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Time-dependent design values were derived from long-term creep

rupture data for steel X 6 CrNi 1811 in the unwelded and welded

condition. The design values had to satisfy the ASME CC 1592

criterea with respect to creep rupture strength, time to reach

1 %> strain and transition to tertiary creep as well as the

requirement of German regulatory rules to properly account

for weld behaviour.

For the evaluation and extrapolation 2 proven computer

programmes were used. The design data derived under considera-

tion of weld joints show relative good agreement with the

values of ASME CC 1592. Consideration of welds leads to lower

design values above 55O°O and 5 x 1Cr h with the difference

between rolled and weld material becoming larger with Increasing

time and temperature.

Objective of evaluation

Deviating from commonly used procedures in accordance

with German design rules and regulations of ASME code

section VIII /~1_7 "the design rules of code case 1592

for high temperatur class I components of nuclear power

plants assume lowered design stresses /~2,';5,4 J. Instead

of mean values for creep rupture strength and 1 % strain

limit, the minimum values are used for establishing

allowable design stresses.

The requirement of using minimum values has been adopted by

the German supervision authorities. In practise it

means that the stress to rupture values given in the

VdTÜV - data sheet for the steel X 6 CrNi 1811 (Hat.

No. 1.4948, comparable to AISI 304 H) /~5_7and designated

as average values have to be lowered by 20 i>. For design

applications the values derived in this way have to be

divided by a safety factor of 1,5.

In addition to the requirement of ASME CC 1592 German
regulations specify for"full stressed weld joints"

above 55O°C a further reduction of the time dependent

stress values by 20 io /~6 7'•

Because the combination of the ASME regulations and

German rules leads to unacceptably low design Btresses,

a new up-to-date evaluation of creep to rupture tests

on steel X 6 CrNi 1811 has been made, taking into

account the requirements, especially for weld joint

consideration, of both German and ASME CC 1592 regulations.

2. Data used
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For the evaluation all long-term creep and creep-rupture

data available for steel X 6 CrNi 1811 (Mat. No. 1.4948)

from casts of German steelmakers were used.

2.1 Rolled material

For establishing design stresses the results of creep

rupture tests of a total of 9 different heats and 11

different product forms of steel X 6 CrNi 1811 have been

evaluated. Part of the rests have been carried out

under contract of the GfK Karlsruhe and the working

group on heat resistant structural steels, the other

were private tests of steelmakers. The results of the

latter were made available to us by the Society of German

Metallurgical Engineers /~VDEh_7. Additional creep

rupture data on 1.4948 were obtained from the metal

institute TNO in Apeldoorn, Netherlands and from tests

carried out at INTERATOM.

2.1.1 Characterization of material

The majority of the material tested was in the form of

hot rolled plates with a thickness of 20 mm and

supplied by 3 different steelmakers. Concerning

chemical composition, especially with respect to the

C-content between 0,04 and 0,06 ^, the steels satisfy



the requirements specified by ISTERATOM for the use of

this steel in sodium /"table 1_7. The mechanical properties

determined at RT in the aa-received condition lie

within specification limits with the exception of the

TNO-material, which doesn't quite, meet the requirements

for 6"Q 2 anc* ̂  1 * ̂ h*8 fact should be regarded positively,

since it means examining a heat which represents the

lower bound in the ae-received condition.

2.1.2 Creep rupture data

A total of 204 creep rupture resultB in the temperature

range between 500 and 800°C were included in the evalu-

ation. The longest creep rupture time of >• 37000 h

occured at 600°C.

While all of the 196 values were used for the Larson-

Miller regression analysis, for the Texpo-programrae

some data didn't satisfy the condition that results from

at leaat 3 temperatures (for each heat) must be present.

For this reason all the data from INTERATOM as well as

the data from one VDEh-heat were omitted for the latter

programme.

2.1.3 1 $> strain limit data

The evaluation is based on 99 individual data points.

When arranging the data according to temperature and

time, it is seen that there is a relatively large number

of tests with timea>30000 h. However, the number of data

points in the temperature region of main interest, i.e.

below 600°C, is relatively small and mainly limited to

one heat. This fact is related to the creep behaviour

of steel X 6CrNi 1811, i.e. the unfavorable ratio

Gi +/G'B + at low temperatures. Stresses that correspond

to creep rupture times of 10000 h and more, lead to

plastic loading strains of several percent, so thai ' \ia

1 $> strain limit is exceeded before actual creep begins.

The determination of the 1 i° strains limit data at

TlfO and INTERATOM was done by continuously measuring

creep strain during creep rupture tests. In all other

tests the creep strain was determined by removing the

specimens from the creep machines. This made it

necessary to interpolate the 1 <f> strain limit from

available points of the creep curve. Compared to the

creep rupture data, the strain limit data will therefore

have a greater scatter band.

2.2 Welds

To establish design values, results of a total of 5

different weldments were evaluated. Two of the weldments

were tested by the "YDEh-working group for heat resistant

structural steels" under contract from GfK in Karlsruhe,

the other 3 were examined by INTERATOM. For the weldments

used in the VDEh-tests a welding electrode with the

designation ATS 4 /"Deutsche Edelstahl Werke_7 had been

employed, whereas for the weldmentu examined at INTERATOM

a welding electrode with the designation Fox ON 1811

(Bb'hler) had been used,

2.2.1 Characterization of material
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Table 1 shows the chemical composition of the filler

material in comparison to the base material. According

to the specifications the parent-like filler material

has about 0,5 $ more Cr and 1 i> less Ni than the wrought

material. The ef -ferrite content measured was about 7 'f>

for the ATS 4 electrode and about 5 # for the CN 1811

electrode.

The mechanical properties of weld specimens at RT

lie within the specifiation limits for wrought material

with respect to strength as well as ductility criteria.

The values for strain limits and rupture elongation are

mixed strains composed of base and weld metal fractions.



According to experience the ratio between the strains

occuring in the base material and the strain occuring

in the weld material is about 2 : 1 for the gauge length

of the specimens used.

2.2.2 Creep rupture data

A total of 67 creep rupture data points were available.

Rupture times ranged between 168 and 29.989 h.

2.2.3 1 i* creep strain limit data

A total of 29 data points were used for the evaluation

with. 1 i° creep strain times between 140 and 14000 h.

3. Evaluation procedures

Concerning the extrapolation to longer design times 2

different evaluation and extrapolation procedures

were applied and compared:

- regression analysis with Larson-Miller parameter

- extrapolation programme Texpo from Granacher

In evaluating the results of weld specimens only the

Larson-Miller regression analysis was applied.

3.1 Regression analysis with Larson-Miller relationship

The procedure is based on the application of a time-

temperature parameter ?, where P is defined as

follows:

P = T /~C + lgt_7

G is a constant, t iB the time /"in h 7 and T is the

absolute temperature /~0]? + 460 7.

For the data analysis a best-fit master curve was

determined by optimizing with a computer programme the

constants a; in the 3rd order equation of the form /~7_7:

3.2

3.3

Igt = - C + a6- } + &1 • ilg(TB + a2(l) (lg(TB)
:

* a3 1 (lgCTB)3

For C a value of 18 was used [~1 jj.

Evaluation with Texpo-programme of Granacher

The Texpo programme of Granacher uses special model

functions of the form Igt = Zi (T,6"B) for analysing

creep data. T and 6"^ are independent variables

Igt is the dependent variable. The constants are

optimised with the method of least squares. To extrapolate

to very long times the mean of several (in general 4)

model functions is used. It is assumed that by taking

the mean of several functions instead of only one, a

more reliable prediction of material behaviour can be

obtained.

As an example for a model function the expression for

the function Z1. is given below:

Igt = y0 + b1 G(C) + b 2 G(C) J + b 3 G((T) J2

T
1000

G (G-)

g (6-) = lg sin h (<S/C0)

0,2K g ((Tmax) - g (C-)

" e ( min)

fflax
andyo, b1, b2, b^, K and C Q are constants,

G" . are maximum and minimum stress values, respec-

tively that are used in the creep tests.

Calculation of mean values

Mean values were determined with the Larson-Miller

regression analysis and the Texpo-programme. The
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Larson-Miller analysis was done as described in 4.1.

For the Texpo-programme the model functions Z..«, Z.. .,

Z.]g and ZOQ were used, the exact form of which can be

found in £~Q_7. In the case of the Texpo-programme each

heat was separately analysed and mean curves for all

heats were obtained by averaging in log 0" .

3.4 Determination of scatter bands and lower bounds

For technical reasons a straight forward calculation of

standard deviations and confidence limits from the

distribution of the data was only possible with the

Larson-Miller regression analysis. It was assumed that

the data are normally distributed in logt t;as proposed

ixi /~9_7 the lower bound was positioned at 1,65 x S

^~S = standard deviation 7'• This value corresponds

to a confidence limit of 95 i> - i.e. 95 i> of the

values can be expected to lie above the lower bound.

This condition meets the requirements specified

in /-2_7.

To define minimum, i.e. lower bound values in the case

of the Texpo programme, mean values were taken as

basis and reduced by 20 #.

3.5 Derivation of design stresses

For base material the extrapolation programmes used to

establish design stresses were the Larson-Miller

regression analysis for the creep rupture data, i.e.

the Texpo programme for 1 fo strain limit data, respec-

tively. In both cases the design stresses were derived

from the lower bound of the experimentally determined

scatter-band.

Based on the results of Leyda and Rowe, the criterion

of transition to tertiary creep has been regarded as not

relevant for design purposes.

The safety factors used for deriving design stresses were

1.5 with respect to the creep rupture values and 1.0

4.

with respect to the 1 i> strain limits.

Results of evaluation
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The results of the evaluation of the creep and creep

rupture data for steel X 6 CrNi 1811 can be summarized

as follows:

4.1 Rolled plate material - unwelded

Fig. 1 shows a Larson-Miller-parameter plot of the

creep rupture data together with the best fit curve.

The evaluation of the test results and taking the

lower of the value for 1 $ strain, limit or creep rupture

strength divided by 1.5 lead to the stress values

listed in table 2.

4.2 V/eld specimens

For the weld specimens, too, the Larson-Miller-function

fairly well describes the creep rupture data. This can

be seen from the scatter bandB and the results obtained

/"fig. 2_7.

4.3 Comparison between rolled and weld material

Fig. 3 shows a comparison of the Larson-Miller master

curves for the creep rupture strength of rolled and

weld material. The lower strength of weld specimens

at higher P-values is evident.At 500°C and 105 h the

stress rupture strength is about the same for both

conditions, whereas at higher temperatures and longer

times the strength of the weld material falls below that

of the rolled material.

With respect to the 1 $> strain limit, the values for the

weld material are always higher than those for the

base material.

The difference in creep rupture strength between rolled

and weld material is significant and should be taken

J



into consideration when defining design values for

weldments of steel X 6 CrNi 1811.

An examination and comparison of the scatter-bands shows

that the scatter-band-width can be assumed to be equal

for both material conditions. It is therefore possible

to express the difference between welded and unwelded

material by the ratio of the average values. From the

time dependent stress values of the Larson-Miller-

regression analysis a weldtaent factor F™. was deter-

mined:

p = 5t,W
W;i O"t,B

It was found that the factor Fw depends on

- type of stresB value

- temperature

- test duration

( C 1 . G'-D
1 1 « I OtT

Fw- does not depend on statistical significance (mean

value, lower bound). For the 1 # strain limit the

factor IV,. was always greater than 1.
"3

In the following the factor S1^. was determined from

the mean values of the regression analysis 3ince mean

values are more meaningful for welded joints. In

addition the i1^.-factors based on mean values were

highly more conservative than those based on lower bounds.

Deriving design values for welds the time and temperature

dependency was adjusted in order to obtain smooth curves.

The design stress for weldments was then defined by the

relation.
st w = FWi* st v.

The values obtained in this way are tabulated in table 3

and plotted as isothermal and isochronous curves in

fig. 4 and 5, respectively.

Fig. 6 shows a comparison between design values Ŝ .

determined for welded and unwelded material of

X 6 CrNi 1811 for temperatures between 500 and 75O°C

and design times between 10 and 2 x 10' h. It can be

seen that above 55O°C the design stress for weld joints

is lower than that of wrought material, the difference

increasing with temperature and time. However, above

700°0 the difference in design stresses again becomes

relatively small. This is due to the fact that at this

temperature and above the design stress for wrought

material it is still based on creep rupture data.

4.4 Comparison of design values for steel X 6 CrNi 1811

with design data of ASME Code Case 1592 for AISI 304- as.

4.4.1 Base material
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4.4.2.

For a design time of 10 h the design stress curves for

X 6 CrNi 1811 and the stress values for AISI 304 ss

as given in ASME CC 1592 are practically identical

/"fig. 7_7. In the temperature range between 550 and

75O°C the difference is less than 5 <f>. Below 55O°C

the difference increases to about 10 <f> with X 6 CrNi 1311

displaying higher stress values.

At longer design times the values for both materials

don't differ at temperatures of 500 - 55O°C and

700 - 75O°C; at intermediate temperatures the stresses

for X 6 CrNi 1811 lie above those for AISI 304 ss. The

maximum difference is 30 # at 55O°C and 2 x 10^ h.

/"fig. 8_7

Weld joint

The statements made in 4.4.1. are essentially valid

for the welded condition, too. The maximum difference

amounts to about 10 i> at 75O°C.

At 2 x 10' h, where there is a marked time-dependency

of the F^.-factor the values for X 6 Cr Ni 1811 in welded

condition and for 304 ss from ASME CC 1592 are the same.

From 500°C up to 65O°C the differences for 2 x 105 h-data

are less than 10 $ whereas material X 6 CrNi 1811

in welded condition has the lower values.



Summarizing it can be expressed that the time-dependent

design data of AISI 304 ss as given in ASME CC 1592

are conservatively established for an unwelded condition.

If the behavior of weld joints is considered, for which the

ASME CC 1592 gives no special data, there is good

comparability and consistency of the design data for both

materials.
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Design stresses for A1SI 3QXss and
X6CrHiW! ur,*elded and welded

Fig. 7

Table 1 Specifica-tion of Sim 300 Structural Material

DIN X 6 CrNi 1811, Mat.No. 1.4948

Material

Wrought

Weld

Content in Weight <f>

C

0,04
0,07

0,03
0,07

f.r

17,0
19,0

17,5
19,5

Hi

10,0
12,0

9,0
11,0

Mn

o
 

o
CM

 
C

M
M

l 
M

l

S i

£0,75

Mo

o
 

o
in

 
in

d
 

d
M

i 
M

l

P

£0,030

£0,025

S

£0,020

£0,015

Ti+Ta + Nb

^0,10

"0,10

S.J. Allowalble StreBS Values

—S.-olu* Xttss-äSXE CCI5«

I

- to1*
- ID'h
- 2.10'n

I

5 .oo

Comporston of ollowable design stresses for
AISI 30iss and X6CrNtl811

Table 2

Wrought Material

Temperature
°C

500

550

6 0 0

650

700

750

10 5

137

1 H

91

64

42

27

1 0 *

118

97

74

49

28

17

Stress (N/mm )

105

91

77

54

34

-

-

2.105

90

74

48

30

-

-

Table 3

Weld Material

for time (h)

10 5

137

114

86

57

36

22

10*

118

94

61

39

23

13

10 5

91

69

43

26

-

-

2.105

90

61

38

22

-

-


