Transformation Plasticity in
Steel Welds
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RECONSTRUCTIVE

Diffusion of all atoms during
nucleation and growth.
Sluggish below about 850 K.

ALLOTRIOMORPHIC
FERRITE

IDIOMORPHIC
FERRITE
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MASSIVE FERRITE

No change in bulk

L composition.

DISPLACIVE

component.

No iron or substitutional
solute diffusion.

Thin plate shape.
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Invariant-plane strain shape
deformation with large shear

WIDMANSTATTEN
FERRITE
Carbon diffusion during

paraequilibrium nucleation &
rowth.
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PEARLITE

Cooperative growth of
N ferrite & cementite.
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BAINITE & ACICULAR
FERRITE
Carbon diffusion during

paraequilibrium nucleation. No
diffusion during growth.

MARTENSITE

Diffusionless
nucleation & growth.




Watson and McDougall
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Lower bainite, transformed
with and without stress

Chang et al., 1996
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Alloy C Si Mn Cr Ni Mo

OK 75.78 0.05 0.19 201 041 3.14 0.63
B 0.03  0.65 0.5 | 12 0.5
C 0.045 04 05 04 14 0.4
LTTE3 0.07 02 1.25 9.1 &85
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Stress (MPa)
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316 austenitic stainless steel
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Transformation strain

24 variants of martensite per austenite grain

Variant selection
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Habit plane p,

—0.168640 Orientation (v J «)

—0.760394 0.575191 0.542067  0.097283
—0.550660  0.568276  0.089338
—0.627185 ( )

—0.008610 —0.131800 0.785302

10 1],|/[-0.920611 — 1.062637 1.084959],,/
(11 1)4]](0.015921 0.978543 0.971923),

Shape change (v P )

0.992604 —0.033124 —0.027321
0.026378 1.118936 0.098100
—0.027321 —0.123190 0.898391
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Experimental Calculated Calculated

Kundu and Bhadeshia, Scripta Materialia 55 (2006) 779
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Kundu, Hase, Bhadeshia, Proc. Roy. Soc. 2007






AG = AGecaem + AGuECcH

/AG

AG mech

£
0.10
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02
0.01
0.00

© Pressure vessel steel
® Super bainite
® Matsuzaki

12 16 20 24
Number of active variants




15

0

1

5

-20

e
)
o
5

-30
0

/8

E

wn
)

55
LTT

OK75

: o
4+ o+ + +|% 4+ + o+ + - <
1]

I | I
o Vol o o wn o

istance from weld centerline (mm)

d



