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Improvement on Fatigue Fracture Life of Welded Structures by Micro-structure in Steels
--- Research on Extension of Fatigue Life of Ship Structure Part 3 ---
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Summary

It is clear that detection of fatigue crack initiation in complex welded structures like hulls is quite
difficult, and that the crack length at recognition is mostly long compared to that in mechanical parts.
From these facts, not only stress reduction at critical area by design improvement, but also newly
developed steels excellent for fatigue crack propagation resistance are desirable for structural
integrity. Newly developed structural steel FCA, in which fatigue crack propagation resistance
was controlled by metallic microstructures, was introduced in the part one within a series of our
research. Various fatigue properties of FCA in air and in synthetic sea water were reported in the
part two.  As the continuous research after these two papers, fatigue properties of various welded
joints with FCA are compared with those with conventional steel. From these experimental results,
it can be clarified that the fatigue life extension effect by FCA is observed also in welded joint
specimens and welded structural models as the same as FAC itself.
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Table 1 Chemical compositions of
materials tested (mass%)
Steel C Si Mn Ceq Remarks
A 0.15 0.17 099 0.32 Conventional
B 0.18 0.28 1.23 040 Conventional
C 0.10 0.23 1.34 0.33 Conventional
D 0.06 0.44 155 0.37 Developed
E 0.06 0.44 155 0.37 Developed
F 0.09 023 146 0.35 Conventional
Table 2 Mechanical properties of
materials tested (L-direction)
Steel YS TS Plate thickness
MPa)  (MPa) ~ (mm)
A 352 477 12
B 378 524 12
C 395 489 12
D 491 590 25
E 476 579 25
F 476 535 25
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Table 3 Welding conditions
CO2 gas shield arc welding
Wire DW-100 (¢ 1.4mm )
Current 270 A
Voltage 28V
Speed 30 cm/min
Gas rate 25 L/min
Leg length 6 ~ 8 mm
2.4 BEK
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(a) Plasma cut plain specimen (In air)
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(b) Plasma cut plain specimen (In sea water)
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Fig. 1 Size and shape of test specimens
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Fig.2  Fatigue test results of plain

specimens in air
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Fig. 3 Fatigue test results of circular

notched specimens in air
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Fig. 4 Fatigue test results in synthetic sea water
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Fig.5 Fatigue test results of butt welded joints
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Fig.6 Fatigue test results of gusset welded joints
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Fig.8 Fatigue test results of one side Fig.12 Fatigue test results of structural models

wide gusset welded joints
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Table 4 Effect of DI on microstructure

and hardness near plasma cut line

Steel DI Hardened area | Maximum
(mm) (mm) Hv (300gf)
A 16.8 0.13 370
B 24.3 0.23 500
C 18.9 0.17 330
D 23.3 0.26 370
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Fig.15 Comparison of fatigue crack propagation
behavior between two types of welded joints
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