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FOREWORD 
The European Creep Collaborative Committee (ECCC) is an independent group of high 
temperature plant manufacturers, plant operators and alloy producers formed to co-ordinate creep 
data development activities throughout Europe.  Since its formation in 1992, representatives of 
industry from Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, Holland, 
Italy, Portugal, Slovakia, Switzerland, Sweden and the UK have signed the ECCC Memorandum of 
Understanding.  The European Commission's Joint Research Centre (Petten) has also been a 
signatory. 
 
ECCC was formed in 1991.  During the period 1992 to 1996 its activities, funded under the 
European Commission's Concerted Action programme, led to the development of 
recommendations for the generation, collation/exchange and assessment of creep data for virgin 
parent materials [1].  Using these guidelines, ECCC WG3x working groups (Table 1) collated and 
assessed creep rupture data for a number of high temperature steels, and resulting creep strength 
values were provided to the European Committee for Iron and Steel Standardisation (ECISS) for 
adoption in the new European product standards under preparation at the time. 
 
From 1997 to 2001, ECCC received support from the European Commission's Thematic Network 
programme.  Its work then focused on the properties of weldments as well as parent materials.  
Recommendations were developed for the generation and assessment of creep data for 
weldments [2], and WG3x working groups were established to collate and assess weldment data 
for ferritic steels, austenitic steels, nickel base alloys and dissimilar metal joints (Table 1).  The first 
issue of ECCC Data Sheets were published during this period [3]. 
 
Between 2001-2005, the number of ECCC Recommendation Volumes was extended to nine [4]  
and the scope of the Data Sheets expanded, this activity again being supported by the EC's 
Thematic Network  programme.  The higher number of Recommendation Volumes reflected the 
increased scope of working group activity to include the consideration of creep strain and ductility 
assessment, post exposed data, creep crack initiation data and the analysis of high temperature 
multi-axial features and components. 
 
ECCC WORKING GROUP STRUCTURE 
The European Creep Collaborative Committee comprises the working groups listed in Table 1, all 
of which report to the ECCC Management Committee.  WG1 and its sub-groups are responsible 
for the recommendation of common procedures to be adopted by the WG3x groups [1,2,4].  For 
example ECCC Recommendations Volume 5 contains guidance for the assessment of large 
creep-rupture datasets and promotes the use of innovative post assessment tests (PATs) to 
independently test the effectiveness and credibility of the strength predictions determined by any 
approved assessment procedure [1e,2e,4e].  The  PATs evaluate: 
i) the physical realism of the predicted isothermal lines, 
ii) the effectiveness of the model prediction within the range of the input data, and 
iii) the repeatability and stability of the extrapolations. 
 
The WG3x working groups (shaded area of Table 1) are responsible for managing ECCC test 
programmes, collating data from all sources, assessing the data and producing the ECCC Creep 
Property Data Sheets (attached).  For administrative purposes, the WG3x working group 
designations had to be changed from time to time.  The changes are summarised in Table 1 
(shaded area). 
 
DATA ASSESSMENTS 
In order to prepare the attached Data Sheets, the WG3x groups have adopted one of two 
approaches to data assessment, i.e. 
(i) 'formal' - data assessment according to WG1 guidelines [1e,2e,4e], including application of the 

post assessment tests (PATs), or 
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(ii) 'informal' - a review process in which existing strength values in different national and 
international standards have been compared and selected (or averaged) to provide 
preliminary values. 

 
The 'formal' approach has been applied to steel/alloy grades for which more and longer-term data 
have become available in recent years, or where the reliability of the data assessment could be 
improved through the assessment of a larger pan-European database (rather than a national 
database from which the values in an existing national standard may have been derived).  The 
'informal' approach has been applied to those steel grades which have been used widely within 
Europe for many years and for which no additional long-term data have become available since 
the existing strength values in the national standards were evaluated.  ECCC did not have 
sufficient resources to collate and formally assess European datasets for these steels.  In some 
cases, strength values were available in ISO standards but these were not acceptable to all parties 
in Europe. 
 
Table 1   Guide to ECCC working group designations 1 

WORKING GROUP 1992-1996 1997-2001 2001-2005 
Data validation and assessment procedures WG1 WG1 WG1 
Post-exposure data sub-group (PEDS)  WG1-PEDs WG1.1 
Creep crack initiation sub-group   WG1.2 
Components  WG3.2 WG4 
Information dissemination and technology transfer WG2 WG2 WG2 
Special welds (inc. dissimilar metal welds)  WG3.1  
Carbon and low alloy wrought steels WG3.1   
9-12% chromium steels WG3.2   
Ferritic steels and weldments 2  WG3.2 WG3A 
Austenitic steels and weldments WG3.3 WG3.3 WG3B 
High temperature bolting alloys WG3.4 WG3.4  
Nickel-base alloys  WG3.5 WG3C 

1 Designations for the WG3x working groups responsible for producing the ECCC creep property data 
sheets are in shaded area of table 

2 The activities of the original WG3.1 and WG3.2 working groups were combined in 1997 to become 
WG3.2 (and subsequently WG3A) 

 
The following are examples of the steels for which large stress rupture databases have been 
collated and formally assessed by WG3x: 
- ½Cr½Mo¼V (~7 million testing hours, 500 data points, 46 heats) 
- Steel 91 (>11 million testing hours, 1749 data points, ~140 heats; with data from seven European 

countries and sources in Japan and the USA) 
- ASTM Grade 92 (>6 million testing hours, 841 data points, 48 heats) 
- Type 316/316L (2230 data points, 123 casts) 
- Alloy 800H/HT (730 data points, 58 casts) 
 
A list of the steels which have been assessed by ECCC is presented in the List of Data Sheets 
below.  For each steel type, the ECISS designation and material number are listed (where 
available).  New Data Sheets included in this latest compilation are for: 
- Cast Steel 91 
- Steel E911 
- ASTM Grade 92 
- HR3C 
- NF709 
- NF709R 
- Alloy 617 
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- Alloy 80A (3 stage heat treated) 
- Alloy 80A (2 stage heat treated) 
 
The results of the data assessments have been recommended by ECCC to the appropriate ECISS 
technical committees for inclusion in European standards: 
ECISS TC29  EN 10216, EN 10217 tubes 
ECISS TC28  EN 10222  forgings 
ECISS TC22  EN 10028  flat products 
ECISS TC23  EN 10269  bolting 
ECISS TC54  EN 13445 
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LIST OF ECCC DATA SHEETS 
(Rupture strength unless otherwise stated) 
 
ECISS grade    Number  Steel type 
Carbon-manganese and low alloy ferritic steels 

P195        -   C / CMn 
P235        -   C / CMn 
P265        -   C / CMn 
P355        -   CMnNb 
16Mo3        -   0.3Mo 
8MoB5-4       -   MoB 
13CrMo4-5/5-5      -   1CrMo 
25CrMo4       -   1CrMo 
12MoCrV 6-2-2      -   ½Cr½Mo¼V 
11CrMo9-10+NT      -   2¼Cr1Mo (Normalised +Tempered) 
11CrMo9-10+QT      -   2¼Cr1Mo (Quenched + Tempered) 
20CrMoV13-5       -   3CrMoV 
X11CrMo5+I       -   5CrMo (Annealed) 
X11CrMo5+NT1, +NT2     -   5CrMo (Normalised +Tempered) 
9NiMoCuNb5-6-4      -   1NiMoCuNb 
 
High alloy ferritic steels 

X11CrMo9-1+I1, +I2      -   9Cr1Mo (Annealed) 
X11CrMo9-1+NT      -   9Cr-1Mo (Normalised +Tempered) 
X10CrMoVNb9-1      -   Steel 91 (P91/T91) 
GX12CrMoVNbN9-1      -   Cast Steel 91 
X11CrMoWVNb9-1-1      -   Steel E911 
X10CrWMoVNb9-2      -   ASTM Grade 92 (P92/T92) 
X20CrMoNiV11-1      -   12CrMoV 
 
Austenitic steels 

X2CrNi18-9    1.4307   Type 304L 
X2CrNiN18-10    1.4311   Type 304 LN 
X6CrNi18-10    1.4948   Type 304H 
X2CrNiMo17-12-2   1.4404   Type 316L 
X5CrNiMo17-12-2   1.4401   Type 316 
X6CrNiMoTi17-12-2   1.4571   Type 316 Ti 
X2CrNiMoN17-13-3   1.4429   Type 316 LN 
X2CrNiMo17-12-2   1.4909   Type 316 L(N) 
X3CrNiMoBN17-13-3   1.4910   Type 316 LNB 
X7CrNiTi18-10   1.4941   Type 321H, SA 1070-1150°C 
X7CrNiTi18-10   1.4941   Type 321H, SA 950-1070°C 
X6CrNiNb18-10   1.4550   Type 347, SA 1070-1125°C 
X6CrNiNb18-10   1.4550   Type 347, SA 950-1070°C 
X8CrNiNb16-13   1.4961   16-13Nb 
X5NiCrAlTi31-20   1.4958   Alloy 800, solution annealed  + 
X8NiCrAlTi32-21   1.4959   Alloy 800H, solution annealed 
X8NiCrAlTi32-21      -   Alloy 800HT, restricted Al + Ti 
X5NiCrAlTi31-20 RK      -   Alloy 800, recrystallized  + 
X6NiCrNbCe32-27   1.4877   AC 66 
X7CrNiSiNCe21-11      -   253MA  
X10CrNiMoMnNbVB15-10-1  1.4982   Esshete 1250 
-        -   BS1503  310S31  (Type 310) 
-        -   Fine grained TP347H 
-        -   Super 304H 
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-        -   HR3C 
-        -   NF709 
-        -   NF709R 
 
 
Nickel base alloys 

NiCr23Co12Mo      -   Alloy 617 
NiCr20TiAl       -   Alloy 80A (3 stage heat treated) 
NiCr20TiAl       -   Alloy 80A (2 stage heat treated)  
 
High temperature bolting steels 

42CrMo5-6    1.7233   Durehete 900 
20CrMoVTiB4-10   1.7729   Durehete 1055 * 
21CrMoV 5-7    1.7709   1CrMoV  + 
 
 
Notes 
+  1% Creep strength as well as Rupture 
* Relaxation strength as well as Rupture (note that, in the Data Sheet, the summary of the quantity 

and duration of the data only indicates the number of tests and their duration; each test consisted 
of a series of relaxed stress-time data points which were used in the assessment) 
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DISCLAIMER 
 
 
 
 

Care has been taken to ensure that the data presented in the ECCC Data 
Sheets are reliable.  However, neither ECCC nor the publisher accepts 

any responsibility whatsoever for any undesirable consequences 
arising from the use of the data. 

 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  P195 Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  P235 Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  P265 Working group: WG3.2 
  Year: 1996 
 

10

100

1000

350 400 450 500 550

Temperature (°C)

10,000h

100,000h

200,000h

250,000h

Master equation 
Not applicable. 

 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  P355 Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  16Mo3 Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  8MoB5-4 Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  13CrMo4-5/5-5 Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  25CrMo4 Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  12CrMoV6-2-2 Working group: WG3.2 
  Year: 1996 
Condition of alloy to which the properties apply 
 Details of materials tested Specified ranges 
  Units Min Max Min Max 
Chemical composition C wt% 0.09 0.17 0.10 0.15 
 Si wt% 0.12 0.34 0.15 0.35 
 Mn wt% 0.37 0.66 0.40 0.70 
 P wt% 0.006 0.031 - 0.030 
 S wt% 0.007 0.035 - 0.025 
 Cr wt% 0.30 0.55 0.30 0.60 
 Mo wt% 0.51 0.70 0.50 0.70 
 Ni wt% 0.00 0.22 - - 
 V wt% 0.21 0.34 0.22 0.28 
 Al wt% 0.000 0.040 - 0.040 
 N wt% 0.0015 0.0160 - - 
Product Form  Tube/Pipe 
 Outer diameter mm 162 521 10.2 711 
 Wall thickness mm 19 89 1.6 100 
 Form  Forging 
 Section size mm 381 508   
 Form  Bar 
 Section size mm - 200   
Heat treatment Normalize °C 940 980 930 990 
 Temper °C 660 730 680 750 
Tensile Properties RP,0.2 N/mm² - - 320 - 
 RM N/mm² - - 470 610 
 
Quantity and duration of data used in assessment 
Temps No.  of Test Durations 
 heats h h h h h h h 
  <10,000 10,000 to 

20,000 
20,000 to 
30,000 

30,000 to 
50,000 

50,000 to 
70,000 

70,000 to 
100,000 

>100,000 

  Number of test points available 
°C         
475 6 12 (1) 4 (2) 1 (1) 2 (1) 1 2 3 
500 9 22 7 3 (1) 6 (2) 1 2 (1) (2) 
520 1 1       
525 6 15 (1) 2 (1) 6  1 2 
540 2 2       
550 39 96 16 (1) 13 8 (1) 4 (1) 5 (1) 
560 2 2       
570 1 1       
575 35 86 (2) 21 (1) 2 (1) 3 (1) 5 3  
580 1 1       
600 37 69 33 9 4    
620 2 4       
640 2 4       
650 2 2       
660 2 4       
670 2 2       
680 1 1       
690 2 2       
700 2 2       
720 2 2       
740 1 1       
         
Totals 46 331 (3) 81 (5) 30 (4) 29 (5) 11 (1) 13 (1) 5 (3) 
( ) Figures in parentheses denote unbroken tests 
 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  12CrMoV6-2-2 Working group: WG3.2 
  Year: 1996 
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The data were assessed using the Minimum-Commitment parameter, and the following master curve was derived: 
 
P(σ) = ln (tr*) - a – e T - f/T = b log σ 0 + c σ 0 + d σ 02  
 
Where P(σ) is the creep rupture parameter, tr* is the predicted rupture time in hours, T is the absolute temperature, σ 0 
is the stress in N/mm2, and a, b, c, d, e and f are constants. 
a = -39.7658730, b = -8.43513298, c = -0.00186616660, d = -2.91037377E-05, e = 0.00935613085 and f = 49662.4102 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  11CrMo9-10+NT Working group: WG3.2 
  Year: 1996 
 

10

100

1000

400 450 500 550 600 650

Temperature (°C)

10,000h

100,000h

200,000h

250,000h

Master equation 
Not applicable. 

 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  11CrMo9-10+QT Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  20CrMoV13-5 Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  X11CrMo5+I Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  X11CrMo5+NT1, +NT2 Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  9NiMoCuNb5-6-4 Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  X11CrMo9-1+l1 Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  X11CrMo9-1+l2 Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  X11CrMo9-1+NT Working group: WG3.2 
  Year: 1996 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  X10CrMoVNb9-1 Working group: WG3.2 
  Year: 1995 
Condition of alloy to which the properties apply 
 Details of materials tested Specified ranges 
  Units Min Max Min Max 
Chemical composition C wt% 0.08 0.12 0.08 0.12 
 Si wt% 0.11 0.49 0.20 0.50 
 Mn wt% 0.31 0.59 0.30 0.60 
 P wt% 0.001 0.024 - 0.020 
 S wt% 0.0008 0.010 - 0.010 
 Cr wt% 8.05 9.45 8.00 9.50 
 Mo wt% 0.85 1.09 0.85 1.05 
 Ni wt% 0.01 0.37 - 0.40 
 V wt% 0.18 0.25 0.18 0.25 
 Nb wt% 0.05 0.10 0.06 0.10 
 Al wt% 0.001 0.035 - 0.040 
 N wt% 0.030 0.069 0.030 0.070 
Product Form  Tube/Pipe 
 Outer diameter mm 13.5 600 10.2 711 
 Wall thickness mm 2 198 1.6 100 
 Form  Plate 
 Section size mm 12.7 430   
 Form  Forging 
 Section size mm 254 300   
 Form  Bar 
 Section size mm 20 295   
Heat treatment Normalize °C 1038 1090 1040 1090 
 Temper °C 730 800 730 780 
Tensile Properties RP,0.2 N/mm² 473 767 450 - 
 RM N/mm² 648 813 630 830 
 
Quantity and duration of data used in assessment 
Temps No.  of Test Durations 
 heats h h h h h h h 
  <10,000 10,000 to 

20,000 
20,000 to 
30,000 

30,000 to 
50,000 

50,000 to 
70,000 

70,000 to 
100,000 

>100,000 

  Number of test points available 
°C         
500 27 66 (6) 6 (4) 2  1 (3) (2)  
525 8 6 (3) 1 1 (2)  1 (2) (2)  
538/540 12 18 4 (2) (1) (5) 1 (1)  
550 69 194 (12) 31 (3) 20 (4) 7 (3) 1 (1) 1  
575 32 68 (1) 12 (2) 1     
593 15 39 (1) 9 3 3 (1)  (1)  
600 104 405 (17) 57 (2) 13 (8) 10 (6) 4 (5) (1)  
625 24 64 (1) 1 (1)      
649/650 93 334 (9) 35 (4) 11 (2) 3 2   
675/677 17 32  1     
700 16 34 3      
         
Totals 141 1260 (50) 159 (16) 52 (18) 23 (11) 9 (16) 2 (7)  
( ) Figures in parentheses denote unbroken tests 
 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  X10CrMoVNb9-1 Working group: WG3.2  
  Year: 1995 
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 Not applicable.  The rupture strength values are the average of the results of two different assessments of the same 
database.  One assessment was performed using the ISO 6303 procedure and the other was carried out using the 
German graphical cross-plotting and averaging technique.  The two sets of assessment results were very similar. 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X2CrNi 18-9 (1.4307, Type 304L) Working group: WG3.3 
  Year: 1999 
 
 
 
 

Master equation 
Unknown 

 

10

100

1000

500 550 600 650 700 750

Temperature (°C)

St
re

ss
 (M

Pa
)

10,000h
100,000h





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X2CrNiN 18-10 (1.4311, Type 304 LN) Working group: WG3.3 
  Year: 1999 
 
 
 

Master equation 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X6CrNi 18-10 (1.4948, Type 304H) Working group: WG3.3 
  Year: 1999 
 
 

Master equation 
Unknown 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X2CrNiMo17-12-2 (1.4404, Type 316L) Working group: WG3.3 
  Year: 1998 
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T
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where tr* is the predicted failure time in hours, T is the absolute temperature and σ0 is the stress in N/mm2.  

 

10

100

1000

500 550 600 650 700

Temperature (°C)

St
re

ss
 (M

Pa
)

10,000h
30,000h
100,000h
200,000h



ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X5CrNiMo17-12-2 (1.4401, Type 316) Working group: WG3.3 
  Year: 1998 
Condition of alloy to which the properties apply 
 Details of materials tested Specified ranges 
  Units Min Max Min Max 
Chemical composition C wt% 0.018 0.07 - 0.07 
 Si wt% 0.06 0.82 - 1.0 
 Mn wt% 0.59 2.0 - 2.0 
 P wt% 0.008 0.038 - 0.045 
 S wt% 0.003 0.034 - 0.015 
 Cr wt% 15.82 19.02 16.5 18.5 
 Mo wt% 2.0 3.0 2.0 2.5 
 Ni wt% 10.13 14.0 10.0 13.0 
 B wt% <0.001 0.056 - - 
 N wt% <0.001 0.067 - 0.11 
Product Form  Bar, Plate, Tube & Forging 
 Section size mm 4.88 135 - 250 
Heat treatment Solution annealed °C 1038 1125 1030 1110 
Tensile Properties RP,0.2 N/mm² 183 312 200 - 
 RM N/mm² 517 654 500 700 
 
 
Quantity and duration of data used in assessment 
Temps No.  of Test Durations 
°C heats h h h h h h h 
  <10,000 10,000 to 

20,000 
20,000 to 
30,000 

30,000 to 
50,000 

50,000 to 
70,000 

70,000 to 
100,000 

>100,000 

  Number of test points available 
400 1 - - - (1) - - - 
482 1 2 - - - - - - 
500 14 23 15 2 4 3(1) 3(3) (1) 
550 32 93 19 9 3 1(2) 3(1) 3(4) 
566 4 14 - - - - - - 
575 2 4 1 1 - - - - 
580 2 7 1 - - - - - 
590 7 23 4 1 - - - - 
593 5 12 - - - - - - 
600 88 286(1) 83(8) 37(5) 40(3) 17(1) 13(1) 5(2) 
610 1 1 - - - - - - 
620 3 16 - - - - - - 
625 22 48 21 8 4 - - - 
640 1 1 - - - - - - 
650 103 453(2) 74(4) 33(10) 28(1) 12(2) 7 3 
660 3 5 - - - - - - 
675 22 53 5(1) 4(2) 5 2 1 - 
677 1 1 - - - - - - 
680 2 2 - - - - - - 
690 2 3 - - - - - - 
700 70 307 57 19(11) 27(4) 7(1) 1 1(1) 
710 1 1 - - - - - - 
720 2 5 - - - - - - 
730 1 2 - - - - - - 
732 10 32 2 - - - - - 
740 2 3 - - - - - - 
750 15 40 10 3 6 1 - 1 
760 2 2 - - - - - - 
770 1 1 - - - - - - 
775 1 1 - - - - - - 
800 19 59(3) 7 6 3(1) - - 1 
816 7 23 2 - - - - - 
830 1 1 - - - - - - 
850 12 30 - - - - - - 
Totals 132 1554(6) 301(13) 123(28) 120(10) 43(7) 28(5) 14(8) 
( ) Figures in parentheses denote unbroken tests 
 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X5CrNiMo17-12-2 (1.4401, Type 316) Working group: WG3.3 
  Year: 1998 
 
 
 
 

Master equation 

T
0 19.3277092 - 

T
71314.4609  + )0(log10  . 7.78331852 - (T)log10  . 62.1417923+  234.184723- = )t*r(loge

σ
σ  

where tr* is the predicted failure time in hours, T is the absolute temperature and σ0 is the stress in N/mm2.  
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X6CrNiMoTi17-12-2 (1.4571, Type 316Ti) Working group: WG3.3 
  Year: 1999 
 
 

Master equation 

T
0 19.3277092 - 

T
71314.4609  + )0(log10  . 7.78331852 - (T)log10  . 62.1417923+  234.184723- = )t*r(loge

σ
σ  

where tr* is the predicted failure time in hours, T is the absolute temperature and σ0 is the stress in N/mm2.  
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X2CrNiMoN 17-13-3 (1.4429, Type 316LN) Working group: WG3.3 
  Year: 1999 
 
 
 
 

Master equation 
Unknown 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X2CrNiMo17-12-2 (1.4909, Type 316L(N)) Working group: WG3.3 
  Year: 1999 
 
 
 
 
 

Master equation 
2))0(σ2558.0(Log)0(σ4233.3.Log2587521.5))*r(tT(Log 101010 −+=+  

where tr* is the predicted failure time in hours, T is the absolute temperature and σ0 is the stress in N/mm2. 

 

10

100

1000

500 550 600 650 700 750

Temperature (°C)

St
re

ss
 (M

Pa
)

10,000h
30,000h
100,000h
200,000h





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X3CrNiMoBN 17-13-3 (1.4910, Type 316LNB) Working group: WG3.3 
  Year: 1999 
 
 
 
 
 

Master equation 
Not Applicable (graphical assessment) 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  X7CrNiTi 18-10 (1.4941, Type 321H,  Working group: WG3.3 
 Solution Annealed 1070-1150°C)   Year: 1999 
 

X7CrNiTi 18-10 (Type 321H)
heat treatment 1070 - 1150°C
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Master equation 
 
 
 
Unknown 

 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  X7CrNiTi 18-10 (1.4941, Type 321H,  Working group: WG3.3 
 Solution Annealed 950-1070°C)   Year: 1999 
 

X7CrNiTi 18-10 (Type 321H)
heat treatment 950 - 1070°C
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Master equation 
 
Standard ISO method used to fit data. The master curve is described by: 
 
P(σ) = a + b(logσ) + c(logσ)2 + d(logσ)3 + e(logσ)4 = logt - logta 
                                                                                      (T - Ta)r           
where P(σ) is the creep rupture parameter; T is the temperature in Kelvin; t is the time to rupture in hours; σ is the stress 
in N/mm2; r is a temperature exponent; and a, b, c, d and e are constants 
 
a = 0.005118919536, b = -0.03954263031, c = 0.02576294728, d = -0.007168778218, e = 0.0005460219108, r = 1, Ta = 0, 
logta = 21.785516739 

 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  X6CrNiNb 18-10 (1.4550, Type 347, Working group: WG3.3 
 Solution Annealed 1070-1125°C)  Year: 1999 
 

X6CrNiNb 18-10 (Type 347)
heat treatment 1070 - 1125°C
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Master equation 
 
Standard ISO method used to fit data. The master curve is described by: 
 
P(σ) = a + b(logσ) + c(logσ)2 + d(logσ)3 + e(logσ)4 = logt - logta 
                                                                                     (T - Ta)r           
where P(σ) is the creep rupture parameter; T is the temperature in Kelvin; t is the time to rupture in hours; σ is the stress 
in N/mm2; r is a temperature exponent; and a, b, c, d and e are constants 
 
a = -108856.8984, b = 252363.5625, c = -182577.3125, d = 57694.46875, e = -6863.740723, r = -1, Ta = 0,  
logta = -14.445973396 
 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  X6CrNiNb 18-10 (1.4550, Type 347, Working group: WG3.3 
 Solution Annealed 950-1070°C)  Year: 1999 
 

X6CrNiNb 18-10 (Type 347)
heat treatment 950 - 1070°C
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Master equation 
 
Standard ISO method used to fit data. The master curve is described by: 
 
P(σ) = a + b(logσ) + c(logσ)2 + d(logσ)3 + e(logσ)4 = logt - logta 
                                                                                     (T - Ta)r           
where P(σ) is the creep rupture parameter; T is the temperature in Kelvin; t is the time to rupture in hours; σ is the stress 
in N/mm2; r is a temperature exponent; and a, b, c, d and e are constants 
 
a = 0.02552033961, b = -0.1317141056, c = 0.1342087686, d = -0.05484899506, e = 0.007650834508, r = 1, Ta = 340, 
logta = 14.446140289 
 



ECCC data sheet Rupture   Creep  Relaxation  strength 
 Formal assessment: 
Steel X8CrNiNb16-13 (1.4961, 16-13Nb) Working group: WG3.3 
  Year: 1999 
Condition of alloy to which the properties apply 
 Details of materials tested Specified ranges 

in EN 10028-7 
  Units MIn Max Min Max 
Chemical composition C wt% 0.05 0.1 0.04 0.1 
 Si wt% 0.07 0.88 0.30 0.60 
 Mn wt% 0.11 1.45 - 1.50 
 P wt% 0.005 0.043 - 0.035 
 S wt% 0.005 0.02 - 0.015 
 Cr wt% 15.77 17.16 15.00 17.00 
 Mo wt% 0.02 0.62 - - 
 Ni wt% 12.0 13.55 12.00 14.00 
 V wt% 0.02 0.1 - - 
 Nb wt% 0.55 0.95 10x(%C) 1.20 
 Al wt% 0.00 0.04 - - 
 N wt% 0.017 0.044 - - 
Product Form Plate  EN 10028-7 
 Section size mm - 25 - 75 
 Form Tube  EN 10216-5 
 Section size mm 14 18 - 60 
 Form Bar & Forging - 
 Section size mm 15 215 - - 
Heat treatment Solution °C 1050 1150 1050 1110 
Tensile Properties RP,0.2 N/mm² 206 320 200 - 
 RM N/mm² 534 624 510 690 
 
 
Source references of analysed data used in assessment 
Source references Scope of data 
DIN 17459, DIN 17460 
Ergebnisse deutscher Zeitstandversuche langer 
Dauer, Verlag Stahleisen, Düsseldorf, 1969. 

See below 

Description of method used to assess data 
The assessment was made by the German Creep Committee in 1969 by using the manual method 

 
 
Quantity and duration of data used in assessment 
Temps No.  of Test Durations 

°C heats h h h h h h h 
  <10,000 10,000 to 

20,000 
20,000 to 

30,000 
30,000 to 

50,000 
50,000 to 

70,000 
70,000 to 
100,000 

>100,000 

  Number of test points available 
500 1  1      
550 3 1 1 1     
600 20 43 7 6 5 4 (3) (1) (1) 
650 24 67 12 5 5 5 (2) (2) 1 (2) 
700 20 83 5 3 2 3 (2) (1) 
750 3 13 2 2 1  (2)  
800 1 2       

Totals 28 209 28 17 13 12 (5) (7) 1 (4) 
( ) Figures in parentheses denote unbroken tests 

 





ECCC data sheet Rupture   Creep  Relaxation  strength 
 Formal assessment: 
Steel X8CrNiNb16-13 (1.4961, 16-13Nb) Working group: WG3.3 
  Year: 1999 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Master equation 
Not Applicable (graphical assessment) 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X5 NiCrAlTi 31- 20  (1.4958, Alloy 800) Working group: WG3.3 
  Year: 1999 
 
 

Master equation 

Unknown 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X8NiCrAlTi 32-21 (1.4959, Alloy 800H) Working group: WG3.3 
  Year: 1998 
 
 
Average rupture  creep  relaxation  strengths (     % strain) 
 
Temps 10,000h 20,000h 30,000h 50,000h 70,000h 100,000h 150,000h 200,000h 250,000h 300,000h 
°C N/mm² N/mm² N/mm² N/mm² N/mm² N/mm² N/mm² N/mm² N/mm² N/mm² 
550 234 205 190 172* 160* 149* 137* 129* 123* 119* 
560 216 189 175 158* 148* 137* 126* 119* 113* 109* 
570 199 174 161 145* 136* 126* 116* 109* 104* 100* 
580 183 161 148 134 125* 116* 107* 100* 96* 92* 
590 169 148 137 123 115* 107* 98* 93* 88* 85* 
600 156 137 126 114 106* 99* 91* 85* 81* 78* 
610 145 126 117 105 98* 91* 84* 79* 75* 72* 
620 134 117 108 97 91* 84* 77* 72* 69* 66* 
630 124 108 100 90 84 78* 71* 67* 64* 61* 
640 115 100 92 83 77 72* 66* 62* 59* 56* 
650 106 93 85 77 72 66 61* 57* 54* 52* 
660 99 86 79 71 66 61 56* 53* 50* 48* 
670 91 80 73 66 61 57 52* 48* 46* 44* 
680 85 74 68 61 57 52 48 45* 43* 41* 
690 79 68 63 56 52 48 44 41* 39* 38* 
700 73 63 58 52 49 45 41 38* 36* 35* 
710 68 59 54 48 45 41 38 35* 33* 32* 
720 63 55 50 45 42 38 35 33* 31* 30* 
730 59 51 47 42 39 35 32 30* 28* 27* 
740 54 47 43 39 36 33 30 28* 26* 25* 
750 51 44 40 36 33 30 28 26* 24* 23* 
760 47 41 37 33 31 28 25 24* 22* 21* 
770 44 38 34 31 28 26 23 22* 21* 20* 
780 41 35 32 28 26 24 22 20* 19* 18* 
790 38 33 30 26 24 22 20 19* 17* 17* 
800 35 30 27 24 22 20 18 17* 16* 15* 
810 33 28 25 23 21 19 17 16* 15* 14* 
820 30 26 24 21 19 17 16 14* 14* 13* 
830 28 24 22 19 18 16 14 13* 12* 12* 
840 26 22 20 18 16 15 13 12* 11* 11* 
850 24 21 19 16 15 14 12 11* 10* 9.8* 
860 23 19 17 15 14 13 11 10* 9.4* 8.9* 
870 21 18 16 14 13 12 10 9.2* 8.6* 8.1* 
880 20 16 15 13 12 11 9.2 8.4* 7.8* 7.3* 
890 18 15 14 12 11 9.6 8.4 7.6* 7.1* 6.6* 
900 17 14 13 11 9.8 8.8 7.7 6.9* 6.4* 5.9* 
910 16 13 12 10 9.0 8.0 6.9 6.2* 5.7* 5.3* 
920 14 12 11 9.1 8.2 7.3 6.3 5.6* 5.1* (4.7)* 
930 13 11 9.8 8.3 7.5 6.6 5.6* 5.0* (4.5)* - 
940 12 10 9.0 7.6 6.8 5.9 5.0* (4.5)* - - 
950 11 9.3 8.2 6.9 6.1 5.3 (4.5)* - - - 
960 11 8.5 7.5 6.3 5.5 (4.8)* - - - - 
970 9.6 7.8 6.8 5.7 4.9 - - - - - 
980 8.9 7.1 6.2 5.1 (4.4)* - - - - - 
990 8.1 6.5 5.6 (4.5) - - - - - - 
1000 7.4 5.9 5.0 - - - - - - - 
* Values which have involved extended time extrapolation 
() Values which have involved extended stress extrapolation 
 
  

 
 
 
 
 
 
 
 

 
 



ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X8NiCrAlTi 32-21 (1.4959, Alloy 800H) Working group: WG3.3 
  Year: 1998 
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Master equation 
 
Method used for fitting data was PD6605: 1998, and the resulting master curve is best described by the Manson-Haferd 
model: 
 
loge(t*

r) = (β0 + β1log10 [σ] + β2 (log10 [σ])2) . (T-T0) + β5          
 
where t*

r is the predicted time to failure in hours, T is the temperature in Kelvin, σ is the stress in MPa and T0, β0, β1, β2 
and β5 are coefficients. 
 
T0 = 40, β0 = -0.025405325, β1 = -7.01403478E-5, β2 = -0.00328530301, β5 = 43.6846733 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X8NiCrAlTi 32-21 (Alloy 800HT, restr. Al+Ti cont.) Working group: WG3.3 
  Year: 1998 
Condition of alloy to which the properties apply 
 Details of materials tested Specified ranges 
  Units MIn Max Min Max 
Chemical composition C wt% 0.05 0.10 0.05 0.10 
 Si wt% 0.32 0.74 - 0.70 
 Mn wt% 0.50 1.34 - 0.15 
 P wt% 0.007 0.019 - 0.015 
 S wt% 0.001 0.017 - 0.010 
 Cr wt% 19.0 21.5 19.0 22.0 
 Ni wt% 29.4 34.45 30.0 34.0 
 Co wt% 0.028 0.76 - 0.5 
 (Ni + Co) wt% 30.09 34.78 30.0 34.0 
 Cu wt% 0.006 0.7 - 0.5 
 Al wt% 0.19 0.58 0.25 0.65 
 Ti wt% 0.21 0.59 0.25 0.65 
 (Al + Ti) wt% 0.85 1.07 0.85 1.20 
Product Form  Tube Wall Thickness ≤ 50 mm 
 Section size mm  
Heat treatment Solution annealed °C (>1150°C) ASTM grain size 5 or coarser. 
Tensile Properties RP,0.2 N/mm² - - 170 - 
 RP,1.0 N/mm² - - 200 - 
 RM N/mm² - - 500 750 
 
 
 
Quantity and duration of data used in assessment 
Temps No.  of Test Durations 
 heats h h h h h h h 
  <10,000 10,000 to 

20,000 
20,000 to 
30,000 

30,000 to 
50,000 

50,000 to 
70,000 

70,000 to 
100,000 

>100,000 

°C  Number of test points available 
600 4 8 - - - - - - 
650 4 14 - 1 - - - - 
700 7 19 1 - 1 (1) 1 - - 
704 6 16 1 1 - - - - 
732 1 1 - - - - - - 
760 4 9 1 - - - - - 
800 15 39 8 1 4 (2) - - - 
816 6 15 2 - - - - - 
871 3 7 - - - - - - 
900 15 41 (1) 2 4 4 (1) - - - 
927 4 11 - - - - - - 
982 5 9 1 - - - - - 
1000 6 16 4 1 (1) 1 - - - 
1038 1 1 - - - - - - 
1050 1 1 1 - - - - - 
1093 2 3 - - - - - - 
Totals 84 210 (1) 21 8 (1) 10 (4) 1 - - 
() Figures in parentheses denote unbroken tests 
 
  
 
 
 
 
 
 
 
 
 
 
 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X8NiCrAlTi 32-21 (Alloy 800HT, restr. Al+Ti cont.) Working group: WG3.3 
  Year: 1998 
 
 
 

Master equation 
 
Method used for fitting data was PD6605: 1998, and the resulting master curve is best described by the Manson-Haferd 
model: 
 
loge(t*

r) = (β0 + β1log10 [σ] + β2 (log10 [σ])2 + β3 (log10 [σ])3) . (T-T0) + β5          
 
where t*

r is the predicted time to failure in hours, T is the temperature in Kelvin, σ is the stress in MPa and T0, β0, β1, β2, β3 

and β5 are coefficients. 
 

T0 = 0, β0 = -0.0343260355, β1 = 0.00917885825, β2 = -0.0102627706, β3 = 0.00147242681, β5 = 51.8493652 

 

1

10

100

1000

550 650 750 850 950 1050

Temperature (°C)

St
re

ss
 (M

Pa
)

10,000h
30,000h
100,000h
200,000h



 
 
 
blank page 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X5 NiCrAlTi 31- 20  RK (Alloy 800- recrystallized) Working group: WG3.3 
  Year: 1999 
 
 
 

Master equation 

Unknown 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  X6NiCrNbCe32-27 (1.4877, Type AC 66) Working group: WG3.3  
  Year: 1999 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Master equation 
Not Applicable (graphical assessment). 

 

1

10

100

1000

500 600 700 800 900 1000

Temperature (°C)

St
re

ss
 (M

Pa
)

10,000h
100,000h



ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X7CrNiSiNCe 21-11 (253MA) Working group: WG3.3 
  Year: 1998 
Condition of alloy to which the properties apply 
 Details of materials tested Specified ranges 
  Units Min Max Min Max 
Chemical composition C wt% 0.062 0.091 0.05 0.10 
 Si wt% 1.54 1.82 1.4 2.0 
 Mn wt% 0.27 0.75 - 0.80 
 P wt% 0.012 0.026 - 0.040 
 S wt% 0.0002 0.004 - 0.030 
 Cr wt% 20.36 21.2 20.0 22.0 
 Ni wt% 10.75 11.08 10.0 12.0 
 N wt% 0.15 0.20 0.14 0.20 
 Ce wt% 0.03 0.08 0.03 0.08 
Product Form Plate  
 Section size mm 12 25 - 30 
 Form Tube (wall thickness) 
 Section size mm 6 10 - 30 
 Form Bar     
 Section size mm 18 20 - 50 
Heat treatment Solution °C 1050 1180 1020 1180 
Tensile Properties Rp,0.2 N/mm² 297 383 295 - 
 Rp,1.0 N/mm² 381 419 345 - 
 Rm N/mm² 643 726 640 850 
 
 
 
Quantity and duration of data used in assessment 
Temps No.  of Test Durations 
 heats h h h h h h h 
  <10,000 10,000 to 

20,000 
20,000 to 
30,000 

30,000 to 
50,000 

50,000 to 
70,000 

70,000 to 
100,000 

>100,000 

°C  Number of test points available 
550 7 26 5 - - - - - 
600 12 51 27 7 4 1 - - 
650 1 2 - - - - - - 
700 9 42 7 1 - - - - 
750 4 37 9 - - - - - 
800 9 34 9 3 3 - - - 
900 14 70 13 7 3 - - - 
950 1 1 - - - - - - 
1000 6 30 4 1 - - - - 
1100 4 23 - - - - - - 
Totals 15 316 74 19 10 1 - - 
 
 
 
 
 
 
 
 
 
 
 
 
  





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X7CrNiSiNCe 21-11 (253MA) Working group: WG3.3 
  Year: 1998 
 
 

Master equation 

(T)1f

(T)2f-)(10log
=)*

r(t10log
σ

 

where *
rt  is the predicted time to failure in hours, T is the temperature in °C and σ is the stress in MPa. 

f1(T) = 2.578156379 - (0.009927722923·T) + (0.00001133695177·T2) - (0.000000004157213537·T3) 

f2(T) = -6.596117608 + (0.03898383604·T) - (0.00005011376056·T2) + (0.00000001929547878·T3) 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel X10CrNiMoMnNbVB 15-10-1 (1.4982, Esshete 1250) Working group: WG3.3 
  Year: 1999 
 
 
 
 

Master equation 
 
Standard ISO 6303 method used to fit data. The master curve is described by: 
 
P(σ) = a + b(logσ) + c(logσ)2 + d(logσ)3 + e(logσ)4 = logt - logta 
                                                                                      (T - Ta)r           
where P(σ) is the creep rupture parameter; T is the temperature in Kelvin; t is the time to rupture in hours; σ is the stress 
in N/mm2; r is a temperature exponent; and a, b, c, d and e are constants 
 
a = -336414.5313, b = 799872.0625, c =-654687.0625, d =234517.4219, e =-31193.5293, r = -1, Ta = 0, logta =-18.431352615  
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel BS1503 310S31 (Type 310) Working group: WG3.3 
  Year: 1999 
Condition of alloy to which the properties apply 
 Details of materials tested Specified ranges 
  Units MIn Max Min Max 
Chemical composition C wt% 0.018 0.20 - 0.15 
 Si wt% 0.26 1.78 - 1.50 
 Mn wt% 0.93 2.00 - 2.00 
 P wt% 0.009 0.035 - 0.045 
 S wt% 0.001 0.025 - 0.030 
 Cr wt% 22.30 25.93 23.00 26.00 
 Ni wt% 19.54 23.00 19.00 22.00 
Product Form  - 
 Section size mm - 
Heat treatment Solution annealed °C 1050 + 

hot 
finish 

1130 + 
hot 
finish 

1000 1120 

Tensile Properties RP,1.0 N/mm² - - 240 - 
 RM N/mm² - - 510 710 
 
Source references of analysed data used in assessment 
Source references Scope of data 
BS PD 6525: Part 1: 1990 
 

See below 

Description of method used to assess data 
 The method used for the fitting was the standard ISO extrapolation method. 

 
 
Quantity and duration of data used in assessment 
Temps No.  of Test Durations 
 heats h h h h h h h 
  <10,000 10,000 to 

20,000 
20,000 to 
30,000 

30,000 to 
50,000 

50,000 to 
70,000 

70,000 to 
100,000 

>100,000 

°C  Number of test points available 
600 - 10 (3) 1 - - - 1 - 
650 - 46 (2) 3 (1) - - - - - 
700 - 72 (2) 1 (2) (1) - - (1) - 
800 - 39 - - - - - - 
900 - 30 (3) 2 - - - - - 
Totals - 197 (10) 7 (3) (1) - - 1 (1) - 
() Figures in parentheses denote unbroken tests 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel BS1503 310S31 (Type 310) Working group: WG3.3 
  Year: 1999 
 
 
 

Master equation 
 

Standard ISO method used to fit data. The master curve is described by: 
 
P(σ) = a + b(logσ) + c(logσ)2 + d(logσ)3 + e(logσ)4 = logt - logta 
                                                                                     (T - Ta)r           
where P(σ) is the creep rupture parameter; T is the temperature in Kelvin; t is the time to rupture in hours; σ is the stress 
in N/mm2; r is a temperature exponent; and a, b, c, d and e are constants 
 
a = 2380.403320, b = 4522.662109, c = -7219.988281, d = 3388.112793, e = -539.2338867, r = -1, Ta = 710,  
logta = -1.4756911993 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel Fine grained TP347H (Sumitomo Report) Working group: WG3.3 
  Year: 1999 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Master equation 

Unknown. 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel Super 304H (Sumitomo Report) Working group: WG3.3  
  Year: 1999 

 
 
 

Master equation 
In a  paper published by Sumitomo (reference unknown) the time-temperature-parameter of a Larson-Miller plot is 
indicated as : 
P = T * (20.7187 + log t) * 10 –3. 
Further in a paper published by Y.Sawaragi, K. Ogawa, S. Kato, A. Natori and S. Hirano in The Sumitomo Search, No. 48 
January 1992, results of creep rupture tests on tubes with 38 – 54 mm O.D x 6 – 8 mm wall thickness and plates with 
10,5 mm in thickness, 9 casts in total, with test durations up to about 12.000 hrs at 600° C to 750° C have been reported. 
The Larson-Miller Parameter is indicated as follows: 
P = T * (21.0276 + log t) * 10-3. 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel HR3C Working group: WG3B  
  Year: 2005 
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Master equation 

)exp( 5
4
04

3
03

2
02010

* TtU βσβσβσβσββ +++++=  
where tu* is the predicted rupture time in hours, σ0 is the stress in N/mm2 and T is the temperature in Kelvin. 

β0 β1 β2 β3 β4 β5 

-26.7658463 -0.116574839 0.00045779653 -9.44027818E-7 6.22283614E-10 42990.9766 

 



ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel NF709 (Nippon Steel) Working group: WG3B  
  Year: 2005 
Condition of alloy to which the properties apply 
 Details of materials tested Specified ranges 

by Nippon Steel 
2002 

  Units MIn Max Min Max 
Chemical composition C wt% 0.04 0.10 0.05 0.10 
 Si wt% 0.39 0.52 - 1.00 
 Mn wt% 0.96 1.05 - 1.50 
 P wt% 0.002 0.021 - 0.030 
 S wt% 0.0003 0.002 - 0.010 
 Cr wt% 19.29 20.79 19.0 21.0 
 Mo wt% 1.00 1.92 1.0 2.0 
 Ni wt% 23.30 26.90 22.0 28.0 
 Ti wt% 0.04 0.14 - 0.20- 
 Nb wt% 0.20 0.28 0.10 0.40 
 B wt% 0.002 0.007 0.002 0.010 
 N wt% 0.107 0.195 0.10 0.25 
Product Form Tubes Outer Diameter 38-76 mm 

Wall thickness 
 Section size mm 6.3 10.6 - - 
Product Form Plate Thickness 
 Section size mm 15 16 - - 
Heat treatment Solution °C 1200 1250- 1100 - 
Tensile Properties RP,0.2 N/mm² 324 373 270 - 
 RM N/mm² 686 745 640 - 
 
 
 
 
 
Quantity and duration of data used in assessment 
Temps No.  of Test Durations 
°C heats h h h h h h H 
  <10,000 10,000 to 

20,000 
20,000 to 
30,000 

30,000 to 
50,000 

50,000 to 
70,000 

70,000 to 
100,000 

>100,000 

  Number of test points available 
600 3 18(3) 6 - - - - - 
650 9 58(3) 1 3 - - - - 
700 17 75(3) 10(3) 5 2 - - - 
750 17 83(1) 9(1) 1 1 - - - 
800 7 15(2) 2 - - - - - 
850 3 11 1 - - - - - 
900 2 9(2) - - - - - - 
950 1 3 - - - - - - 
Totals 20 272(14) 29(4) 9 3 0 0 0 
( ) Figures in parentheses denote unbroken tests 
 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel NF709 (Nippon Steel) Working group: WG3B  
  Year: 2005 
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Master equation 

32
2

1

43
2

2
3

1

*
u10

32
2

1010

b+(T/1000)b+(T/1000)b=v(T) and

c+(T/1000)c+(T/1000)c+(T/1000)c=w(T)where

)(tv(T).log+w(T)=TTP where

a+TTPa+TTPa=)(σlog

 

where tu* is the predicted rupture time in hours, σ0 is the stress in N/mm2 and T is the temperature in Kelvin. 

a1=-0.180597 a2=0.989346578 a3=2.302949701 c1=-0.766880232 c2=1.497184302 

c3=2.348259579 c4=2.127468666 b1=-0.302426774 b2=0.597588321 b3=-0.152279049 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel NF709R (Nippon Steel) Working group: WG3B  
  Year: 2005 
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Master equation 

21

43
2

2
3

1

*
u10

32
2

1010

b+(T/1000)b=v(T) and
c+(T/1000)c+(T/1000)c+(T/1000)c=w(T)where

)(tv(T).log+w(T)=TTP where

a+TTPa+TTPa=)(σlog

 

where tu* is the predicted rupture time in hours, σ0 is the stress in N/mm2 and T is the temperature in Kelvin. 
a1=-0.2365067 a2=1.1759746 a3=2.8337514 c1=-0.8925620 c2=1.4333434 

c3=2.3487875 c4=2.2769370 b1=0.0003497 b2=0.1145036 - 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  42CrMo5-6    (1.7233) Working group: WG3.4 
  Year: 1998 
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Master equation 
 
The data were assessed using the ISO 6303 procedure, and the following master curve was derived: 
 
P(σ) = (log tr* - log ta) / (T-Ta)r = a + b (log σ 0) + c (log σ 0)2 +d (log σ 0)3 + e (log σ 0)4 
 
Where P(σ) is the creep rupture parameter, tr* is the predicted rupture time in hours, T is the absolute temperature, σ 0 
is the stress in N/mm2, and log ta, Ta, r, a, b, c, d and e are constants. 
log ta = -2.4880708599, Ta = 600, r = -1, a = -136047.7656, b = 247130.3594, c = -164831.9531, d = 48477.22266, 
e = -5323.73877 

 



ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  20CrMoVTiB4-10    (1.7729) Working group: WG3.4 
  Year: 1996 
Condition of alloy to which the properties apply 
 Details of materials tested Specified ranges 
  Units Min Max Min Max 
Chemical composition C wt% 0.18 0.22 0.17 0.23 
 Si wt% 0.12 0.88 - 0.40 
 Mn wt% 0.36 0.60 0.35 0.75 
 P wt% 0.004 0.030 - 0.020 
 S wt% 0.005 0.032 - 0.020 
 Cr wt% 0.90 1.10 0.90 1.20 
 Mo wt% 0.92 1.02 0.90 1.10 
 Ni wt% 0.01 0.27 - 0.20 
 V wt% 0.60 0.77 0.60 0.80 
 Al wt% 0.023 0.076 0.015 0.080 
 B wt% 0.0016 0.0047 0.001 0.010 
 Ti wt% 0.05 0.13 0.07 0.15 
 As wt% * * - 0.020 
 Sn wt% * * - 0.020 
 Cu wt% * * - 0.20 
   * not known for all casts  
Product Form  Bar 
 Section size mm 19 190 - 160 
Heat treatment Pre-harden °C - - 660-700  air cool 
 Harden / Solution °C - - 
     

970-990  water or 
oil quench 

 Temper / Age °C - - 680 720 
Tensile Properties RP,0.2 N/mm² 680 900 660 - 
 RM N/mm² 830 1040 820 1000 
 
Quantity and duration of data used in assessment 
Temps No.  of Test Durations 
 heats h h h h h h h 
  <10,000 10,000 to 

20,000 
20,000 to 
30,000 

30,000 to 
50,000 

50,000 to 
70,000 

70,000 to 
100,000 

>100,000 

  Number of test points available 
°C         
450 2 1     (1)  
475 6 16 2  (1) 1 1 4 1 1 
500 25 64  (5) 10  (1) 4  (2) 9  (2) 1 (1) 7  (2) 
525 -        
550 75 155 (11) 38  (5) 58  (4) 28  (3) 9  (2)   
575 35 102  (5) 19  (4) 25  (5) 5  (3) 1   
600 34 151  (4) 10 5 1    
625 3 14  (1) 2 1     
650 1 5       
675 1 3       
700 1 2       
         
Totals 75 513 (26) 81 (11) 94 (11) 44 (8) 15 (2) 1 (2) 8 (2) 
( ) Figures in parentheses denote unbroken tests 





ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  20CrMoVTiB4-10    (1.7729) Working group: WG3.4 
  Year: 1996 
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Master equation 
 
The data were assessed using the ISO 6303 procedure, and the following master curve was derived: 
 
P(σ) = (log tr* - log ta) / (T-Ta)r = a + b (log σ 0) + c (log σ 0)2 +d (log σ 0)3 + e (log σ 0)4 
 
Where P(σ) is the creep rupture parameter, tr* is the predicted rupture time in hours, T is the absolute temperature, σ 0 
is the stress in N/mm2, and log ta, Ta, r, a, b, c, d and e are constants. 
log ta = 10.523564339, Ta = 590, r = 1, a = -4.465617180, b = 8.252388000, c = -5.727178097, d = 1.762619853, 
e = -0.2033182085 
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ECCC data sheet Rupture  Creep  Relaxation  strength 
 Formal assessment:  
Steel  20CrMoVTiB4-10    (1.7729) Working group: WG3.4 
  Year: 1998 
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Master equation 
 - 

 





ECCC data sheet                          Rupture strength 
 Formal assessment:  
Steel  21CrMoV 5-7    (1.7709) Working group: WG3.4 
  Year: 1996 
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Master equation 
 
The data were modelled using the Larson-Miller parameter and a polynomial stress function: 
 
PLM = T (C + log tr)  ,  where PLM is the Larson-Miller parameter, T is the absolute temperature, C is a constant and tr is 
the rupture time in hours; 
 
Log tr = - C + B1 / T + (B2 / T) f(σ) + (B3 / T) f(σ) 2 + (B4 / T) f(σ) 3  ,  where f(σ) = σ 0 0.5  and σ 0 is the stress in N/mm2 
 
C = 20, B1 = 22349.564, B2 = -195.449, B3 = 2.218, and B4 = -0.251 

 





ECCC data sheet                 1% Creep strength 
 Formal assessment:  
Steel  21CrMoV 5-7    (1.7709) Working group: WG3.4 
  Year: 1997 
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Master equation 
 - 

 




