomes small in higher stress intensity factor

range. The results illustrate the influence of the microstruc-

ture on the fatigue crack growth rate of the material, espe-

cially in lower stress intensity factor range. To sum up,

Eq. (10) can be used to predict the behavior of the short fa-

tigue crack growth for titanium alloy Ti-6242.

Figure 7 shows the comparison between the test data [7]

and the prediction results for the short dwell-fatigue crack

growth rate of titanium alloy Ti-6242 with the three mi-

crostructures at the stress ratio R = 0.1 and dwell time 60 s.

Compared with Fig. 6, results show that the dwell-fatigue

crack growth rates of titanium alloy with three different

microstructures are higher than the corresponding pure fa-

tigue crack growth data. But the dwell time sensitivity is

different for the three microstructures. Both the test data and

the predicted results show that the colony microstructure will

bring the largest discrepancy between the dwell-fatigue and

pure fatigue crack growth rate. And the other two

Fig. 3 Comparison between the prediction results and the test data

[10] for dwell-fatigue life of the alloy IMI834 with elongated primary

alpha grain microstructure

Fig. 4 Comparison between the prediction results and test data [4,

14] of pure fatigue and dwell-fatigue lives for titanium alloy IMI685

with different hydrogen contents under different conditions
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microstructures have similar dwell time sensitivity. This

comparison displays that the prediction results agree well

with the test data [7] in all DK ranges. And Eq. (10) can

reasonably predict the behavior of the dwell-fatigue crack

growth of Ti-6242 with the three different microstructures.

The comparisons between the prediction results and the

test data [19] for TL orientation annealed Ti-6Al-4V alloy

are shown in Fig. 8, where different dwell time are con-

sidered. Similarly, several times larger crack growth rate is

also observed by the introduction of dwell time at the

maximum stress into pure fatigue. And the prediction re-

sults by Eq. (10), for pure fatigue and dwell-fatigue with

dwell time 5 and 45 min coincide well with test data. But it

is observed that the test data of the dwell-fatigue growth

rate under dwell time 15 min are similar to that with the

dwell time 5 min, which may result from test error.T
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Fig. 5 Comparison between the prediction results and test data [21]

of long crack growth rate for titanium alloy Ti-6242 under the

conditions of R = 0.1 and dwell time of 80 s

Fig. 6 Comparison between the prediction results and test data [7] of

short crack growth rate for titanium alloy Ti-6242 with different types

of microstructure under the conditions of R = 0.1 and rmax = 0.8 ry
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Figure 9 shows the comparison between the prediction

results and the test data [19] for TS orientation annealed Ti-

6Al-4V alloy. Both the test data and prediction results il-

lustrate that the dwell-fatigue crack growth rate increases

with the dwell time. The prediction results of crack growth

rate cohere with the test data for pure fatigue and dwell-

fatigue with dwell time 5 min and 45 min. The prediction

results of the dwell-fatigue crack growth rate with dwell

time 5 min and 45 min are, respectively, 8–18 times and

42–106 times larger than the prediction results of pure

fatigue crack growth rate. Under the same DK, the dis-

crepancy of the test data between the dwell-fatigue and

pure fatigue crack growth rate is 7.49–16 times and 50–100

times for dwell time 5 min and 45 min, respectively.

The comparison between the prediction results and the test

data [19] for TL orientation duplex annealed Ti-6Al-4V alloy

is shown in Fig. 10. Similar trends are observed. The pre-

diction results of the crack growth rate with dwell time 5 min

is almost 1.9–4 times larger than pure fatigue crack growth

rate. Under the same DK, the test data of dwell-fatigue crack

growth rate is almost 1.5–4.11 times larger than pure fatigue

crack growth rate. When the dwell time reaches 45 min, the

discrepancy of crack growth between the dwell-fatigue and

pure fatigue grows to 5–16 times, according to prediction by

Eq. (10), and 4.8–9 times observed from tests [19].

In general, the dwell-fatigue crack growth rate shows

that titanium alloy Ti-6Al-4V is very sensitive to the dwell

time, but the sensitivity to the dwell time is different for the

Fig. 7 Comparison between the prediction results and test data [7] of

short crack growth rate for titanium alloy Ti-6242 with different types

of microstructure under the conditions of R = 0.1, thold = 60 s and

rmax = 0.8 ry

Fig. 8 Comparison between the prediction results and test data [19]

of crack growth rate for TL orientation annealed Ti-6Al-4V alloy

under the conditions of R = 0.1 and different dwell time

Fig. 9 Comparison between the prediction results and test data [19]

of crack growth rate for TS orientation annealed Ti-6Al-4V alloy

under the conditions of R = 0.1 and different dwell time

Fig. 10 Comparison between the prediction results and test data [19]

of crack growth rate for TL orientation duplex annealed Ti-6Al-4V

alloy under the conditions of R = 0.1 and different dwell time
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alloy under different annealing process. TS orientation

annealed alloy is the most sensitive to the dwell time, and

then TL orientation annealed one.

4 Conclusions

A modified model of cold dwell-fatigue crack growth is

proposed in the present work based on the unified fatigue

life prediction method. In this modified model, the effects

of the dwell time and maximum stress level are included.

The model can be successfully used to predict the behavior

of pure fatigue and dwell-fatigue for four kinds of titanium

alloys analyzed in this paper and the following conclusions

are drawn:

1. The elastic–plastic behavior of short cracks in the

vicinity of crack tips is considered in the modified

model, which can reasonably predict the pure fatigue

and the dwell-fatigue lives of the smooth-bar speci-

mens of titanium alloys.

2. By introducing the parameter of dwell time t, the

modified model is able to explain the dwell time effect

on the dwell-fatigue lives and crack growth rates.

3. The prediction results show that the discrepancy between

the dwell-fatigue lives and the pure fatigue lives will be

reduced when the maximum stress decreases, and similar

phenomena were observed from tests. In addition, the

parameter j in the modified model is an important

parameter to explain the applied stress level effect on the

dwell-fatigue lives of titanium alloys.

4. The modified model is capable of predicting dwell

time sensitivity of titanium alloys with different

microstructures.
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