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Fatigue Life Estimation of Cruciform Welded Joint
Considering Interaction, Coalescence and Growth of Multi-crack
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Abstract

Fatigue life of welded joints are governed by the propagation of multiple collinear surface cracks
distributed randomly along weld bead. These cracks propagate in mutual interaction and coalescence of
them. To estimate the fatigue life, the influences of above two mechanisms on the fatigue life should
be taken into account. These two mechanisms appear through the stress intensity factors disturbed
mutually. However, it is difficult to calculate the stress intensity factors of multiple surface cracks
located in vicinity of weld toe. The stress intensity factors are calculated normally by using the Mk
-factors, but such Mk-factors are very rare in literature. In this study, the Mk-factors were obtained
from a parametric study on crack length and depth, in which a finite element method is used. A
fatigue test for a cruciform welded joint was conducted. The fatigue life of the tested specimen was
estimated through present method with the informations obtained from the test, e.g. the number, size
and locations of the cracks. The estimated and measured fatigue life showed a good agreement.
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Table 1 Chemical composition and mechanical
properties of SM490B

Chemical Composition (wt%)
C | Mn P S Si Ni Cr Mo
0.155]1.304|10.0166| 0.0104 | 0.423 | 0.032 | 0.038 | 0.018

Mechanical Properties
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Fig. 3 Comparison of experimental and expected
fatigue crack propagation for the multi-

surface cracks
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Mk={A+B-e % ")
. D+ E- (a/t)
1+F- (a/t)+ G -

(7

(a/t)*

Cruciform
Deepest point

Equation

Mk

0.3 0.4 0.5 0.6

alt

(a) Mk-factor at deepest pont

Cruciform

alc=0.2
5 Crack end

- alc=0.4
. alc=0.6
v alc=0.8
alc=1.0
alc=0.2

Equation

Mk
w

0.6

0.5

0.8

(b) Mk-factor at crack end
Fig. 6 MFk-factor at deepest pont and crack end for

cruciform welded joint

Table 2 Fitting factors of Mk-equation for

cruciform welded joint

Fitting Cruciform
Coeff. Crack end Deepest point
A 4.1604 2.0513
B 2.3039 0.0917
C -5.1875 -1.3577
D 1.4521 2.8483
E 27.3836 49.0783
F 72.3167 60.0267
G 45.1885 4.8892
33 MR TR olgRe Sy
AP ARG ol ey M= Agd wse
e mUdde] 47 % 225 4] St ¥
ZAFE AAEETE MTSARS] 100ton &% 5t

124

N
-

S
o
)
el
ol
o

>
g N
=
I o2
I
=
SE,
ol
o
ofy

jakin

d
i
<l
6°)
e Y

N
N
N
N

> S

22 o® N ofN

ottt —x
o ol g oo

2 E
2 o
b b

N

=)

g

=
"‘U_._',mﬂ;

o

fr & W oo W& owo

m

o,

>
O
mZmEL

thate] 20~70%¢°1 &

TAFE 1~15712 AgHA zho|
TdZo]l o ¥ dEdo] 2¢
i=d]

51~10.03mm=z A=

oft
o
o

)

=
l
(o)
~
D
8
=
>1|
(=)

Table 3 Fatigue test results for cruciform welded

joint
Specimen| Ao (MPa) I\CI?(r)éc(l)f Ny— Np (NTTTND )
#1 150 2 982634 (0.58)
#2 220 3 268387 (0.64)
# 275 2 93591 (0.73)
#4 175 6 120720 (0.29)
#5 140 6 490147 (0.41)
#6 190 15 208967 (0.58)
#7 200 6 183284 (0.65)
#8 120 1 1798317 (0.50)

* Ny=total fatigue life
Np=fatigue life when performing dye penetration

A i a=0.74mm, 2c=2.25mm D+ a=119mm, 2c=3.75mm
B i a=0.62mm, 2c=0.97mmn E : a=108nm, 2c=2.86mm
C + a=0.53mm, 2c=1.50mm F i+ a=179mm, 2c=7.67mm

D E F

885 15,85 7,05 |
T T T

40,8

90

Fig. 7 Fractography and simulation of crack

propagation for the specimen #5
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Fig. 8 Comparison of crack propagation life for

cruciform welded joint
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