BB oCr flliFEMoMAREEER L
RAEEY ) — TR

FEM Analyses of Creep in Welded Modfied 9Cr Steel Considering Microstructures in Weld and HAZ
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Modified 9Cr-Mo steel is a candidate structural steel for demonstration fast breeder reactors (FBR’s).
Due to low thermal activation, the steel can maintain steady-state deformation during long-term creep. The
creep strength of its weldment is lower than that of the base metal. Because of different creep strain rate in
the solidified weld metal and heat-affected zone (HAZ), creep deformation in HAZ can be lowered but
maximum principal stress augmented in fine-grained HAZ to cause detrimental Type IV cracks in this zone.

In this study, FEM analyses were made on long-term creep of over 60 years in double U groove welded
Modified 9Cr-Mo steel with typical microstructures in the welded region of the steel taken into consideration. The
typical welded region of the steel consists of solidified weld, coarse grain HAZ, fine grain HAZ, interfacial HAZ
and base metal. These microstructures were modeled as polycrystal structures having slip systems approximated

by rectilinearly anisotropic deformation properties.
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Fig.1 Schematic illustrations of microstructures (a)
and creep damage (b) around the weld joint
[10,11].
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Fig. 2 Double U Joint in a welded specimen.
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Fig. 3 Present FE Model of a welded plate specimen.

Fig. 4 Schematic illustrations of the present double
slip systems set up in crystalline models.
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Table1 Material Properties used for the present FE
analyses.
Elastic moduli Norton Law Anisoropic
Parameter
Zone P £ G p
N J > F|G|H|N
¥ |(GPa)|(GPa)|(GPa)| (MPa-nhr-1y | "
R 100 | 80 (385 1. 350 14
Polycrystalline 1.22x10 71416
f-HAZ 150 | 120 | 58 | 1.44x10? | 113
. - |03 100 1.22x107%° | 14
Isotropic
f-HAZ 150 — 1.44x102" | 11.3 -
Rigid Plate - 30000 — —
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Fig.5 Type IV crack in creep-rupture specimen [15].
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Fig. 6 Comparison of hydrostatic stress distributions in
polycrystalline and isotropic models at 6 X 10° hr (MPa).
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Fig. 7 Comparison of creep deformation curves in the

polycrystalline and the isotropic models.
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Fig. 8 Comparison of results obtained by the present
FE analyses with those by experiments.
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