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Classical creep

classical creep response   conventional creep modeling
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Isotropic hardening

Norton law

Damage

ሶ𝑝 =
σv

𝐾 𝑇

𝑛

𝜎𝑦 = 𝜎0 + 𝑅

𝑅 = 𝑄 1 − exp −𝑏𝑝
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Physics of non-classical creep of 800H alloy
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First minimum creep rate (mcr1)
• Climb-controlled (diffusion)
• Solid-solution hardening

Second minimum creep rate (mcr2)
• Dislocation glide-controlled
• Subgrains = dislocation walls

Damage stage
• Grain boundary sliding
• Cavitation

(M.Gao et al., Materials,  2025)

(V.Guttmann & J. Timm, Int. J. Mat. Res., 1990)

750ºC & 95 MPa

800ºC & 40 MPa
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ULiège experimental observations

Non-classical creep overview
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σ1 < σ2 < σ3 < σ4

mcr2: steady-state creep rate
- Predictable with conventional Norton law

→ ሶ𝑝 = 𝑓 𝜎, 𝑇

Superposition of creep curves of 800H 
for a single (high) temperature

mcr1: observed if
- High temperature + low stress4

- As-received condition (not aged)5

→ ሶ𝑝 = 𝑓 𝜎, 𝑇
 
჻ Challenge:
- Find suitable creep law
- Implement in our Finite Element code Lagamine6

- Validate for non-classical creep cases

σ1

σ2

σ3

σ4

4: E. El-Magd et al., Met. And Mat. Trans. A,  1994
5: B. Reichert et al., 1996, 1998, 1999
6: Code developed by MSM team, ULiège
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Viscosity function ሶ𝑝 = 𝑓 𝜎, 𝑇, …

Function development           Identification

1. Prediction of the steady-state creep 2. Prediction of the 1st peak 3. 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

ሶ𝑝 =
𝜎𝑣

𝐾

𝑛

ሶ𝑝 = 𝑠𝑜𝑚𝑒𝑡ℎ𝑖𝑛𝑔 × Norton ෥𝛔 =
𝛔

1 − 𝐷𝑐𝑟𝑒𝑒𝑝
(Norton creep power law)
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Step 1. mcr2

ሶ𝑝 =
𝜎𝑣

𝐾

𝑛
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Experimental curve (ULiège)
Numerical fit (only Norton)

Prediction of steady-state creep rate (mcr2)
Normalized numerical – Experimental creep curves

Viscosity function ሶ𝑝 = 𝑓 𝜎, 𝑇, …

≫ 𝜎𝑣 = Overstress

≫ n   is a constant
≫ 𝐾  is identified as a single-Arrhenius function
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𝐾 𝑇 = A𝐾 1 − B𝐾 exp −
C𝐾

𝑇
 

Values identified in experiments
Arrhenius curve fit
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𝐚
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Step 2. mcr1 + mcr2 = AFN

ሶ𝑝 =
𝜎𝑣

𝐾 𝑇

𝑛

× exp −𝐚 × 𝑝 − 𝐛 −𝐜

Experimental curve (ULiège)
Numerical fit (AFN function)

Prediction of full non-classical creep behavior
normalized numerical – Experimental creep curves

Viscosity function ሶ𝑝 = 𝑓 𝜎, 𝑇, …

≫ Stress dependency of parameters (𝐚, 𝐛, 𝐜)

𝜎𝑣

𝐜

𝜎𝑣

𝐛

𝐛│𝑇 = 𝑏1 + 𝑏2 exp 𝑏3 ⋅ 𝜎𝑣  

0

1

0

𝜎𝑣

𝐜 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝐚│𝑇 =
1

1 + exp 𝜎𝑣 − 𝑎2

--> evaluated for a single temperature:
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𝐚

Step 2. mcr1 + mcr2

Viscosity function ሶ𝑝 = 𝑓 𝜎, 𝑇, …

≫ Stress dependency of parameters (𝐚, 𝐛, 𝐜)

𝜎𝑣
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0

𝜎𝑣

𝐜 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝐚 =
1

1 + exp 𝜎𝑣 − 𝑎2

--> evaluated for a single temperature:

≫ Temperature dependency

𝑎2 𝑇 = 𝑥1 ⋅ 𝑇 + 𝑥2

𝑏3 𝑇 = 𝑥3 ⋅ exp 𝑥4 ⋅ 𝑇

≫ Total number of parameters:

Norton creep law 4

Activation Function 8

Total 12

𝜎𝑣

𝑲 𝑇

𝒏

𝑒
−1

𝐚 𝑝−𝐛 𝐜
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(linear)

(exponential)

𝐛│𝑇 = 𝑏1 + 𝑏2 exp 𝑏3 ⋅ 𝜎𝑣  



Macromechanical modeling of creep

Step 3. Damage prediction

ሶ𝐷𝑐𝑟𝑒𝑒𝑝 = 𝑘3

𝒴 ഫ𝜎𝑑 ⋅ 𝑘4

𝑆𝑐

𝑆𝑐𝑒

⋅ 1 − 𝐷𝑐𝑟𝑒𝑒𝑝
𝑘𝑘
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Prediction of the full creep curve
normalized numerical – Experimental creep curves≫ Kachanov7 damage law:

Experimental curve (ULiège)
Numerical fit (AFN function + damage)
Predicted creep damage evolution
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≫ Implemented into our Lagamine FE code:
• Semi-coupled damage approach8

• Damage initiation criterion: critical creep strain

• Parameter optimization conducted by OPTIM9:
optimization software for FE code, based on Levenberg-
Marquardt algorithm

𝑝𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 = 𝑓 𝑇

𝐷𝑘+1 = 𝑓 𝜎𝑘+1, …෥𝛔𝑘+1 = 𝑓 𝜎𝑘+1, 𝐷𝑘

7: M. Kachanov, The Theory of Creep, Vol.1, 1967.
8: H. Morch, PhD. Thesis, ULiège, 2021.
9: E. Bettaieb et al., IJMF, 2022.

≫ Damage initiation criterion:  𝑝𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙

≫ Fracture criterion: 𝐷𝑓𝑟𝑎𝑐 = 𝑐𝑜𝑛𝑠𝑡.
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Overview of results

Validation of macromechanical law
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Creep strain rate v/s time prediction
normalized numerical – Experimental creep curves

Creep strain rate v/s creep strain prediction
normalized numerical – Experimental creep curves
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Numerical curve
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Concluding remarks & future work

✓ Developed reliable and simple approach to model non-classical creep
✓ Implemented in finite element code --> computationally efficient 
✓ Applied and validated to predict creep & fracture of 800H alloy

…the validation of macromechanical law does have some limitations:
➢ Available experimental data

• High-temperature low-stress creep tests are long & expensive
➢ Non-classical creep response is affected by

• Initial microstructure (Heat treatment, processing, manufacturing)
• Aging (precipitate ripening & coarsening)

➢ Implementation of micro-scale creep model
Solution proposed: 

Creep deformation

Microstructure evolution

Execution of Virtual tests

Generate reliable & accurate creep curves

Further identify & validate finite element model

Mean-field approach10 – 12 

10: N.M. Ghoniem et al.,Res Mechanica, 1990.
11: F. Riedlsperger et al., 2020, 2022, 2023,…
12: CreeSo software (JKU, see imk.jku.at/creeso)
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• PrecedentA1: Graham-Walles function

Macromechanical modeling of creep

Model type: Graham-Walles (empirical)

Pros: · Very versatile

Cons: · Large scale difference between params
· Large nb. of params (difficult identification)

A1: C. Rojas-Ulloa et al., CAMWA, 2024

Let’s find balanceA2
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𝑝II

𝑝III
𝑝 = 𝑝I + 𝑝II + 𝑝III

ሶ𝑝 = ෍

𝑖=1

𝑗

𝐴𝑖 exp
−𝐶

𝑇
𝜎𝑒𝑞

𝑚 𝑝𝑛

4 parameters per curve

Difficult parameter fitting

Huge non-linearity ሶ𝑝 = 𝑓 𝜎, 𝑇, 𝑝, … A2: Figure after (David L. McDowell,, S. Mesarovic et 

al. (eds.), Mesoscale Models, Springer, 2019) 
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Non-classical creep response   …observed in ULiège 

Dislocation glide creep (mcr2)

Dislocation climb creep (mcr1)

A3: Figure adapetd from (K.Spiradek et al., Materials Science,  1989)

Non-classical creep overview

mcr1
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Qualitative ሶ𝑝 − 𝜎  mapping of the two creep strain rate 
minima (mcr1 and mcr2) in Incoloy 800H at 800ºC A3

Superposition of creep test curves on 800H
for a single (high) temperature
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• (B. Reichert et al., 1996, 1998, 1999)

Non-classical modeling in literature

(E. El-Magd et al., Met. And Mat. Trans. A,  1994)

Model type: “One-parameter” (semi-physical, analytical)

Pros: Accurate precipitate dependency

Cons: Limited applicability, parameter uncertainty

(B. Reichert et al., Materials Technology, 1999)

Exp. Num. Aging time 800ºC

6000 h

1000 h

0 h

• (E. El-Magd et al., 1994)

Model type: Modified Norton-Bailey (Empirical, analytical)

Pros: Precipitate dependency (empirical)

Cons: Limited applicability, parameter uncertainty

Validation on 800H alloy Validation on 800HT alloy

mcr1 disappears if overaged!

mcr1 only for low stresses!
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