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Fatigue Crack Propagation Life of Partially Penetrated Butt Welds in High Strength Steel
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Abstract

Fatigue behaviour of partially penetrated butt-welded joints in high strength steel plates, in which crack-like structural
defect, i.c. lack of penetration(LOP), is inevitably introduced during welding processes, was investigated. Fatigue lives
of two types of welded joints, namely X-grooved and K-grooved joints, were experimentally determined first. Observed
fatigue crack propagation behaviours of the partially penetrated butt-welds were interpreted through considering
3-dimensional semi-elliptical crack shape in front' of the LOP. Based on such interpretation, a fracture mechanical
method to estimate stress intensity factors at the crack tip was proposed. Since the fatigue life of the partially
penetrated butt-welds was strongly influenced by the ratio of size of the LOP to thickness, D/, the D/t was used as a
main parameter to calculate the fatigue life by using the proposed method. Comparison of the fatigue life obtained
experimentally and analytically agreed well with each other. Hence it is suggested that the method used in this work
to predict fatigue life of the partially penetrated butt-welds can be applied to real cases with improved life-prediction
capability.
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Table 1 Chemical composition and mechanical

properties of RHA Class-1

Chemical Composition (wt%)
C Mn P S Si Ni Gr Mo
0.160 | 0.220 | 0.006 | 0.003 | 0.240 | 2.940 | 1.460 | 0.370

Mechanical Properties
o, (MPa) UTS (MPa) elongation (%)
970 1040 14

KRR B2146 B1¥. 20034 28

71A% 44L& Table 13} 2t}

HEE]] 7| 842 GMAW(Gas Metal Arc
Welding)e]laL, Shield Gast °l=& 98%st At4
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Table 2 Chemical composition and mechanical
properties of Spoolarc 95

Chemical composition (wt%)

(& Mn B S Si Ni Cr Mo
0.07 | 1.40 | 0,008 | 0.007| 0.35 | 1.80 | 0.20 | 0.35
Mechanical properties
0. (MPa) UTS (MPa) elongation (%)

656 725 23

——
54°

P

254

cD

(a) K(double—bevel) —grooved joint

Nl
_L_ D=3.2(LOP) | 1
\ ' |

L_3 >

(b) X(double—V)—grooved joint

Fig. 1 Configuration of edge preparation (unit : mm)
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Fig. 2 Configuration of specimen (unit : mm)

(b) X—grooved Joint

(a) K=grooved Joint

Fig. 3 Optical micrographs of welded joints
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Fig. 4 Fatigue test results (T : fracture at weld toe,
R : fracture at weld root, T+R ! mixture
fracture)

Journal of KWS, Vol. 21, No. 1, February, 2003



e a9 gy §4e) veRrdRass 97

(a) K—grooved joint (4 ¢ =150MPa)

(b) X—grooved joint (4 a =175MPa)

FFig. 5 Optical micrographs of welded joints fract
ured by type T

(b) X—grooved joint (4 g _=200MPa)

Fig. 6 Optical micrographs of welded joints fractured
by type R
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(b) X—grooved Joint (4 o ,=225MPa)

Fig. 7 Optical micrographs of welded joints fractured
by type T+R
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Fig. 8 Comparison of fatigue test results for RHA
class and SM490B
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Table 3 Input data to calculate fatigue crack propa-
gation life (unit : mm)

D* (D/t) t | & | a*

7.5 (0.30) 8.95
K-grooved joint ————— 1 =

4.5 (0.17) 10,45

25.4

5 010) | 22| 9 [11.45
X-grooved joint

1.0 (0.04) 12.20

*size of lack of penetration which was chosen for the
largest and smallest values measured by fractographical

anlysis
**final crack lengths calculated by the crack geometry
in Fig. 9 : ar = (t - D)/2
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Fig. 11 S-N curves predicted by fracture mechanics
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