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Abstract

This study is concerned with a correlation of microstructure and local brittle zone (LBZ) in
offshore structural steel welds. The influence of the LBZ on fracture toughness was investigated by
means of simulated heat-affected zone (HAZ) tests as well as welded joint tests. Micromechanical
processes involved in void and cleavage microcrack formation were also identified using notched
round tensile tests and subsequent SEM observations. The LBZ in the HAZ of a multipass welded
joint is the intercritically reheated coarse grained HAZ, which is influenced by metallurgical factors
such as effective grain size, the major matrix structure and the amount of high-carbon martensite
-austenite (M-A) constituents. The experimental results indicate that Charpy energy was found to
scale monotonically with the amount of M-A constituents, confirming that the M-A constituent is
the major microstructural factor controlling the HAZ toughness. In addition, voids and microcracks
are observed to initiate at M-A constituents by the shear cracking process. Thus, the M-A
constituent played an important role in initiating the voids and microcracks, and consequently
caused brittle fracture.
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observation of the M-A constituent
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Photo. 1 Macroscopic cross sectional view of the.
welded joint
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Photo. 2 Microstructures of the simulated coarse grained HAZ (Tp'=13507C)
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Table 3 Grain sizes of the welded heat affected zone (HAZ ) and the simulated HAZ

Actual Welded HAZ

Simulated HAZ

Distance from Prior Austenite Ferrite Peak Prior Austenite Ferrite
Fusion Line Grain Size Grain Size Temp, Grain Size Grain Size
(mm) (zzm) (1em) (C) (zm) (#m)
1 43 - 1350 49 -
3 - 8.5 1200 41 -
5 - 8.8 1000 - 8.7
= - 9.1 900 - 8.1
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Photo. 3 Transmission electron micrographs at (a)-
(b) Imm, (c) 3mm, and (d) 5mm from the

fusion line. Note the presence of titanium
carbonitride particles in (b), revealed by

the EDAX analysis in (e)

Photo. 4 Scanning electron micrograph in the
simulated ICRCG HAZ prepared by the 2-
stage electrolytic etching technique'? to
observe M-A constituent
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Photo. 5 Transmission electron micrographs of the simulated ICRCG HAZ, showing the

twinnings within M-A constituents as indicated by arrows. (a) TEM image and
(b) a higher magnification image of M-A constituents in (a)

Table 4 Relationship between the volume fraction of M-A constituents and the simulated thermal cycle

Tp'=1,350°C, At=42 Tp?=800C, At=42 Tp'=1,350°C, Tp*=800C
Tp? Mf Tp! M{ At Mf
- 7.4 1, 350 10. 4 20 8.0
1,200 8.2 1,200 7.5 42 10.4
1, 000 <0.2 1,100 0.5 60 9.4
800 10.4 1, 000 <0.2
Tp! : First Peak Temperature(C)
Tp? : Second Peak Temperature('C)
At : Cooling Rate from 800°C to 500°C (sec)
Mf : Volume Fraction of M-A constituents(%)
1,000C Y =M-Az2o] A w5z ¢for}, 25
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cleavage fracture initiation point at the M
-A constituent inside secondary cracks
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Phote. 8 Scanning electron micrographs of notched round tensile specimens sectioned paralle
to the tensile axis, showing the microstruc ture beneath the fracture surfaces of the
simulated ICRCG HAZ fractured at (a)-(b -10°C and (c)-(d) -80°C. Tensile axis is

vertical for the micrographs
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