
Fatigue Crack Initiation and Propagation in Butt 
Joint Welds of an Ultrahigh-Strength Steel 

Formulas proposed for predicting fatigue crack intitation and propagation 
agree well with experimental data 
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ABSTRACT. In this paper, the fatigue 
crack initiation (FCI) from notches and 
fatigue crack propagation (FCP) in dif
ferent zones of welds in butt joints of 
30CrMnSiNi2A steel were investigated. 
General formulas for the FCI life and the 
FCP rate of the welds are examined, and 
an approach to predicting the FCI life is 
offered. Our research indicates that the 
postweld isothermal quenching treat
ment improves both the microstructure 
and fatigue resistance of the welds. Lit
tle difference is found in the FCI resis
tance of the base metal, weld metal and 
weld interface, although the microstruc
tural effect on the FCP rate is observed. 
In the near-threshold region, the FCP 
rates of the weld interface are higher than 
those of the base metal but lower than 
those of the weld metal. The discontinu
ities on the notch surface have a detri
mental influence on the FCI resistance 
of the welds investigated. The results fur
ther indicate that, in order to predict the 
fatigue life of the welded structures ac
curately, the test results of FCI life and 
FCP rate should be properly selected ac
cording to the FCI location and FCP path 
in the structures. 

Introduction 

The fatigue failure of a welded struc
ture consists of two phases: fatigue crack 
initiation( FCI) phase and fatigue crack 
propagation (FCP) phase (Refs. 1, 2). 
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Nt = N, + Np (1) 

Depending on the structural details, 
the crack may initiate at the weld toe, 
the weld discontinuities or at other lo
cations of stress concentration. The crack 
then propagates into the weld metal or 
the base metal (Refs. 1, 3, 4). The role 
of FCI life and FCP life depends upon the 
welding quality and the structural details 
(Ref. 3). For an ultrahigh-strength steel 
component, the critical crack size to in
duce the final fracture is rather small be
cause of the lower ratio of fracture tough
ness/yield strength. Therefore, the FCI 
life should not be overlooked in the life 
prediction if there exists no crack-like 
discontinuity in the component (Refs. 3, 
4). 

A weldment can be considered as a 
notched component because it usually 
contains stress concentration. The stress 
cycles that initiate a critical crack from 
notches can be predicted by the local 
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stress-strain approach (Refs. 2, 5, 6). Ac
cording to the basic assumption of this 
approach, the stress cycles needed to ini
tiate a fatigue crack at the notch tip are 
equal to the life of a smooth specimen 
under cyclic strain control if this speci
men has the same stress/strain history as 
the material ahead of the notch (Refs. 5, 
6). So the fatigue notch factor, Kf, cyclic 
stress-strain curve, and fatigue life under 
cyclic strain control for the material at 
the notch tip should be predetermined 
before the FCI life prediction. However, 
it is rather difficult to measure accurately 
such data for the material at some FCI 
locations, such as the weld toe. The ef
fects of various factors on the accuracy 
of the local stress-strain approach has 
been summarized in Ref. 7. Forman (Ref. 
8) first measured the FCI life of materi
als with a notched specimen and found 
it correlated with the maximum elastic 
stress range at the notch root, Ao m a x , 
whereas Ao m a x is proportional to the 
fracture mechanics parameter AKA/Tp. 

ACT,. 
2 AA: 

••K,AS = - r - r 
(2) 

where Kt is the stress concentration fac
tor, AS is the nominal stress range, AK is 
the apparent stress intensity factor and 
p is the radius of the notch tip. It is con
venient to determine the FCI life of ma
terials in different zones of welds by 
using notched specimens. The FCI life 
data so obtained can be directly used in 
the life prediction of engineered struc
tures. 

The FCP life of welds depends on the 
growth rate of the crack from its original 
size to the critical size, and it can be pre-
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Table 1 -
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- Tensile Properties of 30CrMnSiNi2A Steel 
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E 
GPa 

205.8 

dieted by means of a fracture mechan
ics approach (Refs. 1, 9, 10). Paris's law 
is often used for the FCP rate expression 
in a welded component (Refs. 9, 10): 

da_ 

dN 
C{AK)" (3) 

It was found that the mechanism to 
form a fatigue crack of 1 to 2-mm 
(0.04-0.08-in.) depth at the weld toe sur
face occupies about 55 to 90% in the 
total life of groove or fil let welds (Refs. 
1, 11). This indicates that the major part 
of the FCP life of a welded component 
is often spent in near-threshold crack 
growth. Paris's law, however, cannot be 
used to predict the FCP rates in the near-
threshold region. Obviously, a formula 
that gives a good prediction of the FCP 
rates in the near-threshold region is use
ful in the damage tolerance design of 
welded structures (Refs. 1, 12). 

In this paper, the FCI life of the base 
metal, weld metal and weld interface of 
butt joint welds on an ultrahigh-strength 
steel (30CrMnSiNi2A) are experimen-
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tally investigated. The test data are ana
lyzed with the models of FCI (Ref. 1 3) 
and FCP (Ref. 14) developed by one of 
the authors, and formulas for the FCI life 
and FCP rates are given. These expres
sions have been util ized to predict the 
fatigue life of the welded specimens (Ref. 
4). 
Material and Testing Procedure 

Material and Specimen 

The test specimens were strips of 
30CrMnSiNi2A steel forgings. Their 
composition in wt-% is 0.30C, 1.09Cr, 
1.1 6Mn, 1.03Si, 1.51 Ni, 0.09Cu, 0.04S, 
0.01 P and balance Fe. The tensile prop
erties are presented in Table 1, where 
Cb is the ultimate tensile strength. o 0 2 

is the yield strength, 8 is the elongation 
using a gauge of 25 mm (1 in.) (5 X di
ameter), \ j / is the reduction in area, a,- is 
the fracture strength, et- is the fracture 
ductility, n is the strain hardening expo
nent and E is Young's modulus. The 
strips were welded wi th the shielded 
metal arc process. In order to investigate 
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Fig. I — Specimen geometries. Left — For FCI tests; right — for FCP tests. 

the crack initiation and propagation in 
the weld metal and the weld interface, 
two types of welded specimens were 
used — Fig. 1. Single-V-groove weld 
specimens were uti l ized in the fatigue 
tests of the weld metal, and double-
bevel-groove weld specimens were used 
for the tests on the weld interface. The 
rough-machined specimens were aust-
enized at 900°C (1652°F), isothermal 
quenched and held in a salt bath of 
250°C (482°F) for one hour, and then 
they were tempered for three hours at 
250°C. 

Notched three-point bend specimens 
(Fig. 1) were used to determine the FCI 
life. The stress concentration factors of 
the specimens, K t , are in the range of 
1.80 to 2.44, which are estimated from 
Ref. 1 2. The nominal stress range AS was 
calculated from material mechanics the
ory (Ref. 12): 

AS = -
3APL 

(4) 
2B(W-a„y 

where AP is the cyclic load range, an is 
the notch depth, and L, B and W are the 
span, thickness and width of the speci
mens, respectively. 

The notched three-point bend speci
mens (Fig. 1) were also used to measure 
the FCP rates. In order to control the 
crack propagation along the weld inter
face, the specimens were notched with 
side grooves along the crack growth 
path. These specimens were used to 
measure the FCP rates of the weld inter
face. The stress intensity range of the 
side-grooved specimens, AK, was cal
culated as follows (Ref. 16): 

AK 
AP 

f (5) 

where Bn is the thickness at the root of 
the side grooves, a is crack length and 
f(a/W) is the same as that of normal 
three-point-bend specimens. 

All specimens were machined in the 
L-T orientation. Before testing, the spec
imens were slightly polished to facilitate 
crack observation and measurement. 

Fatigue Tests 

The FCI tests were accomplished on 
an Amsler 422-type high-frequency fa
tigue machine at frequencies of approx
imately 60 to 90 Hz, depending on the 
geometries of the specimens. The stress 
ratios, R, were in the range of 0.2 to 0.75. 
In the present study, the FCI life was de
fined as the stress cycles needed to ini
tiate a 0.25-mm crack at the notch t ip. 
The FCI threshold, denoted as (Acc^) ,^ , 
was experimentally determined by using 
a staircase procedure with a specific FCI 
life of 5 X 106 cycles. The FCP tests were 
carried out on a Mayes-type electro-
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servo hydraulic machine at frequencies 
of 4 to 1 5 Hz. The stress ratios R were 
0.2, 0.4 and 0.6. The crack length was 
monitored and measured with two trav
eling microscopes of 30X magnification 
fixed on both sides of the specimen. The 
other procedure details are given in Ref. 
17. 

Results and Discussion 

FCI Test Results 

Theoretical analysis (Ref. 10) and ex
perimental results (Refs.1, 3, 4, 1 7, 1 8) 
show that the stress cycles needed to ini
tiate a crack of 0.25-mm (0.10-in.) depth 
at the notch tip can be formulated as fol
lows: 

N, = C ACT ( Y /„,:„-(ACT ( ,„ . ) ; ( (6) 

where Aae q v is the equivalent stress am
plitude, 

: I ! 
'""' V 2(1 - R) 

KAS (7) 

C is the FCI resistance coefficient and 
(Ao"eqv)tll is the FCI threshold. Incorpo
rating Equation 2 into Equation 7, we 
have: 

ACT 
AK 

(S) 
\ K{\ -R)4p 

when R is held constant, Ao"eqv and 
AK/Vp are equivalent. The research con
ducted in the authors' laboratory (Ref. 
19) indicates that an equal Ar j e q v w i l l 
produce an equal local strain range at 
the notch tip. Consequently, the equiv
alent stress amplitude can present the 

Table 2 — Analysis Results of the FCI Life Test Data 

Material 

Base metal 
Weld metal(b> 
All data*' 

exp. 

6.47 X 1015 

6.25 X 1015 

6.48 X 1015 

C 

pred. 

2.28 X 1015 

2.28 X 1015 

2.28 X 1015 

(Affeqv)th 

exp. 

649 
639 
648 

MPa 

pred. 

665 

r(a) 

-0.777 
-0.855 
-0.836 

s(b) 

0.413 
0.359 
0.371 

(a) r—the correlation coefficient; s—the standard deviation. 
(b) In the regression analysis the strain hardening exponent of the base metal was used. 

effect of stress ratio on the FCI life. The after 5 X 1 06 stress cycles. The values of 
values for C and (Aaeqv)t|n can be deter
mined from the test data of FCI life by 
means of the regression analysis method 
given in Ref. 1 3. The values of C and 
(AOgqy)^ of the base metal and welded 
metal so obtained are listed in Table 2. 
The same analysis does not apply to the 
test data of the weld interface because 
only a few specimens were tested in this 
study. Figure 2 presents the least-square 
fits to the test data. Incorporating the val
ues of C and (Aoe q v) t h into Equation 6, 
we have the expressions of the FCI life 
for the base metal 

A', =6.49 x 

1 0 , 5 [ A C T „ „ 1
I 8 5 - 6 4 9 , S S ] " : (9a) 

and for the weld metal 

A',. = 6.25 x 

lO'^Atr^1-85 -639 l f f i]"S (9b) 

The FCI Threshold 

The FCI threshold determined exper
imentally, ^ 0 " , ™ ) ^ , is the equivalent 
to the stress amplitude at or below which 
no fatigue crack initiates at the notch tip 

(Aoeqv)thE thus determined are 810 MPa 
(11 7.5 ksi) for the base metal and 766 
MPa (111.1 ksi) for the weld metal. 

In order to investigate the physical 
nature of the FCI threshold, the speci
mens were tested again at higher equiv
alent stress amplitudes after they had 
been subjected to more than 5 X 106 cy
cles at the stress level of the FCI thresh
old. The results in Fig. 2 show that the 
prior stress cycling at the FCI threshold 
has no effect on the FCI life. The same 
phenomenon was also found in a low-
alloy steel (0.16C, 1.53Mn, 0.26Si, 
0.16V, 0.024N, Fe bal) (Ref. 18) and 
LY1 2CZ aluminum alloy (equivalent to 
2024-T3) (Ref. 13). This indicates that 
the FCI threshold is also the fatigue dam
age threshold and that the stress cycling 
at or below the threshold produces no 
damage in notched elements. 

Discussion on the FCI Test Results 

Effect of Microstructure 

The micrographs in Fig. 3 indicate 
that, after the isothermal quenching 
treatment, the metastable constituents 
in the weld metal and the heat-affected 
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Fig. 2 — The test results and the least-square fit curves. A — Base metal; B — weld metal. 
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Fig. 3 — Microstructures of the groove welds on 30CrMnSiNi2A steel 
(light micrographs: 3% nitric alcohol etchant). A — Base metal; B — 

weld metal; C — weld interface; D — HAZ. 

zone (HAZ) dissolve and both the mi
crostructure and grain size are refined. 
The grain sizes in the base metal, weld 
metal and HAZ are nearly the same, cor
responding to ASTM standard No. 9. It 
has been shown (Refs. 20, 21) that the 
microstructure in the base metal and the 
HAZ is a mixture of lath martensite, 
lower bainite and retained austenite, but 
the microstructure of the weld metal 
(1 8Cr-Mo) is a mixture of lath marten
site and granular bainite. Although the 
microstructure is different, little differ

ence is found in the FCI resistance of the 
base metal, weld metal and weld inter
face — Fig. 4. One reason for this is 
probably that the postweld heat treat
ment refines the microstructure and re
moves the harmful residual stresses 
formed during welding. Since the mor
phology of the microstructure of the 
HAZ is almost the same as that of the 
base metal, the FCI resistance in the HAZ 
and the base metal may be considered 
to be approximately the same. By pro
cessing all the test data obtained in the 

different zones by means of the regres
sion analysis method mentioned previ
ously, we obtain the general expression 
for FCI life in groove welds on 30Cr-Mn-
Si-Ni-2A steel as follows: 

JV = 6 . 4 8 x 

1 0 ' 5 [ A C T . „ I 8 5 - 6 4 8 I (10) 

The FCI life curve given by Equation 10 
and the test data are compared in Fig. 
4. 

Effects of Weld Discontinuities 

Fig. 4 — The test data 
of the FCI life in dif
ferent zones and the 

least-squares fit curve 
of the groove welds 
on 30CrMnSiNi2A 

steel. BM: base metal; 
WM: weld metal; FL: 

weld interface; 
Defective: welded 

specimen with cavi
ties at notch tip. 
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Depending upon the effect on the FCI 
life, welding discontinuities are divided 
into two types: crack-like and noncrack-
like (Ref. 3). A crack-like discontinuity, 
such as incomplete fusion, acts as a 
crack and propagates immediately as 
long as the cyclic stress intensity range, 
AK, is higher than the FCP threshold, 
AK th (Refs.3, 4). However, a noncrack-
like discontinuity, such as a cavity, acts 
as a notch, and its effect on the FCI de
pends upon the stress concentration at 
the root of the discontinuity (Refs. 1, 3, 
4). In this investigation, only cavities 
were found in the weld specimens. Fig
ure 4 indicates that if cavities are pre
sent at the root of the surface notch, the 
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FCI life w i l l decrease remarkably be
cause the cavities increase the stress 
concentration in the specimens. It was 
also found in the tests that a crack in one 
of the welded specimens initiated from 
cavities outside of the notch. These cav
ities have a tendency to congregate in 
close proximity. The radius of a single 
cavity is about 0.2 to 0.5 mm 
(0.007-0.019 in.). The FCI life of the 
specimen with the discontinuities was 
about the same as the life of a notched 
specimen without discontinuities if their 
nominal stress was identical. This indi
cates that the stress concentration fac
tor at the tip of the cavities is slightly 
greater than 2.36, the value of Kt at the 
notch root. It agrees with the analytical 
results in Ref. 22. 
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Fig. 5 — Comparison 
between the test data 
and the predicted 
curve of the FCI life. 

FCI Resistance Coefficient C 

The FCI coefficient C is a material 
constant depending upon the FCI mech
anism and the tensile properties (Refs. 
13,17, 23). For the isothermal quenched 
30CrMnSiNi2A steel, there is retained 
austenite (about 10% in wt-%) in the in
terstices of the lath martensite. During 
cyclic deformation, the plastic strain 
tends to concentrate in the softer austen
ite due to the sliding of the lath marten
site, so that the fatigue crack is likely to 
initiate in the retained austenite when 
the cyclic stress level is higher (Ref. 24). 
In this case, the value of C can be ap
proximately estimated as fol lows (Ref. 
12): 

C = 0.25(0. IE) i ~* (U) 

The estimated value of C for the base 
metal is 2.28 X 1015 . This value is lower 
than that experimentally determined, 
but it can still be considered as an ap
proximate prediction. 

FCI Threshold (Aaeqv) th 

For a notched specimen of an ultra-
high-strength steel, the maximum stress 
at the notch root is far lower than the 
yield stress when the equivalent stress 
amplitude is near the FCI threshold. 
Therefore, the maximum stress range, 
Ao, at the notch root can be related to 
the nominal stress range, AS, in the fol
lowing form: 

ACT= K,AS (12) 

According to the basic concept of the 
local stress-strain approach, no crack 
initiates at the notch tip if the local stress 
range at the notch tip is equal to or less 
than the endurance limit of the material 
Ac , (Refs. 5, 6, 13): 
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Fig. 6 — The test data and the 
least-squares fit curves of the FCP 
rates in different zones of the 
groove welds on 30Cr-Mn-Si-Ni-
2A steel. 
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Table 3 -

Material 

Base 
metal 

weld 

Weld 
interface 

Analysis 

R 

0.1 
0.2 
0.3 
0.4 
0.6 

0.2 
0.4 
0.6 

0.2 
0.4 
0.6 

of the FCP Rate Test Results 

B 
MPa - 2 

2.00 X 10 " , 0 

2.28 X 10"1 0 

3.62 X 10"1 0 

3.05 X 10"1 0 

3.61 X 10"1 0 

2.26 X 10" , 0 

4.43 X 1 0 " l 0 

4.13 X 10"1 0 

6.76 X 10" ' ° 
9.22 X 1 0 " l 0 

8.89 X 10"10 

AK,h 

MPaVrrT 

3.29 
3.21 
3.27 
3.45 
3.50 

10.34 
9.26 
8.42 

7.39 
6.20 
5.12 

AKthE 
MPaVrrT 

7.88 
6.78 
5.51 

AK t hc 

MPa \ / m 

8.05 
6.77 
5.70 

r(a) 

0.994 
0.991 
0.990 
0.994 
0.996 

0.973 
0.973 
0.969 

0.967 
0.902 
0.969 

s(a) 

0.053 
0.068 
0.070 
0.053 
0.045 

0.069 
0.100 
0.053 

0.196 
0.346 
0.228 

(a) r —the correlation coefficient; s —the standard deviation. 

ACT < ACTC (13) 

The endurance l imit under different 
stress ratios can be correlated as follows 
(Ref. 25): 

R) 
-ACT,. = CT_ (14) 

here c_i is defined as the maximum 
stress amplitude when the fatigue life of 
smooth specimens tends to infinity 
under ful ly reversed loads (R = -1) . By 
taking Ao = KtAo = Aa c and incorporat
ing Equation 14 into Equation 6, we have 

The endurance limit of steels can be 

ACT 
'«'•/,/, 

CT_ (15) 

estimated by using the following empir
ical expression (Ref. 26): 
The values of a_| estimated from Equa-

CT , =0.39CT,, + y/ (16) 

0.2 0.4 0.6 0.8 1.0 

Stress Ratio 

Fig. 7 — The correlation between A/C,/, and 
stress ratio R. 

CT_, +0.4lCT„ + (5 (17) 

tions 1 6 and 1 7 are 669 and 663 MPa 
(97 and 96 ksi), respectively. They agree 
well wi th the FCI threshold given in 
Equation 9a. 

Prediction of FCI Life 

According to the discussion above, 
the FCI life of the groove welds investi
gated can be approximately predicted 
by using the following equation: 

Figure 5 shows Equation 1 8 can pre-

N, = 

0.25(0. IE) i ~n ACT,, CT I + U (18) 

diet well the FCI life, but the predicted 
curve is slightly on the low side of the 
test data at the h'gh equivalent stress am
plitude because of the lower C value. 

The FCP Test Results 

The experimental results, e.g., in 
Refs. 1 4, 1 7, 27, show that the fo l low
ing equation gives a good fit to the test 
data on the FCP rate in metals: 
where B is the FCP coefficient and AK lh 

do_ 

dN 
B{AK-AKj (19) 

is the FCP threshold. The values of B and 
AK th can be determined by processing 
the FCP data with the regression analy
sis method given in Ref. 14. The analy
sis results are listed in Table 3. Figure 6 
presents the least-square fits to the test 
data. Substituting the values of B and 
AKth into Equation 19, we can obtain the 
expressions of the FCP rates under dif
ferent stress ratios. 

Discussion of the FCP Test Results 

FCP Coefficient B 

The fractographs (Ref. 20) show that 
the striation crack growth mechanism 
operates within the intermediate region 
of the FCP (da/dN = 10~8 to 10"6m/cycle) 
in 30CrMnSiNi2A steel. In this case, the 
values of B can be predicted by using 
the following expression (Refs. 1,4, 17, 
27): 

B = 
15.9 

(20) 

The value of B thus predicted is 3.75 
X 10-U)MPa-2. It is in reasonable agree
ment wi th the values of B experimen
tally determined for the base metal and 
the weld metal, but it is lower than those 
for the weld interface. The reason for 
this may be that a britt le FCP mecha
nism operates in the weld interface, so 
that the B values predicted from Equa
tion 1 8 are lower than experimentally 
determined (Refs. 14, 17). 

FCP threshold AKth 

The FCP thresholds of the weld inter
face experimentally determined, AK thE, 
are higher than those of AK^ as shown 
in Table 3. This is reasonable due to their 
definit ions. The former is the value of 
AK when da/dN = 3 X 1 0-1 0m/cycle, 
while the latter is the maximum AK value 
below which the fatigue crack stops 
propagating. In order to make a com
parison on the same basis, the AK val
ues at da/dN = 3 X 10" 1 0 m/cycle, de
noted as AK t h c , are calculated by sub
stituting the values of B and AK t h into 
Equation 1 7. As indicated in Table 3, the 
values of AK ihE and AK l h c are in good 
agreement. 

The test results in Fig. 7 show that the 
FCP thresholds of the weld metal and 
the weld interface decrease linearly with 
an increasing stress ratio, but those of 
the base metal are independent of the 
stress ratio. The stress ratio indepen
dence of AK th in the base metal may be 
due to the flat appearance of the frac
ture surface, which greatly reduces the 
crack closure effect (Ref. 28). The best 
fits to the correlation between the AKth 
and R are as follows: 

for the base metal 

AKrll=3.34 MPa\m (21a) 

for the weld metal 

AK„ =11.26 -4.8/? MPu4m (21b) 
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for the w e l d interface 

AA",,, =8.51-5.7/? MPa W (21c) 

0 < / ? < 0 . 6 

The General Expressions for 
the FCP Rates 

By subst i tu t ing Equat ions 1 8 and 19 

for Equation 17, the general expressions 

for the d i f f e ren t zones in the g r o o v e 

we lds invest igated are as f o l l ows : 

for the base metal 

3.75xlO"'"[A#-3.34]2 (22a) 
da_ 

dN 

for the w e l d metal 

da _ 

dN~ 

3 . 7 5 x l O " ' ° [ A A : - ( l l . 2 6 - 4 . 8 / v ) ] 2 (22b) 

for the w e l d interface 

da _ 

dN~ 

9.00xl0"'°[AJf-

0 < / ? < 0 . 6 

into account , o therwise a pred ic t ion w i l l 

be g iven o n the unsafe s ide, espec ia l l y 

at l o w cyc l i c stress level (Refs. 1 , 30). 

The crack propagates in i t i a l l y in the 

H A Z , the w e l d meta l or the base meta l 

depend ing on the FCI locat ions. The re

sults p rev ious l y stated i nd i ca te the m i 

crostructure has a great effect on the FCP 

in the near- threshold reg ion . In order to 

p red i c t the fa t igue l i fe o f w e l d e d c o m 

ponents more accurate ly , the test results 

of FCP rate se lec ted shou ld be reason

a b l y in l i ne w i t h the real FCI l o c a t i o n 

a n d FCP p a t h . The FCP l i fe p r e d i c t i o n 

w i l l be on the safe side if the test results 

o f t he base meta l or Equa t i on 20a are 

used. 

Conc lus ions 

1) The pos twe ld isothermal q u e n c h 

ing t r ea tmen t i m p r o v e s b o t h the m i 

c ros t ruc tu re and the fa t igue res is tance 

of the g roove w e l d s on 3 0 C r M n S i N i 2 A 

steel. 

2) There is l i t t le d i f ference in the FCI 

life o f var ious zones in the groove we lds . 

The genera l express ion fo r the FCI l i fe 

o f the groove we lds is as f o l l o w s : 

•5.7R)f (22c) /V ;.=6.48xl0 l5[ACT„„ l s5-648 IS5p2 

Application of Fatigue Tests Results 

The ana ly t i ca l a n d e x p e r i m e n t a l re
sults (Ref. 4) ind icate that the t rue stress 
c o n c e n t r a t i o n fac to r Kt at the w e l d toe 
o f t he w e l d s inves t iga ted is a b o u t 3.5 
and the K t p r o d u c e d by a s ing le cav i t y 
is about 2.2 to 2.8 (Ref. 22). So, fat igue 
c racks are l i ke l y to in i t i a te at the w e l d 
toe if the w e l d re in forcement is not ma
c h i n e d off. In this case, a d i s c o n t i n u i t y 
at the sur face o f the w e l d toe , such as 
u n d e r c u t , w i l l r e d u c e the FCI l i f e , bu t 
the inner nonc rack - l i ke d iscon t inu i t ies , 
such as cavi t ies, have l i t t le effect o n the 
FCI resistance. W h e n the stress c o n c e n 
t ra t ion at the w e l d toe is e l i m i n a t e d by 
r e m o v i n g the w e l d r e i n f o r c e m e n t , the 
FCI resistance w i l l be imp roved , but the 
w e l d d i s c o n t i n u i t i e s or o the r d i s c o n t i 
nu i t ies at the free surface may b e c o m e 
FCI locat ions (Ref. 4). Since the strength 
of the base metal is greater than the w e l d 
m e t a l , the FCI res is tance o f the base 
meta l is m o r e sensi t ive to w e l d i n g d is
cont inu i t ies and surface cond i t i ons (Ref. 
29). Note that the FCI life data in the pre
sent study were ob ta ined f rom the spec
imens w i t h a g round surface at the notch 
roo t . In s t ruc tu ra l l i fe p r e d i c t i o n , not 
o n l y t he ef fect of stress c o n c e n t r a t i o n 
p roduced by the geometry o f the w e l d e d 
componen t , but also the in f luence o f the 
undercu t and d i f ference in surface c o n 
d i t i ons on the FCI l i fe have to be taken 

3) The f o l l o w i n g express ion can be 

used to a p p r o x i m a t e l y p r e d i c t the FCI 

l i fe of the we lds invest igated: 

Nt =0 .25 (0 . l£ ) i ACT,,,, O". 

4) The express ions fo r the FCP rates 
in the di f ferent zones of the groove we lds 
are as fo l l ows : 

for the base meta l : 

— = 3.75xl0- '"[AK-3.34]2 

dN 

for the w e l d meta l : 

— = 3.75 x 10-'"\AK - (11.26 - 4.8/?)f 
dN L J 

for the weld interface 

da_ 

dN 

0 < / ? < 0 . 6 

:9.00x10""' A A : - I •5.7/?)] 

5) In structural l ife p red i c t i on , the ef
fects o f unde rcu t and surface c o n d i t i o n 
s h o u l d be t aken i n t o a c c o u n t a n d the 
test results or expressions o f the FCI l i fe 
and the FCP rate shou ld be proper ly se
l e c t e d . A p r e d i c t i o n on the l i fe o f the 
w e l d s inves t iga ted w i l l be on the safe 
side if the fat igue test results of the base 
metal are used. 
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