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Activities of CEN TC54 WG59 “Creep” / 
Priorities for the Future - Agenda

1. Designing against creep failure

2. Recent work to revise EN13445-3  (Annex R, V)
- Work to review/revise collection of creep parameters
- Technical report on TNC – no creep temperatures

2. Approach to creep properties in international design codes

3. A holistic treatment of design / life assessment
- What has been done elsewhere, how to integrate / collaborate?

4. Which properties are really important for design?

5. In an ideal world, we would …

6. Prioritisation of short-term, and longer-term actions 
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Designing Against Creep Failure
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Designing against creep failure
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Up to now, most creep design has been “code-based” –
allowable stress based on minimum material properties x 
safety factor.

- Often based on rupture data
- OK for pipework (maybe) but not OK for rotating parts (rotors, 

blades), casings, bolts etc.

Increasing use of design by (finite element) analysis –
removes conservatism, but requires better descriptions of 
materials behaviour. 
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Impact of Renewables on HT Power Plant
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UK Energy Mix – 2019 So Far

Coal pushed to seasonal margins
Nuclear running baseload
Wind & solar on-line when available
CCGT (combined cycle gas turbine) flexing 
around renewables.
Energy requirements depend on 

- seasonal, weekly cycle
- weather on the day
- economy (long term),  social factors 

(medium), short-term demands
Impact on HT power plant is need to design 
to and monitor to reflect cyclic operation

- creep design still necessary
- creep-fatigue interaction becoming 

dominant in both design & life 
assessment 2018 daily average (upper)  Jan 2019 hourly average (lower) 

Source: gridwatch.co.uk



Creep Properties in EN Standards
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Design Properties in EN Standards - #1 Current Status

Examples from EN10028-2: 
- Table 4 – Tensile (upper)
- Annex C – Creep (lower)

• Address limit load calculations, but not design 
by analysis (eg lifetime calculations)

• Often generated from older datasets, poor 
traceability to: materials, data, assessment 
method
- Origins: mainly UK/DE 1980’s + new materials
- … little appetite to improve

• But, will they cause us problems in creep 
design?

• … are they sufficient for creep-fatigue 
interaction? 728 January 2020EPERC Task Group Meeting - Creep 
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Creep Properties in EN Standards –#2 EN13445-3 Annex R 

Review in CEN TC 54 / WG59 
“Creep” 2015-2018
Improved identification of 
materials => EN 13445-2.
Check , correction and 
updating of parameters.
Inclusion of extrapolation 
limits
Still some work to do to 
improve traceability, stability, 
accuracy.
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Creep properties in standards - #3
– typical problems in extrapolation
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Subtitle

Published creep parameters, eg 
EN13445-3 Annex R (solid lines)

- do not coincide with strength table (dashed 
lines)

- some “plateau” at low stresses, giving too-high 
strengths in extrapolation

- Some give excessively high strengths at short 
times, higher than proof and even tensile 
strengths => unrealistic, and difficult to use for 
eg creep-fatigue interaction calculations

- Others turn-back, making extrapolation 
impossible at long times / low stresses

- Many are poor in extrapolating to low 
temperatures

• Polynomials both a boon and a curse!
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Creep Properties in EN Standards #4
- “Best practice” for data assessments

28 January 2020EPERC Task Group Meeting - Creep 10

Improve test data and material pedigree collation, exchange and 
archiving (for life of the plant).
State what is required from an assessment (range of application? 
include hot tensile, parameters, times to specific strain, creep 
rates, ductilities …?)
Employ stable, physically realistic models; consistent with eg 
tensile properties
Control of assessment procedure, technical review (ePATS), 
documentation lasting 50 years.
Review periodically, apply industry knowledge.



Theoretical Approach to Determine “No-creep” 
Temperatures
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Background – why are “no-creep” temperatures of interest?
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Design codes, including EN 13445-3, have no-creep temperatures, TNC:
- ferritic and martensitic steels 375°C
- austenitic steels  425°C
- nickel alloys (under consideration) ??? °C

Design below TNC – no need to consider creep; 
above TNC – creep considered in both creep and lifetime monitoring.

Question #1 – do any steels have TNC below 375°C (Maybe?)
Question #2 – do C-Mn steels and Grade 91 have the same TNC? (No! See also …. & …. & ….)
Question #3 – can I use a better grade to avoid creep design (Probably, but how?)
Question #4 – how can I determine TNC quickly and cheaply (See next section!)

CEN WG59 “Creep” developing:  EN 13445-3 Annex V. Determination of Negligible Creep 
Temperatures

Technical report being prepared [1,2,3].



GE Confidential  - for Dissemination within EPERC/CEN Standards.

Determination of “no-creep” temperatures
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EN 13445-3 of “no creep” temperature, TNC,  and 
negligible creep temperature, TNEC  

Calculation of a limiting reference stress, and 
comparison with 0.2% creep strain strength
- Single “no-creep” temperature at 200kh
- “Negligible creep” temperature higher than TNC 

dependent on shorter design life 

Concept development from Holmstrom, 
2016. Here t=106h was taken as no creep 
duration.
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Determination of “no-creep” temperatures
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A conversation

To apply the approach we need 
either:

- 0.2% creep strain strengths 
Rp0.2,T,t at or close to TNC

- Validated relationships 
between rupture and creep 
strain properties applicable at 
lower temperatures

“OK! Let’s test a dozen heats of each material to 
0.2% strain out to 70kh at 375°C …”

“Wait a minute!! That will fill up our labs with 
tests doing nothing, on materials that were 
developed 30-50 years ago. We don’t even 
know what stresses to apply …”

“What about our existing datasets, can they tell 
us something?”

“Hmmm.  We could apply our existing 
parameters, but there could be instability 
problems at lower temperatures …” 

“Let’s try the Wilshire-Equations, stable to 
low temperatures, and related to tensile 
properties.  Let’s go!”



Determining “No-creep” Temperatures – Practical 
Examples
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VDEh 1969 CMn steels – Wilshire Equations
Practical Determination of TNC from Older Datasets [Ref 4]
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-VDEh dataset 
~P265GH/P295GH in EN13445-2
-Wilshire Equation with derived 
minimum (0.60* mean)
-Temperature extrapolation 
improved by (/A.Rp0.2,T) 
-Relatively few data, mostly from 
>450°C. Data on non-standard 
heats 2a,2c shown, but ignored.
-Transposed data, T varied until:
-TNC = 340°C

Rp0.2

Lines: solid orange– Rm fit; dashed green – VDEh Rm isothermals; dashed blue Rp0.2 fit
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VDEh 1969 CMn steels – Wilshire Equations
Recent Use of Isostress Testing [Ref 5]
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-New heat of P265GH tested at 
101MPa & 88MPa in an isostress 
matrix
-Linear extrapolation with respect 
to temperature
-TNC = 342°C  (see Ref [3]) at 
101MPa.
- Work continuing on Grade 91, 
Type 316L(N) steels.

Lines: solid orange– Rm fit; dashed green – VDEh Rm isothermals; dashed blue Rp0.2 fit
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EN13445-3 Annex V – TNC/TNEC
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1. CEN Technical Report in preparation [3] to include
- Definition of negligible creep & The Industrial Need for Negligible and No Creep Temperatures
- Previous Code Approaches
- Development & Use of Wilshire Equations to Determine TNEC

- Test Methods to Determine TNEC

- Calculated TNC and TNEC References
- Worked Examples and Reference Data

2. Revise EN13445-3  (Annex V)
- Explanation of the use of TNC/TNEC

- Method of derivation from published data, or by testing
- Tabular values of TNC/TNEC for a range of material grades



Creep Properties in the Design 
Codes – what’s missing?
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Approach to creep properties in international design codes, 
elsewhere

1. EN Product Standards vs ASME Section II
- EN product standards include minimum tensile proof stresses, mean creep rupture strengths
- EN design codes include safety factors to calculate allowable stresses
- ASME BPV Section II contains Design Allowables directly for all material grades permitted within the BPV 

code – already “factored”.  
- Which is the best approach?  (Eg. Speed of release, consistency, factors changeable, load limits “old 

fashioned” / “insufficient” (eg creep-fatigue)? …)

2. Pressure vessels seldom rupture, so why design to rupture data (move to creep strain limits?) 

3. Can we integrate design and life assessment?  

4. Which properties are really important for design? 

5. We will shortly us nickel-alloys in power plant – how to deal with lower ductilities?  … lower 
charpy impact values?
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Approach to creep properties in international design codes, 
elsewhere

6. Considerable background work in other bodies including TRD rules, Fitnet, R5… 

7. How to prioritise work in creep field (some suggestions). In an ideal world …
- should we perform further testing to determine TNC (which materials? Involve ECCC?)
- we would somehow assess tensile/creep/fatigue properties together (current work in CEN TC54 / WG59 and ECCC)

therefore, combined approaches such as Wilshire Equations (rupture, specific creep strain, min creep rate should 
be further developed?  (1-2yrs?)

how to deal with sparse data?  (missing tensile data, little or no times to specific strain … ) 
- creep life monitoring will be considered as part of design, perhaps having published equations ( + ECCC?)

therefore, publish models and their coefficients to enable that?  (would need to be developed/validated – 2-3 yrs?).  
Issue in reports, spreadsheets, databases, UMATs … ?

- creep and fatigue, dominate high temperature failure ( + ECCC?  Nuclear bodies, incl. RCC MRx development)
therefore, work on softening effect of fatigue, forward creep/creep relaxation compatibility (3-5yrs?).

- if the focus is remanent life, then how to gauge the reliability of on-site life-assessment techniques? (+ ETD, CSM, 
INAIL, others?)
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Prioritisation of short-term & longer term actions

1. Identify: partners, objectives, deliverables
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Conclusions
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1. Designing against creep failure is possible (EN13445 and EN12952)

2. Recent work to revise EN13445-3  (Annex R, V) was addressed
- Work to review/revise collection of creep parameters
- Technical report on TNC – no creep temperatures

2. Approach to creep properties in international design codes

3. A holistic treatment of design / life assessment
- What has been done elsewhere, how to integrate / collaborate? Open questions!

4. Prioritisation of short-term, and longer-term actions: EPERC TG
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Conclusions
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