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Experimental normalized creep curves w/st.Dev.  (ULiège) 
• Low stresses & a single high temperature ($$$!!)
• σC < σD < σE < σF

Why Mean-Field Creep?
To model the non-classical behaviour of 800H

3
** in-house FE code developed in MSM team, ULiège [3] 

my PhD. Project in a nutshell
Service life assessment of 800H in industry

Finite element modelling of creep, using LAGAMINE**

▪ New viscoplastic model
▪ Parameter identification & validation

Experimental creep curves
complemented with

Virtual creep curves

Mean-Field Creep (MFC) model

Objective:

Challenge:
Creep 

deformation
Microstructure 

evolution

classical non-classical

two-minimum creep 
strain rate minima* 

* Also studied in 
∙ 2.25Cr–1Mo (K. Maruyama, MSEA, 1997) [1]
∙18Cr9Ni-3Cu-Nb-N T. Hatakeyama, MSEA, 2022) [2]
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800H microstructure evolution overview*
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Initial microstructure
--Coarse austenite
--Annealing twins
--Precipitates:

Ti(C,N) carbonitrides

Intragranular M23C6

1st minimum: solid-solution hardening (SSH)

2nd minimum: steady-state creep rate + aging

Intergranular M23C6 precipitation

Substructure (subgrains)

Mobile 
dislocations

Slip plane

Solute atoms from 
dissolved M23C6

dislocations

* After C. Rojas-Ulloa, JMS, 2026 [4]
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Numerical model
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Non-linear equation system*, based on dislocation density (𝜌)

creep strain rate ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ - - - - - - 

* a combination of 
scientific contributions:

∙ (N.M. Ghoniem, Res Mech.,1990) [5]
∙ (S.D. Yadav, MSEA, 2016) [6]
∙ (F. Riedlsperger, 2020, 2023) [7,8]

mean mobile dislocation density rate ‐ - - - - - 

mean static dislocation density rate ‐ - - - - - - 

mean boundary dislocation density rate ‐ - - - 
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Numerical model
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Non-linear equation system = classic predator-prey system

* Water tank pic. after review article from (W. Blum, MMT, 2002) [9]

Annihilation of 𝝆𝒃 

𝑣g𝜌𝑚 𝜌𝑚 + 𝜌𝑠  

𝜌𝑠 𝜌𝑏

Frank-Read

𝜌𝑚 2𝑅DW
−1

 𝜌𝑚 𝜆eq
−1

𝜌𝑚 ℎDN
−1 

𝑣g𝜌𝑠 2𝑟𝑖
−1 

(−)(+)

(−) (+)

𝛽𝜌𝑠𝑅DW

ℎDW
2at DWs:

8
𝑣c𝜌𝑠

ℎDW

𝑣g ×

Annihilation of 𝝆𝒎

dynamic:  𝑣g𝛿anh 𝜌𝑚
2 + 𝜌𝑚𝜌𝑠

static:        𝑣c8𝜌𝑚
Τ3

2

(+)

(−)

(−)

Annihilation of 𝝆𝒔

(+)

static:         𝑣c𝜌𝑠 ℎDW
−1

dynamic:    𝑣g𝛿anh 𝜌𝑚𝜌𝑠

Dislocation production

static:      2𝜉
𝑣c𝜌𝑠

ℎDW

𝜌𝑚 𝜆eq
−1

 𝜌𝑠𝑓vb 𝑟𝑖
−1

𝑣c ×

(−)
𝜌𝑚

or
classic water tank problem from ODE*
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Model development
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An efficient hierarchical approach

1. Prediction of the steady-state
 creep rate level

2. Prediction of the solid-solution 
creep strain hardening

3. Prediction of loss of load carrying 
capacity, damage & fracture

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.5 1.0

N
o

rm
al

iz
ed

 c
re

ep
 s

tr
ai

n

Normalized time

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.5 1.0

N
o

rm
al

iz
ed

 c
re

ep
 s

tr
ai

n

Normalized time

0.0

0.2

0.4

0.6

0.8

1.0

0.0 0.5 1.0

N
o

rm
al

iz
ed

 c
re

ep
 s

tr
ai

n

Normalized time

2nd minimum creep rate
(steady-state creep rate)

1st minimum creep rate
(solid-solution hardening, SSH)

Tertiary creep stare
(creep damage & rupture)

Here is where our two main contributions stem from…
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Step 1: Steady-state creep rate
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Modification of the apparent representative volume (Vr)

➢ The mean glide velocity of 
dislocations is defined as:

➢ For a single temperature & multiple stresses in 800H, no unique Vr was found!

𝑣G = 𝑘G exp
−𝑄G

𝑘B𝑇
exp

− 𝜎int Vr

𝑘B𝑇
2 sinh

𝜎appVr

𝑘B𝑇
with:

𝑘G Glide pre-exp. constant Fitting param.

𝑄G Glide activation energy Fitting param.

𝑘B Boltzmann constant 1.38 × 10−23JK−1

𝑇 Temperature (K) Variable

𝜎int Internal stress Variable

𝜎app Applied (true) stress Variable

Vr evaluated at each stress

Arrhenius equaiton fit

Similar behaviour found for 316N stainless steel by *

* after (C. Parveen, MSEA, 2021) [10]

V
r

×
b

3
 −

 m
3

𝜎app  −  MPa

Vr = AV ⋅ 1 + BV ⋅ exp −CV ⋅ 𝜎app ⋅ b3 

❖ Vr follows an Arrhenius-like stress dependency!

b is the Burgers- vector (= 0.253 nm) for FCC
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SSH incorporated within the internal stress equation

𝑣G,C = … exp
−𝜎intVr

𝑘B𝑇
2 sinh

𝜎appVr

𝑘B𝑇
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Step 2: Prediction of the SSH creep rate peak

𝜎int = 𝜎tay + 𝜎ss

𝜎ss = 𝑓ss 𝜎app, 𝑇 ⋅ 𝒳𝑖
ൗ2

3 power for FCC materials

solute atom concentration, 𝑖 = Cr

physical function: 

𝜎tay = 𝛼𝑚𝑇Gb 𝜌𝑚Taylor stress:

𝑓ss = 𝑓ss0 ⋅ exp
−1

C1

𝑘𝐵𝑇

Δ𝐸b
ln

ሶ𝜖

ሶ𝜖0 𝑓ss0 =
1

2
 𝑚𝑇 G νeq

ൗ3
4

Δ𝐸b = Φ𝑚𝑇Gb3
𝑤

b

ൗ3
2 𝜎app

𝑚𝑇G

Φ 𝑇 = 𝜙1 exp ൗ−𝜙2
R𝑇

∙ Used to predict SSH in HEAs by *
∙ cool trick to adapt to creep:

ln
ሶ𝜖

ሶ𝜖0
= 𝑚 ⋅ ln

𝜎𝑦 𝑇

𝜎app

with:

∙ Pre-exponential function:

∙ Energy barrier function:

𝑚𝑻 Taylor factor 3.06

G Shear modulus known [4]

C1 Material constant Fitting param.
𝜎𝑦 Yield stress known [4]
νeq Equiv. atom misfit See [11]
𝑤

b
Aver. travel dist. ratio ≈ 0.17 [11]

𝜙1,2 Material constants Fitting params.

R Gas constant 8.314 Jmol-1K-1

Solid-solution hardening stress:

* (I. Toda-Caraballo et al., Acta Mat., 2019) [11]
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Thermo-Calc® coupling
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Ex-situ simulations were conducted for 800H alloy

Number density distribution of Cr23C6 before creep
(after solution annealing + water quenching)

Volume fraction of C during creep (aging) 
thermo-kinetic simulation at 1000°C

Dissolution of intra-
granular Cr23C6 

=
Production of Cr atoms 
in solid solution (𝒳Cr)

* After C. Rojas-Ulloa, JMS, 2026 [4]
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Results – Creep strain validation
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Low stress
Normalized creep strain vs. time curves (ULiège)

(Single temperature & multiple (low) stress levels)
Normalized creep strain rate vs. time curves (ULiège)

(Single temperature & multiple (low) stress levels)

❖Let us analyse the evolution of the mobile dislocation density (𝜌𝑚) in test 𝜎1

* After C. Rojas-Ulloa, JMS, 2026 [4]
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Results – Dislocation density validation
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Low stress
Mean dislocation densities predicted by MFC compared to 

experimental measurements for a single creep testExperimental geometrically necessary dislocations 
measurements performed with EBSD

* After C. Rojas-Ulloa, JMS, 2026 [4]
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Results – creep strain validation
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High stress
Normalized creep strain vs. time curves (ULiège)

(Single temperature, with low & high stress levels)
Normalized creep strain rate vs. time curves (ULiège)

(Single temperature, with low & high stress levels)

❖ Test conducted at 𝜎5 is found beyond the limits of our MFC model
* After C. Rojas-Ulloa, JMS, 2026 [4]
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Results – Literature validation
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Aging effect
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Creep strain vs. time curves (literature*) 
as-received material

Creep strain vs. time curves (literature*) 
Argon-aged material (800hours at 1000°C)

❖ Large experimental scattering

❖MFC results within reasonable agreement * see (A.M. Young, Journal of Materials Science, 2023) [12]

MFC simulation (ULiège)

Experimental curves ∗

MFC simulation (ULiège)

Experimental curves ∗
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Results – Literature validation
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* experimental data points from (R. Swinderman, J. Eng. Gas Turbines Power, 1993) [13]

Mockman-Grantt relationship

Experimental points (after *)

minimum creep rates, MFC 

Choosing the minimum creep strain rate:

Experimental points (after *)

Steady-state creep rates, MFC 

Choosing the minimum creep strain rate:

C
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ep
 r
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e

time 

the absolute 
min. creep rate

C
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ep
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time 

the steady state 
creep rate
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Outlook
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Mean-field creep model adapted to non-classical creep:

Prospects:

✓ Identified & validated with ULiège experiments

✓Results in reasonable agreement with literature

✓Stress-temperature applicability ascertained

• Virtual tests from MFC are a good complement to our 
experimental campaign

• MFC model exploitation for other alloys: 30CrMoNiV5—11 
alloy (AID4Greenest project *)
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* See (F. Chen, MDA, 2026) [14]
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Annex: Thermo-Calc® data interpolation
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ANNEX: EBSD – measurement of GND
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Geometrically necessary dislocations are extracted from the 
mean average misorientation angle captured during EBSD

… and, for FCC: 𝜌GND ≈ 𝜌𝑚 𝜌GND =
0.0032 ⋅

𝜋
180 ⋅ 10−6

b
 with

slope = 0.0032 deg./μm
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