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ABSTRACT Metallurgy replica and microhardness tests are used to observe the surface microstruc-
tures of the 1Cr18Ni9Ti stainless steel pipe-weld metal specimens. The results reveal that this material
has a columnar grain structure which consists of austenite matrix and rich delta ferrite bands. The
distance between rich delta ferrite bands (about 40 pm) is an appropriate parameter for characterizing
this structure. The surface microstructures of specimens are related to the orientations of colurnnar
grain. Considering the localization of fatigue damage and the contributions of short cracks with differ-
ent sizes and positions to fatigue damage an approach called * effective short fatigue crack criterion ”
is suggested. This criterion is consisted of three new concepts, effective short fatigue cracks (ESFCs),
dominant effective short crack (DESFC) and density of ESFCs.
KEY WORDS stainless steel pipe, weld metal, microstructure, short fatigue crack, effective short
fatigue crack criterion
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Fig.2 Sampling positions of specimen nsed for the random

metallurgical and hardness testa
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Fig.3 Metallographs of three zones, base metal {a), heat af-
fecting (b] and weld metal (c]. in the pipe-welded jount
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Fig.5 Heplica photographs of a typical specimen before fatigue test showing columnar grain {a} and substructures

of columnar grain (b—d)
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Table 1 Mean value (Ay), standard deviation (5y) and their ratio Cy of the Vickers hardness data for the three zones of welded

joint
Zone Minimum — maximum Mean value Standard deviation
values, HV10 Ap. HV10 Sp, HY10 An/Sn
Base metal 215—270 239.53 14.14 5 85039
Weld metal 210—312 260.56 23.42 H.098735
HAZ 213—274 237.47 15 17 6.38623

B 2 ZHW Weibull 9 SR EL = KEF FHIEmMS
BIE-3 -1
Table 2 Statistical parameters in the three parameter
Weibull diatribytion simulated the hardness data
of tle three zones of pipe—welded joint.

Zone g (HV10) #(HV1D) m
Base metal 201.6 42.89 2.7091
Weld metal 129.0 141.66 549557

HAZ 203.2 39.05 2,3449
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Fig.8 Correlation definitions with respect to the "effective short Fatigue crack criterion” {ESFCs—effective
small fatigue cracks, DESFC—dominant effective small fatigue crack, z.—radius of the initial zone of
DESFC and z,— radius of the zones ahead of the DESFC tips}
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