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Analysis of Embrittlement in Weld Heat-affected Zone due to
Formation of Martensitic Islands by Local Criterion Approach

Tetsuya Tacawa, Takashi Mivata, Syuuji Amara and Kentarou Oxamoto

Synopsis : In the previous work, the state of the martensitic islands and its influence on the fracture toughness in low carbon steels
simulated to the heat affected zone of multi-pass weld were investigated.
It has been shown by the authors that cleavage fracture toughness of steels can be described in terms of the cleavage

fracture stress and yield stress of materials.

In the present work, experimental results in the previous work were analyzed along with the local criterion approach,
and successful correlations were obtained. Through this correlation, the influence of the martensitic islands on the
deterioration in toughness was investigated. It was suggested that the maximum size of martensitic islands was not
an unique metallurgical factor which deteriorated the toughness, and mean free path and the statistical distribution of
the martensitic islands had also a great influence on cleavage fracture toughness.
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Table 1. Chemical compositions

(mass%)

of steels tested.

Steel

C Si  Mn

P S Cu

Ni Nb Al Ti

Steel A
Steel B
Steel C
Steel D
Steel E

0.08 0.22 1.49
0.08 0.21 1.48
0.11 0.22 1.44
0.11 019 1.44
0.08 0.27 1.39

0.004 0.003 0.31
0.004 0.003 0.30
0.001 0.005 0.21
0.011 0.005 0.21
0.004 0.003 —

0.31 0.009 0.032 0.008
0.30 0.009 0.030 0.008
0.20 0.021 0.027 0.011
0.20 0.020 0.028 0.012
— 0.009 0.031 —

Table 2. Mechanical properties of materials tested
and facet size of cleavage fracture surface.

Material Oys Ou R.A. Facet size
(MPa) (MPa) (%) (12m)
A-S1 434 599 79 13
A-S2 422 592 79 12
A-S3 402 573 31 9
A-S4 441 633 79 18
E-S1 425 589 78 17
A-D1 451 638 74 28
B-D1 451 638 74 10
C-D2 519 732 66 15
D-D2 518 739 67 17
A-T 470 635 79 15

Table 3. Volume fraction and size of M*.

Material Volume Average Maximum
fraction (%) size (xm) size (um)
A-S1 2.0 1.0 2.17
A-S2 1.7 1.2 2.10
A-S3 2.1 1.3 2.70
A-S4 4.4 1.6 3.27
E-S1 0.4 1.2 1.70
A-D1 4.7 1.2 2.90
B-D1 5.9 1.3 3.86
C-D2 11.0 1.3 5.85
D-D2 12.0 1.3 4.05
A-T 35 0.9 2.70
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Fig. 1. Specimens, dimensions are in mm.
(a) ImmR notched round bar tensile specimen.
(b) Smooth round bar tensile specimen.

(c) Double notched bend specimen.
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Fig. 2. Temperature dependence of fracture
toughness.
(a) Materials subjected to single thermal cycle.
(b)Materials subjected to double and triple thermal
cycles.
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Fig. 3. Relation between fracture toughness and
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