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Mathematical framework for a semi-physical model for the prediction of
creep life of Fe-Ni-Cr alloys addressing solid-solution hardening
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Motivation |

Accurate prediction of creep deformation and creep life requires suitable numerical | To this end, the effect and evolution of microstructural features influencing the

models capable of addressing complex creep deformation responses. creep behavior of alloys must be considered.
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Engineering approach Semi-physical approach

Semi-physical equations _)6 Empirical phenomena Semi-physical equations _)( Physical phenomena
[2]: relation between steady-state creep rate (€..) & mobile dislocation density: mean field model, HT-9 [3], improved for steel P91 [4], and Ni-based alloy [5].
Derivation of €..- p,,, relation: Work hardening € = pmbvem;1 ‘ precipitate hardening terms (see [5])
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€Ess = Uc 3  Taylor equation dislocation stress (o) [4,5] effective velocity v, from glide (vg) & climb (v():
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“* New physical phenomena included as internal-stresses (o;): _ (—Qself ) [—(o'd + o)V, ] . (0V,
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solid-solution hardening . : . - —
.grain boundary precipitate strengthening *** New physical phenomena included as terms representing physical
Interactions between dislocations, particles and the substructure
Combination of both approaches to model solid-solution hardening

Definition of the critical breakout stress (ag;) form pinning solute atoms s Inclusion of calculated a;, within the internal stress (o;) in vg and v¢

b2L b3 out from solute atoms: Approximate c; (t) — Reference (03, = 0)

*mean solute atoms spacing: L = /b - ¢; during creep test - = Op max = 1.0 (MPa)
The critical breakout work (W?) is calculated as [2]: - 57 . t 0 — - Op max = 2.5 (MPa)
o \LU/ 14 00 | O-b,max =50 (MPa)
| *atomic volume of FCC structure ‘Ui E
Wb = E ,QFCC —{— . -
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| time _
*/nitial solute atoms concentration 1 X
v time *: Parameters after [4]
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