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Introduction 

Metal Fatigue has traditionally been related to stress. Since the works of 
Manson [1.1] and Coffin [1.2], however, it has become clear that as well as 
stress, strains must be taken into account too. If this is done, then we 
can get a fairly adequate picture of a material's fatigue behaviour. The 
reason for this is that in fatigue there is usually an elastic-plastic 
correlation between stresses and strains, quite often in the region of the 
endurance limit. Therefore the traditional stress-strain curves for 
monotonic loading are completed by the stress-strain curves for cyclic 
loading and the traditional stress life curves by the strain life curves 
for elastic, plastic and total strains. Mean stress effects are described 
by so-called mean stress (damage) parameter life curves. 

Stress-strain curves, strain life curves and mean stress parameter life 
curves for cyclic loading are the components of 'Materials data for cyclic 
loading". 

These materials data provide the basis for materials assessment by direct 
comparison of data or characteristic values and for estimating the crack 
initiation lives of structural parts under constant and variable amplitude 
loading. 

In the latter case, local stress-strain paths are evaluated by applying a 
load notch relationship from finite element calculations or from 
approximation formulas such as Neuber's rule σ*ε = Kt S'e (Kfc = stress 
concentration factor, S = nominal stress, e = nominal strain, mainly e = 
S/E), and the stress-strain curve for cyclic loading of the material being 
studied. With the help of the material's life curve - and in the case of 
random loading taking damage accumulation into account - the crack 
initiation lives of structural parts can be calculated. To achieve 
satisfactory accuracy with this evaluation method, called the Local Strain 
or Notch Strain Approach,it must be assumed that the conditions of the 
unnotched specimen for which the materials data have been determined agree 
sufficiently with the local notch conditions of a structural part regarding 
the definition of crack initiation, surface roughness or finish and the 
size of the highly stressed material volume. 

The advantage of this method is a great reduction in the cost of evaluating 
experimental data. Regarding strengths, the multitude of notch effects are 
eliminated and transferred to the calculation of local stresses and 
strains. Of course, the accuracy of the life estimation depends on the 
accuracy of the local stresses and strains calculated, the transferability 
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of the materials data used and the validity of the damage accumulation rule 
applied. 

For many years now materials data for cyclic loading have been published in 
the scientific literature. However, these data have been collected in quite 
different ways. In this book, these materials data have been gathered 
together, evaluated according to uniform approach and methods and compiled 
on standardized data sheets. 

In gathering the data, special attention was given to ensuring that as far 
as possible the shape of the specimens and the experimental procedure 
conformed to ASTM E 606-80 [1.3]. ASTM E 606 is recommended for further 
evaluation of data on cyclic loaded materials. 

The data are now published for the first time in a handbook, suitable for a 
wide range of applications and divided into the following sections 
according to material groups: 

Part A: Unalloyed Steels 

Part B: Low-Alloy Steels 

Part C: High-Alloy Steels 

Part D: Aluminium and Titanium Alloys 

Part E: Cast and Welded Metals 

Each data sheet takes up a maximum of four pages. The first page gives a 
description of the material and testing procedure. In the upper left corner 
the material designation is given in the following order: 

- designation according to DIN 17 006 or DIN 1725 
- designation according to DIN 17 007 
- usual commercial designation (e.g. ASTM, SAE, JIS) 

The chemical composition is always given in weight percent. It corresponds 
to the values given in the literature referred to. 

The second and third pages show the diagrams for 

- stress-strain curves for monotonic and cyclic loading 
- strain life curve 
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- mean stress (damage) parameter life curve according to the parameter 
of Smith, Watson and Topper [1,4]. 

Unless indicated otherwise in the plots, the experiments were carried out 
at room temperature in laboratory air. 

The diagrams for the stress-strain relationships contain at the most three 
curves, one for monotonic and two for cyclic loading, the latter being 
evaluated from incremental step tests and constant amplitude tests. All 
three curves can be described approximately by an analytical function, for 
monotonic loading by the equation 

ε = ee + ερ = | + <|>l/n (la) 

and for cyclic loading by the equation 

ε = ε + ε = aa+ (aa\l/n' ( l b ) 
Ea £a,e ^ ea,p — KZi} K1D) E K 

The values of the constants K, n and Κ', η' are given in the data sheets. They 
were evaluated by regression analysis (minimum of the squares of the distances 
rectangular to the regression line) from the values of the appropriate 
experimental data in the literature referred to. For unalloyed and low-alloy 
steels the analytical description of the stress-strain curve for monotonic 
loading according to eq. (la) is sometimes only meaningful for strains beyond 
2%, because yield strength and Luder's area cannot be accounted for in that 
equation. The stress-strain curves for cyclic loading were determined on the 
basis of constant amplitude and/or incremental step test data. Unless noted 
otherwise in the data sheet, the results are valid for a stabilized state or 
half fatigue life, respectively. The stress-strain curves obtained from 
constant amplitude tests are represented by a solid line in the experimentally 
proved part and by a dashed line in the remaining part. Their constants K' and 
n' are denoted once more in the diagrams. The stress-strain curves obtained 
from incremental step tests are drawn up to the maximum strain amplitude 
tested. Irrespective of the number of curves drawn in the diagram, the legend 
always contains the symbols for all three curves. 

The analytical description for the strain life curves corresponds to the 
functions of Manson [1.5] and Morrow [1.6]: 
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ea#e(N) = -1 -(2N)b (2) 

«a.p<N> = ef-(2N)c (3) 

^a(N) = ea>e(N) + ea,p(N) (4) 

The number of cycles N characterizes crack initiation or rupture of the 
specimen according to its loading conditions. 

For datasets with no runouts, or only a few, the constants af', b, ε^' and c 
were evaluated on the basis of experimental aa~6a-N data from the literature 
by the aforementioned regression analysis for elastic strains and plastic 
strains separately. If only a few runouts were available, they were neglected 
as they give no reliable information about the endurance limit. There is no 
significant difference between these evaluations of the constants and those 
obtained according to ASTM E 739-80 [1.7], even though the types of regression 
analysis are slightly different. 

For some data sets with a large number of experimental results in the region 
of the endurance limit, the constants were evaluated by maximum likelihood 
method. This was again done separately for elastic and plastic strain 
according to a proposal made in [1.8] for the evaluation of S-N-curves. The 
endurance limits obtained are denoted by horizontal straight lines in the 
strain life curves. The endurance limit for total strain was obtained 
according to eq. (4).In general, the endurance limits obtained here must be 
seen as approximate values as they are based only on a few experimental 
results of unbroken specimens (runouts). 

One of the three equations (lb), (2) and (3) is dependent on the remaining two 
equations. Therefore a dependency of the constants exists in the form n' = b/c 
and Κ'=σ£/ε£ 'c. This dependency, however, has been neglected in this handbook 
as it requires a large amount of calculation in the statistical analysis. 
Comparative studies show that this dependency is sufficiently fulfilled even 
though the three equations are treated as independent. 

Unless noted otherwise, experimental results with plastic strain amplitudes of 
less than 0.01% have been neglected in the regression analysis, as they mainly 
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lead to an unsatisfactory description of the life curve according to eqs. 
(2)-(4) in the low cycle regime. All three life curves for elastic, plastic 
and total strain are denoted with their appropriate constants in the diagram. 
The curves are solid in the part where experimental results have been taken 
into account for regression analysis and dashed in the other parts. 

In the diagram of the damage parameter life curve the parameter according to 
Smith, Watson and Topper [1.4] 

PSWT = V<*a + am)#ea' E <5> 

was chosen. The analytical description of the damage parameter life curve is 
obtained by using eqs. (2)-(4) in eq. (5) with σ = 0 leading to 

PSWT (N) =Vaf2-(2N)2b + E-af-8f-(2N)(b+c> (6) 

For reasons of uniformity, datasets with experimental results ε ̂ Ο and σ^Ο were 
treated as if the regression line had been evaluated for crm̂ O. From the idea 
that P5WT accounts for mean stresses, Ps^T~life curves evaluated from the 
experimental results with <*m=0 should be plotted into the diagrams with 
experimental results σ^Ο, leading to better coincidence between life curve 
and experiments. 

For uniformity, the experimental results for high and low temperatures are 
presented in a PQU-T- diagram as well. How far Smith, Watson and Topper's 
parameter is valid for high and low temperatures has not yet been proven. 

The criteria for the solid and dashed part of the curves are the same as for 
the strain life curves. The endurance limit obtained by maximum likelihood was 
calculated according to eq. (5) and is indicated in the plot. 

The results of stress- and strain-controlled constant amplitude tests are 
listed on the third and if necessary on the fourth page, specifying the 
following: 

- specimen number 
- stress amplitude 
- mean stress 
- amplitude of total strain 
- number of cycles 
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Unless stated otherwise, stresses and strains are noted in the data sheet for 
stabilized material behaviour or half failure life. 

Blanks in the data sheets indicate that the information was not given in the 
literature referred to. 
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Nomenclature 

A5 elongation related to 5x diameter of specimen 
A2 5 elongation related to 25x diameter of specimen 
b fatigue strength exponent 
c fatigue ductility exponent 
E Young's modulus 
ε strain 
Sf true fracture strain 
ef fatigue ductility coefficient 
K monotonic hardening coefficient 
K' cyclic hardening coefficient 
N number of cycles until rupture 
NJL number of cycles until crack initiation 
Nm number of cycles for ea e =e a D (transition point) 
n monotonic hardening exponent 
n' cyclic hardening exponent 
v Poisson's ratio 
PS W T damage parameter according to Smith, Watson and Topper 
R stress ratio 
R ultimate tensile strength 
R Q 2 monotonic 0.2% proof stress 
R'Q 2 cyclic 0.2% proof stress 
σ stress 
σ* true fracture stress 
σ£ fatigue strength coefficient 
Τσ aa 1 0 % ^ 90% scatter ratio of stress 

amplitudes for 10% and 90% probability of survival 
T8D ea 10%^8a 90% scatter ratio of plastic strain 

amplitudes for 10% and 90% probability of survival 
Z reduction of area 



Indexes 

a amplitude 
e elastic 
g value at 2*106 cycles 
m mean value 
p plastic 
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X 4 NiCrTi 73 15 3 Inconel X 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1120°C/4h, air, 843°C/24h, air, 704°C/20h, a: 
+23°C 
blanks, 0 19 mm 
[4.12] 
1963 

Chemical composition 

C Mn Si Cr Ni Cb Ti Al Fe 

0.04 0.70 0.30 15.0 72.56 1.0 2.5 0.30 7.0 

Monotonie properties 

E 
Rp0.2 = 

«m -
A5 = 
Z 

214055 
704 

1215 

20 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
σί 
ef 

= 
= 
= 
= 
= 

0.31 
1522 

0.135 
1512 
0.22 

_ 
N/ 
-
N/i 
-

Cyclic properties 

Rp0.2 " 
°g = 

eg = 
N T = 

Τσ " 
Τ ερ -

962 
405 

0.191 
195 

1.259 
3.858 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'f 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

2130 
0.128 
1990 

0.177 
-0.105 
-0.599 

N/ 
-
N/ 
-
-
-

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 

Microstructure 

Rockwell C-34 to 35 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gau:ge length 
Testing machine 
Strain rate 

cylindrical, 0 6.35 mm 
in rolling direction 
38.1 mm 
Rhiele, universal testing machine 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

sd total diametral strain control, Rc,/1= -1 
hourglass shaped, 0 6.35 mm 
machined 
in rolling direction 
diametral 
self designed 
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+ H 
1 Spec. no. 

1 24.0000 
I 25.0000 
I 26.0000 
j 27.0000 
I 28.0000 
I 29.0000 
j 30.0000 
I 31.0000 
I 32.0000 
j 33.0000 

1- H 
Stress 
amplitude 

[MPa] 

728.4 
742.2 
704.2 
649.0 
583.4 
535.1 
472.9 
428.0 
428.0 
393.5 

h H 
Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

\. H 
Strain 
amplitude 

[%] 

1-
Cycles to 
failure 

0.3450 | 9400.0 
0.3860 
0.3290 
0.3040 
0.2740 
0.2500 
0.2200 
0.2000 
0.2000 
0.1840 

9940.0 
18400.0 
36400.0 
47500.0 
99800.0 
125000.0 
267000.0 
395000.0 
688000.0 



X 5 NiCrTi 26 15 1.4890 SUH 660-B 

Heat treatment : 928°C/lh, water, 715°C/16h, air 
Test temperature : +23°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.8] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Ti Al 

0.032 0.55 1.14 0.020 0.004 24.65 13.91 1.27 2.50 0.26 

Monotonie properties 

Λρ0.2 

210000 N/mm2 
777 N/mm2 

1158 N/mm2 
23 % 
52 % 

Cyclic prop 

Rp0.2 = 

ffg 
£g = 
NT 
Γσ = 

χερ 
Incremen tal 

erties 

711 
444 

0.216 
2854 
1.038 
1.841 

N/mm2 
N/mm2 

% 
cycles 

-
" 

step test : 

K' 
n 
°'f 
e'f 
b 
c 
K' 

= 
= 
= 
= 
= 
= 
= 

1543 
0.125 
1574 

1.109 
-0.083 
-0.661 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

HV 30 : 337 

Microstructure JIS G 0551 grain size: 8.5 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 nun 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

39 (%/min) 
triangular 
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σβ [N/mm1] 

1200 

1000 

800 

600 

+00 

200 

' 

L 

L £ 

/ 

/ 

/ 
T i l l 

SUH 660-B Γ 
E=210000 N/rim' = cyclic 
K'=1543 N/mms = incremental Γ 
n'= 0,125 = monotonic 

. 1 , . 

0,5 1.5 2.5 

ε W 

101 F 

10" 

10" 

10" 

1 
1 

1 
1 1

 1 A 

i 

Γ 

[ 

h 

p 

1 1 1 1 1 U l i 

1 1 1 M I M 

D V \ 

1 1 1 U l l i 

1 1 1 1 Ul l i 

^ 
^ N Ä - — 

l L. L_l 1 1 Lil 

1 1 1 1 l l l l | 1 1 1 1 l l l l | 1 1 1 1 1 I ■ 11 1 1 1 1 Ill iJ 

SUH 660-B 1 
σ/=1574 N/mm2 b=-0,0832 H 
ε,'= 1,1086 c=-0,6608 Π 

5 exp. results 

a ^ 
&~ϊ^--

\ \ \ \ N 

1 1 Ί 1 1 II I 

■ * " * ■ ' * · » . >■ 

k \ \ \ \ •\ 
N \ 

i i i m i l 

^ 

1 1 1 M I M 

H 

J 

· — — J 
~l 

1 1 1 1 | l|l, 

10 102 10* 10* 10s 

N 
1Cf 107 108 
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PSWT [N/mm'] 

10J 

10' 

\ l I I Mil 
s 

k \ 
s 

N 

1 1 1 1 1 II I 

1 1 1 1 l l l l 

\ \ s 

l l l l l l l l 

1 1 I Hi l l 

1 1 1 1 1 111 

1 1 1 I l l l l | 1 1 1 l l l l l l 1 1 1 IMII[ 1 1 1 Mill 

SUH 660-B l· 

5 exp. results 1 

l l l l Mill 1 1 1 Mill 1 1 1 M i l l 

1 1 

Γ 
/ 

P
 

1 
1 

/ 
1 

1 
1 

1 
1 

1 

101 10z 103 10* 10s 10° 107 10° 

SUH 660-B 

Spec. no. 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

915.3 
803.4 
747 .5 
693.6 
640.o 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[·'.] 

1.7300 
0.9900 
0.6950 
0.4900 
0.3850 

Cycles to 
f a i l u r e 

307.0 
1830.0 
3968.0 

11120.0 
20277.0 



X 5 NiCrTi 26 15 1.4890 SUH 660-B 

Heat treatment : 928°C/lh, water, 715üC/16h, air 
Test temperature : +23°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.8] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Ti Al 

0.032 0.55 1.14 0.020 0.004 24.65 13.91 1.27 2.50 0.26 

Monotonie properties 

E 
Rp0.2 = 

\ = 
A5 «= 
Z 

210000 
777 

1158 
23 
52 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
°f 
Ef 

Cyc 

*io 
"* 
8g 
NT 

Τσ 
*-„ 

ic prop 

2 = 
= 
= 
= 
= 
= 

erties 

713 
453 

0.222 
2616 
1.044 
1.657 

N/mm2 
N/mm2 

% 
cycles 

-
-

1617 
0.132 
1537 

0.662 
-0.080 
-0.606 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure JIS G 0551 grain size: 8.5 

Monotonie test 

Loading condition : 
Specimen : cylindrical, 0 10 mm 
Specimen location : in rolling direction 
Gauge length : 50 mm 
Testing machine : 
Strain rate : 0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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σβ [N/mm*] 

1200 

1000 

800 

600 

4-00 

200 

> 

/ 

/ 

/ 
' . 1 1 1 

SUH 660-B Γ 
E=210000 N/mm2 = cyclic 

K-1617 N/mm2 = incremental f 

n'= 0,132 = monotonic 

0.5 1 1.5 2.5 

101 l * I I I I ■ I 111 —I i i i i in I I I I I lllj I I I I 111 If I M I I lll{ I M I M 

SUH 660-B 
σ/=1537 N/mm2 b=-0,0803 
ε/= 0,6624 c=-0,6065 

5 exp. results 

107 108 



PSWT [N/mm'] 
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10J 

1CT 

\ 1 I I Mill 
\ L \ \ \ 

N 
f N 

1 1 1 1 N i l 

1 1 1 Mill 

1 I I I 1111 

1 1 1 Mill 

1 1 1 1 1 111 

1 1 1 1 11II] 1 1 1 1 I f Iff 1 I I I I 1111 1 I I I Mil! 

SUH 660-B H 

5 βχμ. results M 

1 1 1 1 Mi l 1 1 1 l l l l l l 1 1 1 M i l l 1 1 1 M i l l 

10 102 105 10 10 
N 

106 107 10" 

Material : SUH 660-B 

Spec. no . 

1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

897.6 
834.3 
749.0 
697.0 
655.8 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[*.] 

1.5400 
1.0100 
0.6950 
0.5050 
0.4100 

Cycles to 
f a i l u r e 

363.0 
1142.0 
3950.0 

11655.0 
15871.0 



X 5 NiCrTi 26 15 1.4890 SUH 660-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

928°C/lh, water, 715°C/16h, air 
+450°C 
bar, 0 22 mm 
[4.8] 
1978 

0.032 0.55 1.14 0.020 0.004 24.65 13.91 1.27 2.50 0.26 

Monotonie propertie 

E 
Rp0.2 = 

K = 
A< = 

174950 
711 

1011 
18 

N/mm2 
N/mm2 
N/mm2 

% 

Cyclic properties 

Rp0.2 _ 

°& 
h = 
NT 

Τσ = 
T,n = 

762 
471 

0.273 
847 

1.049 
1.054 

N/mm2 
N/mm2 

% 
cycle 

-
-

f 
f 

= = 
= 
= 
= 
= 

1574 
0.117 
1477 

0.570 
-0.075 
-0.642 

Incremental step test 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

39 (%/min) 
triangular 
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σ β [N/mm1] 

1200 

1000 

800 

600 

4-00 

200 

-

L / 

/ 

/ 
Γ 1 1 1 

SUH 6 6 0 - B , 4-50 °C Γ 
E=174950 N/mm2 = cyclic 

K'=1574 N/mm2 = incremental Γ 

n'= 0,117 = monotonic 
. I . . . . I . . . . I . . . . I . . . . 

0,5 1.5 2,5 

ε M 

εο [%] 

10 

10υ 

10" 

10" 

t. ι ι i i mi 

r s s 
Γ s ^ 

Γ N>· 
L N 

L 

h 

11 1 1 
1 1 

1 
1 

1 I 1 Hil l 

► N 

\ l 

1 1 1 M i l l 

i i i m in 

^ 

i—i i i mi 

i i i 11111f i i i 111111 i i i 111T11 i i i m m 
SUH 6 6 0 - B , 450 °C g 
Cjf'=14-77 N/mm2 b=-0,0752 H 

ε± 0,5701 c=-0,6417 M 

5 exp. results 

N 
N \ 

S 
N \ \ N 

I 1 I 1 Hil l 

\ \ \ 
1 V M 1 I N I - - I 1 1 1 MM 

H 

i i i urn 

10 102 itf 10 10 
N 

106 107 108 
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PSWT [N/mm'] 

10J 

l I I I M i l l l I I I Mil! I I mi l i i I n m | " Ί ■ ' ■ ' ! ! 

SUH 6 6 0 - B , 450 UC 

5 exp. results 

102 i i i innl i i i i i ml ι ι ι M nil ι ι ι mill ι ι ι ι mil ι ι ι ι ι ιι 

10' Ί02 1Ö3 10* 10s 

N 
1(f 107 108 

M a t e r i a l : SUH 660-B, 450°C 

Spec. no. 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

Stress 
amplitude 

[MPa] 

911.3 
832.4 
798.5 
753.9 
681.3 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

[*] 
1 .5050 
0.9350 
0.6950 
0.6000 
0.4800 

Cycles to 
failure 

281 .0 
936.0 

2434.0 
4322.0 
11773.0 



X 5 NiCrTi 26 15 1.4890 SUH 660-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

928°C/lh, water, 715°C/16h, air 
+450°C 
bar, 0 22 mm 
[4.8] 
1978 

0.032 0.55 1.14 0.020 0.004 24.65 13.91 1.27 2.50 0.26 

Monotonie properties 

E 
Rp0.2 = 
«m = 

A5 -
Z 

174950 
711 

1011 
18 
49 

N/mm2 
N/mm2 
N/mm2 

% 
% ef 

Cyclic properties 

Rp0.2 " 
*g = 

eg = 
NT 
Τσ = 

T ßp " 

778 
454 

0.262 
689 

1.040 
1.360 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
σ'ΐ 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

1638 
0.120 
1559 

0.665 
-0.081 
-0.678 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σ ο [N/mm1] 

1200 

1000 

800 

600 

400 

200 

JZJ 

/ 

/ 

/ 
r i i i 

_..,---- -" 

SUH 660-B, 450 °C Γ 
E=174950 N/mm2 = cyclic 

K-1638 N/mm2 = incremental Γ 

n'= 0,120 = monotonic 

0,5 1,5 2,5 

ε W 

I I I I M l l | I I I I l l l l j I I I I Ul i 

SUH 660-B, 450 ÜC 
σ/=1559 N/mm2 b=-0,0812 

c=-0,6777 

5 exp. results 
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I I I l l l l l l I I I l l l l l l I I I 11 MM 1 I I I I I 

10° x. 

SUH 660-B, 450 UC 

5 exp. results 

10' I I I I I I III I t I l l l l l l i i 11 nil i I M mil ι ι ι ι in " I i i i i m i l 

101 102 10s 10* 105 

N 
1CT 10' 10s 

M a t e r i a l : SUH 660-B, 450°C 

Spec. no 

1.0000 
2.0000 
3.0000 

j 4.0000 
5.0000 

Stress 
amplitude 

[MPa] 

862.3 
839.7 
754.4 
734.3 
694.5 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

m 
1.0100 
0.8100 
0.5900 
0.5450 
0.4750 

Cycles to 
failure 

755.0 
1184.0 
3146.0 
4745.0 
12481 .0 



X 5 NiCrTi 26 15 1 . 4 8 9 0 SDH 6 6 0 - B 

: 928°C/lh, water, 715°C/16h, air 
: +600°C 
: bar, 0 22 mm 
: [4.8] 
: 1978 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Ti Al 

0.032 0.55 1.14 0.020 0.004 24.65 13.91 1.27 2.50 0.26 

Microstructure 

Monotonie properties 

E 

Rp 0 . 2 = 

*m = 
A5 = 

Z 

162800 

713 

912 

22 

56 

N/mm2 

N/mm2 

N/mm2 

% 
% 

v 

K 

n 

c f 

8 f 

N/mm' 

N/mm2 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic properties 

Rp 0 . 2 -

°g = 

eg = 

NT -

Τσ = 

T™ = 

626 

383 

0 . 2 4 6 

511 

1 .098 

1 .663 

N/mm2 

N/mm2 

% 
c y c l e 

-
-

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

= 
= 

f = 

f = 

= 
= 

1842 

0 . 1 7 4 

1217 

0 . 0 9 3 

- 0 . 0 7 6 

- 0 . 4 4 0 

complete rupture 
half failure life 
Young's modulus estimated 

N/m 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 am 
servohydraulic, max. 50 

40 (%min) 
triangular 
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σβ [N/mm1] 

1200 

1000 

800 

600 

4-00 

200 

l· 
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\ I 

\ 
L 1 1 L 

-Ό~~~~~ 

SUH 660-B. 600 °C Π 
E=162800 N/mm2 = cyclic 
K'=1842 N/mm2 = incremental!" 
n'= 0,174 = monotonic 

. I . . . . 1 . . . . I · . . . 1 . . . . 

0,5 1.5 2,5 

e. w 

101 

10° 

10"" 

10" 

Γ 1 1 Ι Ι Ι Ι ΙΓ 

-
^ X 

I- x x 
N 

L %"' 

f 

"III 
1 

1 
| 

! 1 1 Mi l ! 

] 

i i i i m i 

1 1 1 Mill] 

1 1 L l l l l l 

1 1 1 l l l l l | 1 1 1 l l l l l | 1 1 1 Mll l | 1 1 1 l l l l i j 

SUH 660-B. 600 °C B 
σ/=1217 N/mm2 b=-0,0761 H 
ε/= 0,0929 c=-0,4397 Π 

5 exp. results 

■ - £ - . - : . 

1 1 1 1 1 HI 

3""·"»«» 

X 
X X 

1 1 1 1 1 I I I 

·"-*»***,* 

X 

V J I i i in 

H 

L 
1—

1_
 

■ » » ' " " 

10' 1lf 10s 10* 105 10" 107 

N 
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PSWT [N/mm'] 

10J 

10' 

1 1 1 Hil l 

1 I 1 1 111! 

1 1 1 Mill 

i i i i m i 

1 1 1 Mill 

1 1 1 1 M i l 

" - T r i n i i i j -ΓΓΤΓΠΤϊΓ i r i i i m i i i i m i l l 

SUH 660-B, 600 °C H 

5 exp. results M 

1 1 1 1 l l l l 1 1 1 Mi l l 1 1 1 Mi l l 1 1 1 Mi l l 

101 1Cf 10° 10 10 
N 

106 107 10° 

M a t e r i a l : SUH 660-B, 600°C 

Spec. no. 

1.0000 
2.0000 
3.0000 
4 .0000 
5.U000 

S t r e s s 
ampl i tude 

[MPa] 

823.5 
742. 1 
650.4 
577.3 
545.9 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[*] 

1.5550 
0.9250 
0.6450 
0.4900 
0.4250 

Cycles to 
f a i l u r e 

103.0 
397.0 

1367.0 
5290.0 

29991.0 



X 5 NiCrTi 26 15 1.4890 SUH 660-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

928°C/lh, water, 715°C/16h, air 
+600°C 
bar, 0 22 mm 
[4.8] 
1978 

C Si Mn P S Ni Cr Mo Ti Al 

0.032 0.55 1.14 0.020 0.004 24.65 13.91 1.27 2.50 0.26 

Monotonie properties 

E 
Rp0.2 = 

«m = 

A5 = 
Z 

162800 
713 
912 
22 
56 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ef 

Cyclic properties 

Rp0.2 -

σ8 = 

£g = 
NT 

Τσ " 
TEÜ = 

601 
333 

0.229 
64 

1.091 
1.472 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'f 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

3221 
0.270 
1120 

0.019 
-0.080 
-0.287 

Incremental step test 

Failure criterion 
σ/ε-values valid fo 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Loading condition : total strain control, R = -1 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.39 (%/min) 
triangular 
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! I I I 1 1 1 1 1 I I I I l l l l | I I I l l l l l | I I I I I I 

10J —Jl 

SUH 6 6 0 - B , 600 UC 

5 exp. results 

Itf i t i i i m l i i i i i n i l "" ' " 
10' itf 10J 10 10 

N 
10° 10' 10° 

Material : SUH 660-B, 600°C 

Spec. no. Stress 
amplitude 

[MPa] 

Mean stress 

[MPa] 

Strain 
amplitude 

[*] 

Cycles to 
failure 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

743.6 
641 . 1 
620.5 
570.5 
450.8 

0.0 
0.0 
0.0 
0.0 
0.0 

0.9350 
0.6700 
0.5700 
0.4900 
0.3600 

104.0 
335.0 
864.0 

3740.0 
37581.0 



X 5 NiCrTi 26 15 1.4890 SÜH 660-B 

Heat treatment : 928°C/lh, water, 715°C/16h, air 
Test temperature : 700°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.8] 
Year : 1978 

Chemie»! composition 

C Si Mn P S Ni Cr Mo Ti Al 

0.032 0.55 1.14 0.020 0.004 24.65 13.91 1.27 2.50 0.26 

Monotonie properties 

E 
Rp0.2 = 

\ -
A5 » 
Z 

164650 
595 
751 
34 
55 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
o-f 
ef 

N/m 

N/m 

Cyclic properties 

Rp0.2 " 

°g = 

£g = 
NT 

Τσ = 
T 

463 
248 

0.162 
1054 

1.116 
1.943 

N/mm2 
N/mm2 

% 
cycles 

-
-

1691 
0.208 
1049 

0.086 
-0.095 
-0.435 

Incremental step test : N/mi 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUH 660-B, 700 °C Γ 
E=164-650 N/mm2 = cyclic h 

K'=1691 N/mm2 = incremental! 

n'= 0,208 = monotonic 
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PSWT [N/mm'] 

1Cf 

IGT 

1 1 1 1 Mil 
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5 exp. results M 
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101 102 icr 10 10 
N 

10° 107 108 

M a t e r i a l : SUH 660-B, 700°C 

Spec. no. 

1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

655.3 
580.3 
521 .4 
423.8 
352.7 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[·'.] 

1.5950 
0.9850 
0.5050 
0.4100 
0.2850 

Cycles to 
f a i l u r e 

68 .0 
223.0 

1475.0 
4564.0 

49805.0 



X 5 NiCrTi 26 15 1.4890 SUH 660-B 

Heat treatment : 928°C/lh, water, 715°C/16h, air 
Test temperature : +700°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.8] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Bio Ti Al 

0.032 0.55 1.14 0.020 0.004 24.65 13.91 1.27 2.50 0.26 

Monotonie properties 

E 
Rp0.2 = 
«m = 
A5 = 
Z 

164650 
595 
751 
34 
55 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ef 

Cvc1ic 

Rp0.2 = 

ag 

h = 
NT 
Τσ = 
τ Ρ π = 

prop erties 

372 
171 

0.125 
898 

1.047 
1.572 

N/mm2 
N/mm2 

% 
cycles 

-
-

2929 
0.332 

891 
0.025 

-0.108 
-0.315 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 



38 

σ α [N/mm1] 
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SUH 660-B, 700 °C Γ 
E=164-650 N/mm2 = cyclic h 

K'=2929 N/mm2 = incremental! 

n'= 0,332 = monotonic 
. I . . . . I . . . . I . . . . I . . . . 
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10J 

itf 

1 1 1 M i l l 

1 1 1 1 1 I I I 

1 1 1 1 Mil 

i 
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SUH 660-B, 700 °C l· 

5 exp. results L 
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10' 101 10° 10 10 
N 

10° 10' 10° 

M a t e r i a l : SUH 660-B, 700°C 

t- H 

Spec. no . 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

h H 

S t r e s s 
ampl i tude 

[MPa] 

518.5 
494.9 
422.8 
343.8 
264.4 

(. H 
Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

h H 

S t r a i n 
ampl i tude 

[*] 

1 .0100 
0.6950 
0.5000 
0.3600 
0.2450 

Cycles to 
f a i l u r e 

60.0 
129.0 
545.0 

3314.0 
33931 .0 



X 6 NiCr 32 20 Incoloy 800H 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Ni Mn Cr Ti Al 

0.05 32.17 0.67 19.83 0.43 0.39 

solution treated, 1066°C, 1149°C, 1177°C, water 
+22°C 

[4.18] 
1981 

Monotonie properties 

E = 210000 N/ffi 

Λρ0.2 
Km 
A5 

Cyclic prop 

Rp0.2 = 

CTg 
eg = % -
Τσ -
T pn " 

erties 

318 
205 

0.119 
41199 
1.226 
1.490 

N/mm2 
N/mm* 

% 
cycles 

-
-

1568 
0.257 
1061 

0.400 
-0.108 
-0.494 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
jtemarks 

half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control1', i 
hourglass shaped, 0 6.4 i 

MTS, electrohydraulic 
max. 40 Hz 
24 (%/min) for low cycle fatigue tests 
sinusoidal 

Remarks : 1) tests beyond 5*103 cycles were done in load control 
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PSWT [N/mm'] 

10J 

10z 

— i i i um 

U s 

s \ 

Γ * 

1 1 1 1 1 l l l l 

1 1 1 1 l l l l 

1 1 1 1 l l l l 

1 1 1 1 l l l l 

1 1 1 1 1 I I I 

I M imi| i i i mn| ι ι ι iniij ι ι ι mm 
Incoloy 800H H 

21 exp. results N 

oo 

1 1 1 1 l l l l 

o o 

i i i i m i 1 1 1 MM» 1 1 1 1 1 I I I 

10' 1Cf 1Cf 10* 105 1Cf 10' 10" 

M a t e r i a l : Incoloy 800H 

Spec . no. 

I 1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 
6.0000 
7 .0000 
8.0000 
9.0000 

10.0000 
11.0000 
12.0000 
13.0000 
14.0000 
15.0000 
16.0000 
17.0000 
18.0000 . 
19.0000 
20.0000 

j 21.0000 

S t r e s s 
ampl i tude 

[MPa] 

637. 1 
642.9 
550.0 
489.0 
489.0 
478.0 
478 .0 
458.0 
440.0 
338. 1 
337. 1 
361.0 
349.5 
282.0 
310 .3 
274.4 
300.0 
290.0 
247.9 
234.9 
207.2 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

m 
3.0000 
3.0290 
1.6070 
1.5540 
1.5540 
1.0290 
1.0290 
1.0290 
0.9820 
0.4640 
0.5000 
0.5180 
0.5000 
0.3210 
0.1000 
0.11-10 
0.2610 
0.2320 
0.0890 
0.0890 
0.0890 

Cycles to 
f a i l u r e 

83.0 
198.0 
409.0 
539.0 
674.0 
674.0 

1171.0 ! 
1692.0 
1692.0 
7197.0 
8209.0 
8767.0 

10000.0 
28651.0 
37276.0 
51795.0 
55317.0 

100000.0 
322531.0 
810161.0 

8767124.0 



X 6 NiCr 32 20 Incoloy 800H 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

solution treated, 1066°C, 1149°C, 1177°C. water 
+538°C 

[4.18] 
1981 

Chemical composition 

C Ni Mn Cr Ti Al 

0.05 32.17 0.67 19.83 0.43 0.39 

Monotonie properties 

Λρ0.2 
«m 
A, 

193000 N/mm 
N/mm 
N/mm 
% 

Cyclic p 

Rp0.2 = 

CTg = 

eg = 
N T = 

Τσ = 
T*n = 

roperties 

323 
141 

0.081 
2184532 

1.403 
2.646 

N/mm2 
N/mm2 

% 
cycles 

-
-

1455 
0.242 
1295 

0.4768 
-0.146 
-0.570 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 

Microstructure 

Monoto ic test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control1', 
hourglass shaped, 0 6.4 

MTS, electrohydraulic 
max. 40 Hz 
24 (%/min) for low cycle fatigue tests 
sinusoidal 

Remarks : 1) t e s t s beyond 4 Ί 0 5 cycles were done in load control ^ 
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Spec. no. | Stress | Mean stress | Strain | Cycles to | 
I amplitude | I amplitude | failure | 
I [MPa] | [MPa] I [%] I I 

24.0000 | 
20.0000 I 

222.5 
329.0 

0.0 
0.0 

0.1530 
0.2430 

I >65564184.0 
> 205353.0 I 



X 6 NiCr 32 20 Incoloy 800H 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

solution treated, 1066°C, 1149°C, 1177°C, water 
+593°C 

[4.18] 
1981 

Chemical composition 

C Ni Mn Cr Ti Al 

0.05 32,17 0.67 19.83 0.43 0.39 

Monotonie properties 

E 
Rp0.2 = 

\ = 
A5 » 
Z 

171000 N/mm* 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ef 

N/m 

N/m 

Cyclic properties 

Rp0.2 ~ 

CTg 
Eg 
NT 
τσ 
T 

351 
144 

0.087 
3347 

1.279 
2.848 

N/mm 
N/mm 

% 
cycl 

-
-

f 
f 

= = 
= 
= 
= 
= 

1052 
0.177 
1133 

0.6617 
-0.136 
-0.658 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control ', '. 

hourglass shaped, 0 6.4 i 

MTS, electrohydraulic 
max. 40 Hz 
24 (%/min) for low cycle fatigue tests 
sinusoidal 

Remarks : 1) tests beyond 4 Ί 0 5 cycles were done in load control *" 
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σα [N/mm1] 
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Incoloy 800H, 593 °C Γ 
E=171000 N/mm2 = cyclic 
K—1052 N/mm2 = incremental f 
n— 0,177 = monotonic 

1 . , , . 1 . . . . 1 . . . . 1 . . . . 
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i i m i n i r T Γττττη- r-t ι ιιιιΐ| r ι ττττπ 

Incoloy 800H, 593°C B 
σ,'=1133 N/mm2 b=-0,1359 H 
ε/= 0,6617 c=-0,6585 Π 

23 exp. results 
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M a t e r i a l : Incoloy 800H, 593°C 

I Spec . no. 

+ H 

I 1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 
6.0000 
7.0000 
8.0000 
9.0000 

10.0000 
11.0000 
12.0000 
13.0000 
14.0000 
15.0000 
16.0000 
18.0000 
20.0000 
22.0000 
23.0000 
19.0000 
17.0000 

1 21.0000 

S t r e s s 
ampl i tude 

[MPa] 
H 

484.8 
466.7 
462.9 
356.7 
349 .5 
359.0 
328.6 
315.2 
245.2 
291.0 
223.8 
232.4 
309 .5 
222.9 
222.9 
222.9 
218.1 
189. 1 
222.9 
218.1 
296.2 
311.9 
214.8 

Mean s t r e s s 

[MPa] 
u H 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[*] 
H 

1.0300 
1.0200 
1.0000 
0.4860 -
0.4860 
0.4860 
0.3780 
0.3780 
0.1780 
0.2880 
0.1400 
0.1580 
0.2300 
0.1400 
0.1400 
0.1400 
0.1400 
0.1040 
0.1400 
0.1200 
0.2460 
0.2300 
0.1220 

Cycles to 
f a i l u r e 

316.0 
370.0 
523.0 

1728.0 
2207.0 
2548.0 
4940.0 
5705.0 

13725.0 
16548.0 
35481.0 
48001.0 
57049.0 
57049.0 
64938.0 
74989.0 

307256.0 
15179239.0 

> * * * * * * * * * * 
> * * * * * * * * * * 
> 697831.0 
> 175287.0 
>43401028.0 



X7 NiCrCo 56 19 Waspaloy A 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1080°C/4h, air, 843"C/2-4h, furnace, 760°C/16h, furnace Hardness 
+23°C 
turbine wheel forgings 
[4.13] 
1965 

Chemical composition 

C Si Bin Fe Al Ti Mo Co Cr Ni 

0.07 0.4 0.7' 1.0 1.3 3.0 4.3 14.0 19.0 56.0 

Microstructure 

Monotonie properties 

Λρ0.2 

210000 N/mmz 
713 

0.043 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

tubular, outer 0 9.5 mm, inner 0 8.0 mm 

Cyclic properties 

RP0 
σκ 
ε* 
% 
Τσ 
Τε Ρ 

2 = 
= 
= 
= 
= 
= 

Incremen tal 

696 
428.5 
0.212 
13128 
1.168 
2.483 

N/mm2 
N/mm2 

% 
cycles 

-
" 

step test : 

= = 
= 
= 
= 
= 

1814 
0.154 
1340 

0.1495 
-0.075 
-0.497 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, 
tubular, outer 0 9.5 

Instron, max. 45 kN 

triangular 

1) extensometer clamped to the shoulders of the 
specimen 
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PSWT [N/tom'] 

103 

1CT 

I I I Mill 

I i i i mil l 

1 1 1 Mill 

"s. o 

1 1 1 Mill 

1 1 1 Mill 

: 1 1 1 Mill 

[ 1 1 1 I 1111 ~Γ~ Γ Ι 1 1 ■ 111 T I I I I1M| 1 1 1 1 1 Mil 

Waspaloy A H 

6 exp. results H 

UJ-1.L1I11 1 1 | 1 1 I I I 1 1 1 1 1 I I I 1 1 1 1 1111 

10 101 id5 io* 10s 

N 
10' 10' 10° 

Material : Waspaloy A 

Spec. no. 

1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 
6.0000 

S t r e s s 
ampl i tude 

[MPa] 

1001.2 
990.9 
880.4 
769.9 
718. 1 
580.0 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[*] 

3.0000 
2.2500 
1.3000 
0.7400 
0.5600 
0.3450 

Cycles to 
f a i l u r e 

8 . 5 
49 .0 

330.0 
1220.0 
2625.0 

11590.0 



X7 NiCrCo 56 19 Waspaloy A 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn Fe 

0.07 0.4 0.7 1.0 

1080°C/4h, air, 843°C/2-4h, furnace, 760°C/16h, furnace Hardness 
+23°C 
turbine wheel forgings 
[4.13] 
1965 

Al 

1.3 

Co Cr Ni 

14.0 19.0 56.0 

Microstructure 

Monotonie properties 

E = 210000 H 

RP0.2 = 7 87 N 
Rm = 1091 N 
A, 7 % 

ar 

713 N/mmz 
0.043 

N/mm2 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

tubular, outer 0 9.5 mm, inner 0 8.0 i 

25.4 mm 

Cyclic 

Rp0.2 

Eg 
NT 
Τσ 
Τ,η " 

properties 

869 
476 

0.229 
1175 

1.018 
1.203 

cycles 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

f 
f 

= 
-
= 
= 
= 
= 

1931 
0.128 
1510 

0.147 
-0.076 
-0.591 

complete rupture 
half failure life 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
tubular, outer 0 9.5 mm, inner fl 8.0 mm 

Instron, max. 45 kN 

triangular 

1) extensometer clamped to the shoulders of the 
specimen 
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CFQ [N/mm*] 

1200 

1000 

800 

600 

400 

200 

L / 
/ / 

L / 

y 

< ^ · " ' 
/ 

Waspaloy 

. 1 . . . . 

~~**~~—" " 

E=210000 N/mm2 = 
K'=1931 N/mm2 = 
n'= 0,128 = 

. . . . i . . . . 

= cyclic 
: incremental! 
= monotonic 

. . . . 
0.5 1.5 2.5 

ε.Μ 

101 F 

10u 

10" 

10" 

- I I I M i l l 

s 

Γ N 
Γ v 

l· 

I i i i i m i 

1 1 1 1 MM 

1 1 1 H i l l 

1 1 1 1 Mill 

^ - ^ l - r r 

\ s \ \ 

1 1 1 H i l l 

1 1 1 1 11111 1 1 1 1 1111 f 1 1 1 1 l l l l | 1 1 1 1 MliJ 

Waspaloy | 
σ/=1510 N/mm2 b=-0,0760 R 
ε/= 0,1474 c=-0,5914 Π 

3 exp. results 

: -«»*, 

s \ s 
\ \ 

N \ 
N 

l_i_JLLLLLC 

• ' * · ^ ^ . ' « * 

1 1 1 1 l l l l 1 1 1 1 Mil 

1 

l l l l Mil 

10 10* 10s 10 10 
N 

106 107 10" 



55 

PSWT [N/mm1] 
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M a t e r i a l : Waspaloy 

H 

I Spec . n o . 
I 
I 
I 1.0000 
I 2 .0000 
1 3.0000 
+-

4- H 

I S t r e s s 
1 ampl i tude 
I [MPa] 

1 932.2 
1 828.6 
1 769 .9 

H H 

Me 

1 

an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 

H 

S t r a i n | 
amp l i t ude | 

[%] 1 

0 .7900 | 
0 .5300 | 
0 .4450 | 

h + -

Cyc + 
l e s t o | fa i lure | 

1 
2 9 6 . 0 | 

1260 .0 I 
3710 .0 | 

+ 



X7 NiCrCo 56 19 Waspaloy 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn Fe 

1000°C/4h, oil, 840°C/2-4h, air, 760°C/16h, air 
+23°C 
turbine wheel forgings 
[4.13] 
1965 

0.07 0.4 0.7 1.0 1.3 3.0 4.3 14.0 19.0 56.0 

Monotonie properties 

E = 210000 N/m 

Λρ0.2 
Km 

1436 N/m 
0.090 

Cyclic properties 

Rp0.2 = 

CTg = 

Eg 
*T = 

Τσ 
T 

890 
476 

0.234 
298 

1.092 
2.491 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'f 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

2725 
0.180 
1862 

0.112 
-0.090 
-0.487 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

tubular, outer 0 9.5 mm, inner 0 8.0 i 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
tubular, outer 0 9.5 mm, inner 0 8.0 mm 

Instron, max. 45 kN 

triangular 

1) extensometer clamped to the shoulders of the 
specimen 
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PSWT [N/mm'] 
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Material : Waspaloy 

Spec. no . 

1.0000 
2.0000 
3.0000 

S t r e s s 
ampl i tude 

[MPa] 

270.5 
956.3 
8 ? 7 . 7 

Mean s t r e s s 
' 

[MPa] 

0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

m 
1.9000 
0.8500 
0.6050 

Cycles to 
f a i l u r e 

39.0 
625.0 

2110.0 



Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

[4.20] 
1974 

Chemical composition 

Monotonie properties 

E 
Rp0.2 = 

K = 
A< = 

186000 
1305 
1422 

N/ 
N/ 
N/ 
% °f 

e f 

Cyclic properties 

Rp0.2 = 

°g 
h 
"τ = 
τσ 
τ ρ η = 

1159 
786 

0.423 
605 

1.056 
1.798 

N/mm2 
N/mm2 

% 
cycles 

-
-

Incremental step test : 

Failure criterion 
σ/e-values valid for 
Remarks 

half failure life 

10 Ni 

Microstructure 

2085 N/m 
1.13 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

1759 
0.067 
1898 

2.852 
0.058 
0.851 

N/mm 

-
N/mm 

-
-
-

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

hourglass shaped, 0 6.35 



60 

σ [N/mm1] 

1400 

1200 

1000 

800 

600 

4-00 

200 

η 

/ 

' i l l 

10Ni 

. 1 ι . . . 

Ε=186000 N/mm2 = 

Κ'=1758 N/mm2 = 

η·= 0,067 = 
. . . . I . . . . 

ο 

= cyclic 

: incremental L 

= monotonic 
. I I I 

ε [%] 

0,5 1.5 2,5 

ε W 

10' 

10" t 

10" 

10" 

_ . LA 1 Mill 

l 

1 1 1 1 Mil 

1 1 1 1 Mil 

1 1 1 1 1 1 II 

1 1 1 1 11 111 

C^"*«» 

\ \ \ 
V \ \ \ 

1 1 1 1 1 I I I 

1 1 1 I 11111 1 1 1 1 ■ 11 If 1 1 1 1 1 l l l | 1 1 1 MILL 

10Ni B 
σ/=1898 N/mm2 b= -0 ,0581 H 

ef'= 2,8520 c=-0,8515 H 

6 exp. results 

\ 
N \ \ \ \ \ \ \ \ \ 

i i i 11Ni 1 1 1 1 1 I I I 1 1 1 1 1 I I I 

-

i i i i m i 

10' 102 105 10* 105 

N 
106 107 108 



PSWT [N/mm'] 
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10B 10' 10° 

Spec. no . 

1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 
6.0000 

S t r e s s 
ampl i tude 

[MPa] 

1524.7 
1452.3 
1403.6 
1261.2 
1213.1 
1183.9 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

m 
10.3620 

6. 1810 
3.6580 
2.1650 
1.0610 
0.8330 

Cycles to 
f a i l u r e 

23.0 
48 .0 

127.0 
313.0 

1314.0 
1830.0 



X 10 NiCrAlTi 32 20 Incoloy 800 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1100°C/lh, water, 860°C/2h, air 
+23°C, H7 10 MPa 

[4.11] 
1983 

Chemical composition 

C Ni Cr Mn Si Cu Al S P Ti 

0.10 34.0 23.0 <1.5 <1.0 <0.75 <0.6 <0.02 <0.03 <0.30 

Monotonie properties 

E 
Rp0.2 = 

\ = 
A5 = 
Z 

210000 
240 
550 
55 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
CTf 
ef 

N/mmz 

N/mm2 

Cyclic properties 

252 
129 

0.089 
114142 
1.020 
1.021 

N/mm2 
N/mm2 

% 
cycle 

-
-

f 
f 

= 
= 
= 
= 
= 
= 

2071 
0.339 
1121 

0.164 
-0.142 
-0.420 

N/mm 

-
N/mm 

-
-
-

Incremental step test N/mmz 

Failure criterion 
σ/ε-values valid for 
Remarks 

cusp in hysteresisloop 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 ε 
cylindrical 
electrolytically polished 

WalterBai, servohydraulic, max. 125 kN 

0.15 (%/min) 
triangular 
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n'= 0,339 = 
l—;—;—;—;—ι—;—;—;—;— 

= incremental Γ 

= monotonic 
I — ; — ; — ; — i 

0,5 1.5 2.5 

ε. W 

101 

10Q t 

10" t 

10" 

Γ 1 T I Π Π Γ 

-Hx 
X X 

X X 

'U X 

F 

1 ""**"**" 

IM
 1 1 

1 1 
1 

1 1 1 M I M 

X Nw, 
% x ^ v 

XX NX 

\ \ 

""""^—... 

I I 1 U l l i 

i i i mm 

■ ^ „ 

. ^ 

1 1 I I I I I I 

i i i I I I I I I i i i mni ι ι ι mii| ι ι ι mm 
X10NiCrA!Ti32 20, H2 § 
σ,"=1121 N/mm2 b=-0,1425 H 

ε / = 0,1640 c=-0 ,4200 Π 

4 exp. results 

X 
^"^«^v X 

1 1 I I I I I I 

x **·»« 
N x 

X 
X %x 

.... 1 1 1 1 I N I 

X X X X X X X 

X 

. . . . , 1 1 1 I H M 

q 

J 

^ l 1 1 1 1 1 111 

10 102 103 10* 10s 

N 
10" 107 10° 
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PSWT [N/mm'] 

10° 

itf 

ι ι ι ιιιιι 

X 

_ V 
X 

X 

I 1 1 1 1 1 II I 

1 1 1 Mill 

X 
X 

N 
X 

X 

X X 

1 1 1 1 1 111 

1 1 1 I I I I I 

X 

1 1 1 1 1 I I I 

1 I I I I 1111 1 1 1 1 I I I IJ I 1 1 1 IIMJ 1 1 1 1 1 I I I 

X10NiCrAm32 20, H2 l· 

4- exp. results H 

> 

1 1 1 1 1 II I 

**x 

1 1 1 M i l l 1 1 1 I I I I I * * « ♦- 1 1 1 1 l l lj 

10' 1Cf 10s 10* 10s 106 107 

N 
10" 

Material : X 10 NiCrAlTi 32 20 H2 10 MPa 

H + H + + + 
I Spec. no. | S t r e s s | Mean s t r e s s | S t r a i n | Cycles to | 
| | amplitude | | amplitude | f a i l u r e | 
1 1 [MPa] j [MPa] j [%] j | 

1 4 .0000 | 348 .9 | 0 .0 | 0 .7000 I 1754.0 | 
I 3 .0000 j 308 .0 | 0 .0 j 0 .5000 j 4649 .0 j 
I 2 .0000 j 278.3 j 0 .0 j 0 .4000 I 8825.0 I 
I 1.0000 j 243.5 j 0 .0 j 0 .3000 j 22280.0 I 



XllNiCrMo 48 20 Hastelloy X 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

solution treated, 1066°C, 1149°C, 1177ÜC. water 
+871°C 

[4.18] 
1981 

Chemical composition 

C Ni Mn Cr Mo Co W Fe 

0.11 Bal. 0.50 20.67 8.86 2.1 0.66 18.7 

Monotonie properties 

E = 138000 N/mm2 

Λρ0.2 
*m 

Cyclic properties 

Rp0.2 ~ 

°g = 

eg = 

"τ = 
τσ 
T 

221 
157 

0.115 
6565 

1.230 
3.365 

N/mm2 
N/mm2 

% 
cycles 

-
-

1350 
0.291 

478 
0.758 

-0.073 
-0.758 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control1', R = 
hourglass shaped, 0 6.4 mm 

MTS, electrohydraulic 
max. 40 Hz 
24 (%/min) for low cycle fatigue tests 
sinusoidal 

Remarks : 1) tests beyond 10 cycles were done in load control ^ 
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σα [N/mm1] 

600 

500 

400 

300 

200 

100 
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• 
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h 

^ 

a s t e l l o y X 

1 . · > i 

^^^ - ^ " " " " c » c 

871 °C 
E=138000 N/mm2 = 

K'=1350 N/mm2 = 

n'= 0,291 = 
. . . . i . . . . 

___——" 

= eycüc 

= incremental Γ 

= monotonic 

. . . . 
0,5 1.5 2.5 

ε M 

ε [%] 

in ι ι ι ιιιιιι i i i n u n ι ι i m 
Hastelloy X 
σ/=478 N/mm2 

871 °C 
b=-0,0730 
c=-0,7583 
23 exp. results 



PSWT [N/mm'] 
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10J 

1(f 

1 1 1 Mill 

N 
N 

N \ \ \ \ \ 
1 N r 

1 L L Ll.HU 

1 1 1 M i l l 

( 

1 1 1 11111 

i i i m i l l 

1 1 1 11111 

i i i 11MIT i i i ιιιιη ι η ππη- ι ι rnrm 
Hastelloy X 871 °C H 

23 exp. results N 

1 1 1 1 1111 

D 
O 

1 i 1 Mil l 

° o 
o 

1 1 1 11111 

0 -J 

1 1 1 1 I I I ! 

101 102 103 10* 10s 106 107 10e 

N. 

Material : Hastelloy X, 871°C 

S p e c . n o . 

1 . 0 0 0 0 
2 . 0 0 0 0 
3 . 0 0 0 0 
4 . 0 0 0 0 
5 . 0 0 0 0 
6 . 0 0 0 0 
7 . 0 0 0 0 
8 . 0 0 0 0 
9 . 0 0 0 0 

1 0 . 0 0 0 0 
1 1 . 0 0 0 0 
1 2 . 0 0 0 0 
1 3 . 0 0 0 0 
1 4 . 0 0 0 0 
1 5 . 0 0 0 0 
1 6 . 0 0 0 0 
1 7 . 0 0 0 0 
1 8 . 0 0 0 0 
1 9 . 0 0 0 0 
2 0 . 0 0 0 0 
2 1 . 0 0 0 0 
2 2 . 0 0 0 0 

1 23.0000 

S t r e s s 
a m p l i t u d e 

[MPa] 

3 6 3 . 3 
3 5 8 . 0 
3 2 7 . 3 
3 1 9 . 3 
3 4 0 . 7 
3 0 6 . 7 
3 0 0 . 0 
2 6 6 . 0 
2 5 3 . 3 
2 4 7 . 3 
2 5 3 . 3 
2 4 0 . 7 
2 2 6 . 7 
2 3 2 . 0 
2 0 0 . 0 
2 0 0 . 0 
1 9 1 . 3 
1 7 0 . 9 
1 7 8 . 7 
1 3 6 . 5 
1 5 6 . 5 
1 4 3 . 5 
1 2 1 . 7 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
a m p l i t u d e 

[*] 

1 . 9 9 0 0 
1 . 4 9 4 0 
1 . 0 0 0 0 
1 . 0 0 0 0 
0 . 9 8 8 0 
0 . 9 8 8 0 
0 . 7 5 0 0 
0 . 5 0 0 0 
0 . 5 0 0 0 
0 . 2 9 7 0 
0 . 3 7 8 0 
0 . 2 8 5 0 
0 . 2 8 5 0 
0 . 2 8 5 0 
0 . 2 3 8 0 
0 . 2 6 6 0 
0 . 2 6 6 0 
0 . 2 3 8 0 
0 . 2 3 8 0 
0 . 1 8 8 0 
0 . 2 3 8 0 
0 . 2 0 3 0 
0 . 1 5 7 0 

C y c l e s t o 
f a i l u r e 

9 2 . 0 
1 4 4 . 5 
1 8 2 . 0 
2 0 7 . 0 
2 7 5 . 0 
3 2 8 . 0 
4 7 4 . 0 
6 3 7 . 0 

1 0 0 9 . 0 
1 0 0 9 . 0 
2 1 2 8 . 0 
2 1 2 8 . 0 
3 2 8 1 . 0 
3 9 4 5 . 0 

1 3 1 8 3 . 0 
1 9 9 5 3 . 0 

1 1 3 5 0 1 . 0 
7 0 7 9 4 6 . 0 

1 2 5 8 9 2 5 . 0 
6 3 0 9 5 7 3 . 0 
7 1 6 1 4 3 4 . 0 

1 6 0 3 7 1 8 7 . 0 

http://Ll.HU


Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

+23°C 

[4.20] 
1974 

Monotonie properties 

E 
Rp0.2 = 

*m -
A5 " 
Z 

186000 
1346 
1395 

N/ 
N/ 
N/ 
% 
% 

Cyclic properties 

Rp0.2 ~ 

°g = 

eg = 
Mr = 
Τσ -
τ β η -

1122 
832 

0.449 
535 

1.041 
1.713 

N/mm* 
N/mm2 

% 
cycles 

-
-

K' 
η 

σ'{ 

εΊ 
b 
c 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 

12 Ni 

Microstructure 

1933 N/m 
0.89 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

1641 
0.061 
1650 

1.113 
-0.045 
-0.738 

N/mm* 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

hourglass shaped, 0 6.35 i 
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12Ni I 
E=186000 N/mm2 = cyclic 

K'=1641 N/mm2 = incremental L 

n'= 0,061 = monotonic 
I . . . . I . . . . 1 . . . . 

0,5 1.5 2,5 

ε W 

107 108 
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PSWT [N/mm'] 

10J 

10* 

VJ I I Mill 

1 1 1 1 111! 

1 I 1 F NTT 

\ o 

1 1 1 1 1 I II 

" Γ ΓΙΤΙΓΤΤ 

1 1 1 1 1 I II 

1 1 1 l l l l l | Γ-ΤΤΤΓΓΠΙ 1 I I 1II11| 1 1 IIIIII 

1 12Ni l· 

6 exp. results I 

- - - . . , _ 

1 1 1 1 1 I II 1 1 1 1 1 I II 1 1 1 1 1 I II 1 I I II I I I 

10 itf 10° 10* 10° 10" 10' 10° 

Spec. no . 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 

S t r e s s 
ampl i tude 

[MPa] 

1403.7 
1386.7 
1330.9 
1273.5 
1155.5 
1127.7 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
Ü.0 
0 . 0 

S t r a i n 
ampl i tude 

[·'.] 

10.2040 
6. 1450 
3.6900 
2.1890 
1.0250 
0.8030 

Cycles to 
f a i l u r e 

13.0 
24.0 
80.0 

245.0 
1113.0 
1998.0 



X12 NiCr 72 13 Inconel 713C 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1177uC/2h, argon 
+23°C 
cast cylinders 
[4.13] 
1965 

Chemical composition 

C Mn Si Ti Fe 

0.12 0.15 0.4 0.6 1.0 

Al 

6.0 13.0 71.98 

Monotonie properties 

p0.2 

208800 
787 
932 
2 

N/mmz 
N/mm2 
N/mm2 

% m 

1383 N/mnT 

Cyclic properties 

Rp0.2 
σκ 
ER 
NT 
Τσ 
Trn 

894 
490 

0.236 
22 

1.160 
1.320 

N/mm 
N/mm 

% 
cycl< 

-
-

1899 
0.121 
1264 

0.032 
-0.062 
-0.500 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

tubular, outer 0 9.5 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
tubular, outer 0 9.5 mm, inner 0 8.0 i 

Instron, max. 45 kN 

triangular 

1) extensometer clamped to the shoulders of the 
specimen 
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σα [N/mm1] 

1200 
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400 

200 
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Inconel 713C Γ 
E=208800 N/mm2 = cyclic 

K'=1899 N/mm2 = incremental Γ 

n'= 0,121 = monotonic 
> 1 . . . . 1 . . . . 1 1 

0,5 1,5 2.5 

ε.Μ 

ε.Μ 
101 

10" 

10" tr 

10" 

- I M l l l l l 

Γ 

I 1 1 1 1 Mil 

1 1 1 I H M 

1 1 1 1 Mi l 

1 1 1 l l l l l 

x 

> 

1 1 1 1 1 I I I 

1 1 1 1 l l l l | 1 1 1 1 11 ll| 1 I I 1 l l l l | 1 I I 1 IILL 

Inconel 713C E 
σ/=1264 N/mm2 b= -0 ,0624 H 

ε / = 0,0321 c = - 0 , 5 0 0 0 [ 

5 exp. results 

X X 
X X 
1 1 h l U l i 1 1 1 1 M i l 1_ 1 1 1 1 II I 

~-

1 1 1 l l l l l 

101 102 103 10* 105 106 107 108 

N 
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PSWT [N/mm'] 

10J 

10' 

1 1 1 Hil l 

1 
1 

1 
1 

J 
1 

J 
J 

. J 

1 1 1 Mill 

1 1 l l l l l l 

1 1 1 Mill 

1 1 1 1 1 II I 

1 1 1 l l l l l | 1 1 1 l l l l l | 1 1 1 l l l l l | 1 1 1 l l l l l l 

Inconel 713C H 

5 exp. results N 

I 1_ l l l l l l 1 1.1.1.1111 1 111 1111 1 1 1 H i l l 

10 ior 103 10 10 
N 

10° 10' 10° 

Material : Inconel 713C 

Spec. no . 

1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

990.9 
1001.2 

814.8 
794 .1 
718. 1 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[*.] 

1.1500 
0.7150 
0.5250 
0.4450 
0.3850 

Cycles to 
f a i l u r e 

12.0 
74.0 

370.0 
1120.0 
3020.0 



X12 NiCr 72 13 Inconel 713C 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Mn &!_ Ti 

0.03 0.15 0.4 0.6 

1177°C/2h, argon 
+23°C 
cast cylinders 
[4.13] 
1965 

Fe 

.0 

Nb 

2.25 

Mo 

4.5 

Al 

6.0 

Cr 

13.0 

Ni 

71.98 

Monotonie properties 

E 
Rp0.2 = 
«m = 
A5 = 
Z 

208500 
780 

1001 
10 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
E 
n 
°f 
ε£ 

Cyclic properties 

Rp0.2 = 

°g = 

6g = 
NT 

Τσ = 
τ Ρ η -

849 
506 

0.244 
34 

1.227 
2.201 

N/mm2 
N/mm2 

% 
cycle 

-
-

1576 
0.099 
1140 

0.035 
-0.053 
-0.492 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 
specimen 

complete rupture 
half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

tubular, outer 0 9.5 mm, inner 0 8.0 mm 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 ε 
tubular, outer 0 9.5 mm, inner 0 8.0 i 

Instron, max. 45 kN 

triangular 

1) extensometer clamped to the shoulders of the 
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σ α [N/mm1] 
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Inconel 713C 
E=208500 N/mm2 = 

K'=1576 N/mm2 

n'= 0,099 = 
. 1 L. U .... L-. , 1 i... 1_. l „ l_ | , , , 1 

0 

= cyclic 

= incremental! 

= monotonic 

. . . . , 
0,5 1.5 2.5 

ε [%] 

ι ι ι ι ι ι ι ι i i n u n i i 11111n i i i i n 
nconel 713C 

σ,'=114-0 N/mm2 

ε / = 0,034-9 

b=-0,0534-

c=-0,4919 

6 exp. results 

Ι Ρ Γ * I I I I I Mil l I I I I Mi l l I I I I I I l l | I I I I Mil l I I I I Mil l I I I I I l l l | I I I I I l l l l 

10' 102 103 10* 105 10e 107 108 
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PSWT [N/mm'] 
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6 exp. results 

1 1 1 1 1 I I I 1 1 1 1 1 111 1 1 1 1 1 I I I 

1 1 M i l l 

1 

-

1 1 1 N i l 

10 102 10* 10 10 
N 

10° 107 10" 

Material : Inconel 713C 

Spec. no . 

1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 
6.0000 

S t r e s s 
ampl i tude 

[MPa] 

973.6 
1001.2 
1028.8 

890.8 
738.8 
690.5 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[·'.] 

2.0500 
1.4500 
1.1500 
0.6800 
0.4250 
0.3350 

Cycles to 
f a i l u r e 

1 .5 
12.0 
14.0 

175.0 
820.0 

2695.0 



X 2 CrNi 18 9 AISI 304 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

+23°C 
plate, 22 
[4.19] 
1984 

Chemical composition 

C Si Mn P S Cr Ni 

0.025 0.37 1.48 0.026 0.003 18.04 10.13 

Monotonie properties 

E 
Rp0.2 = 

K = 
A5 " 
Z 

192000 
280 
601 

46 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ef 

= 
= 
= 
= 
= 

455 
0.097 

-
N/ 
-
N/! 
-

Cyclic properties 

Rp0.2 = 

CTg 
£g = 
NT 
Τσ ' = 
TPn = 

207 
89 

0.073 
277967 
1.068 
1.176 

N/mm2 
N/mm2 

% 
cycles 

-
-

2807 
0.419 
1936 

0.412 
0.202 
0.483 

N/ 
-
N/ 
-
-
-

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

macro crack 
half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 14 mm 

in rolling direction 
20 mm 
servohydraulic 
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E=192000 N/mm2 = cyclic 

K'=2807 N/mm2 = incrementalΓ 

n'= 0,4-19 = monotonic 

. . . . i . . . . i . . . . 
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Χ20ΝΊ18 9 B 
U 

σ/=1936 N/mm2 b=-0 ,2025 H 
M 

ef'= 0,4-120 c= -0 ,4830 N 

6 exp. results 

N* 

-ON 
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1 1 1 1 l l l l 

^ - ■ >H 
X* —«. 

X 
X 

1 1 1 1 l l l l 
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X2CrNi18 9 H 

6 exp. results N 

N \ 
N 

1 1 1 M i l l 

N 

N 
X 

N 
N 

X 
N 

i i I ^ J i i m i 1 1 1 1 l l l l 

101 102 103 10* 10s 106 107 10e 

N. 

Material : X2CrNil8 9 

Spec. no . 

6.0000 
5.0000 
4.0000 
3.0000 
2.0000 
1.0000 

S t r e s s 
ampl i tude 

[MPa] 

399.4 
372.5 
341 .8 
301 .4 
266.9 
235.4 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[·'.] 

1.2000 
1.0000 
0.8000 
0.6500 
0.500Ü 
0.4000 

Cycles to 
f a i l u r e 

1200.0 
1750.0 
3000.0 
4420.0 
7600.0 

18300.0 



X 2 CrNi 18 9 AISI 304 

+600°C 
plate, 22 : 
[4.19] 
1984 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Cr Ni 

0.025 0.37 1.48 0.026 0.003 18.04 10.13 

Microstructure 

Monotonie properties 

E 
Rp0.2 = 
«m = 

A5 = 
Z 

149000 N/mm2 
N/mm2 
N/mm2 

% 
% 

V 

K 
n 
CTf 
£f 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic prop 

Rp0.2 = 

°B = 

6g = 
NT 
Τσ = 

Τερ = 

erties 

188 
101 

0.088 
47215 
1.080 
1.144 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'{ 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

1022 
0.272 
635 

0.177 
-0.121 
-0.446 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

macro crack 
half failure life 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 9 14 mm 

in rolling direction 
20 mm 
servohydraulic 
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σ α [N/mm1] 
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\ι 
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X2CrNi18 9, 600 °C Γ 
Ε=149000 N/mm2 = cyclic 

Κ'=1022 N/mm2 = incremental Γ 

n'= 0,272 = monotonic 
1 . . . . 1 . . . . i . . . . 1 . . . 

0.5 1.5 2.5 

ε . Μ 

ε . Μ 
10 

10" t 

10" 

10" 

ρ I I I ΪΠΪΪ 

Ν ̂κ 

L 

F 

ρ 

I I I I Ul l i 

1 1 1 Hi l l 

V. 
^ 

ι Li i n n 

ι ι ι ιιιιιι 

^ : 

1 1 1 1 1 I I I 

1 1 1 l l l l l | 1 1 1 111 Iff 1 1 1 T 1 Ulf 1 1 

X2CrNi18 9, 600 °C 
σ.'=635 N /mm' b=-0.1208 

ε / = 0,1769 c= -0 ,4460 

4 exp. results 

- ^ 

N 

N 

1 1 1 1 1 I I I 

* * · » ^ 

X 

N 

1 1 1 1 I N I 

* N 

N N 

1 1 1 1 1 I M 1 1 

1 1 1 ILL] 

H 
H 
u 

§ 

3 

1 1 1 I I I 

101 102 10* 10* 105 106 107 108 
N. 
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PSWT [NA.m*] 

10' 

10z 

I I I M i l l 

N 

N 

1 1 1 1 1 II I 

1 1 1 Mill 

1 1 1 1 N i l 

1 1 1 Mill 

i 

i i i iiiii| i i i iiiii| ι ι ι nrny ι ι ι mil 
X2CrNi18 9, 600 °C fj 

4 exp. results M 

1 1 1 1 1 II I 1 1 1 1 1 I I I i ^ r w i m i 1 1 1 I I I I I 

10 102 10·1 10 10 
N. 

106 107 108 

Material : X2CrNil8 9, 600°C 

Spec. no. Stress 
amplitude 

[MPa] 

Mean stress 

[MPa] 

Strain 
amplitude 

Cycles to 
failure 

4.0000 
3.0000 
2.0000 
1.0000 

3 0 9 . 9 
2 6 0 . 8 
2 3 5 . 4 
2 0 1 . 1 

0.0 
0.0 
0.0 
0.0 

1.5000 
0.8000 
0.6000 
0.4000 

165.0 
1020.0 
2000.0 
5700.0 



X 2 CrNi 18 9 AISI 304 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

+600"C 
plate, 22 i 
[4.19] 
1984 

Chemical composition 

C Si Mn P S Cr Ni 

0.025 0.37 1.48 0.026 0.003 18.04 10.13 

Monotonie 

E 
Rp0.2 = 

Km -
A5 -
Z 

properties 

149000 N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
°f 
ef 

Cyclic properties 

NT 

Incremental step test 

178 
71 

0.052 
8223 

1.144 
1.027 

N/mm2 
N/mm2 

% 
cycle 

-
-

f 
f 

= = 
= 
= 
= 
= 

836 
0.249 
576 

0.226 
-0.138 
-0.557 

Failure criterion 
σ/ε-values valid for 
Remarks 

macro crack 
half failure 

Microstructure 

m2 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, 
cylindrical, 0 14 mm 

in rolling direction 
20 mm 
servohydraulic 

0.25 (%/min) 
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σ α [N/mm1] 
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X2CrNi18 9, 600 °C Γ 
E=149000 N/mm2 = cyclic 
K'=836 N/mm2 = incremental f 
n'= 0,249 = monotonic 

■ I I . . . . 1 . . . . 

0,5 1.5 2,5 

ε W 

εα [%] 
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> 

1 1 1 Hil l 
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s \ 
v —-v 

l_ 1 l l l l l l 

1 1 1 l l l l l l 1 1 1 l l l l l l 1 1 1 Mll l | 1 1 1 l l l l i j 

Χ20ΝΠ8 9, 600 °C 0 
σ/=576 N/mm2 b=-O,1382 Η 
ε/= 0,2262 c=-^0,5572 Π 

3 exp. results 

Χ χ ^ 

\ ^ X \ X \ X X X X 

1 1 1 1 Mil 

> \ \ X N N 
I_J_J^1J_LU 

**"· * 

1 1 1 1 1 I I I 

J 

\ 

* * * * * * J 

L i i H ml 

101 ltf 10s 10* 1Cf 
N. 
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PSWT [N/mm'] 
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10J 

1(f 

1 1 1 1 Mil 

\ \ \ \ \ 
L "*\ 

1 1 1 1 I I Ml 

I 1 1 Mill 

i n 

i i i i nn 

N 

N 

1 1 1 1 Mi l 

1 1 1 1 1 1 11 f 1 1 1 1 l l l l| 1 1 1 1 1 1 T 11 1 1 1 1 1 1 1 11 

X2CrNi18 9, 600 °C H 

3 exp. results N 

1 1 1 1 I I I ! ̂ Γ-J 1 Mill 1 1 1 1 Mil 1 1 1 1 1 I I I 

10' 1Cf 1CI1 10* 1Cf 106 107 108 

N. 

Material : X2CrNil8 9, 600°C 

Spec. no. Stress 
amplitude 

[MPa] 

Mean stress 

[MPa] 

Strain 
amplitude 

Cycles to 
failure 

3.0000 
2.0000 
1.0000 

278.6 
247.3 
189.2 

0.0 
0.0 
0.0 

1 .5000 
0.8000 
0.4000 

82.0 
310.0 

1375.0 



X 2 CrNi 18 9 AISI 304 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

+600°C 
plate, 22 
[4.19] 
1984 

0.025 0.37 1.48 0.026 0.003 18.04 10.13 

Monotonie properties 

E 
Rp0.2 = 

K = 

149000 N/i 
N/ 
N/ 

N/n 

Cyc1ic properties 

eg 
NT = 

Τσ = 
Τε Ρ = 
Increments 

0.079 % 
24969 c 
1.018 
1.081 

. step test 

f 
f 

= = 
= 
= 
= 
= 

861 
0.248 
530 

0.141 
-0.112 
-0.452 

Failure criterion 
σ/ε—values valid fo 
Remarks 

macro crack 
half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, 
cylindrical, 0 14 mm 

in rolling direction 
20 mm 
servohydraulic 

2.5 (%/min) 



87 

σα [N/mm1] 
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Χ20ΝΪ18 9, 600 °C Γ 
Ε=149000 N/mm2 = cyclic 
Κ'=861 N/mm2 = incremental Γ 
η'— 0,248 = monotonic 

ι I . . . . I . . . . I 
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X2CrNi18 9, 600 °C 0 
σ/=530 N/mm2 b=-0.1121 H 
ε;= 0,1413 c=-0,4524 Π 

3 exp. results 
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PSWT [N/mm'] 

1(f 

I 1 1 1 1 Mil 

L 

L N 

-

1 1 1 1 1111 

1 1 I I l l l l 

1 1 1 1 1 I I I 

1 1 1 1 1 I I I 

' 
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1 X2CrNi18 9, 600 °C 

3 exp. results 

v 

1 1 1 1 1 II I 1 1 1 M i l l ""•l*"» J 1 1 1 111 

1 1 M i l 

h 

L 

| 

2 

J 

1 1 1 N i l ισ 
10 102 10s 10* 105 106 107 108 

j . 

Material : X2CrNil8 9, 6O0°C 

Spec. no . 

3.0000 
2.0000 
1.0000 

S t r e s s 
ampl i tude 

[MPa] 

293.5 
245.9 
198.2 

Mean s t r e s s 

[MPa] 

0.0 
0.0 
0.0 

S t r a i n 
ampl i tude 

[*] 

1.5000 
0.8000 
0.4000 

Cycles to 
f a i l u r e 

100.0 
450.0 

3300.0 



X 2 CrNi 18 9 A I S I 304 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

+600°C 
p la te , 22 mm thick 
[4.19] 
1984 

Chemical composition 

C Si Mn P S Cr Ni 

0.025 0.37 1.48 0.026 0.003 18.04 10.13 

Monotonie properties 

Λρ0.2 
*m 
A« 

149000 N/mm 
N/mm: 
N/mm: 
% 
% °f 

ef 

Cyclic properties 

Rp 0 . 2 ~ 

°g = 

eg = 

^ = 
Τσ = 

TRn -

187 

103 

0 . 0 9 3 

60512 

1 . 0 6 2 

1 . 0 7 2 

N/min2 

N/mm* 

% 
c y c l e 

-
-

f 

f 

= 
= 
= 
= 
= 
= 

1080 

0 . 2 8 2 

625 

0 . 1 4 5 

- 0 . 1 1 9 

- 0 . 4 2 2 

Incremental step test 

Failure criterion 
σ/e-values valid for 
Remarks 

macro crack 
half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R 
cylindrical, 0 14 mm 

in rolling direction 
20 mm 
servohydraulic 

25 (%/min) 
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σ α [N/mm1] 
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X2CrNi18 9, 600 °C Γ 
E=149000 N/mm' = cyclic 

K'=1080 N/mm' = incremental Γ 

n'= 0,282 = monotonic 
I . . . . ! . . . . 
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1 1 1 1 l l l l | 1 1 1 1 l l l l | 1 1 1 1 Ml l | 1 1 1 1 IlliJ 

X2CrNi18 9, 600 °C g 
σ/=625 N/mm' b=-0,1188 H 

£ /= 0,1451 c=-0,4216 Π 

5 exp. results 
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X2CrNi18 9, 600 °C H 

5 exp. results N 
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10' 10* 10J 10 10 
N. 

10° 10' 10° 

Material : X2CrNil8 9, 600°C 

Spec. no. 

5.0000 
4.0000 
3.0000 
2.0000 
1.0000 

S t r e s s 
ampl i tude 

[MPa] 

309.9 
283. 1 
259.3 
235.4 
199.7 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[".] 

1 .5000 
1.0000 
0.8000 
0.6000 
0.4000 

Cycles to 
f a i l u r e 

150.0 
500.0 
890.0 

1830.0 
67ÜÜ.0 



X 3 CrNi 19 9 AISI 304 

cold drawn by supplier 
+23°C 
blanks, 0 19 mm 
[4.12] 
1963 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Mn P S Si Cr Ni Mo Cu 

0.026 0.45 0.03 0.014 0.40 18.67 8.50 0.02 0.10 

Monotonie properties 

Rp0.2 
«m 
A5 

625 

746 

953 

N/mm2 

N/mm2 

N/mm2 

f 

f 

= 
= 
= 
= 
= 

0 . 3 4 

1114 

0 . 0 6 3 

2037 

1 . 1 6 

-
N/ 

-
N / i 

" 

C y c l i c p r o p e r t i e s 

Rp 0 . 2 = 

ffg = 

6g = 
NT 

•Τσ = 

Τ ερ = 

882 

376 

0 . 2 1 9 

202 

1 . 1 9 3 

1 . 7 9 3 

N/mm2 

N/mm2 

% 
c y c l e s 

-
-

Incremental step test 

2313 N/m 
0.155 
2067 N/m 

0.301 
-0.112 
-0.649 

N/m 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 

icrostructure 

Rockwell C-34 to 36 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6.35 mm 
in rolling direction 
38.1 
Rhiele, universal testing machine 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total diametral strain control, R .= -1 
hourglass shaped, 0 6.35 mm 
machined 
in rolling direction 
diametral 
self designed 
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AISI 304 1 
E=172625 N/mm2 = cyclic L 
K-2313 N/mm2 = incrementalL 
n'= 0,155 = monotonic 
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AISI 304 B 
σ/=2067 N/mm2 b=-0,1122 R 
ε/= 0,3009 c=-0,64-93 Π 

11 exp. results 

\ c 
1 1 1 I IIIJI 

v ^"--

1 

k. i i i i m i 1 1 1 1 1 Ml 

H 

H 

j 

1 1 1 1 1 I I I 

10 102 103 10* 105 106 107 108 
N 



94 

PSWT [N/mm1] 

Material : AISI 304 

Spec. no. 

1 1.0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 
7.0000 
8.0000 
9.0000 

10.0000 
1 11.0000 

Stress 
amplitude 

[MPa] 

1208.2 
1184.0 
1073.6 
1083.9 
945.8 
904.4 
711. 1 
645.5 
517.8 
466.0 
431 .5 

Mean stress Strain 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

amplitude 
[·'.] 

2.9620 
2.4530 
1 .4110 
1.2140 
0.7210 
0.6670 
0.4510 
0.3970 
0.3170 
0.2770 
0.2550 

Cycles to 
failure 

31 .0 
46.0 
138.0 
208.0 

13 2U.0 
1660.0 
7780.0 

27500.0 
95000.0 

121000.0 
474000.0 



X 3 CrNi 19 9 AISI 304 ELC 

hot rolled and annealed by supplier 
+23°C 
blanks, 0 19 mm 
[4.12] 
1963 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Mn P S Si Cr Ni Mo Cu 

0.026 0.45 0.03 0.014 0.40 18.67 8.50 0.02 0.10 

Monotonie properties 

E = 186435 N/m 

f 

f 

= 
= 
= 
= 
= 

0.27 
, 548 
0.136 
1920 
1.37 

-
N/ 
-
N/ 
-

Cyclic properties 

Rp0.2 ~ 

°g = 

eg 
N T = 

Τσ = 
T„ n = 

678 
237 

0.137 
214 

1.205 
3.761 

N/ 
N/ 
% 
cy 
-
-

= = 
= 
= 
= 
= 

4634 
0.309 
2377 

0.068 
-0.152 
-0.428 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 

: Rockwell B-82 to 84 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6.35 mm 
in rolling direction 
38.1 mm 
Rhiele, universal testing machine 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total diametral strain control, 
hourglass shaped, 0 6.35 mm 
machined 
in rolling direction 
diametral 
self designed 
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σ α [N/mm1] 
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AISI 304 ELC I 
E=186435 N/mm2 = cyclic L 

K'=4634 N/mm2 = incremental L 

n— 0,309 = monotonic 
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10' 

10" t 

10" 

i I I Mill I I I I 11111 I I I I l l l l | I I I I Mill I M I M 

AISI 304 ELC 
σ/=2377 N/mm2 b=-0,1516 

c=-0,4280 

13 exp. results 
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PSWT [N/mm'] 

Material : AISI 304 ELC 

Spec. no. 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 
7.0000 
7.0000 
8.0000 
9.0000 

10.0000 
11.0000 
12.0000 

Stress 
amplitude 

[MPa] 

1184.0 
1087.4 
1135.7 
945.8 
863.0 
721.5 
721.5 
600.7 
559.2 
379.7 
393.5 
355.6 
345.2 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

O.] 
2.8630 
2.0270 
1.4450 
1.0110 
0.6590 
0.4830 
0.4830 
0.3960 
0.3800 
0.2690 
0.2730 
0.2400 
0.2400 

Cycles to 
failure 

25.0 
55.0 

110.0 
210.0 
596.0 

1970.0 
1970.0 
6010.0 
9460.0 

40400.0 
46500.0 

143000.0 
174000.0 



X 5 CrNi 18 9 1.4301 SUS 304-B 

1075uC/30', water 
+23°C 
bar, 0 22 mm 
[4.1] 
1977 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S tyi Cr Mo Cu Ti Al 

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001 

Monotonie properties 

Rp0.2 
Km 
A, 

210000 
207 
611 

66 
75 

N/mm 
N/mm 
N/mm 

% 
% 

Cyclic properties 

Rp0.2 " 

σΒ = 

eg = 
NT 

τσ 
T 

197 
97 

0.089 
1492143 

1.165 
1.288 

N/mm2 
N/mm2 

<*> 
cycle 

-
-

3331 
0.455 
1470 

0.161 
-0.179 
-0.389 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

HV 10 : 142 

Microstructure grain size 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUS 304-B Γ 
E=210000 N/mm2 = cyclic 

K—3331 N/mm2 = incremental Γ 

n— 0,455 = monotonic 
i 1 i . . 1 . . . . 1 . . . . 
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1 1 I I Mil 

* ̂  v 

X C^ X 
■ ** 

1 1 1 1 1 Mi l 

1 1 1 1 Mil 

^ 

1 1 1 1 1 Mi l 

1 1 1 1 M l l | 1 1 1 1 l l l l | 1 1 1 1 l l l l | I l l l l i m 

SUS 304-B B 
σ,'=14-70 N/mm2 b=-0,1789 H 

ε / = 0,1609 c = - 0 , 3 8 9 2 M 

5 exp. results 

X X ^ 
X ^ . 

X 

1 1 1 LULL 

»̂  

1 1 1 1 I I I ! i i i i n n 

1 

x -1 
X 

Ν χ χ 
1 I I I f lU 

101 io2 id* io* io5 
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PSWT [N/mm1] 

10J 

I I I l l l l l | I I I l l l l l | I I I l l l l l | I I ΤΤΤΤΤΙ 

SUS 304-B 

5 exp. results 

10' i i ΓΓΜΙΙ 

10 102 1Cf 104 105 

N 
10° 107 10s 

M a t e r i a l : SUS 304-B 

+ H 
I Spec. no. 

I 1.0000 
1 2.0000 
1 3.0000 
1 4.0000 
1 5.0000 

μ 
Stress 
amplitude 

[MPa] 

395.3 
375.7 
340.9 
277.1 
261.0 

H 
I Me an stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

f H 

Strain 
amplitude 

1 [%] 
1.1600 

1 0.9900 
! 0.7350 
1 0.6350 
I 0.4850 

1- + 
Cycles to | 
failure | 

810.0 | 
1176.0 I 
1860.0 j 
3445.0 | 
10048.0 j 



X 5 CrNi 18 9 1.4301 SUS 304-B 

Heat treatment : 1075°C/30', water 
Test temperature : +23°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Al 

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001 

Monotonie properties 

E 
Rp0.2 = 

K -
A5 = 
Z 

210000 
207 
611 
79 
83 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
o-f 
ef 

N/m 

N/m 

Cvcl 

RP0 
°* 
εΒ 
NT 
Τσ 
Τερ 

ic properties 

2 = 2 03 
112 

0.104 
1685501 

1.188 
1.317 

N/mm2 
N/mm2 

% 
cycles 

-
-

Incremental step test : 

K' 
n 
a'f 

e'f 
b 
c 
K' 

= 
= 
= 
= 
= 
= 
= 

3001 
0.434 
1268 

0.134 
-0.160 
-0.366 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

HV 10 : 142 

Microstructure grain size : 3.4 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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σ α [N/mm2] 

600 
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4-00 

300 
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SUS 304-B Γ 
E=210000 N/mm2 = cyclic 

K'=3001 N/mm2 = incremental | 

n— 0,434 = monotonic 
ι 1 . . . . 1 . . . . 1 . . . . 

0,5 1.5 2.5 

ε r%] 

ε α [%] 

101 

10" 

10" 

10" 

1 

2 

_ 1 1 1 1 MM 

Γ 

^ - - . . . ^ 

1 1 1 1 1 I I I 

1 1 1 1 1 I I I 

""^-s$ 

1 1 1 1 IN I 

1 1 1 1 1 I I I 

1 1 1 1 I N I 

1 1 1 1 I 1111 1 1 1 1 l l l l | I 1 1 1 1 1111 1 1 1 1 1 IIJJ 

SUS 304-B ' 0 
σ/=1268 N/mm2 b=-0,1598 H 

Cf'= 0,1344 c= -0 ,3663 Π 

28 exp. results 

* * * % 

H 
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103 

1Cf 

10' 

1 1 1 1 U l i 

~ 
V 

_ 

-

1 1 1 1 1 I I I 

1 1 1 1 Mil 

X 
X 

©^ 

1 1 1 1 1 I I I 

1 1 1 M i l l 

\ 
* 

1 1 1 1 M i l 

1 1 1 1 l l l l | 1 1 1 1 l l l l | 1 1 1 l l l l l | 1 

SUS 304-B 

28 exp. results 

% ^ 

I 

x 

1 1 1 1 Mil 

x x 

1 1 1 1 1 I I I 

1 l l l l l l 

H 

j 

J 

1 1 1 M i l 

10 102 10° 10* 10s 

N 
10" 107 108 

Material : SUS 304-B 

I Spec . n o . 

I 3 .0000 
I 5 .0000 
I 1.0000 
1 2 .0000 
I 4 .0000 
j 6 .0000 
j 7 .0000 
I 8.0000 
I 10.0000 
1 9.0000 
1 11.0000 
j 12 .0000 
I 17.0000 
j 13 .0000 
j 18.0000 
j 20 .0000 
1 14.0000 
j 16.0000 
j 19.0000 
1 15.0000 
j 25 .0000 
j 21 .0000 
I 23 .0000 

S t r e s s 
ampl i tude 

[MPa] 

374 .3 
386 .5 
413 .0 
386 .0 
414 .5 
372 .8 
352 .7 
369 .4 
369 .4 
291.4 
307 .0 
286 .0 
256 .5 
2 5 1 . 1 
2 5 4 . 1 
261 .0 
284 .5 
262 .9 
250 .2 
257 .0 
229 .6 
254 .1 
233 .5 

Mean s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n 
ampl i t ude 

[%] 

1.0050 
1.0250 
1.1400 
1.1100 
1.0550 
1.0100 
0.9900 
0 .9550 
0 .7250 
0.7450 
0.6400 
0 .6200 
0.5050 
0 .5450 
0 .4900 
0 .4750 
0 .5350 
0 .5100 
0.4850 
0 .5150 
0 .3700 
0 .4500 
0.3950 

Cycles t o 
f a i l u r e 

640 .0 
661 .0 
827 .0 
880 .0 

1069.0 
1289.0 
1484.0 
1858.0 
2436 .0 
2715 .0 
2997 .0 
3086 .0 
6631.0 
6869 .0 
8638.0 
8730.0 
9166.0 
9449.0 

10133.0 
10778.0 
13576.0 
15973.0 
17508.0 

continued 
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^ 
1 Spec. no. 

1 26.0000 
I 22.0000 
I 24.0000 
1 28.0000 
1 27.0000 

Stress 
amplitude 

[MPa] 

259.5 
229.6 
230.5 
230.0 
209.4 

-+ 
I Me an stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

-+ H 
| Strain 
| amplitude 
1 [%] 
I 0.3650 
I 0.4000 
I 0.3850 
I 0.3300 
I 0.3350 

h + 
Cycles to | failure | 

1 
18801.0 I 
22260.0 I 
28118.0 | 
31725.0 | 
33872.0 I 



X 5 CrNi 18 9 

Heat treatment : 1075°C/30', water 
Test temperature : +450°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Al 

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001 

Monotonie 

E 
Rp0.2 = 

\ " 
A5 = 
Z 

propertie 

170500 
106 
435 
47 
71 

.s 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
°f 
ef 

N/m 

Cyclic properties 

Rp0.2 " 

Cg 
eg = 
N T = 

Τσ -
Τερ -
Incrementa 

184 
59 

0.056 
276590 
1.093 
1.078 

N/mm* 
N/mm2 

% 
cycles 

-
-

L step test : 

4497 
0.514 
2528 

0.325 
-0.247 
-0.481 

N/m 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σ [N/mm2] 
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SUS 304-B, 450 °C Γ 
E=170500 N/mm2 = cycüc l· 

K—4-497 N/mm2 = incremental! 

n'= 0,514 = monotonic 
. i . . . . i . . . , 

0,5 1,5 2,5 

ε r%] 

εα [%] 

101 

10" 

10 " fcr 

10" 

1 1 1 1 1 IM 
* X 

~ N X 
— X X 

X X 
— X X 

X X 

L " * " * · » „, 

1 1 1 1 1 1 I I I 

1 1 1 1 Mil 

X 
x x ^ 

B s 

1 1 1 1 1 I I I 

1 1 \ 1 1 1111 

»a N 
1 1 1 1 M i l 

ι ι ι ι l ■ l ■ ι ι ι ι ι ι ι ι ΐ | 1 1 1 1 l l l l | 1 1 1111IJLJ 

SUS 304-B, 450 °C 0 
σ/=2528 N/mm2 b=-0,2475 H 

ε / = 0,3250 c= -0 ,4809 Π 

5 exp. results 

X 
^ X 

i i i i i m 

X " * -
«» X ' 

X ^ ^ X X 

> 

I I I l l l l l 

χ *· 
χ 

X 
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ι ι ι 11 m 

-

l - 1 1 U l l i 

10' 10' 10J 10* 105 
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106 10' 10° 



PSWT [N/mm1] 
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X 
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1 1 1 1 M i l 

V 

\ 
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1 l l l l Mi l 

1 1 1 1 1 I I I 
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SUS 304-B, 450 °C 

5 exp. results 

N 
X 

X 
X 

X 

1 1 1 1 l l l l 

X 
X 

X 
X 

X 
X 

1 1 M>kl l 1 1 1 1 Mil 

1 1 l l l l l l 
H 

H 

H 

1 

-1 

1 1 1 l l l l 

10' 102 103 10* 10s 

N 
10b 107 108 

Material : SUS 304-B, 450°C 

Spec. no. S t r e s s 
ampl i tude 

[MPa] 

407.6 
368.9 
332.6 
260.5 
214.4 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[*.] 

1 . 1950 
0.9800 
0.7750 
0.5900 
0.3850 

Cycles to 
f a i l u r e 

762.0 
117 2.0 
2182.0 
4220.0 

■10966.0 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 



X 5 CrNi 18 9 

Heat treatment 
lest temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Al 

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001 

1075°C/30', water 
+450°C 
bar, 0 22 mm 
[4.1] 
1977 

Monotonie properties 

E 
Rp0.2 = 

*m = 

A5 " 
Z 

170500 
106 
435 
47 
71 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
°f 
ef 

N/mm2 

Cyclic p roper t i e s 

Rp0.2 

NT 

Τσ ■ 

Τε ρ ■ 
Incremental step test 

229 
79 

0.059 
35610 
1.148 
1.538 

N/mm2 
N/mm2 

% 
cycle 

-
-

= = 
= 
= 
= 
= 

2363 
0.375 
1700 

0.386 
-0.202 
-0.529 

Failure criterion 
σ/ε-values valid for 
Remarks 

: complete rupture 
: half failure life 
: Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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SUS 304-B, 450 °C Γ 
E=170500 N/mm2 = cyclic 

K - 2 3 6 3 N/mm2 = incremental! 

n— 0,375 = monotonic 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0.5 1.5 2.5 

ε.Μ 

εο[%] 
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SUS 304-B, 450 °C 
σ/=1700 N/mm2 b=-0,2021 

ε / = 0,3862 c=-0 ,5293 

5 exp. results 
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PSWT [N/mm'] 

10J 
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SUS 304-B, 450 °C 

5 exp. results 

x 

x 
X 

X 
x 1 fx 

X 
X 

X 
X 

X 
1 1 1 1 M i l l 1 1 1 1 M I T * i i i i n i l 

u 
H 

I 

-

-

1 1 1 MM 

101 102 103 10 10 
N 

10° 10' 10° 

M a t e r i a l : SUS 304-B, 450 C 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3.0000 
1 4 .0000 
! 5.0000 

I S t r e s s | Me 
| ampl i tude | 
1 [MPa] | 

1 403.7 I 
1 394.4 | 
1 319 .8 j 
1 301.2 | 
I 208.9 | 

an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

I S t r a i n | 
I ampl i tude | 
1 [%] 1 

I 1.1950 | 
1 l .o ioo 1 
1 0.7550 j 
I 0 .5050 | 
I 0 .2950 | 

Cycles to | 
f a i l u r e | 

462 .0 I 
806.0 | 

2276.0 j 
3167.0 ! 

13091.0 j 



X 5 CrNi 18 9 1.4301 SÜS 304-B 

1075°C/30\ water 
+450°C 
bar, 0 22 mm 
[4.1] 
1977 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Al 

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001 

Monotonie 

E 
Rp0.2 = 

\ = 
A5 = 
Z 

properties 

170500 
106 
435 
47 
71 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ef 

Cyclic properties 

Rp0.2 

°S 
ε* 
Ντ 

Τσ 
T 

266 
75 

0.049 
9317 

1.105 
1.165 

N/mm2 
N/mm2 

% 
cycle 

-
-

= = 
= 
= 
= 
= 

2193 
0.340 
1890 

0.653 
-0.212 
-0.627 

Incremental step test 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R = -1 
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : 15 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 0.4 (%/min) 
Waveform : triangular 
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SUS 304-B, 450 °C Γ 
E=170500 N/mm2 = cyclic 

K—2193 N/mm2 = incrementalΓ 

n'= 0,340 = monotonic 
1 . . . . 1 . . . . I . . . . 1 . . . . 
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SUS 304-B, 450 °C E 
σ,'=1890 N/mm2 b=-0,2123 h 

ε / = 0,6534 c=-0,6269 [ 
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i i i l i m p i m i l l ' ' ' ' " " I ' ' ' ' "T 

10J 

SUS 304-B, 450 °C 

5 exp. results 

1Cf 
10 1Cf 10J 10* 105 

N 
1CT 10' 10° 

Material : SÜS 304-B, 450 C 

I Spec. no. 

I 1.0000 
I 2.0000 
I 3.0000 
I 4.0000 
j 5.0000 

I Stress 
| amplitude 
I [MPa] 

1 429.7 
I 405.1 
I 332.6 
I 311.5 
1 272.7 

I Me 
1 
1 
1 
1 1 
1 I 

an stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

| Strain | 
I amplitude | 
1 [%] 1 
1 1.0300 | 
I 0.9000 | 
1 0.6400 | 
! 0.5100 1 
1 0.3600 I 

Cycles to | 
failure | 

549.0 | 
815.0 | 
1372.0 I 
2590.0 | 
4798.0 | 



X 5 CrNi 18 9 1.4301 SUS 304-B 

Heat treatment : 1075°C/30', water 
Test temperature : +600°C 
semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ki Cr Mo Cu Ti Al 

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001 

Monotonie 

E 
Rp0.2 = 
«m = 

A5 -
Z 

properti 

158000 
92 
373 
42 
73 

es 
N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
°t 
ef 

N/mi 

Cyclic prop 

Rp0.2 = 

'g = 

eg = 

*T " 
Τσ = 
τ Ρ η = 

erties 

217 
94 

0.073 
27051 
1.100 
1.130 

N/mm2 
N/mm^ 

% 
cycle 

-
-

f 
f 

= = 
= 
= 
= 
= 

1544 
0.316 
1009 

0.268 
-0.156 
-0.499 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
»train rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUS 304-B, 600 °C Γ 
E=158000 N/mm2 = cyclic 

K-1544 N/mm2 = incremental f 

n— 0,316 = monotonic 
■ I i . . . 1 1 . . . ■ 
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ε /= 0,2675 c=-0 ,4990 M 

5 exp. results 
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PSWT [N/mm1] 

10J 

Itf 

I I I M i l l 

L 
Γ\ \ 
L N Γ v \ \ \ \ 

N 
N 

I 1 1 1 1 1 I I I 

1 1 1 Mill 

1 1 1 1 1 I I I 

1 1 1 Mill 

V 
N 

1 1 1 1 1 II I 

1 1 1 M l l l | 1 1 1 1 111T1 1 1 1 1 1 1 l l | 1 1 1 1 Mil 

SUS 304-B, 600 °C l· 

5 exp. results 1 

1 1 1 1 M M 1 1 1 Mill x * . 1 1 Mill 1 1 1 1 1 I I I 

10' 102 103 104 105 106 

N 
107 108 

Material : SUS 304-B, 600 C 

I Spec . n o . 

I 1.0000 
1 2 .0000 
1 3.0000 
1 4 .0000 
j 5.0000 

I S t r e s s 
| ampl i tude 
1 [MPa] 

1 353.2 
1 334.0 
I 312 .0 
1 284 .5 
I 246.2 

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

| S t r a i n | 
! amp l i t ude | 
! [%] 1 

1 1.2150 I 
1 0 .9950 | 
1 0 .7800 I 
1 0 .6100 I 
1 0 .4850 I 

Cyc l e s t o 
f a i l u r e 

338 .0 
654 .0 

1144.0 
1846.0 
3318 .0 



X 5 CrNi 18 9 1.4301 SUS 304-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1075°C/30', water 
+600°C 
bar, 0 22 mm 
[4.1] 
1977 

S Ni Cr Mo Cu Ti Al 

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001 

Microstructure 

Monotonie 

E 
Rp0.2 = 

\ = 
A5 " 
Z 

properti 

158000 
92 
373 
42 
73 

es 
N/mm2 
N/mm2 
N/ram2 

% 
% 

v 
K 
n 
af 

ef 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic properties 

Rp0.2 " 
°g 
£g = 
NT 

Τσ = 
τ ρ η = 

238 
121 

0.088 
13427 
1.070 
1.206 

N/mm2 
N/mm2 

% 
cycle 

-
-

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

= 
= 

f = 

f = 

= 
= 

1031 
0.236 
728 

0.224 
-0.118 
-0.499 

complete rupture 
half failure life 
Young's modulus estimated 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 

4.0 (%/min) 
triangular 
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σ α [N/mm2] 
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SUS 304-B, 600 °C Γ 
E=158000 N/mm2 = cyclic 

K-1031 N/mm2 = incremental Γ 

n'= 0,236 = monotonic 
. 1 . i 1 . . . . 

0,5 1.5 2,5 

ε W 

l I l l l l l l I l l MUH l l l l l l l l l l l l IM 

SUS 304-B, 600 °C 
σ/=728 N/mm2 b=-0,1182 

ε / = 0,2243 c=-0,4991 

6 exp. results 
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10J 

10z 

1 1 1 1 M i l 

k \ 
s 

N 

\ 
\ 

p 

1 1 ! 1 1 I I I 

1 1 1 1 M i l 

V 
V 

1 1 1 1 1 1 I I 

1 1 1 1 1 M il 

1 1 1 1 M i l 

1 1 1 1 1T111 1 1 1 l l l l l| 1 1 1 1 l l l l| 1 

SUS 304-B, 600 °C 

6 exp. results 

1 1 1 1 Mil 

1 1 1 Mill 

H 

1 1 ! 1 Mil 1 1 1 u H r L 1 

1 

1 1 1 MM 

10' Itf ioJ 10* 105 

N 
106 107 10° 

M a t e r i a l : SUS 304-B, 600 C 

1 Spec . n o . 

I 1.0000 
I 2 .0000 
I 3.0000 
! 4 .0000 
1 5.0000 
1 6.0000 

I S t r e s s ! Me 
| ampl i tude | 
! [MPa] | 

! 340 .9 ! 
1 337 .0 ! 
1 322 .8 | 
! 314 .4 I 
I 275.7 1 
I 233 .5 | 

an s t r e s s 

[MPa ] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

! S t r a i n ! 
| amp l i t ude | 
1 [%] 1 

I 1.2100 | 
I 1.0150 j 
! 1.0050 I 
1 0 .7750 | 
I 0 .5100 | 
I 0 .3500 | 

Cyc l e s to | 
f a i l u r e ! 

256.0 | 
346 .0 j 
490.0 | 
694 .0 j 

2471.0 j 
5920.0 j 



X 5 CrNi 18 9 1.4301 SUS 304-B 

1075°C/30', water 
+600°C 
bar, 0 22 mm 
[4.1] 
1977 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Al 

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001 

Monotonie properties 

E 
Rp0.2 = 
«m = 

A5 = 
Z 

158000 
92 
373 
42 
73 

N/mm2 
N/mm2 
N/mm2 

% 
% 

V 

K 
n 
af 

Ef 

Cyclic properties 

Rp0.2 _ 
σ8 = 
£8 = 
*Γ = 
Τσ = 

Τερ " 

276 
212 

0.139 
3626 
1.078 
1.177 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n' 
a'f 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

437 
0.074 
394 

0.262 
-0.041 
-0.564 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.4 (%/min) 
triangular 
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σ α [N/mm2] 
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SUS 304-B, 600 °C Γ 
E=158000 N/mm2 = cyclic 

K'=437 N/mm2 = incremental Γ 

n'= 0,074 = monotonic 
. I II 
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SUS 304-B, 600 °C 0 
σ/=394 N/mm2 b = - 0 , 0 4 0 9 H 

ε / = 0,2624 c=-0 ,5645 Π 

5 exp. results 
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PSWT [N/mm1] 

10J 

10z 

1 1 1 1 Mil 

s 
X 

X 
X 

X 
X 

X 
X 

- X 

I I I ! I I I ! 

i i i i m i 

X X 

i i i i m i 

1 1 1 1 Mil 

1 1 1 1 I I I I 

1 1 1 l l l l l | 1 1 1 M I N I 1 1 1 l l l l l | 1 1 1 M i l l 

SUS 304-B, 600 °C l· 

5 exp. results 

1 1 1 1 I I I ! 1 1 1 1 1 I I I 1 1 1 1 1 I I I 

-

1 1 1 1 Mil 

10' 102 10° 10 10 
N 

10 10' 10° 

M a t e r i a l : SUS 304-B, 600 C 

I Spec . n o . 

I 1.0000 
1 2 .0000 
1 3.0000 
1 4 .0000 
1 5.0000 

S t r e s s 
ampl i tude 

[MPa] 

314.4 
302 .1 
284 .5 
279 .1 
272 .2 

! Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
ampl i tude | 

1 [%] 1 

! 0 .9950 I 
1 0 .8350 | 
! 0 .6050 I 
I 0 .4550 I 
I 0 .2950 I 

Cycl 
fan 

es to 
l u r e 

253 .0 
369 .0 
761 .0 

1328.0 
7224.0 



X 5 CrNi 18 9 1.4301 SUS 304-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1075°C/30', water 
+700°C 
bar, 0 22 mm 
[4.1] 
1977 

Chemical composition 

C Si Mn P S Ni Cr Bio Cu Ti Al 

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001 

Monotonie properties 

Λρ0.2 

000 
81 

278 
55 
77 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic properties 

Rp0.2 

ΓΝχ -

Τσ ■ 

Τε Ρ " 
Incremental step test 

190 
122 

0.089 
14956 
1.098 
1.121 

N/mm2 
N/mm2 

% 
cycle 

-
-

473 
0.147 

382 
0.255 

-0.075 
-0.523 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R = -
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : 15 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 40 (%/min) 
Waveform : triangular 
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σ α [N/mm2] 
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- / 
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SUS 304-B, 700 °C Γ 
E=152000 N/mm2 = cyclic 

K-473 N/mm2 = incremental 

n— 0,147 = monotonic 
i 1 . . . . 1 . . . . 1 
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SUS 304-B, 700 °C 0 
σ /=382 N/mm2 b=-0,0751 H 

ε /= 0.2553 c= -0 .5233 Π 

5 exp. results 
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PSWT [N/mm1] 
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10J 

10' 

1 1 1 1 Mil 

s \ 
N \ 

N. 

1 1 1 1 1 1 I I I 

1 1 1 M i l l 

X 
1 1 1 1 Mil 

i i i m i l l 

1 1 1 1 Mil 

i i i ιιιιη i i i τπττρ T T ηιι ι ΐ | ι ι ι mm 
SUS 304-B, 700 °C H 

5 exp. results N 

i i i i m i 1 1 1 1 1 1 II 1 1 1 1 1 IN " " Ί - 1 . 1 1 UN 

10' 10* 10° 10* 105 

N 
10b 10' 10B 

Material : SUS 304-B, 700 C 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3.0000 
I 4 .0000 
I 5.0000 
+ 

I S t r e s s | 
| ampl i tude | 
1 [MPa] | 

1 231 .5 | 
1 240 .4 j 
I 234 .5 I 
1 220 .7 1 
1 2 0 3 . 1 I 

—h 1~ 

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

I S t r a i n | Cycles t o | 
| amp l i t ude | f a i l u r e | 
1 [%] 1 ! 

I 1.1500 | 238 .0 I 
1 1.0400 j 315 .0 j 
1 0 .8350 | 497 .0 j 
1 0 .6600 I 975.0 | 
1 0 .4950 I 1581.0 I 

-+ 1- + 



X 5 CrNi 18 9 1.4301 SUS 3 04-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

1075°C/30\ water 
+700°C 
bar, 0 22 mm 
[4.1] 
1977 

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001 

Monotonie properties 

p0.2 
\ 
A5 
Z 

81 
278 
55 

N/mmz 
N/mm2 

% 
N/m 

N/m 

Cyclic properties 

Rp0.2 = 1 58 N/mm2 
σ = 93 N/mm2 
eg = 0.079 % 
NT = 51546 cycles 
Τσ = 1.033 -
T ep = 1.293 -
Incremental step test : 

f 

f 

= 
= 
= 
= 
= 
= 

587 
0.212 
389 

0.138 
-0.094 

-0.4392 

N/ 
-
N/ 
-
-
-

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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σ α [N/mm2] 
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SUS 304-B, 700 °C Γ 
E=152000 N/mm2 = cyclic 

K—587 N/mm2 = incremental 

n'= 0,212 = monotonic 
■ i i . . . . 1 . . . , 

0.5 1.5 2.5 

ε M 
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SUS 304-B, 700 °C B 
σ/=389 N/mm2 b= -0 ,0940 H 

£,'= 0,1376 c=-0 ,4392 Π 
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PSWT [N/mm'] 

10J 

10z 

1 1 1 1 M M 

1 1 1 1 1111 

1 1 1 1 MM 

1 1 1 1 N i l 

1 1 1 Mill 

i i i i m i 

1 1 1 Hl l l | 1 1 1 l l l l l | I I I l l l l l | I M i l l ! 

SUS 304-B, 700 °C l· 

5 exp. results 

1 1 1 1 MM 1 1 1 1 M i l " * > 0 1 1 M M 1 1 1 1 M i l 

10 10 10° 10 10 
N 

106 107 10s 

Material : SUS 304-B, 700 C 

+ 
| Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
I 4 .0000 
I 5.0000 

+ H 
| S t r e s s 
| ampl i tude 
| [MPa] 

I 220 .2 
I 210 .4 
1 197.7 
! 174 .1 
I 140 .8 

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

t- + -
Strain | 

amplitude | 
1 [%] 1 

1.2300 | 
I 0 .9050 | 
I 0 .6100 I 
1 0 .4550 j 
1 0 .2150 I 

Cycles to 
f a i l u r e 

205 .0 
356 .0 
778 .0 

2191.0 
25977.0 



X 5 CrNi 18 9 1.4301 SUS 304-B 

Heat treatment : 1075°C/30', water 
Test temperature : +700°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Al 

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001 

Monotonie properties 

E 
Rp0.2 = 
*» -
A5 " 
Z 

152000 
81 
192 
76 
82 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
o-f 
ef 

N/mi 

Cyclic properties 

Rp0.2 " 

σΒ = 

Eg 
NT 
Τσ = 
T 

143 
90 

0.070 
29102 
1.020 
1.181 

N/mm2 
N/mm2 

% 
cycle 

-
-

= = 
f = 

f = 

= 
= 

372 
0.154 
286 

0.182 
-0.076 
-0.493 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.4 (%/min) 
triangular 
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σ α [N/mm2] 

300 
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■ 

SUS 304-B, 700 °C Γ 
E=152000 N/mm2 = cyclic 

K—372 N/mm2 = incremental 

n— 0,154 = monotonic 
I . > . . I 
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εα [%] 
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SUS 304-B, 700 °C 
σ/=286 N/mm2 b=-0,0761 

ε /= 0,1821 c=-0,4926 

5 exp. results 
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10J 

102 

I I I 1 I I I ! 

-

-

V 
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l· 
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1 1 1 I I I 

1 1 1 1 I I I 

1 1 1 I M I I I 

·* 

1 1 1 1 1 I I I 

1 1 I I l l l l | 1 1 1 l l l l l | 1 1 1 l l l l l | 1 

SUS 304-B, 700 °C 

5 exp. results 
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1 1 1 Mil 

101 1tf 10° 10 10 
N 
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M a t e r i a l : SUS 304-B, 700 C 

+ +-
Spec . n o . 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

181.5 
173 .1 
164.3 
156.5 
143.2 

I Me an s t r e s s 

[MPa ] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
amp l i t ude | 

1 [*] 1 

I 1.0600 | 
I 0 .8050 I 
I 0 .6200 I 
I 0 .4500 I 
I 0 .3000 I 

Cycl 
f a i 

es to 
l u r e 

207 .0 
416 .0 
707 .0 

1285.0 
4914 .0 

-+-



X 5 CrNi 18 9 1.4301 SUS 304-B 

Heat treatment : 1075°C/30', water 
Test temperature : +800°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Al 

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001 

Monotonie properties 

E 
Rp0.2 = 
*m » 

A5 -
Z 

160000 
73 
192 
76 
82 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
E 
n 
σ£ 

ef 

N/mmz 

N/m 

Cyclic properties 

Rp0.2 " 

σ% = 
h = % -
Τσ -
T ep " 

136 
88 

0.068 
55006 
1.064 
1.052 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'f 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

365 
0.159 
283 

0.210 
-0.077 
-0.488 ερ 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -e 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

38 (%/min) 
triangular 
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σα [N/mm4] 

300 

200 

100 

/ 

I 1 1 1 

-* 

SUS 304 800 °C Γ 
E=160000 N/mm2 = cyclic 
K'=365 N/mm2 = Incremental 
n'= 0,159 = monotonic 

i . . , , i , . , . i . . , . 1 , 

0,5 1,5 2.5 

ε.Μ 

E.W 
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10" 
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- I I I I Mil 

N, 
-

1 1 1 I I I I I 

1 1 1 1 I N I 
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1 1 1 1 Mil 

1 1 1 1 Mill 

X ^ 
N 

X 
X > 

1 1 1 1 1 111 

1 1 1 1 1111| 1 1 1 1 l l l l | 1 1 I I l l l l | 1 1 1 1 l i m 

SUS 304 800 °C B 
σ/=283 N/mm2 b=-0,0769 H 
ε/= 0,2098 c=-0,4880 Π 

3 exp. results 
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1 1 1 1 1 I I I 

X 
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X 
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PSWT [N/mm'] 

1 1 1 MIM 

N 

L N 

1 1 1 1 1 111 

1 1 I 1 U l i 

1 1 1 1 1 I I I 

1 1 1 1 1 I I I 

N 

1 1 1 1 1 I I I 

1 1 1 1 1111 f 1 1 1 l l l l ! | 1 1 1 l l l l l | 1 1 1 1 U l i 

SUS 304 800 °C μ 

3 exp. results 1 

1 1 1 1 IN I 1 1 1 1 M IT *··» 1 1 1 1 IN I 1 1 1 1 U l i 

101 102 103 10* 105 106 107 10e 

N 

M a t e r i a l : SUS 304-HP, 800°C 

+ 
I Spec . n o . 
I 
I 
I 1.0000 
1 2.0000 
1 3.0000 
+ 

S t r e s s 
ampl i tude 

[MPa] 

169.7 
165.3 
149.6 

h 

-+ 
I Mean s t r e s s 
1 
I [MPa] 

1 0 .0 
1 0 .0 
1 o .o 

-+ 

- + -
1 
! 
1 
1 
I 
! 

-+-

S t r a i n 
ampl i tude 

[%] 

0 .9550 
0.7100 
0.4700 

- + -
1 
1 
1 
1 
1 
1 

-+ -

Cyc l e s to 
f a i l u r e 

351.0 
735.0 

1865.0 



X 5 CrNi 18 9 1.4301 SUS 304-B 

Heat treatment : 1075°C/30', water 
Test temperature : +800°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Al 

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001 

Monotonie 

E 
Rp0.2 = 

\ = 
A5 -
Z 

properties 

160000 
73 
192 
76 
82 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
E 

* n 

σΐ 

Ef 

Cyc 

RP0 
σ* 
h 
NT 
Τσ 
T 

ic prop 

2 = 
= 
= 
= 
= 
= 

erties 

100 
74 

0.048 
13607 
1.066 
1.086 

N/mm2 
N/mm2 

% 
cycles 

-
-

146 
0.063 

141 
0.451 

-0.043 
-0.653 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

: complete rupture 
: half failure life 
: Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, Rg= -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.39 (%/min) 
triangular 
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σ ο [N/mm*] 

300 

200 

100 

• 

L 

Γ I 1 1 1 

SUS 304-B, 800 °C Γ 
9=160000 N/mm* = cyclic 
K-146 N/mm1 = Incremental 
n'= 0,063 = monotonic 

. 1 . 1 · 1 1 1 i . J - 1 ■ 1 . , 1 1 · I . . . . · — . 
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1 1 1 l l l l l | 1 1 1 1 111 If 1 1 1 l l l l l | 1 1 1 M i l l 

SUS 304-B, 800 °C E 
<ji '=141 N/mm2 b^-0,0426 [ 
ε/= 0,4510 ct=-0f6533 [ 

3 exp. results 
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PSWT (N/mm'] 

1 1 1 Mill 

L \ Γ \ \- \ \ 
\- N \ μ \ 

1 * 

1 1 1 1 1 II I 

1 1 1 Mill 

1 1 1 1 N i l 

1 1 1 l l l l l l 

N % 

N 

1 1 1 1 Mi l 

1 1 1 1 11111 1 1 1 ΙΠ! ! | I I I l l l l l | I I I I Mill 

SUS 304-B, 800 °C H 

3 exp. results N 

1 l*"N.LIM 1 I 1 1 I I I ! i l l F 
i 

i 
i 

i 
i 

i 
i 

i 

101 102 103 104 105 106 107 108 
N 

Material : SUS 304-B, 800°C 

+ + + + + + 
I Spec. no. | Stress | Mean stress | Strain | Cycles to | 
I | amplitude | | amplitude | failure | 
I | [MPa] | [MPa] I [%] I I 
+ + + + + + 
I 1.0000 I 107.9 I 0.0 I 0.9800 | 201.0 | 
I 2.0000 j 109.9 j 0.0 | 0.7600 j 288.0 | 
I 3.0000 I 103.5 j 0.0 I 0.4900 | 638.0 I 



X 5 CrNiMo 18 10 1.4401 Type 316 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1066°C/30' argon, air cooling 82°C/min 
+21°C 
plate, 25.4 mm thick 
[4.6] 
1982 

Chemical composition 

Monotonie properties 

Λρ0.2 
«m 
A, 

N/mm2 
N/mm2 
N/mm2 

% 
% 

V 

K 
n 
af 
ef 

Cyclic properties 

Rp0.2 = 

σΒ = 

eg = 
NT 
Τσ = 
T*n « 

266 
199 

0.132 
3220072 

1.109 
1.562 

N/mm2 
N/mm2 

% 
cycle 

-
-

691 
0.154 

660 
0.341 

-0.079 
-0.453 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete fracture 
half failure life 
Young's modulus estimated 

Rockwell B: 71 

Microstructu ASTM grain size: 3.5 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R : 
cylindrical, 0 6.35 mm 
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σα [N/mm*] 

600 

500 

400 

300 

200 

100 
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c / 0 

/ 

f i l l 

o - - - - " ' " " -

Type 316 

L. 1 U 1. 1 - . J_ 

E=205000 N/mm2 = 

10=691 N/mm2 = 

n'= 0,154 = 
, . . . 1 . ,_ , _ _ _ ^ _ 

= cyclic 

= incremental! 

= monotonic 
l i l t, 

0.5 1.5 2.5 

ε.Μ 

ε.Μ 
10' ' ' I i l l " ! ' ' " i i i i | ii| ι M i l l 

K 
*x 

Type 316 
σ,·=660 N/mm2 b=-0 ,0790 

ε /= 0,3410 c=-0 ,4530 

6 exp. results 
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PSWT [N/mm'] 

10J 

102 

ι ι ι ι im 

Γχ 
Ν X 

X 
L χ 

« 

: 

L 

1 1 1 1 1 1 II 

ι ι ι ι ιirr 

X X X X X X X X X 

1 1 1 Mi l l 

Τ Ί 1 1 1 I I I 

X X X 

X X 

!_ 1 1 1 1 II I 

r r i r TTTTJ i 

1 Type 316 

1 1 1 1 1 I I I 

T l 11111 1 1 1 I I 111] Γ 

6 exp. results 

|_ 1 _LLUU 

" " - ^ ^ 

1 1 1 11111 

Γ ΓΤ Γ ΓΤΤ 

1-
Γ 

--.... 

I 

J 

A 

i i m i l 

101 102 10s 10* 10s 

N 
10° 107 10" 

M a t e r i a l : Type 316 

I Spec . n o . 

I 1.0000 
1 2.0000 
1 5.0000 
1 6.0000 
I 3 .0000 
1 4 .0000 

! S t r e s s 
I ampl i tude 
I [MPa] 

1 314 .0 
1 222 .0 
I 219 .0 
1 209 .0 
1 209 .0 
I 199 .0 

Mean s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

I S t r a i n 
I ampl i tude 
1 [%] 

I 0.5550 
I 0 .2250 
1 0.1500 
I 0 .1450 
1 0.1550 
1 0 .1200 

Cycles t o 
f a i l u r e 

9543.0 
147900.0 
647400.0 

1190000.0 
1 1340000.0 
1 >66000000.0 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment : 1075°C/30' water, 1100°C/lh water 
Test temperature : +23°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098 

Monotonie properties 

E 
Rp0.2 = 
«m = 
A5 = 
Z 

210000 
231 
587 
68 
78 

N/mm2 
N/mm2 
N/mm2 

% 
% 

N/m 

N/mi 

Cyclic properties 

Rp0.2 " 

°g = 

eg = 
NT = 

Τσ = 
Τ,η = 

247 
79 

0.049 
59769 
1.087 
1.376 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'f 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

2755 
0.388 
2508 

0.758 
-0.227 
-0.582 

Incremental step test 

Failure criterion 
σ/e-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure grain size : 1.9 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

39 (%/min) 
triangular 
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σ α [N/mm1] 
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SUS 316-B Γ 
E=210000 N/mm2 = cyclic V 

K'=2755 N/mm2 = incremental I 

n = 0,388 = monotonic 
i . . . . i . . . . i . . . . 
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1 SUS 316-B B 
H σ ' = 2 5 0 8 N/mm2 b=-0,2272 H 
H ε /= 0,7583 c= -0 ,5823 N 

5 exp. results 
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PSWT [N/mm1] 

143 

10J 

1(f 
10' ισ 103 10* 10= 

N 
10° 

M a t e r i a l : SUS 316-B 

I Spec. no. 

! 1.0000 
I 2.0000 
I 3.0000 
I 4.0000 
I 5.0000 

| Stress 
| amplitude 
| [MPa] 

I 520.9 
I 405.6 
I 355.6 
I 289.9 
I 264.9 

| Me an stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

| Strain | 
| amplitude | 
1 [%] 1 
1 1.4700 I 
1 0.9700 I 
1 0.7250 | 
I 0.4350 j 
I 0.3500 | 

Cycles to 
failure 

505.0 
1777.0 
2296.0 
6276.0 
10598.0 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment : 1050°C/30' water 
Test temperature : +23°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cn Ti Nb+Ta 

0.081 0.52 1.60 0.027 0.006 10.15 16.73 2.18 0.088 0.033 0.032 

Monotonie properties 

E 
Rp0.2 = 
«m = 

A5 " 
Z 

210000 I 
228 I 
665 I 
67 n 

81 1 

N/mmz N/m 

N/m 

Cyclic properties 

Rp0.2 = 

°g = 

Eg % = 
Τσ = 
τ«, = 

259 
134 

0.098 
211542 
1.149 
1.103 

N/mm2 
N/mm2 

% 
cycle 

-
-

= = 
f = 

f = 

= 
= 

2674 
0.376 
1595 

0.252 
-0.163 
-0.433 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

: HV 10 : 149 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σα [N/mm2] 
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SUS 316-B Γ 
E=210000 N/mm2 = cyclic p 
K'=2674 N/mm2 = incremental! 
n'= 0,376 = monotonic 
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SUS 316-B B 
σ/=1595 N/mm2 b=-0,1631 h 

ε/= 0,2519 c=-0,4333 Π 
4 exp. results 
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PSWT [N/mm1] 

10Γ 

"Ί I I I Mill I I I HIHI I I I I I IH | I I I MINI I I I m i l l I I I ΓΤΤ 

SUS 316-B 

4 exp. results 

-|(y I i i i i mil i i i i mil ι ι ι ι mil ι ι ι ι mil ι ι ι ι mil ι ι ι ι mil ^κ ι ι ι mil 
Ίθ' 102 10s 10* 105 106 107 10B 

N 

Material : SUS 316-B 

I Spec. no. 

I 1.0000 
I 2.0000 
I 3.0000 
1 4.0000 

I Stress I Mean stress 
| amplitude | 
I [MPa] | [MPa] 

1 451.3 | 0.0 
1 364.0 I 0.0 
1 307.5 I 0.0 
I 271.3 j 0.0 

| Strain | 
| amplitude | 
1 ra I 
1 0.9900 I 
1 0.7300 | 
I 0.5000 | 
I 0.3350 I 

Cycles to 
failure 

1519.0 
3210.0 
10462.0 
31047.0 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1075°C/30' water, 1100°C/lh water 
+23°C 
bar, 0 22 mm 
[4.1] 
1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098 

Monotonie properties 

E 
Rp0.2 = 

\ -
A5 = 
Z 

210000 
230 
587 
68 
78 

N/mm2 
N/mm2 
N/mm2 

% 
% 

V 
K 
n 
af 
ef 

Cyclic properties 

Rp0.2 " 

σ8 = 

£g = 
NT 

τσ 
T 

256 
112 

0.066 
53723 
1.081 
1.275 

N/mm2 
N/mm2 

% 
cycles 

~ 
-

K' 
n 
CT'f 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

1644 
0.299 
1491 

0.708 
-0.170 
-0.568 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

HY 10 : 138 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R = -1 
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : 15 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 4.0 (%/min) 
Waveform : triangular 
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σ/=1491 N/mm2 b=-0,1704 H 
ε,*= 0.7079 c=-0,5676 Π 

5 exp. results 
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PSWT [N/mm'] 
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5 exp. results M 
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1 1 I I Mil 
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X X 

1 1 1 1 Mil 
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i i * l n j in i i i i m i 

10' 102 103 10* 10° 10" 10' 10° 

Material : SUS 316-B 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
I 4 .0000 
1 5.0000 

I S t r e s s 
| ampl i tude 
I [MPa] 

1 399 .3 
1 348 .8 
I 298 .2 
I 259 .0 
I 256 .0 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

I S t r a i n | 
I amp l i t ude | 
1 [%] 1 

1 l . o o o o 1 
1 0 .7550 I 
1 0 .5000 I 
1 0 .3450 I 
1 0 .3000 I 

Cyc les to | 
f a i l u r e | 

1168.0 | 
2893.0 | 
5053.0 | 

13603.0 | 
17790.0 | 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment : 1050 C/30' water 
Test temperature : +23°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

C.081 0.52 1.60 0.027 0.006 10.15 16.73 2.18 0.088 0.033 0.032 

Monotonie properties 

E 
Rp0.2 = 

*■ = 

A5 = 
Z 

210000 
228 
665 
67 
81 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
°f 
ef 

CYC] 

RP0 
°g 
6R 
NT 
Τσ 
TPP 

ic properties 

2 = 
= 
= 
= 
= 
= 

259 
111 

0.068 
80528 
1.101 
1.156 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
°'f 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

2081 
0.336 
1999 

0.928 
-0.190 
-0.572 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

: HV 10 : 149 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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600 

500 

4Ό0 

300 

200 

100 

-

-

/ 

- / 

J 5 ' ' ' 

_.» — 
---""""" 

SUS 316-B Γ 
E=210000 N/mm2 = cycüc 

K'=2081 N/mm2 = incremental Γ 

n'= 0,336 = monotonic 
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4- exp. results 
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PSWT [N/mm'] 

10J 

I I I I I I I I I I I 11 III] I I I m i l l I l »| l l I m i l l I I I IN 

SUS 316-B 

4 exp. results 

10' i i T-LI ml i i i i m i 

101 102 103 10 10 
N 

106 10' 108 

M a t e r i a l : SUS 316-B 

I Spec. no. 

I 1.0000 
1 2.0000 
1 3.0000 
1 4.0000 

1 Stress 
I amplitude 
I [MPa] 

_+ 
1 418.9 
1 356.1 
1 315.4 
1 273.2 

| Me 

-+ 

an stress 

[MPa] 

Strain | 
amplitude | 

1 [%] 1 
+ + 

0.0 
0.0 
0.0 
0.0 

1.0050 I 
1 0.7200 j 
1 0.5150 | 
I 0.3600 I 

Cycles to 
failure 

2168.0 
3488.0 
7941.0 
18348.0 



X 5 CrNiMo 18 10 1.4401 SUS 316-HP 

hot rolled, 1100°C/30' water 
+23°C 
plate, 24x2300x5600 mm 
[4.2] 
1979 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31 0.03 0.001 

Monotonie properties 

E 
Λρ0.2 
«m 

210000 
257 
606 
57 
79 

N/mm2 
N/mm2 
N/mm2 

% 
% °f 

e f 

N/mmz 

1830 N/mm2 

Cyclic prop 

Rp0.2 = 

*g = 

eg % = 
Τσ = 
T 

erties 

313 
176 

0.113 
65234 
1.123 
1.422 

N/mm2 

N / - 2 

% 
cycle 

-
-

2000 
0.298 
1314 

0.249 
-0.132 
-0.445 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

25% decrease in the max. tensile load of N/2 
half life until complete spec, rupture 
Young's modulus estimated 

HV 10 : 149 

Microstructure Austenite grain size ace. to JIS G 0551 : 5.5 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
13 mm 
servohydraulic, max. 50 kN 

6 (%/min) 
triangular 
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σ α [N/mm1] 

900 

800 

700 

600 

500 

4-00 

300 

200 

100 

-

-

■ 

/ 

L / 

f i l l 

^ - -
~—'~~~ 

SUS 316-HP Γ 
E=210000 N/mm2 = cyclic h 

K'=2000 N/mm2 = incremental! 

n— 0,298 = monotonic 
. I . I I . I . . . . I . . . I I . . . I 

0,5 1.5 2.5 

ε „ Μ 
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6 exp. results 
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PSWT [N/mm'] 
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10J 

10z 

M a t e r i a l : SUS 316-HP 

I Spec. no. 

I 1.0000 
I 2.0000 
! 3.0000 
I 4.0000 
1 5.0000 
1 6.0000 

I Stress 
| amplitude 
I [MPa] 

I 533.5 
I 467.5 
1 413.5 
1 367.5 
1 324.0 
1 300.5 

Mean stress 

I [MPa] 

! 0.0 
1 0.0 
1 0.0 
1 o.o 1 o.o 
1 o.o 

| Strain | 
| amplitude | 
1 [%] 1 
1 1.3600 I 
1 1.0350 
1 0.6950 I 
I 0.5450 | 
1 0.3750 I 
I 0.3100 I 

Cycles to | 
f lilure | 

524.0 | 
1442.0 | 
3343.0 | 
5654.0 | 
13456.0 | 
52686.0 | 



X 5 CrNiMo 18 10 1.4401 SUS 316-HP 

hot rolled, 1100°C/30' water 
+400°C 
plate, 24x2300x5600 nan 
[4.2] 
1979 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31 0.03 0.001 

Monotonie properties 

E 
Rp0.2 = 
«m » 

A5 -
Z 

171500 
184 
513 
40 
62 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
°f 
ef 

= 
= 
= 
= 
= 

1020 

_ 
N/mm2 

-
N/mm2 

-

Cyclic prop 

Rp0.2 = 

°g = 

h = 
*T -
Τσ " 
Τερ " 

erties 

287 
169 

0.134 
35881 
1.369 
1.381 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'f 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

2204 
0.328 
975 

0.096 
-0.115 
-0.368 

Incremental step test : 

Failure criterion 
σ/e-values valid for 
Remarks 

25% decrease in the max. tensile load of N/2 
half life until complete spec, rupture 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
13 mm 
servohydraulic, max. 50 kN 

6 (%/min) 
triangular 
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σα LN/mm1] 
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SUS316-HP, 400 °C 
E=171500 N/mm2 = 
K'=2204- N/mm2 
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= cyclic V 
- incremental! 
= monotonic 

. 1 . 1 
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PSWT [N/mm'] 

10° 

Itf 

1 1 1 l l l l l 

1 1 1 1 Mil 

1 ΓΤ ΓΠΙΤ 

1 1 I I I I I ! 

1 ■ I I I I ΓΓΓ 

0 

1 1 1 l l l l l 

■ r r i n i i i | r r i r m r i i i i m n j ι i n mil 
1 SUS316-HP, 400 °C P 

7 exp. results I 

I I I Mill 1 I I I Mil 1 1 MINI 1 1 I I Mil 

10' 10' 10° 10* 10= 10° 10' 10° 

M a t e r i a l : SUS 316-HP, 400 C 

1 Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
I 4 .0000 
1 5.0000 
1 6.0000 
1 7 .0000 

S t r e s s 
ampl i tude 

[MPa] 

526.0 
469.0 
395 .5 
309 .5 
288 .0 
274.5 
280 .5 

Mean s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n 
ampl i t ude 

[%] 

1.5250 
0.9700 
0.7850 
0 .5150 
0.4150 
0.3600 
0 .2900 

Cycles t o 
f a i l u r e 

183 .0 
629 .0 

1129.0 
4241 .0 
7050.0 

13574.0 
103667.0 



X 5 CrNiMo 18 10 1.4401 SUS 316-HP 

hot rolled, 1100°C/30' water 
+400°C 
plate, 24x2300x5600 mm 
[4.2] 
1979 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31 0.03 0.001 

Microstructure 

Monotonie properties 

E 
Rp0.2 = 

K = 
A5 = 
Z 

171500 
184 
513 
40 
62 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v· 
K 
n 
a{ 

ef 

= 
= 
= 
= 
= 

990 

-
N/ 
-
N/i 
-

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

Cyclic prop 

Rp0.2 = 

CTg = 

Eg = % = 
Τσ = 
T 

erties 

332 
188 

0.133 
11125 
1.312 
1.275 

N/ 
N/ 
% 
cy 
-
-

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

f 

f 

= 
= 
= 
= 
= 
= 

1789 
0.271 
973 

0.113 
-0.108 
-0.407 

25% decrease in the max. tensile load of N/2 
half life until complete spec, rupture 
Young's modulus estimated 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
13 mm 
servohydraulic, max. 50 

0.6 (%/min) 
triangular 
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900 

800 

700 

600 

500 

400 

300 

200 

100 

0 

[ 
L 

L 

jyfl 

\ l 
\j f i l l 

0 

D 

" 

SUS 316-B, 400 °C Γ 
E=171500 N/mm2 = cyclic V 
K'=1789 N/mm2 = incremental! 
n'= 0,271 = monotonic 
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6 exp. results 
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PSWT [N/mm1] 

161 

10° 

10' 

I l l l l l l ! 

Γ v 

I 1 1 1 1 1 I I I 

1 1 1 1 Mil 

1 1 1 1 Mil 

1 1 1 M i l l 

0 s 

1 1 1 1 1 I I I 

1 1 1 M l l l | 1 1 1 l l l l l | 1 1 1 1 l l l l | 1 1 1 l l l l l l 

SUS 316-B, 400 °C H 

6 exp. results N 

N y O 

1 1 1 1 N i l 1 1 1 1 1 I I I i i i i m i 1 1 1 1 Mi l 

10 10' 1Cf 10* 105 

N 
10" 10' 10" 

M a t e r i a l : 

I Spec . n o . 

I 1.0000 
1 2 .0000 
1 3.0000 
I 4 .0000 
1 5.0000 
I 6 .0000 

SUS 316-B, 400 

S t r e s s | 
amp l i t ude | 

[MPa] | 

543 .0 | 
488 .0 j 
407 .0 j 
343 .0 j 
313 .0 j 
328 .0 | 

Jc 

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
a m p l i t u d e | 

[%] 1 

1.5100 I 
0 .8750 j 
0 .7100 j 
0 .5150 I 
0 .4050 j 
0 .3200 j 

Cycles to | 
f a i l u r e | 

152 .0 | 
576 .0 j 

1259.0 j 
3623 .0 j 
5778 .0 j 

35889.0 I 



X 5 CrNiMo 18 10 1.4401 SÜS 316-HP 

Heat treatment : hot rolled, 1100°C/30' water 
Test temperature : +400°C 
Semifinished material : plate, 24x2300x5600 mm 
Reference : [4.2] 
Year : 1979 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31 0.03 0.001 

Monotonie properties 

Rp0.2 

A, 

171500 
184 
513 
40 

N/mm2 
N/mm2 
N/mm2 

% 1020 N/m 

Cyclic properties 

Rp0.2 = 

ffg = 

8g = 
Mj = 
Τσ = 
T,» » 

395 
157 

0.094 
1448 

1.109 
1.065 

N/mm2 
N/mm^ 

% 
cycle 

-
-

= = 
= 
= 
= 
= 

1504 
0.215 
1190 

0.341 
-0.133 
-0.622 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

25% decrease in the max. tensile load of N/2 
half life until complete spec, rupture 
Young's modulus estimated 

to 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 9 6 mm 
mechanically polished 
in rolling direction 
13 mm 
servohydraulic, max. 50 kN 

0.06 (%/min) 
triangular 



163 

σβ [N/mm1] 

900 

800 

700 

600 

500 

400 

300 

200 

100 

0 

L 

-

L 

L y ^ 

/ 

[/ 

SUS 316-HP, 400 °C Γ 
E=171500 N/mm2 = cyclic l· 
K'=1504 N/mm2 = incremental! 
n'= 0,215 = monotonic 
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PSWT [N/mm'] 
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SUS 316-HP, 400 °C 

3 exp. results 
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M a t e r i a l : SUS 316-HP, 400°C 

+ 
I Spec . n o . 
1 
1 
1 1.0000 
1 2.0000 
1 3.0000 
+ 

μ 

S t r e s s 
ampl i tude 

[MPa] 

571.0 
509.5 
406 .5 

I-

-+-
1 
1 
1 
1 
1 
1 

-+-

Me 
H 

an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 

f. 4 

S t r a i n | 
amp l i t ude | 

[%] 1 

1.5250 I 
0 .8700 I 
0 .4800 j 

L 4 

Cycl 
f a i 

+ 
es to | 
l u r e | 

1 
108 .0 I 
368 .0 | 

1394.0 I 
+ 



X 5 CrNiMo 18 10 

Heat treatment : 1075°C/30' water, 1100°C/lh water 
Test temperature : +450°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098 

Microstructure 

Monotonie properties 

E 
Rp0.2 = 

R» -

A5 = 
Z 

170000 
128 
465 
47 
70 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 9 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic properties 

Rp0.2 _ 

°g = 

Eg = 
NT 
Τσ = 
T Ep = 

214 
84 

0.083 
25030 
1.058 
1.130 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
o-'f 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

5290 
0.516 
1947 

0.143 
-0.207 
-0.399 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 

39 (%/min) 
triangular 
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SUS 316-B, 450 °C Γ 
E=170000 N/mm2 = cyclic V 
K'=5290 N/mm2 = incremental! 
n - 0,516 = monotonic 
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5 exp. results 
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SUS 316-B, 450 °C 

5 exp. resu l t s 
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Material : SUS 316-B, 450 C 

1 Spec. n o . 

I 1.0000 
1 2.0000 
1 3.0000 
1 4.0000 
! 5.0000 

| S t r e s s 
I ampl i tude 
I [MPa] 

I 476.3 
j 419.9 
! 348 .8 
I 302.6 
I 280 .6 

| Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0.0 
0 .0 

S t r a i n | 
amp l i t ude | 

1 [%] 1 

I 1.2100 | 
I 0 .9700 | 
I 0 .7450 | 
I 0 .5900 | 
1 0 .4850 j 

Cyc l e s to | 
f a i l u r e | 

423 .0 | 
966.0 | 

2008.0 j 
3787.0 j 
6102 .0 | 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment : 1050 C/30' water 
Test temperature : +450°C 
Semifinished material : bar, 0 22 mm 
Reference [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cn Ti Nb+Ta 

0.081 0.52 1.60 0.027 0.006 10.15 16.73 2.18 0.088 0.033 0.032 

Monotonie properties 

E 
Rp0.2 = 

\ = 
A5 = 
Z 

135300 
145 
529 
46 
69 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ef 

N/ma/ 

N/mm2 

Cyclic properties 

Rp0.2 ~ 

CTg = 

Eg = 
N T = 

Τσ = 
T 

262 
82 

0.068 
9625 

1.136 
1.084 

N/mm2 
N/mm2 

% 
cycles 

-
-

2292 
0.349 
2131 

0.825 
-0.214 
-0.615 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus esti 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 9 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUS 316-B, 450 °C Γ 
E=135300 N/mm2 *= cyclic 
K'=2292 N/mm2 = incremental Γ 
n'= 0,349 = monotonic 

, I . . . . I . . . _. 1 . 1 . . L . i . . . 

0,5 1.5 2.5 

ε.Μ 

101 

10" t 

10" 

10" 

_ «^ I 1 1111I 
- XX 

-

Γ " ^ 

1 i i i i im 

— i i i I H M 

\x x x 
\ X 

1 1 1 1 Mi l 

— i i i nul l 

R 

^ 

^ 

1 1 1 1 1 I I I 

1 1 1 U H U T I i l l l l l l l l l l l l l l | i i i i i i m 

SUS 316-B, 4 5 0 ° C | 
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PSWT [N/mm'] 

10J 

iff 

^ 1 1 1 1 Mi l \ - \ 
\ \ \ \ \ 
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SUS 316-B, 450 °C 

5 exp. results 

X 
X 

X 
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X 
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i i i i m 
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M a t e r i a l : SUS 316-B, 450 C 

I Spec . no . 

I 1.0000 
1 2.0000 
I 3.0000 
I 4 .0000 
I 5.0000 

| S t r e s s 
| ampl i tude 
I [MPa] 

I 418 .9 
I 351.2 
I 280 .6 
I 260 .0 
1 232 .5 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

| S t r a i n | 
| ampl i tude | 
1 [%] ! 

-+ +-
1 1.0050 I 
1 0.7250 | 
! 0.4850 I 
1 0.4050 | 
I 0.2950 j 

Cycles to | 
f l i l u r e | 

1187.0 | 
2266.0 | 
4932.0 j 
8577.0 | 

19365.0 j 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1075°C/30' water, 1100uC/lh water 
+450°C 
bar, 0 22 mm 
[4.1] 
1977 

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098 

Monotonie properties 

Kp0.2 

A« 

000 
128 
465 
47 
70 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic properties 

Rp0.2 " 

°g = 

*g = 
NT 
Τσ = 
T ep = 

283 
96 

0.068 
13064 
1.052 
1.194 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
°'f 
E'f 
b 
c 

= 
= 
= 
= 
= 
= 

2994 
0.380 
1774 

0.250 
-0.192 
-0.504 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -. ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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SUS 316-B, 450 °C Γ 
E=170000 N/mm2 = cyclic h 

K'=2994 N/mm2 = incremental! 

n'= 0,380 = monotonic 
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5 exp. results 

X 
X 

X 

1 1 1 1 M i l 

" ■ ' - - . . ^ ' 

X 

X 
X 

X 
X 

X 

ι i i run 

·„ 

^ " ^ - V 

X 
X 

NLLULIL 

Ί 

J 
H 

**"**·^— "*^"5.·^ 

L 1 J 1 U U 

10' itf 1Cf 10* 105 

N 
1CT 107 itf 



173 

PSWT [N/mm2] 

M a t e r i a l : SUS 316-B, 450 C 

Spec. no. 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

1 Stress 
1 amplitude 
I [MPa] 

I 510.1 
I 462.5 
1 323.7 
I 296.8 
I 261.4 

I Me an stress 

[MPa ] 

0.0 
0.0 
0.0 
0.0 
0.0 

| Strain | 
| amplitude | 
1 [%] 1 
I 1.2350 | 
I 0.9900 I 
1 0.4950 I 
1 0.4010 I 
I 0.3100 | 

Cycles to 
failure 

306.0 
630.0 

3684.0 
5192.0 

11212.0 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment : 1075°C/30' water, 1100°C/lh water 
Test temperature : +450°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098 

Monotonie properties 

E 
Rp0.2 = 

\ = 
A5 = 
Z 

170000 
128 
465 
47 
70 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
ct 

Ef 

Cyclic prop 

Rp0.2 = 

°g 
h = 
NT 
Τσ = 
T*n = 

erties 

322 
113 

0.076 
5240 

1.112 
1.174 

N/mm2 
N/mm2 

% 
cycles 

-
-

2909 
0.354 
1546 

0.178 
-0.172 
-0.493 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition : 
Specimen : cylindrical, 0 10 mm 
Specimen location : in rolling direction 
Gauge length : 50 mm 
Testing machine : 
Strain rate : 0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R = -: 
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : 15 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 0.40 (%/min) 
Waveform : triangular 
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SUS 316-B, 450 °C Γ 
E=170000 N/mm2 = cyclic Y 
K'=2909 N/mm2 = incremental! 
n— 0,354 = monotonic 
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PSWT [N/mm'] 

10J 
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5 exp. results I 
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M a t e r i a l : SUS 316-B, 450 C 

+ 
I Spec . n o . 

I 1.0000 
I 2.0000 
I 3.0000 
I 4 .0000 
I 5.0000 

+ H 

| S t r e s s 
I ampl i tude 
I [MPa] 

1 490 .5 
1 459.6 
1 421.3 
1 364.0 
1 343.4 

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

f 
| S t r a i n 
[ amp l i t ude 
1 [%] 

I 0 .9900 
I 0 .7900 
1 0 .6550 
1 0 .4950 
1 0.4550 

-+ -
Cyc Les t o 

f a i l u r e 

320.0 
696.0 

1211.0 
1992.0 
2736.0 



X 5 CrNiMo 18 10 1.4401 SÜS 316-B 

1050°C/30' water 
+450°C 
bar, 0 22 mm 
[4.1] 
1977 

Heat treatment 
lest temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

0.081 0.52 1.60 0.027 0.006 10.15 16.73 2.18 0.088 0.033 0.032 

Monotonie properties 

p0.2 

135300 
145 
529 
46 
69 

Cyclic properties 

Rp0.2 = 

Cg 
Eg 
*T = 
Τσ » 
τ,« = 

335 
93 

0.074 
1904 

1.073 
1.869 

N/mm2 
N/mm2 

% 
cycle 

-
-

f 
f 

= = 
= 
= 
= 
= 

2541 
0.326 
1881 

0.321 
-0.198 
-0.579 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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SUS 316-B, 450 °C Γ 
E=135300 N/mm2 = cyclic V 

K-2541 N/mm7 = incremental! 

n— 0,326 = monotonic 
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PSWT [N/mm'] 
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SUS 316-B, 4-50 °C 

3 exp. results 
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M a t e r i a l : SUS 316-B, 450 C 

I Spec . n o . | S t r e s s 
I | ampl i tude 
I ! [MPa] 

Mean s t r e s s 

[MPa] 

S t r a i n | Cyc les t o | 
a m p l i t u d e ! f a i l u r e | 

[%] I I 

I 1.0000 I 476.3 
I 2.0000 I 448.8 
I 3.0000 j 350,2 

0.0 
0.0 
0.0 

0.9900 | 
0.7600 j 
0.5000 I 

569.0 | 
634.0 | 

2475.0 ! 



X 5 CrNiMo 18 10 1.4401 SUS 316-HP 

Heat treatment : hot rolled, 1100°C/30' water 
Test temperature : +500°C 
Semifinished material : plate, 24x2300x5600 mm 
Reference : [4.2] 
Year : 1979 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31 0.03 0.001 

Monotonie properties 

E 
Rp0.2 = 

*m " 
A5 -
Z 

178000 
178 
493 
41 
62 

N/mm2 
N/mm2 
N/mm^ 

% 
% 

Cyclic properties 

Rp0.2 = 

°g = 

eg = 

\ -
Τσ " 
T Ep = 

349 
192 

0.122 
5895 

1.116 
1.295 

N/mm* 
N/mm* 

% 
cycles 

-
-

K' 
n 
a'{ 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

1406 
0.224 
891 

0.127 
-0.101 
-0.446 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

: 25% decrease in the max. tensile load of N/2 
: half life until complete spec, rupture 
: Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -: 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
13 mm 
servohydraulic, max. 50 kN 

6 (%/min) 
triangular 
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SUS 316-HP, 500 °C Γ 
E=178000 N/mm2 = cyclic 

K'=H06 N/mm2 = incremental! 

n'= 0,224 = monotonic 
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SUS 316-HP, 500 °C 
σ/=891 N/mm2 b=-0 ,1009 

ε± 0,1274- c=-0 ,4462 

7 exp. results 
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PSWT [N/mm'] 
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SUS 316-HP, 500 °C 

7 exp. results 

M a t e r i a l : SUS 316-HP, 500 C 

+ H 
I Spec. no. 

I 1.0000 
I 2.0000 
1 3.0000 
I 4.0000 
I 5.0000 
1 6.0000 
1 7.0000 

1 H 
Stress 
amplitude 

[MPa] 

519.0 
476.5 
431.5 
363.0 
339.5 
314.5 
314.5 

1- H 
Mean stress 

[MPa] 

0.0 
0.0 
0 0 
0.0 
0.0 
0.0 
0.0 

1- H 
Strain 

amplitude 
[%] 

1.5500 
0.9200 
0.6950 
0.5100 
0.4000 
0.3200 
0.2750 

h + 
Cycles to | 
f ailure | 

117.0 | 
280.0 | 
812.0 | 
2400.0 | 
5720.0 | 
10041.0 | 
28662.0 | 



X 5 CrNiMo 18 10 1.4401 SÜS 316-HP 

hot rolled, 1100°C/30' water 
+500°C 
plate, 24x2300x5600 mm 
[4.2] 
1979 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31 0.03 0.001 

Monotonie properties 

Rp0.2 

178000 
178 
493 
41 
62 

N/ 
N/ 
N/ 
% 
% 

Cyclic propertie 

Rp0.2 _ 
σ 

£g = 
κτ = 
Τσ = 
Τ ερ = 

390 
260 

0.161 
2733 
1.279 
1.722 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a't 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

1155 
0.175 
696 

0.078 
-0.065 
-0.413 

Incremental step test 

N/m 

Failure criterion 
σ/ε-values valid for 
Remarks 

25% decrease in the max. tensile load of N/2 
half life until complete spec, rupture 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
ε 

cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
13 mm 
servohydraulic, max. 50 kN 

0.6 (%/min) 
triangular 
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σα [N/mm1] 

600 

500 

400 

300 

200 
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SUS 316-HP, 500 °C Γ 
E=178000 N/mm2 = cyclic 
K'=1155 N/mm2 = incremental f 
n'= 0,175 = monotonic 

. 1 . . . . 1 . . . . 1 . . . . 1 . . . . . 

0,5 1 1,5 2,5 

10 I I M l l | I I I I l l l l | I I I I 1 1 1 1 1 I I I I I I 

SUS 316-HP, 500 °C 
σ/=696 N/mm2 b=-0,0649 
ε/= 0,0782 c=-0,4129 

6 exp. results 

107 108 



PSWT [N/mm1] 

185 

10J 

1(f 

1 1 1 M i l l 

1 1 1 1 M i l l 

1 1 1 M i l l 

( 

1 1 1 I N N 

1 1 1 M i l l 1 1 1 l l l l l | 1 1 1 l l l l l | 1 1 1 l l l l l | 1 1 1 M i l l 

SUS 316-HP, 500 °C H 

6 exp. results μ 

. 1 1 1 Mill 1 1 1 1 1 I I I ! 1 1 1 1 1 II I i i i i m i 

10' 10* 1Cf 10* 10s 
N 

10° 10' 10" 

Material : SUS 316-HP, 500 C 

+ 
I Spec . n o . 

I 1.0000 
| 2 .0000 
I 3 .0000 
I 4 .0000 
I 5.0000 
I 6 .0000 

| S t r e s s 
| ampl i tude 
I [MPa] 

I 519 .0 
I 452 .0 
I 402 .0 
I 368 .0 
I 355 .0 
1 367.5 

Mean s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

I Strain I 
I a m p l i t u d e | 
1 [%] 1 

1 l.iooo 1 
1 0 .7000 1 
1 0 .5150 I 
1 0 .4050 j 
I 0 .3500 I 
I 0 .2950 

Cycles t o 
f a i l u r e 

199 .0 
609 .0 

1045 .0 
1940.0 
6198 .0 

41083.0 



X 5 CrNiMo 18 10 1.4401 SUS 316-HP 

Heat treatment : hot rolled, 1100°C/30' water 
Test temperature : +500°C 
Semifinished material : plate, 24x2300x5600 mm 
Reference : [4.2] 
Year : 1979 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31 0.03 0.001 

Monotonie properties 

E 
Rp0.2 = 

Km " 
A5 -
Z 

178000 
178 
493 
41 
62 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
a{ 

ef 

= 
= 
= 
= 
= 

990 

-
N/ 
-
N/ 
-

Cyclic properties 

Rp0.2 -

°g = 

6g = ^ = 
τσ 
T 

436 
234 

0.138 
555 

1.227 
1.696 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
°'f 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

1409 
0.189 
811 

0.062 
-0.082 
-0.454 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

25% decrease in the max. tensile load of N/2 
half life until complete spec, rupture 
Young's modulus estimated 

Hicrostructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

Cyclic test 

Loading condition : total strain control. 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
13 mm 
servohydraulic, max. 50 kN 

0.06 (%/min) 
triangular 
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σ α [N/mm2] 

900 

800 

700 

600 

500 

4-00 

300 

200 
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\ 
f i l l 
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SUS 316-HP, 500 °C Γ 
E=178000 N/mm2 = cyclic h 

K—1409 N/mm2 = incremental! 

n— 0,189 = monotonic 
1 . . . . 1 . . . . I . . . . 

0,5 1,5 2.5 

ε „[%] 

εβ[%] 

10 I I I I llllj I I I I l l l l | I 1 I I l l l l | I I I I II 

10u 

10" 

SUS 316-HP, 500 °C 
σ/=811 N/mm' b=-0.0819 
ε/= 0,0618 c=-0,4537 

3 exp. results 

- ΧΡ · · » Λ . · » 

10" l _ L L I _ t u a _ _ l _ ± _ L J _ U L U 

10 10 103 10* 105 

N 
106 107 10" 
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PSWT [N/mm'] 

10J 

10* 

1 1 1 I I I I I 

1 1 1 1 l l l l 

1 1 1 I I I I I 

0 s 

1 1 1 1 N i l 

1 1 1 I I I I I 

1 1 1 I I I I I 

1 1 1 I 11111 1 1 1 Mill) 1 1 ΙΤΠΗ) 1 1 1 1 1 Mil 

SUS 316-HP, 500 °C H 

3 exp. results H 

1 I I I M i l l 1 l l l l l l l 1 1 1 Mill 1 1 1 lll l l i 

10 1Cf id5 io* io5 
N 

10° 107 108 

Material : SUS 316-HP, 500 C 

I Spec. no. I Stress | Mean stress | Strain | Cycles to | 
I | amplitude | | amplitude | failure | 
1 1 [MPa] | [MPa] | [%] j | 

1 1.0000 | 535.5 I 0.0 I 0.8600 I 119.0 I 
I 2.0000 j 424.5 j 0.0 I 0.4450 I 622.0 j 
1 3.0000 | 406.0 j 0.0 j 0.3500 I 3463.0 j 
+ + ^ + + + 



X 5 CrNiMo 18 10 1.4401 SÜS 316-B 

Heat treatment : 1075°C/30' water, 1100°C/lh water 
Test temperature : +600°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098 

Microstructure 

Monotonie properties 

E 
Rp0.2 = 

\ -
A5 " 
Z 

167000 
114 
405 
48 
71 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ßf 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic properties 

Rp0.2 -

σ8 = 

eg 
NT 
Τσ " 
T,p -

307 
153 

0.099 
5111 

1.091 
1.187 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
o'f 
E'f 
b 
c 

= 
= 
= 
= 
= 
= 

1104 
0.206 
850 

0.282 
-0.113 
-0.548 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 

40 (%/min) 
triangular 
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σ α [N/mm2] 
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500 

400 

300 

200 

100 

L / 
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' ■ I I 

O ^ - " " ^ 

SUS 316-B, 600 °C Γ 
E=167000 N/mm2 = cyclic 

K'=1104 N/mm2 = incremental Γ 

n - 0,206 = monotonic 
I I . . . i 

0,5 1.5 2.5 

ε [%] 

εα [%] 

10 

10υ 

10" 

10" 

| - I I I I I I I I 

[ 

1 1 1 1 1 I I I 

1 1 1 1 1 I I I 

V« 
^ 5 

1 1 1 1 11 II 

1 1 1 1 Mil 

1 1 1 1 1 I I I 

1 1 1 1 l l l l | 1 1 1 1 l l l l | 1 1 1 1 l l l l | 1 1 

SUS 316-B, 600 °C 
σ/=850 N/mm2 b=-0,1127 

ε /= 0,2823 c=-0,5476 

5 exp. results 

N 

S 

1 1 1 1 1 II I 

N \ \ \ 
N \ 

1 .1 1 1 111 i 

Xx"*--w 

1 .J . . I . J I1J1 

1 MW 

H 

H 

-

1.. L 

-

LLLLLL 

10' 1CT 10° 104 105 

N 
10" 107 108 



PSWT [N/mm'] 
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itf 

10' 

I 

-

s 

Γ 

\-

I I 

1 1 M i l l 

\ 

1 1 1 Mil 

1 1 1 1 MM 

1 1 1 1 M M 

1 1 1 M l l l l 

^ 
X 

1 1 1 1 MM 

i i i linn i i i MINI I I I mm ι 
SUS 316-B, 600 °C 

5 exp. results 

" ^ « f ĉ 

I I 1 I MM 

' ^ ^ 

1 I 1 1 I I I ! 1 1 1 1 1 II I 

1 Mllll 
H 

1 

1 

-l 

i I T M U 

10 10' 10° 10 10 
N 

10° 107 10° 

M a t e r i a l : SUS 316-B, 600 C 

I Spec . n o . 

I 1.0000 
1 2.0000 
I 3 .0000 
I 4 .0000 
I 5.0000 

I S t r e s s 
| ampl i tude 
I [MPa] 

I 470 .9 
I 428.2 
j 401 .2 
I 388 .0 
I 322.3 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
ampl i tude | 

1 [%] 1 

! 2.0000 | 
I 1.2450 | 
! 0.9800 | 
1 0.7400 | 
I 0.4850 j 

Cyc] 
f a ] 

es to 
Llure 

86.0 
197.0 
446.0 
767.0 

2045.0 



X 5 CrNiMo 18 10 1.4401 SÜS 316-B 

1050°C/30' water 
+600°C 
bar, 0 22 mm 
[4.1] 
1977 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.081 0.52 1.60 0.027 0.006 10.15 16.73 2.18 0.088 0.033 0.032 

Monotonie properties 

Rp0.2 
«m 
A« 

000 
135 
481 
44 
70 

N/ 
N/ 
N/ 
% 
% °f 

e f 

Cyclic prop 

Rp0.2 = 

°g = 

εΕ = 

*T -
Τσ " 
T*n = 

erties 

287 
103 

0.069 
8265 

1.037 
1.175 

N/mm2 
N/mm2 

% 
cycles 

-
-

1995 
0.312 
1396 

0.280 
-0.172 
-0.535 

Incremental step test 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
8 

cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σα [N/mm1] 
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SUS 316-B, 600 °C Γ 
E=170000 N/mm2 = cyclic V 
K-1995 N/mm2 = incremental! 
n'= 0,312 = monotonic 

I I I . 1 . I . . . . I I . . . I . . . I 

0.5 1.5 2.5 

ε.Μ 

ε.Μ 
101 F 

10" 

10" 

10" 

_ 1 I I M i l l 

5sx 
N ^ x 

L χγ > * . 
L 

X 

Γ * " ^ -
Γ 

p 

1 1 1. 1 1 1 I I I 

i i i um 

X 

x ^Η,. 

I_ 1 1 1 U l i 

1 1 1 1 Mill 

1-1 1 M i l l 

I 1 1 1 11111 1 1 1 1 111 If 1 1 1 1 111 If 1 1 1 IMUJ 

SUS 316-B, 600 °C g 
σ,'=1396 N/mm* b=-0,1717 H 

H 
ε/= 0,2802 c=-0,5352 M 

6 exp. results 

x "*"*«·^ 
X 

X 
X 

X 
X 

X 
X 

I I I M i l l 

- „ ^ 

X X X X X X X X •X X 
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^ - L i J l U U 

H 

~j 
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101 1Cf 1Ö5 10 10 
N 
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PSWT [N/mm'] 

1CT 

10' 

1 1 1 M i l l 

r 
\ \ \ 

- \ 
N 

" 

I M inn 

1 1 1 M i l l 

s 

\ 

1 1 1 M i l l 

i i i HIHI 

1 1 1 l l l l l 

1 1 1 MM!) 1 1 1 l l l l l | 1 1 1 l l l l l | 1 

SUS 316-B, 600 °C 

6 exp. results 

N 

1 1 1 1 IN I 1 1 1 l l l l l V s i I I I I I 

1 1 M i l l 

I 

-

1 1 1 Mil 

101 102 itf 104 105 

N 
1Cf 107 10° 

M a t e r i a l : SUS 316-B, 600 C 

+ 
1 Spec . n o . 

1 2 .0000 
I 1.0000 
1 3.0000 
1 4 .0000 
I 5.0000 
1 6.0000 

_+ 
I S t r e s s 
I ampl i tude 
I [MPa] 

1 427 .2 
1 426 .2 
1 391 .4 
1 327 .6 
I 3 2 8 . 1 
1 270 .8 

f 
I Mean s t r e s s 

1 [MPa] 

1 0 .0 
1 0 .0 
1 0 .0 
1 0 .0 
1 0 .0 
1 o.o 

f 4 
I S t r a i n | 

amp l i t ude | 
1 [%] 1 

i 0 .9950 I 
! 1.0000 I 
1 0.7200 I 

0 .5050 I 
0 .4850 I 

1 0 .3350 I 

Cyc 
fa 

l e s t o 
i l u r e 

422 .0 
481 .0 
917 .0 

2168.0 
2224.0 
7237.0 



X 5 CrNiMo 18 10 

Heat treatment : 1075°C/30' water, 1100°C/lh water 
Test temperature : +600°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098 

Monotonie 

E 
Rp0.2 = 

«m -
A5 -
Z 

properti 

167000 
114 
405 
48 
71 

es 
N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
of 

ef 

Cyc 

RP0 
σ* 
eg 

"τ 
Τσ 
Tr « 

ic properties 

2 = 
= 
= 
= 
= 
= 

318 
168 

0.108 
3611 
1.096 
1.252 

N/mm2 
N/mm2 

% 
cycles 

-
-

1063 
0.194 

755 
0.179 

-0.099 
-0.513 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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σα [N/mm2] 
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SUS 316-B, 600 °C Γ 
E=167000 N/mm2 = cyclic 

K'=1063 N/mm2 = incremental Γ 

n'= 0,194 = monotonic 
1 I I . . . I . . . . 1 I . . 1 1 . I . I 

0,5 1.5 2,5 

ε [%] 

ε W 
101 p—i i i i im I I I I l l l l | I I I I Ml l j I I I I 1 111f I I I I I I 

SUS 316-B, 600 UC 
σ/=755 N/mm2 b=-0,0987 
ε/= 0,1792 c=-0,5129 

5 exp. results 



PSWT [N/mm1] 
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itf 

1 1 I I Mil 
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1 1 1 IHM 
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1 1 1 l l l l l j 
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SUS 316-B, 600 °C H 

5 exp. results N 

1 1 1 1 1 I I I 1 1 1 1 1 I I I 1 1 1 1 1 III i i i i i ml 

101 1(f id* 10* 105 

N 
10" 10' 10° 

M a t e r i a l : SUS 316-B, 600 C 

I Spec . n o . 

1 1.0000 
I 2 .0000 
I 3 .0000 
I 4 .0000 
I 5.0000 

I S t r e s s 
| ampl i tude 
I [MPa] 

1 410 .5 
I 338 .9 
I 312 .0 
I 284 .0 
I 267 .3 

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
amp l i t ude | 

[ft] 1 

0 .9950 | 
0 .5000 | 
0 .3450 | 
0 .2800 I 

1 0 .2500 | 

Cycles t o | 
f a i l u r e | 

1 
230 .0 | 

1528.0 I 
6369 .0 I 
9888.0 I 

12933.0 I 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment : 1050°C/30' water 
Test temperature : +600°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Γ.τ. P P Ni Cr Mo Cu Ti Nb+Ta 

0.081 0.52 1.60 0.027 0.006 10.15 16..73 2.18 0.088 0.033 0.032 

Monotonie properties 

E 
Rp0.2 = 

\ = 

170000 I 
135 Ϊ 
481 Ϊ 

e f 

Cyclic properties 

Rp0.2 = 

*g = 

eg 
Nj. 
Τσ " 
Τ ερ = 

328 
146 

0.089 
2760 

1.038 
1.091 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
σ'{ 

ε'ΐ 
b 
c 

= 
= 
= 
= 
= 
= 

1147 
0.202 
925 

0.345 
-0.122 
-0.603 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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SUS 316-B, 600 °C Γ 
E=170000 N/mm' = cyclic 

K—1147 N/mm2 = incrementalf 

n— 0,202 = monotonic 
1 . . . . 1 . . . . 1 . . . . 
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SUS 316-B, 600 °C B 
U 

σ/=925 N/mm2 b=-0,1216 H 

ε / = 0,3454 c = - 0 , 6 0 3 3 Π 

3 exp. results 
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PSWT [N/mm1] 
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3 exp. results L 
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N 

Material : SUS 316-B, 600°C 

+ 
I Spec . n o . 
1 
1 
1 1.0000 
I 2 .0000 
I 3 .0000 
+ 

H H 

I S t r e s s 
I ampl i tude 
I [MPa] 

1 426 .2 
1 356 .6 
I 293 .3 
+ H 

h 

Me 

h 

H 

an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 

H 

h 

S t r a i n 
amp l i t ude 

[%] 

1.0000 
0.5050 
0.2900 

1-

-+ -
1 
1 
1 
1 
1 
1 

-+ -

Cyc 
+ 

l e s to | 
f a i l u r e | 

1 
280 .0 | 

1402.0 I 
6030 .0 | 

+ 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Tear 

Chemical composition 

C Si Mn P 

1075°C/30' water, 1100°C/lh water 
+600°C 
bar, 0 22 mm 
[4.1] 
1977 

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098 

Monotonie properties 

E 
Rp0.2 = 

*» -
A5 -
Z 

167000 
114 
405 
48 
71 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ef 

Cyclic properties 

Rp0.2 -

°g = 

eg = 
Mj -

Tc " 
TB P » 

323 
183 

0.113 
1524 

1.023 
1.209 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'{ 

e'f 
b 
c 

= 
= 
-
= 
= 
= 

799 
0.146 
601 

0.139 
-0.078 
-0.534 

Incremental step test 

N/mi 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -: 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σ α [N/mm2] 

600 

500 

Φ00 

300 

200 

100 

* 

L ί 

!■ / 

/ 
SUS 316-B, 600 °C Γ 

E=167000 N/mm2 = cyclic 

K—799 N/mm2 = incrementalf 

n'= 0,146 = monotonic 
. I . . . . I . . . . 1 . . . . I . . . . 

0,5 1 1.5 

ε [%] 
2,5 

εα [%] 

101 

10ü 

icr 

10" 

I I l l l l l l l I I l H I H I l l I H H H I I U l i 

SUS 316-B, 600 ÜC 
σ/=601 N/mm2 b=-0 ,0785 

£ /= 0.1388 c= -0 .5336 

5 exp. results 

10 102 103 10* 105 

N 
10e 107 108 



PSWT [N/mm1] 

203 

10J 

ισ 

I I I l l l l l 

I V 

U ·* 

1 1 1 1 1 111 

1 1 1 l l l l l 

1 1 1 1 1 I I I 

1 1 1 l l l l l l 

1 1 1 l l l l l 

i i i ππη i i i iini| ι ι ι ι mi| ι ι 11 ιιιιι 
SUS 316-B, 600 °C H 

5 exp. results N 

I I I I Mil I I I I MM I I I I Mil I I I I Mil 

101 101 10° 10* 105 

N 
106 107 10° 

M a t e r i a l : SUS 316-B, 600 C 

I Spec . n o . 

I 1.0000 
I 2 .0000 
1 3.0000 
I 4 .0000 
1 5.0000 

I S t r e s s 
I ampl i tude 
I [MPa] 

I 392 .4 
I 345 .8 
1 318 .8 
I 316.4 
1 295 .8 

1 Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

I S t r a i n | 
I amp l i t ude | 
1 [%] 1 

1 1.0100 | 
1 0 .5050 | 
1 0 .4000 | 
1 0 .3500 | 
1 0 .2900 I 

Cycles to | 
f a i l u r e | 

114 .0 | 
585 .0 | 

1560.0 | 
2109.0 | 
3872 .0 | 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

1050°C/30' water 
+600°C 
bar, 0 22 mm 
[4.1] 
1977 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.081 0.52 1.60 0.027 0.006 10.15 16.73 2.18 0.088 0.033 0.032 

Monotonie properties 

E 
Rp0.2 = 

*m = 

A5 " 
Z 

170000 
135 
481 
44 
70 

N/mm2 
N/mm2 
N/mm2 

% 
% 

N/m 

Cyclic properties 

Rp0.2 = 

σΒ = 

eg = % = 
Τσ -
τ«, = 

332 
221 

0.137 
2997 

1.146 
1.396 

N/mm2 
N/mm2 

% 
cycle 

-
-

f 
f 

= = 
= 
= 
= 
= 

778 
0.137 
579 

0.170 
-0.063 
-0.513 

N/m 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 e 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σβ [N/mm1] 

600 

500 

4Ό0 

300 

200 

100 

■ 

^ 

/ I 

/ 

F i l l 

) 

» — 
D 

SUS 316-B, 600 °C Γ 
E=170000 N/mm2 = cyclic 

K'=778 N/mm2 = incremental Γ 

n— 0,137 = monotonic 
1 _, 1. ». , . J _. 1 1 1 1, L . .. 1 .. 1 | 1 1 1 1 I 1 1 1 I 

0,5 1.5 2.5 

ε [%] 

εο[%] 

101 

10° 

10" 

ι i i nun i i i HIHI ι i i mm ι u r n 
SUS 316-B, 600 UC 
σ/=579 N/mm2 b=-0,0635 
ε/= 0,1704 c=-0,5132 

7 exp. results 

10" I I I I UhJ t--i i mi l l 

101 102 1Cf 10* 10s 

N 
1Cf 107 10" 
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PSWT [N/mm1] 

10J 

102 

[ I I I M i l l 

s 
S 

1 
1 1 

1 
1 

1 
1 

1 

1 1 1 Mill 

1 I 1 1 I I I ! 

1 1 1 Mill 

i i i i m i 

i i i 111111 i i i 111111 i i i 1111Ti i i i i nil 

SUS 316-B, 600 °C H 

7 exp. results M 

i i i t m i i l l ml i 

101 101 1Cf 10* 10s 10° 10' 10° 

M a t e r i a l : SUS 316-B, 600 C 

I Spec . n o . 

I 2 .0000 
1 1.0000 
j 3 .0000 
j 6.0000 
I 4 .0000 
I 5.0000 
1 7.0000 

S t r e s s 
ampl i tude 

[MPa] 

401.7 
385 .0 
396 .8 
353 .6 
360 .0 
338 .5 
320.3 

Mean s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
ampl i tude | 

[%] 1 

1.0050 | 
1.0200 | 
0 .7350 | 
0 .4950 I 
0 .5100 | 
0 .5000 I 
0 .3600 j 

Cyc l e s to | 
f a i l u r e | 

131 .0 | 
162.0 j 
698 .0 | 

1229.0 | 
1318.0 | 
1516.0 j 
3292 .0 | 



X 5 CrNiMo 18 10 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

hot rolled, 1100°C/30' water 
+600°C 
plate, 24x2300x5600 mm 
[4.2] 
1979 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31 0.03 0.001 

Monotonie 

E 
Rp0.2 = 

\ = 
A5 = 
Z 

properties 

168500 
164 
449 
41 
62 

N/mm 
N/mm 
N/mm 

% 
% 

Cyclic properties 

Rp0.2 ~ 

CTg 
Eg = 
NT 
Τσ = 
τ Ρ η = 

308 
182 

0.126 
6108 
1.146 
1.554 

N/ 
N/ 
% 
cy 
-
-

= = 
= 
= 
= 
= 

1230 
0.223 
681 

0.072 
-0.087 
-0.393 

ncremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

25% decrease in the max. tensile load of N/2 
half life until complete spec, rupture 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

Cyclic test 

Loading condition : total strain control, R : 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
13 mm 
servohydraulic, max. 50 kN 

6 (%/min) 
triangular 
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σβ [N/mm1] 

600 

500 

4-00 

300 

200 

100 

ί /& 

L / 

/ 
ί 1_ 1. 1_. 

^* 1 5 * " " 

„J 

SUS 316-ΗΡ, 600 °C Γ 
Ε=168500 N/mm2 = cyclic 
Κ'=1230 N/mm2 = Incremental Γ 
η'= 0,223 = monotonic 

. I . . . . I . . . . 1 . . . . 1 . . ι . -1 

0.5 1 1,5 2.5 

101 

10υ t 

10" 

10" 

Ζ 1 I I I I I I I 

ί £ Ν χ 

l· 

I
I

I
I

I 
1 

L 
1 

— ι ι ι I I I I I 

^ Z^"*^^ 

i i i i i m 

— i i i I I I I I I 

Ι̂  °^>>J 

1 1 1 1 U l i 

I I | 1 1 1 M l l l | - 1 1 1 l l l l l | 1 1 1 I I IIIJ 

SUS 316-HP, 600 °C B 
σ^681 N/mm2 bt=-0,0869 H 
ε/= 0,0719 ct=^0,3927 Π 

7 exp. results 

L__L 1 LLIL1 

"•»^^ 

L 1 1 1 U l i 1 L 1 1 i t l * 

J 

i-_l_l_lJ_LUi 

10 10* 1Cf 10* 10* 
N 

10" 107 10" 



PSWT [N/mm'] 
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10J 

itf 

i i i urn 
^ 

L 

\ 
I xx 

L 

l· 
1 i l l i nn 

1 Ι~ΓΓΓΓΓΓ 

>* 

1 1 1 1 Mi l 

Γ ΓΤΓΓΠ7] 

o \ j . 

1 1 1 M i l l 

1 1 1 1 Mi l l 1 I 1 l l l l l l 1 1 1 1 Mi l l 1 1 1 1 UM] 

SUS 316-HP, 600 °C H 

7 exp. results N 

*frv>-^o 

1 1 l l l l l l 

* *** .^ 

L. L I Mi l l 

H 

H 

"""""""4*-
1 1 1 M i l l 1 1 1 M i l l 

101 1CT 1C? 10* 10s 

N 
106 107 10° 

M a t e r i a l : SUS 316-HP, 600 C 

+ H 
I Spec . n o . 

1 1.0000 
1 2 .0000 
I 3 .0000 
1 4 .0000 
1 5.0000 
I 6 .0000 
1 7 .0000 

1 H 

S t r e s s 
ampl i t ude 

[MPa] 

412 .0 
391 .0 
353 .0 
315 .0 
297 .0 
264 .0 
275 .5 

h H 

Mean s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

μ H 

S t r a i n 
a m p l i t u d e 

[%] 

1.0450 
0 .7700 
0 .5550 
0 .3850 
0 .3500 
0 .2900 
0 .2650 

h + 

Cycles t o | 
f a i l u r e | 

186 .0 | 
474 .0 | 
956 .0 | 

2377 .0 | 
5247 .0 I 

13240.0 I 
41100.0 | 



X 5 CrNiMo 18 10 1.4401 SUS 316-HP 

Heat treatment : hot rolled, 1100°C/30' water 
Test temperature : +600°C 
Semifinished material : plate, 24x2300x5600 mm 
Reference : [4.2] 
Year : 1979 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31 0.03 0.001 

Monotonie properties 

E 
Rp0.2 = 
*m = 
A, = 

168500 
164 
449 
41 

N/mm2 
N/mm2 
N/mm2 

% 

Cyclic prop 

Rp0.2 = 

°g = 

eg 
NT 
T 
T 

erties 

306 
185 

0.132 
4740 
1.089 
1.471 

N/mm2 
N/mm2 

% 
cycles 

-
-

1262 
0.228 

615 
0.041 

-0.079 
-0.343 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

25% decrease in the max. tensile load of N/2 
half life until complete spec, rupture 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
13 mm 
servohydraulic, max. 50 kN 

0.6 (%/min) 
triangular 
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σο [N/mm1] 

600 

500 

400 

300 

200 

100 

-

/ 

/ 

f i l l 

o^-^ ° 
-~~~~~~\ 

SUS 316-HP, 600 °C Π 
E=168500 N/mm2 = cyclic 
K*=1262 N/mm2 = incremental Γ 
n'= 0,228 = monotonic 

1 1 I . . . 1 I I I I 1 I . . . 1 . . . . 

0.5 1.5 2,5 

ε [%] 

ε.Μ 
10 

10" 

10' 

10" 

1 

■2 

Z 1 1 1 M i l l 

: 

I I I I I 111 

— i i i I I I I I 

1 I I I I I I I 

— i i i m i l l 

a * ö ^ ^ ^ 

1 I I I I I I I 

I I I l l l l l | 1 ΓΊ Mllll l l l n n i | ι ι ι m m 

SUS 316-HP, 600 °C B 
σ ^ 6 ΐ 5 N/mm2 b«=-0,0792 H 
c/t= 0,0409 *" c«=—0,3432 M 

7 exp. results 

^ ^ - • ^ 

1 1 1 1 1 I I I 

****̂ ·1"·· 

1 1 1 Mill » ' 

H 

- V I J - U 1 I 1 ] 

1(f 102 103 10* 105 
N 

106 107 108 
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PSWT [N/W] 

10J 

10' 

I I I Mi l l 

r 

**N 

\-

1 1 1 1 l l l l 

i i 11 m r 

1 1 1 M i l l 

Γ 1 1 ΙΙΙΙΓ 

οΐ>^^ 

1 1 1 1 1 I II 

: ΓΓΎΤΤΤΠΓ Γ FTTTTTT1 Γ Γ Γ Μ Π Π 1 I I I I I I I 

SUS 316-HP, 600 °C H 

7 exp. results [I 

1 1 1 1 M i l 1 1 1 1 l l l l 1 1 1 1 1 III 

i 
H 

1 l l l l llll 

101 id2 id* 10* 105 
N 

106 107 10B 

Material : SUS 316-HP, 600 C 

+ H 
I Spec . n o . 

1 1.0000 
I 2 .0000 
I 3 .0000 
1 4 .0000 
1 5.0000 
1 6.0000 
1 7 .0000 

μ H 
S t r e s s 

ampl i tude 
[MPa] 

397 .0 
387 .0 
340 .5 
317 .5 
306 .5 
279 .0 
269 .0 

(. H 
Mean s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

I H 

S t r a i n 
ampl i tude 

[%] 

0.9700 
0.6850 
0.5150 
0.3950 
0.3900 
0.3100 
0.2750 

h + 
Cycles t o | 

f a i l u r e | 

114 .0 | 
311 .0 j 
878 .0 j 

1520.0 j 
2488 .0 j 
7864.0 | 

27212.0 j 



X 5 CrNiMo 18 10 1.4401 SUS 316-HP 

Heat treatment : hot rolled, 1100°C/30' water 
Test temperature : +600°C 
Semifinished material : plate, 24x2300x5600 mm 
Reference : [4.2] 
Year : 1979 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31 0.03 0.001 

Monotonie propertie 

E 
Rp0.2 = 

\ = 
A5 = 
Z 

168500 
164 
449 
41 
62 

N/mm2 
N/mm2 
N/mm2 

% 
% 

N/mm^ 

860 N/mm2 

Cyclic properties 

RPO 
σκ 
% 
NT 
Τσ 
ΤεΡ 

2 = 
= 
= 
= 
= 
= 

Incremen tal 

652 
458 

0.273 
148 

1.016 
1.058 
step te 

N/mm2 
N/nV 
% 
cycles 

-
-
st : 

991 
0.067 

869 
0.141 

-0.042 
-0.624 

Failure criterion 
σ/ε-values valid for 
Remarks 

25% decrease in the max. tensile load of N/2 
half life until complete spec, rupture 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
13 mm 
servohydraulic, max. 50 kN 

0.06 (%/min) 
triangular 
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σβ [N/mm1] 

900 

800 

700 

600 

500 

400 

300 

200 

100 

0 

-

L 

L 

/ 

L / 

/ 

/ 

/ 

[/ 
F i l l 

SUS 316-HP, 600 °C Γ 
E=168500 N/mm5 = cyclic l· 
K'=991 N/mm2 = incremental! 
n'= 0,067 = monotonic 

1 1 , 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0.5 1,5 2.5 

ε„[%] 

10 

10u 

10 ' t 

10" 

_ I I I I Uli 

h 
Γ χ 

s V 

N > v 
L \ 
Γ \ 
Γ N 

I 1 1 1 1 U l i 

1 1 I I 1 MI 

V -0— 

\ 

1 1 1 1 I N I 

i i i H IH I 

51 
N \ \ \ \ 

N \ \ \ 

1 1 11 M i l 

1 1 1 1 l l l l | 1 I I 1 l l l l | 1 1 1 l l l l l | 1 1 1 1 IlliJ 

SUS 316-HP, 600 °C ß 
σ ^ 8 6 9 N/mm2 b=-0,0422 H 
CfS= 0,1414 c=-0,6242 Π 

3 exp. results 

s \ \ X N \ \ 
1 1 I V U J I 1-L.ULLli l 1 L_l-LLIII 

3 

H 

] 

__-L_l_l_l_LLlL 

101 1tf 1Cf 10* 105 
N 

106 107 10" 



PSWT [N/mm1] 

215 

10J 

10z 

1 1 I I U l i 

1 
1 

1 
1 

1 
J 

J 
1 

1 1 1 1 l l l l 

1 ! 1 1 l l l l 

1 l l l l Mil 

^ ^ - - ^ 

1 1 1 H i l l 

l l l l I 1111 l l l l 1111| l l l l 1 1111 1 l l l l l l l l 

SUS 316-HP, 600 °C H 

3 exp. results H 

l l l l l l l l _ 1 1 1 1 l l l l 1 1 1 1 l l l l 

j 

1 1 1 1 l l l l 

101 1Cf icf io4 10s 
N 

icf io7 10" 

M a t e r i a l : SUS 316-HP, 600 C 

| Spec . n o . 

I 1.0000 
j 2.0000 
I 3.0000 

Stress 
amplitude 

[MPa] 

688 .0 
652.0 
629 .0 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 

Strain 
amplitude 

[%] 

0.8300 
0.6050 
0.4850 

Cycles to | 
failure | 

I 
137.0 | 
411.0 j 
1150.0 j 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment : 1075°C/30* water, 1100°C/lh water 
Test temperature : +700°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098 

Microstructure 

Monotonie properties 

E 
Rp0.2 = 
«m = 

A5 -
Z 

159000 
113 
313 
57 
66 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
Gf 

Gf 

N/mm2 

Monotonie test 

Loading condition : 
Specimen : cylindrical, 0 10 mm 
Specimen location : in rolling direction 
Gauge length : 50 mm 
Testing machine : 
Strain rate : 0.3 and 7.5 (%/min) 

Cyclic properties 

NT 

Τερ = 
Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

= 
= 
= 
= 
= 
= 

859 
0.214 
667 

0.305 
-0.122 
-0.569 

complete rupture 
half failure life 
Young's modulus estimated 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -: 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σα [N/mm1] 
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F i l l 

SUS 316-B, 700 °C Γ 
E=159000 N/mm2 = cyclic 

K'=859 N/mm2 = incremental Γ 

n'= 0,214 = monotonic 
• 1 · i . . I . . . 

0.5 1.5 2,5 

*. M 

101 I I I I Mill 1 I I Mill! I I I l l l l l l I 1 1 11M1I I I l MUH I 1 1 MI 

10" t 

\ N 

SUS 316-B, 700 UC 
σ/=667 N/mm2 b=-0,1216 
ε,'= 0,3051 c=-0,5687 

5 exp. results 

10" 

10" i i i 11 ml I I I l̂ miJ J I l l l l l l Ι,,ί I Hi l l 

101 102 103 10 10 
N 

10e 107 10" 
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PSWT [N/mm'] 

10J 

Iff 

ι ι ι ι ιιιι 
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-

L 

i i i i m i 
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i i ! i m i 

1 I I I I I I I 

1 1 1 1 M i l 

1 1 1 1 M i l l 1 1 1 1 M i l l 1 1 1 1 l l l l | 1 

SUS 316-B, 700 °C 

5 exp. results 

H 

* * « * 

I I I 1 M i l 

^̂  

1 1 1 1 1 I I I 1 ^ 1 

1 ( M i l l 

H 

1 

1 

-

1 Mi l l 

101 102 10J 10* 10s 

N 
10' 107 10a 

M a t e r i a l : SUS 316-B, 700 C 

I Spec . n o . 

1 1.0000 
1 2.0000 
1 3.0000 
1 4 .0000 
I 5.0000 

S t r e s s 
ampl i tude 

[MPa] 

321.3 
310.0 
284 .0 
250.2 
237 .9 

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
ampl i tude | 

1 [%] 1 

1.2400 | 
0 .9800 I 

1 0 .7450 I 
0 .4850 | 

1 0 .3850 I 

Cycl 
f a i 

es to | 
l u r e | 

1 
186 .0 | 
299 .0 j 
610 .0 | 

1515.0 | 
2419 .0 I 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050uC/30' water 
+700°C 
bar, 0 22 mm 
[4.1] 
1977 

0.081 0.52 1.60 0.027 0.006 10.15 16.73 2.18 0.088 0.033 0.032 

Monotonie properties 

E 
Rp0.2 = 
Km = 

A5 = 
Z 

168000 
114 
326 
43 
67 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic properties 

Rp0.2 ~ 

°g = 

£g = % » 
Τσ = 
τ Ρ η = 

234 
106 

0.069 
8902 

1.101 
1.204 

N/mm2 
N/mm2 

% 
cycle 

-
-

f 
f 

= = 
= 
= 
= 
= 

936 
0.223 
735 

0.359 
-0.127 
-0.578 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 ram 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σ β [N/mm*] 
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SUS 316-B, 700 °C Γ 
E=168000 N/mm2 = cyclic 
K'=936 N/mm2 = incremental! 
n'= 0,223 = monotonic 

i 1 > i i i 1 i · · i I i i > i 1 i i · > 
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SUS 316-B, 700 °C g 
σ/=735 N/mm2 b=-0,1274 H 

ef'= 0.3592 c=-0,5777 Π 
6 exp. results 
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10J 

Itf 

1 1 1 Mill 

\ 
x \ \ \ \ 

X 

[ 

I I I M i l l 

i i i mir 

V 

I I I 

i i i mi l l 

i i i i n n 

i r ΓτππΓ i i 1111 ιΐ| ι ι ι ■ ι ■ ■ ■ | ι 
SUS 316-B, 700 °C 

6 exp. results 

X X X 
Nx 

v x 

1 1 1 1 1111 1 1 1 1 1111 L^KI Mill 

1 1 M i l 

1_ 

1 

i i i i nil 

101 1Cf 105 10* 105 

N 
10" 10' 10" 

Material : SUS 316-B, 700 C 

+ 
I Spec . n o . 

1 1.0000 
I 2 .0000 
1 3 .0000 
I 4 .0000 
I 5.0000 
I 6 .0000 

_+ 
I S t r e s s 
I ampl i tude 
I [MPa] 

1 319 .3 
1 311 .0 
1 302 .6 
1 267 .8 
1 231 .5 
I 223 .3 

- H 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

_+ +_ 
I S t r a i n | 
| ampl i tude | 
1 [%] 1 

I 1.0300 I 
1 0 .9800 I 
1 0 .7300 I 
1 0 .5050 j 
I 0 .3400 j 
1 0 .3000 I 

+ 
Cycles t o | 

f a i l u r e | 

308 .0 I 
351 .0 I 
817 .0 | 

1658.0 | 
3394 .0 | 
5617.0 I 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment : 1075°C/30' water, 1100°C/lh water 
Test temperature : +700°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Bin P S Ni Cr Mo Cu Ti Nb+Ta 

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098 

Monotonie properties 

Rp0.2 

159000 
113 
313 
57 
66 

N/mm' 
N/mm: 
N/mm' 

N/m 

N/m 

Cyclic properties 

Rp0.2 " 

ag 
eg 
NT = 

Τσ = 
T,T, = 

224 
128 

0.086 
5997 

1.073 
1.093 

N/mm2 
N/mm2 

% 
cycle 

-
-

= 
= 

f = 

f = 

= 
= 

573 
0.152 
467 

0.262 
-0.085 
-0.563 

N/mm 

-
N/mm 

-
-
-

ental step test N/m 

Failure criterion 
σ/e-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R = -1 
Specimen : cylindrical, 0 6 mm 

mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

4.0 (%/min) 
triangular 
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σ α [N/mm1] 
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SUS 316-B, 700 °C Γ 
E=159000 N/mm2 = cyclic 

K—573 N/mm2 = incremental! 

n— 0,152 = monotonic 
1 . . . . I . . . . 

0,5 1.5 2.5 

ε [%] 

εα [%] 

101 I I I I llll[ I I I I l l l l | I I I I l l l l | I I I I II 

10" 

10" 

SUS 316-B, 700 UC 
σ;=467 N/mmJ b=-0,0852 

c=-0,5631 
5 exp. results 

£,·= 0,2616 

10" i i i m i l l i i i iiiJL 

101 102 103 10* 10s 

N 
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PSWT [N/mm1] 
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5 exp. results L 
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N 

106 107 10° 

M a t e r i a l : SUS 316-B, 700 C 

+ H 
1 Spec . n o . 

I 1.0000 
I 2 .0000 
1 3.0000 
I 4 .0000 
1 5.0000 

f. 

S t r e s s 
ampl i tude 

[MPa] 

282 .5 
239.9 
224 .6 
202 .6 
199 .6 

.+ 
I Me 

H 

an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

| S t r a i n 
ampl i tude 

[%] 

1.0050 
0.5100 
0.3600 
0.2450 
0.2050 

i- + 
Cycles t o I 

f a i l u r e | 

236 .0 I 
1 944.0 I 
I 2620 .0 j 
1 7188.0 I 
1 14880.0 j 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1050°C/30' water 
+700°C 
bar, 0 22 mm 
[4.1] 
1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.081 0.52 1.60 0.027 0.006 10.15 16.73 2.18 0.088 0.033 0.032 

Monotonie properties 

E 
Rp0.2 = 
«m = 
A5 = 
Z 

168000 
114 
326 
43 
67 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
σ{ 

8f 

Cyclic properties 

*T 

Incremental step test 

201 
117 

0.091 
45424 
1.029 
1.232 

N/mm2 
N/mm2 

% 
cycle 

-
-

= = 
= 
= 
= 
= 

893 
0.240 
528 

0.108 
-0.099 
-0.409 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R = -1 
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length 15 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 4.1 (%/min) 
Waveform : triangular 
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σ α [N/mm*] 
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SUS 316-B, 700 °C Γ 
E=168000 N/mm' = cyclic 
K—893 N/mm' = incremental! 
n— 0,24-0 = monotonic 
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SUS 316-B, 700 °C B 
σ/=528 N/mm' b=-0,0990 H 
ε/= 0,1085 c=-0,4091 Π 

3 exp. results 
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3 exp. results H 

1 1 1 1 Mil 1 1 1 IIΙΪΪ * ^ J 1 1 1 MM 

101 102 10J 10* 105 

N 
1CT 107 108 

M a t e r i a l : SUS 316-B, 700 C 

+ 
I Spec . n o . 
1 
1 
1 1.0000 
I 2 .0000 
1 3.0000 

-+ 
I S t r e s s 
| ampl i tude 
1 [MPa] 

1 285 .0 
1 238 .9 
1 206 .5 

-+-
1 
1 
1 
1 
1 
! 

Me 
+ +_ 

an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 

S t r a i n | 
amp l i t ude | 

[%] 1 

1.0500 | 
0 .5100 | 
0 .3600 j 

Cyc 
-- + 
: l e s t o | 

f a i l u r e | 
1 

247 .0 | 
1670.0 j 
6301 .0 j 



X 5 CxNiMo 18 10 1.4401 SUS 316-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1075°C/30' water, 1100°C/lh water 
+700°C 
bar, 0 22 mm 
[4.1] 
1977 

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098 

Monotonie properties 

E 
Rp0.2 = 

\ = 
A5 -
Z = 

159000 
113 
313 
57 
66 

N/mm2 
N/mm2 
N/mm2 

% 
* 

v 
K 
n 
a{ 

ef 

Cyclic properties 

Rp0.2 = 

°& = 
h = 
Mr = 
Τσ « 

Τερ " 

196 
92 

0.063 
7281 

1.030 
1.177 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
°'f 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

728 
0.211 
503 

0.173 
-0.112 
-0.529 

Incremental step test : N/mi 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, P 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -: 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σ α [N/mm1] 

600 

500 

4-00 

300 

200 

100 

-

^ 

L 

~7" 
\ι 
F i l l 

SUS 316-B, 700 °C 
E=159000 N/mm' = 
K'=728 N/mm' 
n'= 0,211 = 

1 1 I 1 . I 1 . 1 . I 1 . . . . 

= cyclic 
= incremental Γ 
= monotonic 

0,5 1.5 2.5 

ε m 

101 
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10" 

I I Mil) i i m m i i i m i n ι ι ι i n 
SUS 316-B, 700 ÜC 
σ, '=503 N/mm' b=-0,1119 

ε / = 0,1730 c=-0 ,5293 

5 exp. results 
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PSWT [N/mm'] 
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5 exp. results II 

I ! I I Mil 1 ! 1 I 1 Π Γ ·*, 1 ! ! 1 1 111 ! 1 1 t ! I I ! 

10' 102 103 10* 10= 106 107 10B 

M a t e r i a l : SUS 316-B, 700 C 

1 Spec . n o . 

I 1.0000 
j 2 .0000 
I 3 .0000 
I 4 .0000 
I 5.0000 

| S t r e s s 
| ampl i tude 
| [MPa] 

! 267.8 
I 240.8 
I 221.7 
1 203.6 
I 181.0 

Me an s t r e s s 

[MPa] 

0.0 
0.0 
0 .0 
0.0 
0.0 

| S t r a i n | 
| amOiitude | 
1 [%] 1 

I 1.0150 | 
! 0 .7050 | 
I 0 .5000 | 
1 0 .3650 j 
I 0 .2500 | 

Cycles to 
f a i l u r e 

143.0 
379.0 
661.0 

1797.0 
4556.0 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050"C/30' water 
+700°C 
bar, 0 22 mm 
[4.1] 
1977 

0.081 0.52 1.60 0.027 0.006 10.15 16.73 2.18 0.088 0.033 0.032 

Monotonie properties 

E 
Rp0.2 = 

*» = 
A5 = 
Z 

168000 
114 
326 
43 
67 

N/mm 
N/mm 
N/mm 

% 
% 

Cyclic properties 

Rp0.2 ~ 

CTg = 

eg = 
NT = 

Τσ = 
T 

184 
112 

0.073 
15832 
1.119 
1.083 

N/mm2 
N/mm2 

% 
cycles 

-
-

σ f 

471 
0.151 
389 

0.297 
0.082 
0.550 

N/ 
-
N/ 
-
-
-

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.41 (%/min) 
triangular 
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σ β [N/mm1] 
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SUS 316-B, 700 °C Γ 
E=168000 N/mm2 = cyclic 
K'=471 N/mm2 = incremental 
n'= 0,151 = monotonic 
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SUS 316-B, 700 °C 0 
σ/=389 N/mm2 b=-0,0822 H 
ε/= 0,2971 c=-0,5505 Π 

6 exp. results 
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SUS 316-B, 700 °C H 

6 exp. results μ 

. , I I 1 1 M il 1 L . 1 I I I I I 1 1 ΓΓ! Hi 1 1 1 1 Nil 

10 1Cf 10s 104 10s 

N 
10° 107 10B 

Material : SUS 316-B, 700 C 

+ 
I S p e c . n o . 

I 1.0000 
1 2.0000 
1 3.0000 
1 4.0000 
1 5.0000 
1 6.0000 

f 
I S t r e s s 
I a m p l i t u d e 
I [MPa] 

I 225.1 
1 241.3 
I 210.4 
1 203.6 
I 211.4 
I 188.8 

_+ 
1 Me an s t r e s s 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

f 4 
S t r a i n | 

I a m p l i t u d e | 
1 [ft] 1 

1 1.0250 I 
I 0.9950 I 
1 0.7800 j 
I 0.5200 j 
1 0.5150 j 
I 0.3650 I 

Cyc 
+ 

l e s to | 
f a i l u r e | 

1 
307.0 | 
314.0 j 
488.0 j 

1185.0 j 
1402.0 j 
2896.0 j 



X 5 CrNiMo 18 10 1.4401 SÜS 316-HP 

Heat treatment : hot rolled, 1100°C/30' water 
Test temperature : +700°C 
Semifinished material : plate, 24x2300x5600 mm 
Reference : [4.2] 
Year : 1979 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31 0.03 0.001 

Monotonie properties 

E 
Rp0.2 = 
«m = 

A5 -
Z 

175500 
155 
319 
61 
68 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
σΐ 

8f 

Cyclic prop 

Rp0.2 = 

°g 
h = 
N T = 

Τσ = 
T*r> = 

erties 

207 
99 

0.064 
13253 
1.092 
1.879 

N/mm 
N/mm 

% 
cycl 

-
-

818 
0.221 

586 
0.205 

-0.117 
-0.521 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

25% decrease in the max. tensile load of N/2 
half life until complete spec, rupture 
Young's modulus estimated 

4x 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
13 mm 
servohydraulic, max. 50 kN 

6 (%/min) 
triangular 
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SUS 316-HP, 700 °C Γ 
E=175500 N/mm2 = cyclic 
K— 818 N/mm2 = Incremental! 
n— 0,221 = monotonic 

1 1 1 1 J 1 1 1 1 1 1_ 1 1 1 1 1 t 1 1 1 1 

0,5 1.5 2,5 

* M 

101 I I I l l l l l l I 1 1 I M I l i : i| i i i m m 

SUS 316-HP, 700 °C 
σ/=586 N/mm2 >=-0,1173 
ε/= 0,2046 c<=-0,5214 

7 exp. results 
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PSWT [N/mm'] 

10° 

I ' I I I I I I I I I l l l l l l l I I I l l l l l | 

SUS 316^HP, 700 °C 

7 exp. results 

<|Q* I i i i n i i i l i i I I I I I I I i i i i i n i l i i i I i i i i i i n l i ^ i i m i l l ι i i i i n i l 

10 102 1C? 10* 105 10e 107 108 

N 

Material : SUS 316-HP, 700 C 

+ H 
I Spec. no. 

1 1.0000 
I 2.0000 
1 3.0000 
I 4.0000 
1 6.0000 
1 5.0000 
1 7.0000 

μ ^ 
Stress 
amplitude 

[MPa] 

278.5 
273.0 
251.5 
217.5 
180.5 
183.5 
161.0 

μ H 
Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

h H 
Strain 
amplitude 

[%] 
1.0000 
0.8800 
0.5100 
0.3550 
0.2200 
0.2500 
0.1500 

(. + 
Cycles to | 
failure | 

225.0 I 
377.0 I 
764.0 | 

2767.0 j 
8340.0 j 
14715.0 j 
24042.0 j 



X 5 CrNiMo 18 10 1.4401 SUS 316-HP 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

hot rolled, 1100°C/30' water 
+700°C 
plate, 24x2300x5600 mm 
[4.2] 
1979 

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31 0.03 0.001 

Monotonie properties 

E 
Rp0.2 = 

\ = 
A5 = 
Z 

175500 
155 
319 
61 
68 

N/mm2 
N/mm2 
N/mm2 

% 
% 

V 

K 
n 
af 

ef 

= 
= 
= 
= 
= 

630 

-
N/ 
-
N/ 
~ 

Cyclic properties 

"g 
NT 

Τσ -
Τε Ρ -
Incremental step test 

184 
108 

0.072 
20635 
1.025 
1.354 

N/ 
N/ 
% 
cy 
-
-

= = 
f = 

f = 

= 
= 

550 
0.177 
395 

0.148 
-0.086 
-0.479 

Failure criterion 
σ/ε-values valid for 
Remarks 

25% decrease in the max. tensile load of N/I 
half life until complete spec, rupture 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

Cyclic test 

Loading condition : total strain control, R = -1 
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : 13 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 0.6 (%/min) 
Waveform : triangular 
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σ β [N/mm2] 

300 

200 

100 

L 

L / 

/ 

[ i l l 

^0 

SUS 316-HP, 700 °C Γ 
E=175500 N/mm2 = cyclic 
K'=550 N/mm2 = incremental 
n— 0,177 = monotonic 

• i . . . . i i . , . . 

0,5 1.5 

ε .Μ 
2,5 

£ W 

10 Γ — I I I I INI 1 1 1 1 l l l l | I I I I l l l l j I I I I l l l l | 

SUS 316-HP, 700 ÜC 
σ/=395 N/mm2 b = - 0 , 0 8 5 6 

£T/= 0,1480 c=-0,4793 

6 exp. results 
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I I I l l l l l l I l l l l l l I I I l l l l l l I I I I I I 

10J 

SUS 316-HP, 700 "C 

6 exp. results 

101 I I I Mill I I I I Mill ' ' i »ml i i I *H.UI 

10' 10' 10° 10 10 
N 

106 107 10" 

Material : SUS 316-HP, 700 C 

I Spec. no. 

I 1.0000 
I 2.0000 
I 3.0000 
1 4.0000 
I 5.0000 
1 6.0000 

I Stress 
| amplitude 
I [MPa] 

1 235.5 
1 225.5 
1 208.5 
1 187.5 
1 177.0 
1 158.5 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

I Strain | 
| amplitude | 
1 [%] 1 
-+ +-
1 1.0950 I 
1 0.7000 | 
1 0.4850 | 
1 0.3350 I 
1 0.2600 j 
1 0.1850 I 

Cycles to 
failure 

202.0 
388.0 
799.0 
3350.0 
6608.0 
19700.0 



X 5 CrNiMo 18 10 1.4401 SUS 316-HP 

Heat treatment : hot rolled, 1100°C/30' water 
Test temperature : +700°C 
Semifinished material : plate, 24x2300x5600 mm 
Reference : [4.2] 
Year : 1979 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31 0.03 0.001 

Monotonie properties 

Λρ0.2 

175500 
155 
319 
61 
68 

N/mm' 
N/mm' 
N/mm" 
% 

Cyclic properties 

RPo 
σκ 
ε* 
Ντ 

Τσ 
Τερ 

2 = 
= 
= 
= 
= 
= 

Incremental 

159 
80 

0.048 
7200 

1.068 
1.225 

N/mm* 
N/mm2 

% 
cycles 

-
-

step test : 

395 
0.147 

355 
0.512 

-0.098 
-0.676 

Failure criterion : 25% decrease in the max. tensile load of N/2 
σ/ε-values valid for : half life until complete spec, rupture 
Remarks : Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
13 mm 
servohydraulic, max. 50 kN 

0.06 (%/min) 
triangular 
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σβ [N/mm1] 

300 

200 

100 

L 

I / 

1 

I 1 1 1 

A " --** 

— J 

SUS 316-HP, 700 °C Γ 
E=175500 N/mm2 = cyclic 
K'=395 N/mm2 = incremental 
n'= 0,147 = monotonic 

J 1 1 1 1 1 1 1 1_ _ J 1_ 1 .1 J J 1 1 _ 1 1_. J_ _. 1 

0.5 1.5 2.5 

ε.Μ 

ε.Μ 
10 c—i i i inn 

10" 

10" 

10" 

ttv 
^ 1 

I I I I 11111 I I I I 11111 I I I I ΜΙΙ| I I I I II 

SUS 316-HP, 700 ÜC 
σ,'=355 N/mm" *■ b=-0,0978 
ε/= 0,5125 c=-0,6757 

3 exp. results 

M ">. 

S L J J I U U 

10' 1Cf 1Cf 10* 10s 10e 107 10* 
N 
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PSWT [N/mm'] 

I I I M i l l 

\ \ \ \ \ \ \ 
I \ r \ L \ Γ 

1 1 1 1 l l l l 

1 1 1 Mill 

\ 

1 1 1 1 1 I I I 

i r nun 

1 1 1 1 1 I I I 

i i i mii | i r i imi| ι ι ι i ini| ι ι ι ιιιιιι 
SUS 316-HP, 700 °C H 

3 exp. results H 

1 1 1 1 1 I I I .._2l**winm 1 1 1 Mill l l l l Mil· 

101 102 1Ö5 10* 10s 106 107 108 

N 

Material : SUS 316-HP, 700°C 

H 

I Spec. no. 
1 
1 
1 1.0000 
I 2.0000 
1 3.0000 
+ 

-+-
1 
1 
1 
1 
! 
1 

-+-

Stress 
amplitude 

[MPa] 

196.5 
173.5 
166.5 

-+-
1 
1 
1 
1 
1 
1 

-+-

Me 
H 

an s t ress 

[MPa] 
0 .0 
0 .0 
0 .0 

l· 
Strain 

amplitude 
[%] 

0.9350 
0.4900 
0.3550 

h 

-+ -
1 
1 
1 
1 
1 
1 

-+-

Cycl 
fai 

es to 
lure 

235.0 
619.0 

1314.0 



X 5 CrNiMo 18 10 1.4401 SÜS 316-B 

1075°C/30' water, 1100°C/lh water 
+800°C 
bar, 0 22 mm 
[4.1] 
1977 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098 

Monotonie properties 

E = 123600 

Rp0.2 = 

Km -
A, 

N/mmZ 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 
ef 

Cyclic properties 

Rp0.2 = 

°g = 

ε£ = 
NT = 

Τσ -
Tpn = 

163 
64 

0.053 
5128 

1.066 
1.168 

N/mm2 
N/mm2 

% 
cycle 

-
-

= 
= 

f = 

f = 

= 
= 

567 
0.200 
540 

0.800 
-0.141 
-0.705 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

39 (%/min) 
triangular 
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σα [N/mm1] 

300 

200 

100 

/ 

A 

--—-" *·*"" 

SUS 316-B, 800 °C Γ 
E=123600 N/mm2 = cyclic 
K-567 N/mm2 = incremental 
n'= 0,200 = monotonic 

. I . . . . I . . . . I . . . . 1 . i . . 

0.5 1,5 2,5 

ε.Μ 

10 

10" 

10" 

10" 

v f ' 
r 

l· 

r"» 

F 

Y 

I 

I I I MM 

V 
\ 

V 
> 

-—_^ 

1 1 1 1111 

1 1 1 1 Mil 

V 
\ 

i i i urn 

1 1 1 1 Mill 

\ 

1 1 1 11111 

1 1 1 1 Mill 1 1 1 1 Mil l 1 1 1 1 Mi l l 1 1 1 1 1 1 |_L| 

SUS 316-B, 800 °C B U 
σ,'=540 N/mm2 b=-0,1407 H 
ε/= 0,8001 c=-0,7046 1 

4 exp. results 

. : > - . 
\ \ \ \ 

\ \ \ \ \ \ 
i i i i mi 

""*5*: 

\ L I I I U H __J._1_1_1J.U1 

1 

H 

** 1 

L i 1 I.I t i l 

10 102 103 10* 10s 10" 107 
N 

10" 

file:///liiiuh
http://__J._1_1_1J.U1
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1CJ1 

Itf 

1 1 1 M i l l 

\ \ \ \ \ \ \ \ 
L \ 
Γ > 

1 1 1 1 1 1 I I I 

1 1 1 M i l l 

\ 

1 1 1 1 Mi l 

i i 111 m l 

\ 

i i i i n i l 

i i i I I I I IJ i i i imi| ι ι ι mii| ι ι ι ι ιιιιι 
SUS 316-B, 800 °C H 

4- exp. results M 

1 1 1 1 l l l f S 1 1 1 1 I I I ! 1 1 ! M i l l 1 1 1 1 Mil 

101 1Ö2 10J 10* 105 

N 
106 107 108 

M a t e r i a l : SUS 316-B, 800 C 

+ 
1 Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
1 4 .0000 

+ 
I S t r e s s 
| amp l i t ude 
I [MPa] 

1 213 .4 
1 207 .5 
1 181 .5 
1 176 .1 

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 

t- +-
' S t r a i n | 
• amp l i t ude | 
1 [%] 1 

! 0 .9850 I 
1 0 .7500 | 
1 0 .5050 j 
1 0 .4300 | 

Cycl Les to 
f a i l u r e 

328 .0 
555 .0 

1170.0 
1361.0 



X 5 CrNiMo 18 10 1.4401 SUS 316-B 

Heat treatment : 1075°C/30' water, 1100°C/lh water 
Test temperature : +800°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.1] 
Year : 1977 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Ti Nb+Ta 

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098 

Monotonie properties 

«m 

Cyclic prop 

Rp0.2 = 

σβ = 

eg 
NT 
Τσ -
T«r, -

erties 

132 
100 

0.082 
3695 

1.123 
1.069 

N/mm2 
N/mm2 

% 
cycles 

-
-

187 
0.056 

182 
0.869 

-0.040 
-0.756 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition : 
Specimen : cylindrical, 0 10 mm 
Specimen location : in rolling direction 
Gauge length : 50 mm 
Testing machine : 
Strain rate : 0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -: 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σ β [N/mm1] 

300 

200 

100 

-

-

[ i ι. ι_ 

0 

SUS 316-B, 800 °C Γ 
E=123600 N/mm2 = cyclic 
K'=187 N/mm2 = incremental 
n'= 0,056 = monotonic 

. I . . . . 1 . . . i I . . . . 1 . . i . 

0,5 1.5 

ε M 
2,5 

€a [%] 

10 

10° t 
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10" 

F> 
Γ N 
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i i i um 
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p 

I 1 1_ 1 1 1 I I I 

1 1 1 M i l l 
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\ 

L 1 1 1 1 111 

1 M M Uli 

\ *»^ 
N x, \ 

w > - -\ \ 
N \ \ 

l 1 1 1 1 1 I I I 

1 1 1 1 11111 1 1 1 1 11111 1 1 1 1 l l l ! | 1 1 1 I l l l i J 

SUS 316-B, 800 °C Θ 
σ/=182 N/mm2 b=-0,0397 H 
ε/= 0,8689 c=-0,7556 Π 

4 exp. results 

\ 
\ 

N \ 
N \ \ \ \ 

1 1 111Nl 
LJJiUi l L-LLUW 

H 

- - L - U l U l i 
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N 
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PSWT [N/mma] 

1 1 I Mill 

l· 

\ 
s 

N \ 
N \ \ \ \ < 

_ 1 1 1 1 1 II I 

—r 

\ 
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1 1 Mill 
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L 1 LI 111 

i r 11 m i 

1 1 1 M i l l 

■■" Γ-ΓΓΤΠΙΪΪ 1 I 1 l l l l l | 1 1 1 l l l l l | 1 

SUS 316-B, 800 °C 

I 1 1 11111 

4 exp. results 

" I "TrnhH>- -L 1 1 11111 1 

i I I I I I I 
h 

l· 

-

1 1 1 Nil· 

101 itf id* 10* 105 106 107 108 

N 

M a t e r i a l : SÜS 316-B, 800°C 

+ 
I Spec . n o . 
1 
I 
+ 
1 1.0000 
I 2 .0000 
1 3.0000 
1 4.0000 
+ 

-+ 
I S t r e s s 
| ampl i tude 
I [MPa] 

-+ 
1 140.3 
1 147 .1 
I 132.4 
1 137.3 

-+ 

-+-
1 1 
1 

-+-
1 
1 
1 
1 

-+-

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 

4. +_ 
I S t r a i n | 

ampl i tude | 
1 [%] 1 
f + -
1 0.9700 I 
I 0 .7450 | 
1 0 .4900 j 
1 0 .4150 j 

Cyc l e s to 
f a i l u r e 

221.0 
356.0 
645 .0 
891.0 



X 6 CrNi 9 19 AISI 304 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

solution treated, 1066°C, 1149°C, 1177°C, water 
+22°C 

[4.18] 
1981 

Chemical composition 

C Ni Mn Cr Mo 

0.06 9.38 0.91 18.50 0.05 

Monotonie 

E 
Rp0.2 = 
Km = 
A5 = 
Z 

properties 

210000 N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic properties 

N/m 
N/m 

cycles 
Τσ = 1.109 -
Τερ = !■« -
Incremental step test 

f 

f 

= 
= 
= 
= 
= 
= 

6693 
0.546 
5813 

0.194 
-0.324 
-0.416 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Spec imen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control1', R ε 
hourglass shaped, 0 3.2 mm 

MTS, electrohydraulic 
max. 40 Hz 
24 (%/min) for low cycle fatigue tests 
sinusoidal 

Remarks : 1) tests beyond 10 cycles were done in load control ^ 
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σο [N/mm1] 
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Type 304 Γ 
E=210000 N/mm' = cyclic V 

K'=6693 N/mm2 = incremental I 

n - 0,54-6 = monotonic 
. 1 . . i . 1 , . . . 1 . i i » 1 , . , . 

0,5 1.5 2,5 

e.M 

i i i n u n i i i M U H ι ι ι n u n ι ι ι i n 
Type 304 
σ,<=5813 N/mm2 b=-0,324-0 

c=-0,4160 

15 exp. results 
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10J 

10* 

[ \ l I I I l l l l \ >- \ \ \ \ 
I- \ \ \ 

I I I I l l l l l 

1 1 1 M i l l 

\ \ \ 
N 

1 1 1 l l l l l 

1 1 1 l l l l l ] 

( 

1 l l l l 111 

i r T mii | ι ι ι πττττ τ ι 111nif i i ι ιπιη 
Type 304 H 

15 exp. results N 

5oP CD 
V - O 

1 1 1 l l l l l 

0 

N \ \ \ 
1 1 1 N i l 1 1 1 l l l l l 1 1 1 l l l l l 

10 1Cf 10J 10 10 
N 

10° 10' 10" 

M a t e r i a l : Type 304 

S p e c . n o . S t r e s s 
a m p l i t u d e 

[MPa] 

1 . 0 0 0 0 I 7 2 7 . 3 
2 . 0 0 0 0 
3 . 0 0 0 0 
4 . 0 0 0 0 
5 . 0 0 0 0 
7 . 0 0 0 0 
8 . 0 0 0 0 
9 . 0 0 0 0 

1 0 . 0 0 0 0 
1 1 . 0 0 0 0 

6 . 0 0 0 0 
1 2 . 0 0 0 0 
1 4 . 0 0 0 0 
1 5 . 0 0 0 0 
1 3 . 0 0 0 0 

6 1 1 . 5 
476 . 3 
3 6 8 . 3 
2 6 6 . 2 
2 3 4 . 5 
2 3 1 . 9 
2 3 4 . 5 
2 2 5 . 5 
2 2 5 . 5 
221 .6 
2 1 5 . 1 
2 0 8 . 5 
2 1 5 . 1 
2 1 2 . 6 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
a m p l i t u d e 

[*] 

1 . 7 3 7 0 
1 . 4 7 4 0 
1 . 0 0 0 0 
0 . 7 6 3 0 
0 . 5 0 0 0 
0 . 3 5 0 0 
0 . 3 2 5 0 
0 . 3 5 0 0 
0 . 3 2 5 0 
0 . 3 2 5 0 
0 . 2 6 3 0 
0 . 2 8 0 0 
0 . 2 5 0 0 
0 . 2 8 0 0 
0 . 2 5 0 0 

C y c l e s t o 
f a i l u r e 

3 8 6 . 1 
4 5 0 . 1 

1 0 0 0 . 0 
2 2 9 1 . 0 
7 3 5 6 . 0 

1 0 0 0 0 . 0 
1 3 9 1 8 . 0 
1 7 0 1 3 . 0 
3 6 4 3 7 . 0 
4 1 2 4 6 . 0 
5 3 2 9 3 . 0 

1 6 2 2 7 7 . 0 
> 6 6 9 3 3 1 1 2 . 0 
> * ■'■■ * * * * 

> 5 5 4 1 0 2 0 4 . 0 



X 6 CrNi 9 19 AISI 304 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

solution treated, 1066°C. U49UC» 1177°C, water 
+427°C 

[4.18] 
1981 

Chemical composition 

C Ni Mn Cr Mo 

0.06 9.38 0.91 18.50 0.05 

Monotonie properties 

E = 179000 N/mi 

RP0.2 " N' m 

A< = % 

Cyclic properties 

Rp0.2 ~ 

°g = 

eg = % = 
Τσ " 
T ßn -

187 
66 

0.071 

1.263 
2.131 

cycles 

= 
= 

f = 

f = 

= 
= 

2795 
0.435 
1942 

0.1352 
-0.222 
-0.394 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 
control 

half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

stress control 1) 
hourglass shaped, 0 3.2 

MTS, electrohydraulic 
max. 40 Hz 
24 (%/min) for low cycle fatigue tests 
sinusoidal 

Remarks : 1) tests beyond ea= 3.0 % were done in total strain 
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σ β [N/Wim*] 
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1 1 1 1 1111 

, 1 1 1 1 1 I I I 

i f ιτπττι 

1 1 1 1 1 I I I 

■ i r i ππιγ i i r ΓΤΙΠΪ r r ι i rmf ι I I I I I U J 

Type 304, 427 °C 0 
σ#Μ942 N/mm2 b=-0,2220 H 
ε,·= 0,1352 c=-0,3940 Π 

22 exp. results 

π Μ ΐ ζ ^ ν 

' ' ' " I I I 
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- 1 1 1 

X 
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1 ^"hii 1 Mil 
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PSWT IH/W] 

Material : Type 304, 427c 

Spec. no. 

I 1.0000 
2.0000 
3.0000 
6.0000 
7.0000 
8.0000 
9.0000 

10.0000 
11.0000 
4.0000 
5.0000 

12.0000 
13.0000 
14.0000 
15.0000 
16.0000 
17.0000 
18.0000 
19.0000 
20.0000 
21.0000 

1 22.0000 

Stress 
amplitude 

[MPa] 

374.8 
258.3 
212.2 
177.8 
170.0 
164 .0 
172.4 
164.0 
158.9 
194.2 
194.2 
152.4 
147.8 
152.4 
164.0 
147.8 
144.4 
136.7 
141 . 1 
152.4 
164.0 
141 . 1 

C 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

[·'.] 

1.1070 
0.5720 
0.3930 
0.2860 
0.2820 
0.2320 
0.2860 
0.2320 
0.2110 
0.3070 
0.3000 
0.2320 
0.1790 
0.2320 
0.2500 
0.2110 
0.1790 
0.1790 
0.1790 
0.2140 
0.2400 
0.1790 

Cycles to 
failure 

1275.0 
4583.0 
12115.0 
12515.0 
20070.0 
20070.0 
26025.0 
26025.0 
26025.0 
31221 .0 
35938.0 
70170.0 
70170.0 
83768.0 
98826.0 

125893.0 
125893.0 
181090.0 
545559.0 

>41246264.0 
>51014344.0 
 ̂ * * * * * * ** A * 



X 6 CrNi 9 19 AISI 304 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

solution treated, 1066°C, 1149°C, 1177°C, water 
+538°C 

[4.18] 
1981 

Chemical composition 

C Ni Mn Cr Mo 

0.06 9.38 0.91 18.50 0.05 

Monotonie properties 

E 

Rp0.2 = 
*m = 

193000 N/i 
N/ 
N/i 

Cyclic properties 

Rp0.2 = 

°g = 

eg 
N T 

Τσ = 
T,n -

234 
78 

0.046 
1123750 

1.52 
6.205 

N/mm 
N/mm 

% 
cycl 

-
-

f 
f 

= = 
= 
= 
= 
= 

954 
0.226 
1315 

1.0389 
-0.186 
-0.650 

Incremental step test 

Failure cri terion 
σ/ε-values valid for 
Remarks 

half fai lure l i f e 

Hardness 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control ', R = -1 
hourglass shaped, 0 3.2 mm 

MTS, electrohydraulic 
max. 40 Hz 
24 (%/min) for low cycle fatigue tests 
sinusoidal 

1) tests beyond 4*10 cycles were done in load control 
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σ β [N/mm1] 

600 
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400 

300 

200 
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Type 304, 538 °C Γ 
E=193000 N/mm2 = cyclic 

z__] ι—;—;—;—;—I 

K"=954 N/mm* = 
n-= 0,226 = 

I—;—;—i——ι—;—;—;—;—i 

= incremental Γ 
= monotonic 
L _ . . i _ . i_.-x.Jj 

0.5 1.5 2,5 
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i i i n i i i i i i Mini]- r Γ Γ Γττττγ r r T rrruj 
Type 304, 538 °C g 
σ,·=1315 N/mm* b=-0,1860 H 
Cf-= 1,0389 c=-0,6500 Π 

15 exp. results 
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PSWT [N/mm'] 

1(f 

1(f 

I I I M i l l 

l· N \ \ 
I N 
r \ \ \ \ \ L \ Γ \ 

I 1 1 1 1 1 1 II 

1 1 1 Mill 

\ 
\ 

1_ L 1.1 1 1II 

1 1 I I 1 I I I 

1 1 1 1 1 111 

i i m in i i i i iiiii| ι ι ι ιτιιη ι ι ι mm 
Type 304, 538 °C H 

15 exp. results N 

\ o 
\ o 

1 1 1 11111 Q i thm 1 i 1 1 1111 

• 1 
1 1 1 HILL 

101 IGT icf 10* 10s 106 107 10° 

M a t e r i a l : Type 304, 538°C 

Spec. no . 

I 1.0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 
7.0000 
8.0000 

11.0000 
9.0000 

12.0000 
10.0000 
14.0000 
15.0000 

1 13.0000 

S t r e s s 
ampl i tude 

[MPa] 

417.3 
374.1 
353.2 
344.6 
264.8 
215.8 
203.6 
174.8 
179.5 
161 . y 
179.5 

97. 1 
157.3 
175.0 
172.3 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

Ö l 

2.0000 
1.4650 
1.0000 
0.9750 
0.4750 
0.5000 
0.3150 
0.2200 
0.1390 
0.1050 
0.0610 
0.0600 
0.0900 
0.1390 
0.1390 

Cycles to 
f a i l u r e 

223.0 
400.0 
739.0 
877.0 

3000.0 
4000.0 

11220.0 
32442.0 
74438.0 
80000.0 

191448.0 
200000.0 

>16237767.0 
>23126110.0 
>10608184.0 



X 6 CrNi 9 19 AISI 304 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

solution treated, 1066"C, 1149UC, 1177"C, water 
+593°C 

[4.18] 
1981 

Chemical composition 

C Ni Mn Cr Mo 

0.06 9.38 0.91 18.50 0.05 

Monotonie properties 

E = 171000 N 

RP0.2 = N 

R» - N 

A- % 

N/m 

N/mi 

Cyclic properties 

Rp0.2 ~ 
CTg = 

eg = 
NT = 

Τσ -
T*« -

199 
139 

0.125 
92310 
1.507 
4.699 

N/mm2 
N/mm2 

% 
cycle 

-
-

f 
f 

= = 
= 
= 
= 
= 

797 
0.223 
360 

0.023 
-0.063 
-0.261 

N/mm2 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 

OO 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control ', 

hourglass shaped, 0 3.2 

MTS, electrohydraulic 
max. 40 Hz 
24 (%/min) for low cycle fatigue tests 
sinusoidal 

Remarks : 1) tests beyond 10 cycles were done in load control 
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σα [N/mma] 

600 

500 
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300 
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0 -"*""" 

Type 304, 593 °C Γ 
E=171000 N/mm2 = cyclic 

K—797 N/mm2 = incremental f 

n'= 0,223 = monotonic 
i ■ ■ ■ ■ i · ■ ■ ■ i 

0,5 1.5 2.5 

*. M 

i i i mii| ' ' ' mm ■ ■ ' I M " I ι ι ι ι IT 

Type 304, 593 UC 
σ/=360 N/mm2 b=-0,0627 
ε/= 0,0233 c=-0,2607 

29 exp. results 

I Q - 4 · » i l l m m ' ' ' i m " ' ' ι u m l ■ ■ ■ ■ " " ' I I I I 11 III I I I l l l l l l 1 I I I Mill 
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1 Spec. no. 

I 24.0000 
I 25.0000 
I 26.0000 
1 27.0000 
1 28.0000 
I 29.Ό000 

| Stress 
| amplitude 
| [MPa] 

I 158.5 
I 141.5 
j 151.3 
1 149.5 
I 141.5 
1 134.9 

I Mean stress 

1 [MPa] 

1 0.0 
0.0 
0.0 
0.0 

1 o.o 1 o.o 

Strain 
amplitude 

[%] 
0.1610 
0.1250 
0.1610 
0.1250 
0.1250 
0.1040 

I Cycles to 
I failure 

1 8781925.0 
1 11319993.0 
1 >42733576.0 
1 >42733576.0 
| *̂********* | ν , * * * * * * * * * * 



X 6 CrNi 18 11 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

[4.10] 
1984 

Chemical composition 

Monotonie 

E 
Rp0.2 = 

Rm = 
A5 = 
Z 

propertie 

143200 N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
a{ 

ef 

Cyclic properties 

Rp0.2 = 

CTg = 

eg 
NT 

Τσ = 
T 

148 
73 

0.073 
129398 
1.062 
1.234 

N/mm2 
N/mm2 

% 
cycle 

-
-

= = 
= 
= 
= 
= 

1074 
0.319 
677 

0.234 
-0.146 
-0.459 

N/mm 

-
N/mm 

-
-
-

Incremental step test 

Failure criterion 
σ/s-values valid for 
Remarks 

half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R =-1 
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σα [N/mm2] 

600 

500 

400 

300 

200 
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-

-

-

-

; / -

V 
f i l l 

„ - - - - -
— -

X6CrNi1811, 600 °C Γ 
E=143200 N/mm2 = cyclic 
K'=1074 N/mm2 = incremental! 
n— 0,319 = monotonic 

i.. I i i . > 1 i i i i I i i > i 1 > i i i , 

0.5 1,5 2,5 

ε W 

10 

10° 

10" 

10' 

■ 

1 

2 

Γ I I I Mill 

k. 
- % s 

1 I I I 
I 

I 
I 

1 
1 I I f ΠΤΙ 

^ 

L 1 I l l l l l 

1 1 1 I I I M I 

s 
1 L LLLW 

i i i i IMI| i i r imi| ι ι ι imi| τ τ i m m 
Χ60ΝΪ1811, 600 °C 0 
σ,"=€77 N/mm2 b=-0,1464 H 
ε/*= 0,2342 c=-0,4595 Π 

6 exp. results 

_ I I I M i l l 

X N 

1 1 I 1 Mill 

x 
X X X 

X 
i i i i i i H 

J 

' i ' i " i i 

1 0 102 1Ö5 10* 10s 
N 

10° 10' 10° 
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PSWT [N/mm*] 

10J 

10z 

Γ Ί 1 1 U l i 

X 
N 

N 

1 1 1 1 ( I I I 

1 1 1 1 M i l 

% 

i i i i m i 

— Γ-'ΓΠΤΤΤΤ 

1 1 1 1 1 I I I 

Π 1 ΙΙΙΤη Γ Γ Γ Τ Π Ι Ι Ι I l l l l l l l | I I I I 11111 

X6CrNi1811, 600 °C H 

6 exp. results II 

1 1 1 1 M i l 1 1 1 M l W 1 1 1 11111 i i i i n n 

101 102 103 10* 105 

N 
1Cf 10' 10" 

Material : X6CrNil811, 600°C 

Spec. no . 

1.0000 
2.0000 
3.0000 
4 .0000 

S t r e s s 
ampl i tude 

[MPa] 

460. 1 
364.4 
264.9 
260.5 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[*] 

1.5550 
1 .0050 
0.4900 
0.4050 

Cycles to 
f a i l u r e 

500.0 
1992.0 
6700.0 
8700.0 



X 6 CrNi 19 11 AISI 304 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

+23°C 

[4.16] 
1986 

0.057 0.40 1.6 19.2 10.8 <0.01 0.023 

Monotonie properties 

Rp0.2 

183000 
325 
650 

f 

f 

= 
= 
= 
= 

1210 
0.193 
1400 
1.61 

N/ 
-
N/ 
" 

Cyclic properties 

Rp0.2 = 

ffg = 

eg = % -
Τσ " 
τ„η -

267 
166 

0.130 
104581 
1.253 
1.232 

N/ 
N/ 
% 
cy 
-
-
ycles 

f 

f 

= 
= 
= 
= 
= 
= 

1628 
0.291 
986 

0.170 
-0.117 
-0.399 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R 
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σα [N/mm1] 
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PSWT [N/mm'] 

10J 

10z 

- i r i T mi 

N 

I I I Mill 

1 1 1 HIM 

1 1 1 1 1111 

1 1 I I I III 

( 

1 1 1 1 1111 

i i i mill i i i mii[ ι ι ι innj τ π ιιιιη 
AISI 304 Η 

10 exp. results N 

i i i i m i 1 1 1 1 I I I ! 1 1 1 1 1 111 1 1 1 i 1 ULI 

10' itf 1Ö5 10* 1Cf 1Cf 10' 1(f 

Material : AISI 304 

I Spec . no . 

I 3 .0000 
I 9.0000 
I 6.0000 
I 6.0000 
I 11.0000 
1 1.0000 
1 10.0000 
1 15.0000 
1 12.0000 
1 2 .0000 

S t r e s s 
ampl i tude 

[MPa] 

383 .0 
426 .0 
379 .0 
279 .0 
266 .0 
261 .0 
258 .0 
240 .0 
230 .0 
206 .0 

Mean s t r e s s 

[MPa] 

2 .0 
- 1 . 4 

- 2 1 . 9 
0 .0 
8.4 
5 .8 

- 9 . 1 
- 2 . 2 
16 .5 

2 .9 

S t r a i n 
ampl i t ude 

[%] 

1.0000 
1.0000 
0.6000 
0 .4600 
0 .3500 
0 .3500 
0 .3500 
0 .3500 
0 .2000 
0 .2000 

Cycles t o | 
f a i l u r e | 

1070 .0 | 
1167 .0 | 
6080 .0 | 

10300.0 | 
29000.0 | 
30700 .0 | 
33530 .0 I 
38500.0 I 

286400.0 I 
333100.0 I 



X 6 CrNi 19 11 AISI 304 

[4.21] 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn Cr Ni P S 

0.057 0.40 1.6 19.2 10.8 <0.01 0.023 

Monotonie properties 

E = 185000 

Rp0.2 = 

«m = 
A« 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 
ef 

Cyclic properties 

Rp0.2 ~ 
°g = 

Eg = 
NT = 

Τσ " 
TRB " 

274 
170 

0.131 
98108 
1.229 
1.192 

N/mm2 
N/mm2 

% 
cycle 

-
-

Incremental step test : 

f 
f 

= 
= 
= 
= 
= 
= 

1675 
0.291 
1008 

0.171 
-0.117 
-0.400 

N/m 

N/mi 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 

NO 
oo 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, 
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σα [N/mm1] 
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500 
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o ^ ^ Φ 

"̂""" 

— — ~H 

AISI 304 Γ 
E=185000 N/mm2 = cyclic 
K—1675 N/mm2 = incremental f 
n— 0,291 = monotonic 

. I . . . . I . . . . I . . . . I . . . . 

0,5 1.5 2,5 

ε . Μ 

101 

10u t 

10" 

10" 

_ I I I I INI 

Γ - - - -

1 ι ι ι ι ι ι ι ι 

1 1 1 1 Mil 

1 1 1 1 Ul i 

1 1 I l l l l l l 

9 _£_ 

| 1 1 1 1 1 I I I 

1 1 1 l l l l l | 1 1 1 l l l l l l I I I l l l l l | I 1 Ml ip j 

AISI 304 | 
σ/=1008 N/mm2 b=-0,1173 H 
ε/= 0,1713 c=-0,4002 Π 

8 exp. results 

^ - - ^ 

1 1 1 1 1 I I I 1 1 1 1 1 I I I 1 1 1 1 1 I I I 

H 

1 1 T i l III 

10 1Cf 103 10* 105 10e 107 108 

N 
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PSWT [N/mm1] 

10J 

10* 

1 1 1 Mill 

s 
N 

_ N 

1 1 1 1 l l l l 

1 1 1 M i l l 

s 

s 

1 1 1 1 1 111 

1 1 1 1 l l l l 

1 1 1 1 1 I I I 

l l l l I 1111 1 1 I 1 1 1 11| 1 l l l l 1111 1 l l l l Mil 

AISI 304 H 

8 exp. results U 

1 1 1 1 1 I I I 1 1 1 1 1 I I I 1 1 1 1 1 l l l l 1 1 1 1 1 Uli 

10' 10' 1Cf 10' 1(f 1CT 10' 10s 

M a t e r i a l : A I S I 304 

S p e c . n o . S t r e s s 
a m p l i t u d e 

| I [ M P a ] 

I 3 . 0 0 0 0 
9 . 0 0 0 0 
6 . 0 0 0 0 

1 1 . 0 0 0 0 
1 . 000Γ. 

1 0 . 0 0 0 0 
1 2 . 0 0 0 0 

1 2.0000 

3 8 3 . 0 
4 2 6 . 0 
3 7 9 . 0 
2 6 6 . 0 
261 . 0 
2 5 8 . 0 
2 3 0 . 0 
2 0 6 . 0 

Mean s t r e s s 

[MPa] 

2 . 0 
- 1 .4 

- 2 1 . 9 
8 . 4 
5 . 8 

- 9 . 1 
1 6 . 5 

2 . 9 

S t r a i n 
a m p l i t u d e 

[*.] 

1 . 0 0 0 0 
1 . 0 0 0 0 
0 . 6 0 0 0 
0 . 3 5 0 0 
0 . 3 500 
0 . 3 5 0 0 
0 . 2 0 0 0 
0 . 2 0 0 0 

C y c l e s t o 
f a i l u r e 

1 0 7 0 . 0 
1 1 6 7 . 0 
6 0 8 0 . 0 

2 9 0 0 0 . 0 
3 0 7 0 0 . 0 
3 3 5 3 0 . 0 

2 8 6 4 0 0 . 0 
3 3 3 1 0 0 . 0 



X 10 CrNi 18 8 Remanit 1880 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical compositio 

C Si Mn 

as received 
+23°C 
rolled bar, 25 x 12 i 
[4.5] 
1971 

0.04 0.47 1.55 0.032 0.016 10.45 18.65 

Monotonie properties 

E 
p0.2 

*m 
A, 

204000 
245 
635 
75 
79 

N/ 
N/ 
N/ 
% 
% 

f 
f 

= = 
= 
= 

1416 
0.362 
1908 

1.563 

N/ 
-
N/ 
" 

Cyclic properties 

Rp0.2 = 

°g = 

Eg = 
Νχ 
Τσ = 
T*n = 

307 
126 

0.102 
1769843 

1.168 
1.844 

N/mm2 
N/mm2 

% 
cycles 

-
-

2397 
0.331 
2032 

0.3249 
-0.183 
-0.441 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

rupture 
half failure life 

Microstructure 

Monotonie test 

Loading condition : displacement control 
Specimen : hourglass shaped, 0 6 mm 
Specimen location : in rolling direction 
Gauge length : diametral 
Testing machine : Schenck, PVTO with special equipment 
Strain rate : 

Cyclic test 

Loading condition : plast. strain control, R = -1 
Specimen : hourglass shaped, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : diametral 
Testing machine : Schenck, PVTO with special equipment 
Frequency : 0.08 - 2.5 Hz 
Strain rate 
Waveform : triangular 

for monotonic and very low cycle fatigue tests 
hydraulic was managed manually 



272 

σ α [N/mm1] 
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K'=2397 N/mm2 

n*= 0,331 = 
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σ("=2032 N/mm2 b=-0 ,1830 h 

£f'= 0,3249 "· c=-0,4410 [ 

34 exp. results 

1 1 1 U l l i 1 1 1 I H M 

00 Λ 
4*> </o 

*^^c?l> 

1 1 1 U l l i 

l 

-
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1 f -L I I N I 
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N 
106 107 10" 



273 

PSWT [N/mm'] 

10° 

1Cf 

I 1 1 l l l l l l 

1 i i i i m i 

1 ΓΓΤΓΜΙ 

1 1 1 1 l l l l 

i r rrnni 

1 1 1 1 M M 

- T—ri i i i i i |—r-1 Γΐτττη- Γ-ΓΓΤΓΠΤΓ—Τ-ΓΓΤΤΤΓΠ 
X10CrNi188 H 

34 exp. results N 

1 1 1 1 l l l l 

ζ^8 

1 I I I M i l l 1 1 1 11111 ̂ . 1 I I I N i l , 

10 1Cf itf 10* 105 1CT 107 10" 

Material : X 10 CrNi 18 8 

+ H 
I Spec . n o . 

I 2 .1100 
I 2 .8000 
1 2 .1400 
I 1.4000 
1 2 .1000 
I 1.1200 
1 1.1400 
I 2 .3000 
I 1.3000 
I 1.1300 
1 2 .1500 
I 1.2000 
I 2 .1700 
I 1.6000 
1 3 .1700 
I 3 .1900 
1 3 .1000 
I 3 .2000 
1 2 .1300 
1 1.1600 
I 3 .1200 
I 2 .1000 
1 3 .1400 

H 

S t r e s s 
ampl i tude 

[MPa] 

1217.0 
1210.0 
1060.0 
1052.0 
1061.0 

867 .0 
867 .0 
890.5 
589 .5 
547 .5 
582 .0 
373 .5 
375 .0 
358 .5 
3 0 9 . 0 
302 .0 
307 .5 
290 .0 
239 .0 
247 .0 
262 .0 
250 .5 
268 .5 

h H 

Mean s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

H 

S t r a i n 
ampl i t ude 

[%] 

15.5966 
15 .5931 

8.0196 
7.5157 
8 .0201 
3 .9250 
3 .9250 
3 .9363 
1.5390 
1.5184 
1.5353 
0 .6831 
0 .6838 
0.6757 
0.4015 
0 .3980 
0.4007 
0 .3922 
0 .2672 
0 .2711 
0.2784 
0 .2728 
Ö.2816 

h 

Cycles t o 
f a i l u r e 

4 . 9 
5 .8 

2 3 . 0 
23 .0 
2 6 . 0 
62 .0 
67 .0 
78 .0 

456 .0 
470 .0 
501 .0 

2554 .0 
3333 .0 
3525 .0 

17300.0 
19672.0 
22920.0 
24318.0 

104000.0 
105000.0 
105000.0 
124000.0 
140619.0 

continued 
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+ 
1 Spec. no. 

I 1.5000 
I 3.9000 
I 2.6000 
1 2.1900 
I 1.1500 
1 3.1500 
I 3.4000 
1 1.1100 
I 1.7000 
I 2.9000 
1 3.1600 

1-
Stress 
amplitude 

[MPa] 

255.0 
254.0 
242.0 
242.0 
254.0 
255.0 
265.5 
253.5 
269.5 
278.0 
271.0 

h H 
Mean stress 

l· H 
Strain 
amplitude 

[MPa] | [%] 

0.0 
O.C 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.2750 
0.2245 
0.2186 
0.2186 
0.2245 
0.2100 
0.2301 
0.2243 
0.2321 
0.2013 
0.1978 

| 
Cycles to failure 

155000.0 
245500.0 
306000.0 
333500.0 
396500.0 
436000.0 
446000.0 
1329140.0 
1688000.0 
7202000.0 

> 4727000.0 



X 10 CrNiMo 16 4 2 AM 350 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

cold drawn 25-35% reduction by supplier 
+23°C 
blanks, 0 19 mm 
[4.12] 
1963 

Chemical composition 

C Mn Si Cr Ni Mo N 

0.10 0.75 0.35 16.50 4.25 2.75 0.10 

Monotonie properties 

E 
Rp0.2 = 

*» = 
A5 " 
Z 

179530 
1864 
1906 

20 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
σ{ 

ef 

= 
= 
= 
= 
= 

0.30 
2318 

0.047 
2265 
0.23 

-
N/mm 

-
N/mm 

" 

Cyclic properties 

Rp0.2 " 

0g = 

eg = 
NT 
Τσ = 
T 

1635 
553 

0.308 
18 

1.366 
5.511 

N/ 
N/ 
% 
cy 
-
-

3072 
0.101 
2947 
0.176 

-0.110 
-0.767 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 

Microstructure 

Rockwell C-50 to 52 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindical, 0 6.35 mm 
in rolling direction 
38.1 mm 
Rhiele, universal testing machine 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total diametral strain contra 
hourglass shaped, 0 6.35 mm 
machined 
in rolling direction 
diametral 
self designed 
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σ β [N/mm1] 
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σ/=2947 N/mm2 b=-0,1100 p 
ε/= 0,1764 c=-0,7670 [ 

21 exp. results 
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PSWT [N/mm'] 

277 

10J 

10* 

Spec. no. 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 
7.0000 
8.0000 
9.0000 

10.0000 
11.0000 
12.0000 
13.0000 
14.0000 
15.0000 
16.0000 
17.0000 
18.0000 
19.0000 
20.0000 
21.0000 

+ 

Stress 
amplitude 

[MPa] 

1998.7 
1957.3 
1850.3 
1812.3 
1805.4 
1808.8 
1684.6 
1801.9 
1608.6 
1505.1 
1090.8 
938.9 
818. 1 
776.7 
831.9 
735.3 
807.8 
759.4 
769.8 
756.0 
783.6 

1 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

f 

Strain 
amplitude 

[*] 

3.3790 
2.2630 
1.9200 
1.7070 
1.4030 
1.7060 
1.0570 
1.4020 
0.9680 
0.8870 
0.6260 
0.5260 
0.4580 
0.4340 
0.4640 
0.4100 
0.4550 
0.4240 
0.4320 
0.4210 
0.4360 

f 

Cycles to 1 
failure 

3.0 
14.0 
46.0 
71 .0 
85.0 
90.0 

169.0 
176.0 
190.0 
450.0 

5971.0 
11500.0 
13920.0 
16300.0 
23200.0 
35940.0 
40050.0 
56600.0 

133000.0 
159000.0 

1010000.0 
f ( 



X 10 CrNiMo 16 4 2 AM 350 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

hot rolled, pickled 
+23°C 
blanks, 0 19 mm 
[4.12] 
1963 

and annealed by suppliej 

Chemical composition 

C Mn Si Cr Ni Mo N 

0.10 0.75 0.35 16.50 4.25 2.75 0.10 

Monotonie propertie 

E 
Rp0.2 = 
Rm = 
A5 = 
Z 

193340 
442 

1319 

52 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
CTf 
ef 

= 
= 
= 
= 
= 

0.32 
906 

0.136 
2341 
0.74 

_ 
N/ 
-
N/ 
-

Cyclic properties 

Rp0.2 " 
CTg = 

£g = 
N T = 

Τσ = 
T,n = 

1063 
346 

0.196 
0 

1.264 
5.089 

N/mm2 
N/mm2 

% 
cycle 

-
-

f 
f 

= = 
= 
= 
= 
= 

11825 
0.388 
2777 

0.014 
-0.137 
-0.287 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 

crostructu 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindical, 0 6.35 mm 
in rolling direction 
38.1 mm 
Rhiele, universal testing machine 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total diametral strain control, 
hourglass shaped, 0 6.35 mm 
machined 
in rolling direction 
diametral 
self designed 
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σα [N/mm*] 
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— 

^ ^ \ 
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1 . . . . 
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ε W 
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101 I I I I l l l l | I I I I IUI| I I I I l l l l | I I I I II 

AM 350 
σ/=2777 N/mm2 ..b=-0,1370 
ε/= 0,0138 c=-0,2875 

12 exp. results 
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PSWT [N/mm'] 

10J 

10' 

I I I Mill 

[ 0 

1_ 1 1 1 1 I I I 

1 1 1 Mill 

1 1 1 1 1111 

1 1 1 Mill 

0 \ 

1 1 i Mill 

i i i miij i i i MI I I | ι ι ι inii| ι ι ι ιιιιι 

AM 350 l· 

12 exp. results h 

0 

1 1 1 1 M M 

o 

i i i 11 n i l i i i 11 in 1 1 1 Mill 

10 102 103 10* 1<3T 1CT 107 10° 

Material : AM 350 

Spec. no . 

1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 
6.0000 
7.0000 
8.0000 
9.0000 

11.0000 
12.0000 
13.0000 

S t r e s s 
ampl i tude 

[MPa] 

1722.6 
1729.4 
1594.8 
1456.7 
1266.9 

994.2 
807.8 
666.2 
486.7 
543.9 
462.6 
403.9 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

m 
2.6050 
1.8070 
1.2600 
0.9120 
0.7450 
0.5900 
0.4840 
0.4050 
0.3010 
0.3420 
0.2920 
0.2420 

Cycles to 
f a i l u r e 

7 . 0 
18.0 
34.0 

125.0 
228.0 

1134.0 
3220.0 

15410.0 
42700.0 

137000.0 
170000.0 

1020000.0 



X 10 CrNiTi 18 9 1.4541 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Tear 

Chemical composition 

as received 
+23°C 

[4.7] 
1983 

Microstructure 

0.073 0.41 1.32 0.024 0.011 17.1 10.2 0.46 

Monotonie properties 

E 
Rp0.2 -
8m = 

A« = 

200000 
265 

N/mm2 
N/mm* 
N/mm* 

% f 
f 

= 
= 
= 
= 

1174 
0.257 

N/mm' 

-
N/mm 

-

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

displacement control 
hourglass shaped, 9 6 mm 
in rolling direction 
diametral 
Schenck, servohydraulic, max. 
0.42 (%/min) 

Cyclic properties 

Rp0.2 = 

°g = 

eg = 
NT 

Τσ -
τ Ρ η -

343 
191 

0.129 
1732816 

1.168 
1.366 

N/mm* 
N/mm^ 

% 
cycle 

-
-

ental step test 

Failure criterion 
σ/e-values valid for 
Remarks 

= 
= 

f = 

f = 

= 
= 

1170 
0.201 
1019 

0.1325 
-0.110 
-0.394 

crack initiation, 0.5 mm crack length 
half failure life 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
hourglass shaped, 9 6 mm 
mechanically polished 
in rolling direction 
4 nun 
Schenck, servohydraulic, max. 
0.1 - 11 Hz 

sinusoidal 
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22 exp. results 

1 1 1 1 1 I I I 

EB^ O O 

1 1 1 1 1 I I I 

• 

1 1 1 M i l l ! 

~j 

L A N I l l l l lJ 

10 10* 10s 10* 10s 10s 107 108 
N. 



tO
tO

O
O

tO
t-

k
tO

tO
M

tO
M

M
M

M
M

C
O

C
O

C
O

C
O

tO
C

O
tO

M
 

0
\M

©
M

M
V

O
V

O
M

C
n

C
o

tO
M

tO
h

-i
C

O
C

O
C

O
C

O
.U

O
©

0 
t

O
©

©
M

t
O

4
*

.e
o

t
O

t
O

t
O

t
O

M
M

t
O

V
0

0
0

O
\^

J
t

O
©

©
©

 
O

^
O

t
O

M
O

O
^

.
0

0
0

0
0

0
0

0
0

0
0

0
0

0 
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o 

CO
 C

O
 

U
l 

CO
 

O
 

C
\ 

o 
o 

©
 

vo
 

©
 

eo
 

o 
o 

to
 

to
 

to
 

to
 

o 
o 

o 
o 

V 
V 

en
 

*.
 

co
 v

o 
o 

*>
 

o 
o 

o 
o 

o 
o 

o 
o 

o 
o 

to
 

00
 

4
* 

to
 

■
&> 

co
 

o to
 

to
 

o o -̂
 

to
 

o o o o o 

to
 

00
 

to
 

o M
 

4
* o to
 

to
 

o o CO
 

CO
 

en
 

o o o o 

to
 

00
 

o CO
 

^4
 

00
 

o to
 

to
 

o o co
 

to
 

en
 

o o o o 

to
 

00
 

a\
 

-o
 

CO
 

©
 o to
 

CO
 

o o M
 

CO
 

to
 

o o o o 

to
 

00
 

VO
 

00
 

en
 

o o to
 

to
 

o o M
 

M
 

4»
 

o o o o 

to
 

00
 

en
 

o o o
\ o to
 

CO
 

o o M
 

M
 o o o o o 

to
 

vo
 

M
 o o o o to
 

en
 

o o 00
 

VO
 

ON
 

o o o 

CO
 

o o o to
 

o o to
 

en
 

o o 00
 

VO
 

©
 o o o 

co
 

M
 o 00
 

o o o CO
 

©
 

©
 

©
 

en
 

4»
 

©
 

o ©
 

©
 

CO
 

M
 

©
 

en
 

©
 

©
 

©
 

CO
 

o ©
 

©
 

4»
> 

en
 

©
 

©
 

©
 

CO
 

co
 

00
 

©
 

©
 

o ©
 

4»
. 

©
 

©
 

©
 

h
* 

as
 

©
 

©
 

©
 

©
 

CO
 

CO
 

~4
 

o ©
 

o ©
 

4»
. 

©
 

©
 

©
 

M
 

to
 

VO
 

VO
 

©
 

©
 

CO
 

en
 

M
 

vo
 

o ©
 

©
 

en
 

©
 

©
 

©
 

ON
 

co
 

to
 

Φ
-

©
 

co
 

en
 

M
 

VO
 

©
 

©
 

©
 

en
 

©
 

©
 

©
 

en
 

-4
 

o vo
 

©
 

CO
 

en
 

to
 

to
 

to
 

ON
 

©
 

en
 

©
 

©
 

©
 

en
 

M
 

en
 

©
 

©
 

CO
 

vo
 

co
 

vo
 

to
 

en
 

©
 

^J
 

©
 

©
 

©
 

to
 

to
 

©
 

©
 

©
 

4*
. 

O
 

CO
 

4X
 

O
 

©
 

©
 

-J
 

©
 

©
 

©
 

to
 

M
 

©
 

©
 

©
 

4
* O
 

M
 

to
 

©
 

-4
 

©
 

-J
 

©
 

©
 

©
 -*
 

M
 

ON
 

o\
 

ON
 

©
 

4
* 

^J
 .&>
 

-J
 

CO
 

M
 

to
 

o o o en
 

©
 

©
 

©
 

4>
> 

vo
 

en
 -̂
 

4*
. 

to
 

M
 

to
 

©
 

©
 

©
 

4
* 

»o
 

M
 

O
 

►
T3 

P 73
 

S P ,__,
 

&
 P 3 

co
 

►
d 

rt
· 

I-»
 

H
 

M
· 

CD
 

rt
- 

(Λ
 

PI
 

C«
 

Cu
 

C6
 

,
-t 

P P v>
 

rt
 O
 

P 9 
W

 
tJ

 
rt

· 

H
· 

P 
rt

 
H

· 
Ö

 
P 

Cu
 

CD
 

n 
M

) 
«<J

 
p 

O
 

Μ
· 

Ι-
* 

d 
en

 
>-i

 
cp

 
rt

- o 

Q
. 

«3
, " t 

a 

E 
Jo

 

[ 
/8

 
F 

/ 
P 

/ 
1 1 1 Mill 

/ / / / / / 
<z

 
i 1 

- 
1 

1
 

1
 

1 
1 

1 
1 

1 
1 

I 

I 
/ 

1 
1 

/ t 
Ί 

' 
~\

 
/ 

H
 

/ 
q 

/ 
d,

 
/ / /  

-\ 
/ 

J ] 

X
M

 

oB
 

öo
H

 

K)
 

a 
ro

 
π

 
α> 

U
 

■p
 

H
 

s 
1 

w
 

a 
C_

 
M

 
W

 
H

 

1 
I 

1 
H

 

"D
 

3 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment : 1050°C/30' water 
Test temperature : +23°C 
Semifinished material : bar, 9 25 mm 
Reference : [4.3] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie properties 

E 
Rp0.2 = 

«m -
A5 -
Z 

210000 
211 
677 
51 
69 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ef 

Cyclic properties 

Rp0.2 ~ 

°i = 

h = 
% -
Τσ -
Τ ερ -

496 
242 

0.014 
7940 

1.198 
1.499 

N/mm* 
N/mm2 

% 
cycles 

-
-

K' 
n 
°'f 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

3647 
0.321 
1968 

0.110 
-0.138 
-0.393 

Incremental step test : 

Failure criterion 
σ/e-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

to 
OO 
4^ 

HV 10 : 163 

Microstructure JIS G 0551 grain size: 9 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 9 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 9 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

39 (%/min) 
triangular 
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σβ [N/mm1] 
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SUS 321-B Π 
E=210000 N/mm2 = cyclic 
K'=3647 N/mm2 = incremental f 
n'= 0,321 = monotonic 

... 1 u . . i. 1 . . . . 1 . . . . 1 . . . . . 

0,5 1.5 2.5 

ε W 

10 

10° 

10 t 

10" 

- i i ττπΐ ϊ 

L """"""-

1 1 1 1 1 U l i 

1 1 1 IHM 

" ^ ■ ^ - ^^ 

1 i i i i n n 

1 1 1 TTTTTI 

^N 

l L 1-1 lLLi i 

Ϊ F T ιιιιη i i ι ι ι ι ιη ι ι ι ιιιιη i ι 11 nui 
SUS 321-B | 
σ/=1968 N/mm2 b=-0,1380 R 
e/= 0,1102 c=-0,3928 M 

5 exp. results 

1 L LllLllJ 

" * * * - « » ^ 
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PSWT [N/mm1] 

1Cf 

■ ■ ι ι ι um 

1 1 L1LL11 

1 1 1 1 I I I I 

1 1 1 11111 

Γ ΠΎΤΤΤΤ 

1 1 1 1 1 111 

i i ττπτη- i r i ιιιτη- ι ι ι ιιιιη ι ι ι ιιιιιι 
SUS 321-B H 

5 exp. results μ 

1 1 1 1 I I I I 1 1 1 Ul l i 1 1 1 Ul l i 1 1 1 1 Ull i 10' 
101 102 103 10* 105 106 107 10β 

Ν 

Material : SÜS 321-B 

1 Spec . n o . 

1 1.0000 
1 2 .0000 
1 3.0000 
1 4 .0000 
1 5.0000 

1 S t r e s s 
| ampl i tude 
I [MPa] 

1 791 .2 
1 772.5 
1 721 .5 
I 651.9 
1 469 .9 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0.0 
0 .0 

S t r a i n | 
ampl i tude | 

1 [%] 1 

1 1.5050 | 
1 1.0700 | 
1 0 .8750 | 
1 0 .6400 I 
I 0 .4800 I 

Cycles to 
f a i l u r e 

238 .0 
506.0 
862.0 

2639.0 
10317.0 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050"C/30' water 
+23°C 
bar, 0 25 mm 
[4.3] 
1978 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie properties 

E 
Rp0.2 = 

\ = 
A5 β 
Z 

210000 
211 
677 
51 
67 

N/mm 
N/mm 
N/mm 

% 
% 

Cyclic properties 

Rp0.2 = 

CTg 
6g = 
NT 
Τσ = 
Τεη = 

455 
273 

0.200 
27223 
1.187 
1.424 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a't 
e'f 
b 
c 

_ 
= 
= 
= 
= 
= 

8384 
0.469 
2046 

0.046 
-0.133 
-0.276 

Incremental step test N/mi 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

HV 10 : 163 

Microstructure JIS G 0551 grain size: 9 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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σβ [N/mm1] 
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ε .Μ 

101 

10" 

10" 

10" 

- I I I M i l l 

t """■"--

1 L I 1 Mil 

1 1 1 1 l l l l 

1 1 1 11111 

1 I I I Mill 

5Ξ; 

1 1 1 l l l l lJ 

1 1 1 Ι Ι Τ Π | 1 1 ΓΓΤΤΠ 

SUS321-B 
σ/=2046 N/mm2 

Cf'= 0,0464 

~ ^ ~ ^ 
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5 exp. results 

--....^ 

1 1 1 1 1 I I I 

-

/ 

F
 

1 
' 

1 
1 

1 
1 

li
t 

10' 102 10s 10* 10° 
N 

10s 107 108 



PSWT [N/mm'] 

289 

1G5 

1Cf 

i l l ιιιπ 

I L 1_ 1 » I I I ! 

i i i m i r 

ι ι ι ι m i 

1 T I Tllll 

1 L I M i l l 

i i i TTTTTJ i i i ιιιιη ι ι ι ιιιιη ι i i in i] 
SUS321-B H 

5 exp. results N 

L I 1 M i l l 1 1 1 Mill 1 1 1 I I I I I 1 1 1 Mill 

10 1(f 105 10* 10s Ί06 107 

N 
10" 

M a t e r i a l : SUS 321-B 

H 
I Spec . n o . 

I 1.0000 
I 2 .0000 
1 3.0000 
I 4 .0000 
1 5.0000 

■f H 
I S t r e s s 
I ampl i tude 
I [MPa] 

1 824.0 
1 792.7 
I 700 .4 
1 545.4 
I 401 .2 

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

l· + -
S t r a i n | 

a m p l i t u d e | 
1 [%] 1 

1.2400 I 
1.0050 I 
0 .7500 I 

1 0 .5100 I 
1 0 .3800 I 

+ 
Cycles t o | 

f a i l u r e | 

431 .0 | 
560 .0 | 

1819 .0 | 
20634.0 I 
64300.0 | 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

1050°C/30' water, 1100°C/lh water 
+23°C 
bar, 0 25 mm 
[4.3] 
1978 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie properties 

E 

Rp0.2 
*m 
A« 

210000 
182 
668 
56 
68 

N/mm' 
N/mm' 
N/mm' 
% 

N/mmz 

N/mm2 

Cyclic prop 

Rp0.2 = 

ag = 

eg = 

«r -
Τσ = 

T ep " 

erties 

414 
224 

0.152 
27027 
1.319 
1.304 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a't 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

6179 
0.435 
1998 

0.081 
-0.144 
-0.341 

Incremental step test 

Failure criterion : complete rupture 
σ/β-values valid for : half failure life 
Remarks : Young's modulus estimated 

O 

HV 10 : 135 

Microstructure JIS G 0551 grain size: 3.1 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σβ [N/mm1] 

1200 

1000 

800 

600 

400 

200 
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yi 
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^^ό 

^'''~ 

^Λ 

SUS 321-B Γ 
E=210000 N/mm2 = cyclic 

K'=6179 N/mm2 = incremental f 

n - 0,435 = monotonic 

0.5 1.5 2,5 

* . M 

101 r 

10° 

10"" 

ι ι ι mill ι ι i1mil i i 1111IM i i i HIHI i w 
SUS 321-B 
σ/=1998 N/mm2 b=-0,1439 

ε / = 0,0814 c= -0 ,3409 

6 exp. results 
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PSWT [N/mm'] 

1CT 

102 

1 1 ΓΠΠΤ 

Ν 

,.. 1 1 11 Uli 

I ΓΤΤΤΠί 

1 1 1 U l l i 

■ r Γ-ΓΓΠτη 

0 ν̂ 1 

1 1 1 M i l l 

— ι ι ι ι ι ι ι ΐ | r ΓΤΤΤΓΤΤΤ ι ί τ ι ΐ ϊ ΐ η - r ι ι ι ι ι ι ι ι 
SUS 321-Β Η 

6 exp. results M 

ι ι ι u m ι ι ι ni i i L.I 1 Mill 1 1 1 M i l l 

10 itf 1(ί 10* I<T 10e 10' 10" 

i t e r i a l : SUS 321-B 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
1 4 .0000 
1 5.0000 
1 6.0000 
+ 

I S t r e s s | Me 
| ampl i tude | 
1 [MPa] I 

1 760.8 | 
1 710.7 I 
1 567.5 | 
1 658.7 I 
1 517 .0 j 
1 444 .4 | 

an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

I S t r a i n | 
I ampl i tude | 
1 [%] 1 

1 1.2550 I 
1 0 .9600 I 
1 0 .7900 I 
1 0 .7550 j 
1 0 .5400 I 
I 0 .5000 j 

-+ +-

Cyc les to | 
f a i l u r e | 

403 .0 | 
937.0 ! 

1189 .0 | 
3016.0 | 
6042.0 | 

12071.0 | 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1050°C/30' water, 1100°C/lh water 
+23°C 
bar, 0 25 mm 
[4.3] 
1978 

Chemical composition 

C Si Mn 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie properties 

E 

Rp0.2 = 

«m = 

A5 = 
Z 

210000 
182 
668 
56 
68 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic properties 

Rp0.2 " 
CTg = 

£g 
NT = 

Τσ = 
Τε Ρ = 
Incremen 

376 
185 

0.149 
87287 
1.419 
1.133 

N/mm2 
N/mm2 

% 
cycles 

" 
" 

tal step test : 

K' 
n 
σ'{ 

e'f 
b 
c 
K' 

= 
= 
= 
= 
= 
= 
= 

17743 
0.620 
3005 

0.061 
-0.183 
-0.304 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

HV 10 : 135 

Microstructure JIS G 0551 grain size: 3.1 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic t e s t 

Loading condition : total strain control, R = -1 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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σ [N/mm1] 
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i 1 . . . . 
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K'=17743 N/mm2 

n'= 0,620 
■ · 

^\ 
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= cyclic 
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= monotonic 
. . I . . . . . 
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Z W 

101 

10° 

10" 
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SUS 321-B 
σ/=3005 N/mm2 b=-0,1832 

Cf= 0,0615 c=-0 ,3041 

5 exp. results 
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10J 

itf 

1 1 1 1 Mil 

1 1 1 M i l l 

1 1 1 1 Mi l 

X 

1 1 1 M i l l 

1 I I 1 HIT 

X° 
o 

1 1, L 1,1 111 

■ Γ Γ 1 I I I H | 1 1 l l l l l l l 1 1 ΓΤΠΤΤΤ 1 1 I ΙΤΤΤΪΊ 

SUS 321-B fj 

5 exp. results H 

1 L11L1U 1 1 1 1 1 Mil 1. L 1 1 1 I I I 1 i 1 1 11M 

101 1(f 103 10* 105 

N 
10° 107 10° 

M a t e r i a l : SUS 321-B 

| Spec . n o . 

I 1.0000 
I 2 .0000 
1 3.0000 
I 4 .0000 
I 5.0000 

| S t r e s s 
| ampl i tude 
| [MPa] 

1 844.2 
j 738.7 
I 740.2 
I 441 .9 
I 423 .8 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
amp l i t ude | 

1 [%] I 

1 1.2000 | 
1 1.0050 | 
1 0 .7800 | 
I 0 .5200 | 
1 0 .4400 | 

Cycles to 
f a i l u r e 

414 .0 
916.0 

2785 .0 
8182.0 

25263.0 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

1050°C water, 1200°C/30' water 
+23°C 
bar, 0 22 mm 
[4.3] 
1978 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

E 
Rp0.2 = 

«m -
A5 " 
Z 

210000 
177 
516 
70 
74 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
of 
ef 

N/m 

N/mi 

Cyclic properties 

Rp0.2 = 

CTg = 

εΕ = 
NT = 

Τσ " 
TP B = 

220 
83 

0.055 
131441 
1.099 
1.526 

N/mm2 
N/mn/ 

% 
cycle 

-
-

f 
f 

=' = 
= 
= 
= 
= 

2264 
0.375 
1969 

0.652 
-0.208 
-0.548 

Incremental step test 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

σ> 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -: 
cylindrical, 9 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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PSWT [N/mm'] 

10J 

I I I I 11W11 I I I H U H ' ' ' " " ' I ' ' T T T T 

SUS 321-B 

4 exp. results 

1Cf i i i M i n i Ό i i M i n i i i i m i l l 

10 itf 1Cf 10* 10* 
N 

10" 10' 10° 

M a t e r i a l : SUS 321-B 

Spec. no. Stress | Mean stress | Strain | Cycles to 
amplitude | | amplitude | failure 

[MPa] | [MPa] | [%] | 

1.0000 
2.0000 
3.0000 
4.0000 

4 6 0 . 1 
364.4 
264 .9 
260 .5 

0.0 | 1.5550 I 500.0 | 
0.0 j 1.0050 | 1992.0 | 
0.0 | 0.4900 j 6700.0 ! 
0.0 | 0.4050 I 8700.0 I 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1050°C water, 1200°C/30' water 
+23°C 
bar, 0 22 mm 
[4.3] 
1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

Rp0.2 
«m 

210000 
177 
516 
70 
74 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic properties 

Rp0.2 _ 

°g = 

eg = 
NT 

T<x = 
T,n = 

250 
96 

0.053 
43095 
1.260 
1.316 

N/mm2 
N/mm2 

% 
cycle 

-
-

= = 
= 
= 
= 
= 

1535 
0.292 
1806 

1.720 
-0.193 
-0.659 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

HV 10 : 108 

Microstructure JIS G 0551 grain size: 0.9 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 nun 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R = -1 
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : 15 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 4.0 (%/min) 
Waveform : triangular 
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PSWT [N/mm*] 

Material : SUS 321-B 

Spec. no. Stress 
amplitude 

[MPa] 

462.5 
363.0 
275.2 
236.9 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

[*] 

1.5100 
1.0100 
0.5050 
0.2500 

Cycles to 
failure 

750.0 
1936.0 
5078.0 

24813.0 

1.0000 
2.0000 
3.0000 
4.0000 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050°C water, 1200°C/30' water, 900°C/lh 
+23°C 
bar, 0 22 mm 
[4.3] 
1978 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie 

E 
RP0.2 = 

\ = 
A5 = 
Z 

properti 

210000 
177 
535 
70 
77 

es 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
CTf 
ef 

N/m 

N/m 

Cyclic properties 

Rp0.2 

°g 
6g 
N T 

Τσ 
Τε Ρ 
Incremental step test 

220 
66 

0.043 
114425 
1.062 
1.269 

N/mm2 
N/mm2 

% 
cycles 

-
-

3080 
0.424 
3079 
0.976 

-0.253 
-0.593 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

CO 

JIS G 0551 grain size 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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PSWT [N/mm'] 

10J 
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| Spec . n o . | S t r e s s | Mean s t r e s s | S t r a i n | Cycles t o | 
| | ampl i tude | | ampl i tude | f a i l u r e | 
| | [MPa] | [MPa] | [%] | I 

I 1.0000 | 4 8 7 . 1 1 0 .0 | 1.4950 | 698 .0 | 
I 2 .0000 j 399.3 j 0 .0 | 0 .9950 j 1783.0 | 
I 3 .0000 | 269 .8 j 0 .0 1 0 .4900 j 7153 .0 | 
I 4 .0000 | 236.4 I 0 .0 | 0 .3300 I 13105.0 I 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

1050°C water, 1200°C/30' water, 900°C/lh air 
+23°C 
bar, 0 22 mm 
[4.3] 
1978 

Microstructure JIS G 0551 grain size 

Monotonie properties 

E = 

Rp0.2 = 

*« = 
A5 " 
Z 

210000 
177 
535 
70 
77 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
σ{ 

ε{ 

Monotonie test 

Loading condition : 
Specimen : cylindrical, 0 10 mm 
Specimen location : in rolling direction 
Gauge length : 50 mm 
Testing machine 
Strain rate : 0.3 and 7.5 (%/min) 

Cyclic properties 

^ 0 . 2 
*R 
ε* 
NT 
Τσ 
T™ 

241 
98 

0.060 
78878 
1.497 
1.184 

N/mm2 

cycles 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

= 
= 

f = 

f = 

= 
= 

2097 
0.348 
1868 

0.803 
-0.194 
-0.570 

complete rupture 
half failure life 
Young's modulus estimated 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 

4.0 (%/min) 
triangular 
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10J 
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Material : SUS 321-B 

+ 
I Spec . n o . 

I 1.0000 
I 2 .0000 
1 3.0000 
1 4 .0000 
+ 

+ 
| S t r e s s 
| ampl i tude 
I [MPa] 

1 501.8 
1 375.7 
1 261 .9 
1 230.0 
+ 

I Me 

_+ 

H 

an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n 
amp l i t ude 

[%] 

1.4950 
0 .9900 
0 .5000 
0 .2450 

- + -
1 
1 1 

- + -

1 
1 
1 
1 

+ 
Cycles to | 

f a i l u r e | 
1 

761 .0 | 
1643.0 I 
5314.0 I 

38763.0 ! 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

1050°C water, 1200°C/30' water, 750°C/24h air 
+23°C 
bar, 0 22 mm 
[4.3] 
1978 

Microstructure 

HV 10 : 122 

JIS G 0551 grain size 

Monotonie properties 

E 
Rp0.2 = 
R» -

A5 " 
Z 

210000 
214 
529 
63 
74 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
°f 
ef 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic properties 

Rp0.2 " 
°g -
h = 
»Γ -
Τσ » 
T*« = 

228 
90 

0.057 
103906 
1.081 
1.110 

N/mm2 
N/mm2 

% 
cycle 

-
-

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

f 

f 

= 
= 
= 
= 
= 
= 

2086 
0.357 
1858 

0.713 
-0.199 
-0.558 

complete rupture 
half failure life 
Toung's modulus estimated 

N/mi 

N/mm2 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 

40 (%/min) 
triangular 
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PSWT [N/mm'] 
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M a t e r i a l : SUS 321-B 

I Spec . n o . 

I 1.0000 
1 2.0000 
I 3.0000 
I 4 .0000 

I S t r e s s 
| ampl i tude 
| [MPa] 

1 454 .2 
I 369.4 
1 275.2 
1 249.2 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
ampl i tude | 

[%] 1 

1.5050 | 
1.0100 j 
0 .5050 | 
0 .3550 j 

Cycles to | 
f a i l u r e | 

1 
628 .0 | 

1561.0 j 
6229 .0 | 

13410.0 | 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050"C water, 1200uC/30' water, 750"C/24h 
+23°C 
bar, 9 22 mm 
[4.3] 
1978 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie propertie 

E 
Rp0.2 = 

K = 
A5 " 
Z 

210000 
214 
529 
63 
74 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
E 
n 
af 

ef 

Cyclic p 

Rp0.2 = 

σ8 = 
eg = 
NT = 

Τσ = 

TPn = 

rop erties 

251 
103 

0.060 
57117 
1.209 
1.124 

N/ 
N/ 
% 
cy 
-
-

= = 
= 
= 
= 
= 

1682 
0.306 
1740 

1.136 
-0.186 
-0.608 

Incremental step test 

Failure criterion 
σ/e-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

HV 10 : 122 

rostructure JIS G 0551 grain size : 0.9 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
E 

cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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PSWT [N/mm'] 
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M a t e r i a l : SDS 321-B 

+ + + + + 
I Spec . n o . | S t r e s s | Mean s t r e s s | S t r a i n | Cyc les to 
I | ampl i tude | | amp l i t ude | f a i l u r e 
1 1 [MPa] j [MPa] | [%] j 

1 1.0000 | 472 .4 I 0 .0 | 1.5200 I 803 .0 
j 2 .0000 | 368 .4 I 0 .0 | 1.0100 I 1504.0 
I 3 .0000 j 289 .9 I 0 .0 I 0 .5100 I 6518.0 
I 4 .0000 I 230.5 I 0 .0 I 0 .2450 j 31241.0 



X 10 CrNiTi 18 9 

Heat treatment : 1050°C/30' water 
Test temperature : +450°C 
Semifinished material : bar, 0 25 mm 
Reference : [4.3] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie properties 

Λρ0.2 

194000 
135 
416 
39 
62 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic properties 

Rp0.2 " 
°& = 
8g = % = 
Τσ -
τ Ρ η -

189 
104 

0.100 
982321 
1.090 
1.156 

= = 
f = 

f = 

= 
= 

2329 
0.404 
917 

0.097 
-0.143 
-0.351 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -; 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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(Ja [N/mm1] 
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SUS 321-B, 450 °C Π 
E=194000 N/mm* = cyclic 
K'=2329 N/mm2 = incremental f* 
n'= 0,4-04 = monotonic 

. I . . . . i . . . . I . . . . I . . . . 
0,5 1.5 2.5 

ε.Μ 

101 
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ζ i i ι ιππ 

' ^ - ^ . ^ 

1 i i m i l l 

1 1 1 I!!!! 

^ 

1 1 1 1 Mi l 

1 1 1 1V1III 

^ : 

1 i i i mi l l 

- r r ΓΤΓπη- ι r ι πιιη F ι ιππη ι ι r n r a 
SUS 321-B, 4-50 °C | 
σ/=917 N/mm2 b=-0,1432 H 
ε± 0,0967 c=-0,3515 M 

5 exp. results 

\ " ^ 

■ ' ' " I I I 

^ ^ 

■ t 1 M i l l ' ' ' ' " " 1 

J 

i i i i i i n 

101 itf 10* 10* 10s 10* 
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PSWT [N/mm1] 

10J 

■i i i m i l ) i'| i i m i n i 

SUS 321-B, 4-50 UC 

5 exp. results 

10* »"» ' ' ' ' " " ' ' ' ' i " i I I l l l l l l « ■ » " i n ! i i i in i r i . 

10 10* 103 10* 10? 
N 

1CT 107 10" 

Material : SUS 321-B, 450 C 

+ 
I Spec. no. 

1 1.0000 
1 2.0000 
1 3.0000 
1 4.0000 
I 5.0000 

-+- H 
Stress 
amplitude 

[MPa] 

346.8 
330.1 
317.4 
289.9 
235.9 

h 
Me an stress 

l· +-
Strain | 
amplitude | 

[MPa] | [%] | 

0.0 
0.0 
0.0 
0.0 
0.0 

1.1050 | 
1.0150 j 

1 0.7900 j 
0.6950 j 

1 0.4900 j 

Cyc 
+ 

les to | 
failure | 

457.0 I 
497.0 j 
973.0 I 
1949.0 j 
5560.0 j 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn 

1050°C/30' water 
+450°C 
bar, 0 25 mm 
[4.3] 
1978 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie propertie 

E 
Rp0.2 = 
«m = 

A5 " 
Z 

194000 
135 
416 
39 
62 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
°f 
ef 

N/m 

Cyclic properties 

Rp0.2 " 
°g = 

Eg = 
Νχ 
Τσ « 
T Ep = 

220 
86 

0.061 
62155 
1.059 
1.350 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
°'f 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

2211 
0.371 
1140 

0.160 
-0.170 
-0.452 

Incremental step test 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.41 (%/min) 
triangular 

X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn 

1050°C/30' water 
+450°C 
bar, 0 25 mm 
[4.3] 
1978 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie propertie 

E 
Rp0.2 = 
«m = 

A5 " 
Z 

194000 
135 
416 
39 
62 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
°f 
ef 

N/m 

Cyclic properties 

Rp0.2 " 
°g = 

Eg = 
Νχ 
Τσ « 
T Ep = 

220 
86 

0.061 
62155 
1.059 
1.350 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
°'f 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

2211 
0.371 
1140 

0.160 
-0.170 
-0.452 

Incremental step test 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.41 (%/min) 
triangular 
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σ [N/mm1] 
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SUS 321-B, 450 °C 
E=194-000 N/mm2 = 

10=2211 N/mm5 

n = 0,371 = 
1 - 1 L 1. · . 1.. 1 . . . , ! . . , 1 , L L L_. 

^ «.-*'"* 

= cyclic 

= incremental Γ 

= monotonic 
., I_ . L .., I_ _J 

0.5 1.5 2,5 

£ W 

r>1 10' T I I I HIM I I I I U l i I I I l l l l l l I I I MUH I I l MUH l » M M 

10° V 

10" 

SUS 321-B, 450 ÜC 
σ,·=114-0 N/mm' b=-0,1699 
ε,·= 0,1600 c=-0,4516 

5 exp. results 

10" I I I I I I ! 

10 102 10* 10* 1Cf 
N 

10° 10' 10" 



PSWT [N/mm'] 
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10J 

10* 

i i mm 
r 

x 
X 

1- X 
X 

N 
X 

X 
X 

[" 

^ 

1 1 1 1 1 1111 

i i i mil 

X 

1 1 1 M i l l 

Γ T i l l l l l l 

1 l l l l I I I 

—i i I I I I I I I T i mint "Γ-ΓΤΓΓττη-- i rmrm 
SUS 321-B 450 °C 

5 -exp, results 

X 

X 

1 1 1 1 1 111 

X 

1 1 1 M i l l x | 1 1 1 1 I I I 

H 

w 

1 

j 

•\ 

l l l l l l l l 

10 102 icP 10* 1Cf 
N 

10" 107 10" 

Material : SÜS 321-B, 450 C 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
I 4 .0000 
I 5.0000 

| S t r e s s 
| ampl i tude 
| [MPa] 

1 375.2 
1 339 .9 
1 281 .5 
I 240 .4 
I 222 .2 

| Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
amp l i t ude | 

[%] 1 

1.0350 | 
0 .8050 | 
0 .5200 
0 .4150 

I 0 .3050 I 

Cyc Les to 
f a i l u r e 

345 .0 
700 .0 

1567.0 
4884.0 
7883.0 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1050"C/30' water, 1100"C/lh water 
+450°C 
bar, 0 25 mm 
[4.3] 
1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie properties 

E 
Rp0.2 = 

\ = 
A5 -
Z 

201250 
117 
404 
42 
66 

N/mm2 
N/mm2 
N/mm2 

% 
% 

V 

K 
n 
of 
ef 

Cyclic properties 

T 

Incremental step test 

166 
68 

0.071 
3069923 

1.134 
1.306 

N/mm2 
N/mm2 

% 
cycles 

-
-

4290 
0.523 
1713 

0.172 
-0.212 
-0.404 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUS 321-B, 450 °C M 
E=201250 N/mm* = cyclic 

K'=4290 N/mm2 = incremental Γ 

n'= 0,523 = monotonic 
J J l _ . 1 1 1 1 1_ 1 . 1 1 . 1 1 l 1 . L. 1 ·.. 

0.5 1.5 2.5 

ε . Μ 

ε . Μ 
10' 

10u t 

10" 

10" 

c—i i 111 H I 

[ N X 
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!■■■■■ 
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1 

1 1 1 Mill 

^ x 
X Nx 

1 I 1 1 Mill 

— r ΓΤΤΓΠΤΙ 

s 
% * ^ . 

1 ' 1 M l " 

— i i i mm—i i i imi|—ι ι ι ιιιιΐ| τ Γπτηη 
SUS 321-B, 450 °C 0 
σ/=1713 N/mm2 b=-0,2122 H 

ef'= 0,1717 c=-0 ,4044 Π 

6 exp. results 

X xx 
X * * x 
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X 

i i i mill 

X 

I I I M l l l l 

H 
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PSWT [N/mm'] 

10J 

10* 

; i i i urn 

L̂  N 
X 

\ 
_ N \ \ 

~ 

-

L i i i nn 

- 1 1 ΠΪΗΙ 

0 
N 

X 
N 

X 
X 

V 
X 

X 

* 

L 1 1 H i l l 

i i i um 

v N 

1 1 I H I M 

— i i i I I I I I | — i i 1111■ i|—i i i mill - r 
SUS 321-B, 450 °C 

"V x 
N 

X 
N 

X 
X 

L i i i nn 

6 

X 

N 

L | | [ U M 

exp. results 

X 
Nx l LLL1111 L 

"1 i mi l l 

L 

j 
* 

i i nun 

10' 1(f 1Cf 10* 105 10* 
N 

10' 108 

M a t e r i a l : SUS 321-B, 450 C 

I Spec . n o . 

I 1.0000 
1 2 .0000 
j 4 .0000 
I 3.0000 
1 5.0000 
I 6.0000 

| S t r e s s 
I ampl i tude 
1 [MPa] 

I 345 .8 
1 315.4 
I 267 .8 
1 273.7 
I 260 .0 
1 231.5 

I Mean s t r e s s S t r a i n | 
ampl i tude | 

1 [MPa] | [%] | 

I 0 .0 
j 0 .0 
I 0 .0 
j -e.o 
1 0 .0 
I 0 .0 

0 .9850 | 
0 .8150 | 
0 .6300 | 
0 .6850 I 
0 .6050 | 

1 0 .4850 j 

Cyc l e s to 
f a i l u r e 

1165.0 
1454.0 
2131.0 
3009.0 
3878.0 
6688.0 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1050°C/30' water, 1100°C/lh water 
+450°C 
bar, 0 25 mm 
[4.3] 
1978 

Chemical composition 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie properties 

E 

Rp0.2 
R» 
A« 

201250 
117 
404 
42 
66 

N/i 
N/ 
N/i 

% 
% 

N/m 

N/m 

Cyclic p roper t i e s 

218 
50 

0.031 
42126 
1.090 
1.344 

N/ 
N/ 
% 
cy 

-
-

f 
f 

= 
= 
= 
= 
= 
= 

2917 
0.417 
2763 

0.844 
-0.263 
-0.626 

Incremental step t e s t : 

Fai lure c r i t e r i o n 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R = -1 
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : 15 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 0.40 (%/min) 
Waveform : triangular 
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SUS 321-B, 450 °C Γ 
E=201250 N/mm2 = cyclic 
K'=2917 N/mm2 = incremental Γ 
n'= 0,417 = monotonic 
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5 exp. results 
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icf 
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\ l I I l l l l l \ 
u \ \ \ I \ \ \ \ \ 

L 1 1 1 1 I I I 
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» \ \ 
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1 1 1 LLLLL 
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" i i i iiinr—» i i mill r-i i mm—r i i iiiiii 
SUS 321-B, 450 °C H 

5 exp. results H 
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\ \ 
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10 102 ICf 10* 105 

N 
10° 10' 10° 

M a t e r i a l : SUS 321-B, 450 C 

+ H 
I Spec . n o . 

1 2 .0000 
I 1.0000 
1 3 .0000 
I 4 .0000 
1 5.0000 

h 

S t r e s s 
ampl i tude 

[MPa] 

359 .5 
386.0 
311 .0 
270.3 
250 .6 

-+ 
I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

1- 4 
S t r a i n I 

amp l i t ude I 
1 [%] 1 

1 0 .8400 I 
1 0 .9900 I 
1 0 .5850 j 
1 0 .4950 I 
1 0 .4000 j 

Cyc l e s t o 
f a i l u r e 

777 .0 
848.0 

2178 .0 
3702.0 
3996.0 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn 

1050°C water, 1200°C/30' water 
+450°C 
bar, 0 22 mm 
[4.3] 
1978 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

Λρ0.2 

168750 
108 
379 
46 
72 

N/mm2 
N/mm2 
N/mm2 
% 

Cyclic properties 

188 
79 

0.069 
131338 
1.185 
1.410 

N/mm2 
N/mm2 

% 
cycles 

-
-

2223 
0.398 
1219 

0.227 
-0.180 
-0.456 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

OS 

Microstructure JIS G 0551 grain size : 0.9 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUS 321-B, 450 °C Γ 
E=168750 N/mm2 = cyclic 

K'=2223 N/mm2 = incremental Γ 

η'= 0,398 = monotonic 
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^ W 
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SUS 321-B, 450 ÜC 
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6 exp. results 
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PSWT [N/mm'] 
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6 exp. results I 
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10 1Cf 10° 10* 105 

N 
106 10' 10" 

M a t e r i a l : SUS 321-B, 450 C 

+ 
I Spec . n o . 

I 1.0000 
I 2 .0000 
! 3.0000 
1 4 .0000 
I 5.0000 
1 6.0000 

y 

S t r e s s 
ampl i tude 

[MPa] 

3 8 3 . 1 
365.4 
335 .5 
338 .5 
237.4 
183.9 

-+ 
| Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

μ 

S t r a i n 
amp l i t ude 

[%] 

1.5350 
1.2300 
1.0450 
1.0200 
0.5300 
0.2950 

μ + 

Cycles t o | 
f a i l u r e | 

188 .0 | 
454 .0 I 
833 .0 | 
866 .0 I 

4731 .0 | 
13735.0 | 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050°C water, 1200°C/30' water 
+450°C 
bar, 0 22 mm 
[4.3] 
1978 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

E 
Rp0.2 = 

K = 
A5 -
Z 

168750 
108 
379 
46 
72 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic properties 

Rp0.2 = 

*& = 
eg = 
NT 
Τσ -
τ Ρ η -

243 
96 

0.065 
16019 
1.109 
1.318 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
σ'{ 

ε'ΐ 
b 
c 

= 
= 
= 
= 
= 
= 

1419 
0.284 
1151 

0.431 
-0.163 
-0.563 

Incremental step test 

N/m 

N/mi 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition : 
Specimen : cylindrical, 0 10 mm 
Specimen location : in rolling direction 
Gauge length : 50 mm 
Testing machine : 
Strain rate : 0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -: 
cylindrical, 0 6 nun 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.4 (%/min) 
triangular 
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SUS 321-B, 450 °C Γ 
E=168750 N/mm2 = cycüc 
K—1419 N/mm2 = incremental f 
n'= 0,284- = monotonic 
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SUS 321-B, 4-50 °C B 
σ,Μ151 N/mm2 b=-0,1632 H 
ε,'= 0,4-307 c=-0,5627 Π 

4· exp. results 
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10J 

102 

1 1 1 MIM 

-

\ 
X 

\ \ \ 

L 

i i i i m i 

1 1 I I Mil 

\ s 
N 

\ 

i i i i m i 

1 1 1 M l l l l 

1 1 1 1 1 I I I 

1 1 1 1 1 1 1 T| 1 1 1 I 1 1 T If 1 1 1 1 11111 1 

SUS 321-B, 450 °C 

4· exp. results 

N 

i i i i n i l 1 1 1 1 1 I I I N i . 1 1 1 1 I I I 

i ! H im 

H 

1 

J 

1 1 1 1 I I I 

10 1C 103 10 10 
N 

10° 10' 10" 

M a t e r i a l : SUS 321-B, 450°C 

Spec. no . 

1.0000 
2.0000 
3.0000 
4 .0000 

S t r e s s 
ampl i tude 

[MPa] 

371.8 
270.3 
238.9 
225.6 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[ S ] 

0.9950 
0.5050 
0.3650 
0.2600 

Cycles to 
f a i l u r e 

579.0 
2918.0 
6761.0 

13370.0 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Tear 

1050°C water, 1200°C/30' water, 900°C/lh air 
+450°C 
bar, 0 22 mm 
[4.3] 
1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

E 
Rp0.2 = 

8» " 
A5 -
Z 

149700 
116 
367 
40 
72 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 
8 f 

N/m 

Cyclic properties 

Rp0.2 : 

Τσ ' 
Τε Ρ : 
Incremental step test 

169 
80 

0.079 
152205 
1.171 
1.430 

N/mm2 
N/mm2 

% 
cycle 

-
-

1710 
0.373 

946 
0.210 

-0.163 
-0.440 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUS 321-B, 4-50 °C Γ 
E=149700 N/mm2 = cyclic 
K'=1710 N/mm2 = incremental! 
n'= 0,373 = monotonic 
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σ/=946 N/mm2 b=-0,1630 H 
ε/= 0,2099 c=-0,4403 Π 

5 exp. results 
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PSWT [N/mm1] 
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SUS 321-B, 4-50 °C 

5 exp. results 

X 

X 

X 
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X 
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h 

h 

1 

-

-

-
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M a t e r i a l : SUS 321-B, 450 C 

Spec. no . 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

I S t r e s s 
| ampl i tude 
I [MPa] 

1 334 .5 
I 290.9 
1 207.0 
I 204 .1 
1 193.3 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

! S t r a i n | 
ampl i tude | 

1 [«&] 1 

1 1.5100 | 
1.0000 | 
0 .5000 | 
0 .4950 | 
0 .3950 | 

Cycles to | 
f a i l u r e | 

1 
225 .0 | 

1220.0 | 
5382.0 | 
5416.0 I 
7731.0 | 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn 

1050°C water, 1200°C/30' water, 900°C/lh 
+450°C 
bar, 0 22 mm 
[4.3] 
1978 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

E 
Rp0.2 = 
«m = 

A5 = 
Z 

149700 
116 
367 
40 
72 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
a{ 

ef 

Cyclic properties 

Rp0.2 = 

CTg 
eg 
NT 
Τσ = 
T 

209 
78 

0.061 
18392 
1.033 
1.216 

N/ 
N/ 
% 
cy 
-
-

1474 
0.314 
1096 

0.381 
-0.173 
-0.549 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σ α DJ/mm*] 
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SUS 321-B, 4-50 °C Γ 
E=149700 N/mm2 = cyclic 
K-1474- N/mm2 = Incremental f 
n'= 0,314 = monotonic 
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10J 
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4· exp. results H 

N 
N 

N 
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101 101 103 10* 10s 106 107 

N 
10" 

Material : SUS 321-B, 450 C 

Spec. no. Stress 
amplitude 

[MPa] 

Mean stress 

[MPa] 

Strain | Cycles to 
amplitude | failure 

[%] I 
1.0000 
2.0000 
3.0000 
4.0000 

326.7 
245.3 
205.5 
185.4 

0.0 
0.0 
0.0 
0.0 

1.0150 I 
0.5050 I 
0.3450 j 
0.2500 j 

+_ 

531.0 
2962.0 
7186.0 
14496.0 



X 10 CrNiTi 18 9 1.4541 SDS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050°C water, 1200°C/30' water, 750°C/24h 
+450°C 
bar, 0 22 mm 
[4.3] 
1978 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

E = 171000 N/mm2 
148 N/mm2 
375 N/mm2 
37 % 
68 % 

Λρ0.2 
«m 
A« 

Cyclic properties 

Rp0.2 " 

°g = 

eg = 

*r -
Τσ = 

T« " 

184 
81 

0.067 
110271 
1.167 
1.480 

N/mm2 
N/mm2 

% 
cycles 

-
-

σ f 

1636 
0.352 
1054 

0.293 
-0.169 
-0.482 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

: complete rupture 
: half failure life 
: Young's modulus estimated 

co 
CO 00 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -: 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUS 32KB, 450 °C Π 
E=171000 N/mm2 = cyclic 

K'=1636 N/mm2 = incremental Γ 

n'= 0,352 = monotonic 
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PSWT [N/mm'] 
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5 exp. results 
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M a t e r i a l : SUS 321-B, 450 C 

+ 
I Spec . n o . 

I 1.0000 
j 2 .0000 
I 3 .0000 
1 4 .0000 
1 5.0000 

-+-
S t r e s s 

ampl i tude 
[MPa] 

353 .6 
331 .6 
306 .6 
215 .8 
183 .0 

¥ 
I M e an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

h + 

S t r a i n | 
ampl i tude | 

[%] 1 

1.5150 I 
1.2350 j 
1.0050 | 
0 .4650 j 
0 .2950 j 

+ 
Cyc les t o | 

f a i l u r e | 
1 

248 .0 I 
476 .0 j 

1277 .0 | 
5347.0 j 

14665.0 | 



X 10 CrNiTi 18 9 1.4541 SüS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

1050°C water, 1200°C/30' water, 750°C/24h air 
+450°C 
bar, 0 22 mm 
[4.3] 
1978 

Microstructure 

Monotonie properties 

E 
Rp0.2 = 
«m = 

A5 -
Z 

171000 
148 
375 
37 
68 

N/mm2 
N/mm2 
N/mm2 

% 
% 

V 

K 
n 
af 

ef 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic properties 

Rp0.2 _ 
°g = 

eg = 
NT 
Τσ = 

TBO = 

210 
75 

0.053 
31479 
1.070 
1.315 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
CT'f 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

1676 
0.334 
1344 

0.510 
-0.190 
-0.568 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 

0.40 (%/min) 
triangular 
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SUS 321-B, 4-50 °C Γ 
E=171000 N/mm5 = cyclic 

K'=1676 N/mm2 = incremental Γ 

n'= 0,334 = monotonic 
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SUS 321-B, 450 ÜC 
<Xf'=1344 N/mm2 b=-0,1902 

ε /= 0,5103 c=-0,5679 

4- exp. results 
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SUS 321-B, 450 °C 

4 exp. results 
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Material : SUS 321-B, 450 C 

Spec. no. j Stress | Mean stress 
amplitude | 

[MPa] I [MPa] 

1.0000 
2.0000 
3.0000 
4.0000 

337.5 | 
250.6 I 
215.8 I 
195.2 j 

0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

[%] 

0.9950 
0.5000 
0.3550 
0.2650 

Cycles to 
failure 

757. 
2971. 
8426. 

12339. 

0 I 
0 I 
0 I 
0 I 



X 10 CrNiTi 18 9 1.4541 SDS 321-B 

Heat treatment : 1050°C/30' water 
Test temperature : +600°C 
Semifinished material : bar, 0 25 mm 
Reference : [4.3] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

«C0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie properties 

E 
Rp0.2 = 

*. -
A5 " 
Z 

196200 
129 
349 
39 
66 

N/mm2 
N/mm2 
N/mm2 

% 
% 

V 

K 
n 
σΐ 
ef 

Cyclic properties 

Rp0.2 " 
σΒ = 

6g -% " 
Τσ " 
T R„ » 

207 
119 

0.080 
67822 
1.094 
1.150 

N/mm2 
N/mm2 

% 
cycle 

-
-

= = 
f = 

f = 

= 
= 

891 
0.235 
587 

0.169 
-0.105 
-0.446 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R 
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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K'=891 N/mm2 = incremental Γ 
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M a t e r i a l : SUS 321-B, 600 C 

Spec. no. | Stress 
amplitude 

[MPa] 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 

295 .8 
286 .9 
283 .5 
264 .9 
242 .8 
215 .3 

ean s t r e s s 

[MPa ] 

0 .0 
0 .0 
0 .0 
0.0 
0 .0 
0 .0 

S t r a i n | 
amt)l i t u d e I 

1 [%] 1 

1 1.1450 | 
1 1.0200 | 
I 0 .8500 | 
1 0.6050 I 
I 0 .5000 | 
I 0 .3900 j 

Cyc l e s to 
f a i l u r e 

281 .0 
420 .0 
576.0 

1358.0 
2957.0 
4563.0 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment : 1050°C/30' water 
Test temperature : +600°C 
Semifinished material : bar, 0 25 mm 
Reference : [4.3] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie properties 

E 
Rp0.2 = 

\ = 
A5 = 
Z 

196200 
129 
349 
39 
66 

N/ 
N/i 
N/i 
% 
% 

N/m 

N/m 

Cyclic properties 

Rp0.2 ~ 

ffg = 

eg = % " 
Τσ " 
Τ ερ « 

204 
124 

0.084 
60618 
1.057 
1.242 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
η 

σ'ί 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

804 
0.221 
486 

0.104 
-0.090 
-0.410 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σα [N/mm1] 

600 

500 

400 

300 

200 

100 

L 

VZ" 
^ 
' ' ■ ■ 

— ^ , , ^ - - r " 

SUS 321-B, 600 °C Γ 
E=196200 N/mm2 = cyclic 

K—804 N/mm2 = incremental f 

n'= 0,221 = monotonic 

0.5 1.5 2.5 

* -M 

' ' i ' " " I ' ' ' "■"! ' "| ' ' " i i 
SUS 321-B, 600 °C 
σ/=486 N/mm2 b= -0 ,0902 

£ /= 0,1044 c=-0 ,4096 

5 exp. results 

I I I I H i l l I I I I Hill i i i i n i f i . i i i nu l l 

10* 10s 10* 107 10* 
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10s 
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; i i i i m i 

V 

1 
1 

1 
1 

1 
1 

1 
1 

i 

1 1 ! ΙΙΙΤΓ 

1 1 1 11111 

Γ ΓΤΤΜΜΙ 

1 1 1 L11111 

i iiriiiii F ι ι ι ι ι ιη ι i imnf r n MINI 
SUS 321-B, 600 °C H 

5 exp. results N 

1 1 1 M i l l 1 1 1 11111 1 1 1 11111 " " T - ^ l M i l l 

101 itf 1Cf 10* 105 
N 

10" 10' 10° 

M a t e r i a l : SUS 321-B, 600 C 

Spec . n o . 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

Stress 
amplitude 

[MPa] 

282.0 
267.8 
245.7 
233.5 
211.4 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

Cycl 
fai 

Strain 
amplitude 

[%] 

1.0200 
0.8050 
0.6200 
0.4800 
0.3450 

es to 
lure 

266.0 
381.0 
720.0 
1620.0 
5935.0 



X 10 CrNiTi 18 9 1.4541 SÜS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1050°C/30' water, 1100°C/lh watei 
+600°C 
bar, 0 25 mm 
[4.3] 
1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie 

E 
Rp0.2 = 

*m = 

A5 = 
Z 

properties 

207850 
113 
353 
42 
66 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
of 

Ef 

N/m 

N/m 

Cyc 

RP0 
"* 
% 
NT 
Τσ 
T™ 

ic prop 

2 = 
= 
= 
= 
= 
= 

erties 

207 
95 

0.059 
68110 
1.104 
1.182 

N/mm2 
N/mm2 

% 
cycles 

-
-

1293 
0.295 

893 
0.309 

-0.147 
-0.509 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -: ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUS 321-B, 600 °C Γ 
E=207850 N/mm2 = cyclic 

K'=1293 N/mm2 = incremental Γ 

n'= 0,295 = monotonic 
J 1 _ . l _ 1 J _ J _ i . , _ J * _ , J 1 1 1 1 - 1 - 1 U™. i _ l _ J 

0.5 1.5 2,5 

ε M 

10' 

10" 

10" 

10" 

k 

\-

l· 

p 

1 1 1 1 U l i 

\ . 
% 

" ~ ~ ~ - - H 

1 1 1 H i l l 

i i i mit 

N N 

1 i l l i n n 

1 1 1 Hill] 

s • 

1 i i i ι ι ι ι ι 

1 1 1 1 1 l l l | 1 ■ I 1 I I 111 1 1 1 1 1 ■ 111 1 1 l l l l l l j 

SUS 321-B, 600 °C B 
σ/=893 N/mm2 b^-0,1474- H 

ε^ 0,3089 c=-0 ,5089 M 

6 exp. results 
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PSWT [N/mm1] 

10J 

Itf 

I I I M i l l 

v 

_ S 
N 

\ N 

-

-

1 1 1 1 1 I I I 

1 1 I I I I I I 

\ N 
X 

s 

i i i i m i 

1 1 I I l l l l 

δν 

1 1 1 1 1 I I I 

— i i i m m — t ~ i i I I I I I I — r rr ττττττ ι 
1 SUS 321-B, 600 °C 

6 exp. results 

t 

V N 

1 L 1. L I 111 

S%^ 

i i i i nn ΓΟ 1 M i l l I 

1 MMIT 

P 

L 

H 

^ 

1 1 l l l i i 

101 102 103 10* 10s 106 107 108 

N 

Material : SUS 321-B, 600 C 

Spec. no. 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 

I S t r e s s 
| ampl i tude 
I [MPa] 

1 311 .5 
1 299 .7 
1 274 .2 
1 256 .5 
1 243 .8 
1 223 .7 

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

I S t r a i n | 
| ampl i tude | 
1 [%] I 

1 0.9600 I 
1 0.8050 I 
1 0.7050 | 
1 0 .5000 I 
1 0.4800 I 
1 0.3750 I 

Cyc l e s to 
f a i l u r e 

573.0 
1123.0 
1200.0 
3104.0 
3253.0 
4995.0 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

1050°C/30' water, 1100°C/lh water 
+600°C 
bar, 9 25 mm 
[4.3] 
1978 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie properties 

E 
Rp0.2 " 
*» -
A5 " 
Z 

207850 
113 
353 
42 
66 

N/mm2 

rW 
N/mm2 

% 
% 

v 
K 
n 
°f 
ef 

N/m 

N/m 

Cyclic properties 

RPo 
σκ 
εκ 
Ντ 

Τσ 
Τε Ρ 

2 = 
= 
= 
= 
= 
= 

Incremental 

233 
151 

0.093 
37004 
1.112 
1.237 

N/mm2 
N/mm2 

% 
cycles 

-
" 

step test : 

116 

0.194 
471 

0.081 
-0.075 
-0.394 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -e 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σ α [N/mm1] 
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400 

300 

200 
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öS* f 
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— ■ er~~~~ 

SUS 321-B, 600 °C Γ 
E=207850 N/mm2 = cyclic 
K'=776 N/mm1 = incremental f 
n'= 0,194 = monotonic 

1 _ . i 1 J 1 — 1 . , 1 , t l 1. 1 U. 1 - . 1 1 1 U . , L... 1. 1 - . -
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ε W 

£a w 
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I I ! MIM 

i -ö 
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1 1 1 M i l l 

1 1 I I U l l i 

*5ϊ 

i. i i u rn 

i i l l mir ι ΐ ' ΐ ι ι ι ιη ι ι πτπτη- r r rrnra 
SUS 321-B, 600 °C g 
σ,·=471 N/mm2 b=-0,0747 H 
ε/= 0,0814 c=-0,3941 Π 

6 exp. results 
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I I I I Mi l l I I I I Mi l l I I I I 11111 I l l l l l 

10J 

SUS 321-B, 600 UC 

6 exp. results 

102 I I I M l l l l I I I I I I I ! i i m i l l i i n n i i i i iiiil i i i mill ι ι ι ι mi, 
10' 10' 10J 10 10 

N 
10' 10' 10° 

M a t e r i a l : SUS 321-B, 600 C 

I Spec. no. 

1 1.0000 
I 2.0000 
1 3.0000 
I 4.0000 
1 5.0000 
I 6.0000 

I Stress 
I amplitude 
j [MPa] 

1 306.6 
I 279.1 
I 268.3 
1 270.8 
1 239.9 
I 232.0 

I M e an stress 
[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

I Strain | 
! amplitude | 
1 [%] 1 
1 1.0350 | 
! 0.6400 | 
! 0.5050 | 
! 0.4900 | 
1 0.4100 | 
1 0.3100 ! 

Cycles to | 
failure | 

168.0 | 
477.0 | 
1227.0 | 
1481.0 | 
1766.0 | 
7349.0 | 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1050°C water, 1200°C/30' water 
+600°C 
bar, 0 22 mm 
[4.3] 
1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

E 
Rp0.2 " 
«m = 

A5 -
Z 

167800 
97 
333 
43 
71 

N/mm* 
N/mm* 
N/mm2 

% 
% 

v 
K 
n 
°f 
ef 

Cyclic properties 

Rp0.2 " 
°g = 

eg = 

*T -
Τσ -
T « B = 

208 
95 

0.067 
24178 
1.167 
1.527 

N/mm* 
N/mm* 

% 
cycle 

-
-

= = 
f. = 

f " 
= 
= 

1116 
0.270 
784 

0.285 
-0.139 
-0.520 

N/mm* 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

: complete rupture 
: half failure life 
: Young's modulus estimated 

σι 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σβ [N/mm1] 
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SUS 321-B, 600 °C Γ 
E=167800 N/mm2 = cyclic 
K'=1116 N/mm2 = incremental f 
n— 0,270 = monotonic 

i 1 1 ■ . . . 

0.5 1.5 2,5 

ε „ w 

101 

10" 

10" 
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L 1 1 I I MM 
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Π~"—— 

1 1 1 1 Ull i 

1 1 1 1 MM 

Na 
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1 1 1 l l l l l 

1 1 1 1 Hi l l 

^ 

1 1 1 1 U l i 

1 1 1 1 l l l l | 1 1 1 I 1T1T | 1 1 1 1 1 ■ 111 1 1 1 MIUJ 

SUS 321-B, 600 °C 0 
σ,"=784 N/mm2 b=-0,1388 fl 
ε/= 0,2847 c=-0,5198 Π 

4 exp. results 
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PSWT [NAnm'] 
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SUS 321—B, 600 °C 

4 exp. results 

N 

1 1 1 1 l l l l 

- ^ 

1 1 1 11111 ^ 1 J-

1 1 M i l 

H 

H 

|_ 

1 

-

1 1 1 I I I ! 

101 102 10° 10* 10s 

N 
10° 10' 10" 

M a t e r i a l : SUS 321 -B, 600 C 

H 

! Spec . n o . 

1 1.0000 
1 2.0000 
1 3.0000 
1 4.0000 

-+ 
I S t r e s s 
| ampl i tude 
I [MPa] 

1 344 .8 
1 304 .1 
1 252 .6 
1 201 .1 

-+ 
I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 

f 4 
I S t r a i n | 
| amp l i t ude | 
1 [%] 1 

1 1.5350 | 
1 l . o o o o 1 
1 0 .5300 I 
I 0 .3050 | 

Cyc 
+ 

l e s t o | 
f a i l u r e | 

1 
148 .0 | 
573 .0 I 

2541 .0 | 
6355.0 I 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050°C water, 1200°C/30' water 
+600°C 
bar, 0 22 mm 
[4.3] 
1978 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie 

E 
Rp0.2 = 
*m = 
A5 = 
Z 

propertie 

167800 
97 
333 
43 
71 

s 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic properties 

Rp0.2 " 

°g = 

eg = 
NT 
Τσ = 
TP „ = 

265 
147 

0.091 
2749 

1.072 
1.141 

N/mm2 
N/mm2 

% 
cycle 

-
-

= = 
= 
= 
= 
= 

630 
0.140 
522 

0.263 
-0.083 
-0.598 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σβ [N/mm1] 
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SUS 321-B, 600 °C Γ 
E=167800 N/mm2 = cyclic 

K— 630 N/mm2 = incremental Γ 

n'= 0,140 = monotonic 
i 1 . . . . 1 i . · . 1 

0,5 1.5 2,5 

ε M 

£0 W 

10 i i 11 H U I — i i i I H M I I HIHI I I I l l l l l l I I I l l l l l l I I I IM 

10" 

i l l lNU 

SUS 321-B, 600 °C 
σ,'=522 N/mm2 b=-0,0834 
ε,·= 0,2626 c=-0,5984· 

7 exp. results 
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PSWT [N/mm'] 

10J 

10' 

I I I M i l l 

N % 
\ / 1 

1 
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1 1 1 1 1 1111 
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1 

1 M l l l l 

i i i m i 

1 1 1 1 1 I I I 

1 1 1 1 1 I I I 

1 1 1 ΓΓΠη- 1 1 1 l l l l l | I I 1 l l l l l | 1 

SUS 321-B, 600 °C 

7 exp. results 

1 1 1 1 1 I I I 1 1 1 1 1 I I I 

1 1 1 l l l l 

H 

i i i 11 m l i 

^ 

i i i M T I 

101 102 10s 10* 105 

N 
10° 107 10" 

M a t e r i a l : SUS 321-B, 600 C 

I Spec . n o . 

+ H 

1 1.0000 
1 2 .0000 
1 3.0000 
1 4 .0000 
I 5.0000 
1 6.0000 
1 7 .0000 

S t r e s s 
ampl i t ude 

[MPa] 
h 

332 .6 
319 .3 
3 0 5 . 1 
285 .5 
280 .6 
256 .5 
2 5 2 . 1 

| Mean s t r e s s 

I [MPa] 

I 0 .0 
I 0 .0 
I 0 .0 
I 0 .0 
I 0 .0 
I 0 .0 
1 o.o 

S t r a i n 
amp l i t ude 

[%] 

1.0100 
1.0050 
0 .7800 
0.5150 
0 .5050 
0 .3500 
0 .2650 

Cycl 
f a i 

e s to 
l u r e 

156 .0 
170 .0 
318 .0 
668 .0 
698 .0 

1645.0 
4659 .0 



X 10 CrNiTi 18 9 1.4541 SÜS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1050°C water, 1200°C/30' water, 900°C/lh 
+600°C 
bar, 0 22 mm 
[4.3] 
1978 

Chemical composition 

C Si fin P S Ni Cr Ti 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

151700 
101 
312 

N/mm2 
N/mm2 
N/mm2 

Cyclic p 

Rp0.2 = 

°g = 

6g 
Nj, 
Τσ = 
T*„ = 

rop erties 

181 
75 

0.060 
29956 
1.103 
1.255 

N/mm2 
N/mm2 

% 
cycles 

-
-

1171 
0.301 
817 

0.307 
-0.157 
-0.525 

N/ 
-
N/ 
-
-
-

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

CO 

Microstructure 

Monotonie test 

Loading condition 
Spec imen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUS 321-B, 600 °C Γ 
E=151700 N/mm2 = cyclic 
K'=1171 N/mm2 = incremental [ 
n'= 0,301 = monotonic 
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SUS 321-B, 600 °C g 
σ,*=817 N/mm2 b=-0,1571 H 
Cf'= 0,3073 c=-0,524-6 Π 

4- exp. results 

N 

i i i i n n 

s 
N % 

X 
N 

N 
S 

1 1 1_ 1 1111 SV_ I_1_1J_LU 

J 

"* *?V:"·**^ 

L_.L1_U.LL1 

itf 102 103 10* 105 

N 
10e 107 10" 

http://L_.L1_U.LL1


364 

PSWT [N/mm'] 

1Cf 

1(f 
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1 SUS 321-B, 600 °C V 

4· exp. results I 

N 
X 

N 

1 1 1 1 I N I 1 1 1 ΓΝΙΙ 1 1 1 1 l l l l 1 1 1.11 111, 

10 102 103 10* 105 106 107 

N 
10° 

a t e r i a l : SUS 321-B, 600 C 

+ 
I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
I 4 .0000 

-+-

-+-

S t r e s s 
ampl i tude 

[MPa] 

315.9 
279 .1 
217 .8 
172.7 

-+ 
| Mean s t r e s s 

| [MPa] 

I 0 .0 
I 0 .0 
I 0 .0 
I 0 .0 

-+ 

μ +_ 
S t r a i n | 

ampl i tude | 
[%] 1 

1.5200 | 
1.0150 | 
0 .5000 j 
0 .2900 I 

¥ + -

+ 
Cycles t o | 

f a i l u r e | 
1 

194 .0 I 
4 8 5 . 0 j 

2953 .0 j 
8212.0 I 

+ 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050UC water, 1200uC/30' water, 900"C/lh ι 
+600°C 
bar, 0 22 mm 
[4.3] 
1978 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

Λρ0.2 

151700 
101 
312 
40 
72 

N/mm 
N/mm 
N/mm 

% 
% 

Cyclic prop 

Rp0.2 = 

°g = 

eg 
NT = 
τσ 
τ 

erties 

212 
135 

0.098 
6695 

1.166 
1.551 

N/mm2 
N/mm2 

% 
cycle 

-
-

533 
0.148 

384 
0.122 

-0.069 
-0.476 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σ α [N/mm1] 

600 

500 

+00 

300 

200 

100 

ί 

!■ 

lf* y 
f i l l 

SUS 321-B, 600 °C Γ 
E=151700 N/mm2 = cyclic 

K'=533 N/mm' = incremental Γ 

η ^ 0,148 = monotonic 
I , , . 

0.5 1.5 2,5 

ε.Μ 

10 

10" 

10" 

10" 
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1 I I I IN I 

*** 
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F 

r 

i i i i i m 

1 1 1 1 U l i 

\ n 'S 
- * — * -

1 1 1 1 I N I 

1 1 1 1 Mill 

^ 
- ^ ^ 

1 1 1 H i l l 

1 1 1 1 l l l l | 1 1 1 1 l l l l | 1 1 1 1 l l l l | 1 1 1 1 IlliJ 

SUS 321-B, 600 °C B 
σ / = 3 8 4 N/mm2 b= -0 ,0687 H 

Cf'= 0,1217 c=-0,4761 Π 

4- exp. results 

^ C L . 

« 1 
N 

i i i i n n 

~ " ~ - - . ^ 
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N 
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N 
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1 
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1 
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1 
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PSWT [N/mm'] 
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10J 

102 

1 1 1 M i l l 

-

N 

_ X 

U 

L 

| 1 1 1 1 1 I I I 

1 1 1 1 1 I I I 

1 1 1 1 1 I I I 

1 1 1 M i l l 

O s v > ^ 

1 1 1 I I I I I 

1 1 1 l l l l l | 1 1 1 M I N I 1 1 1 1 I l l l | 1 1 1 M i l l 

SUS 321-B, 600 °C H 

4- exp. results H 

^ ^ - ^ 

1 1 1 1 1 I I I 

* - - ^ 

1 1 1 1 1 I I I 

„ 

1 1 1 1 1 I I I 

1 

H 

J 

i i ι Τ Π η 

10 1tf 10J 10 10 
N 

1CT 107 10° 

Material : SUS 321-B, 600 C 

Spec. no. | Stress | Mean stress 
| amplitude | 
I [MPa] I [MPa] 

Strain | Cycles to 
amplitude [ failure 

[%] I 
1.0000 | 268.3 
2.0000 I 229.6 
3.0000 I 207.0 
4.0000 I 186.9 

0.0 
0.0 
0.0 
0-0 

1.0100 | 
0.5050 I 
0.3550 I 
0.1950 j 

191.0 
656.0 
1828.0 
28776.0 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1050°C water, 1200°C/30' water, 750°C/24h air 
+600°C 
bar, 0 22 mm 
[4.3] 
1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Microstructure 

Monotonie properties 

E 
Rp0.2 = 
R * -

A5 -
Z 

158000 
127 
319 
40 
73 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
σ{ 

8f 

N/mi 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic properties 

Rp0.2 = 

σΕ = 

eg 
NT = 

Τσ = 
τ Ρ η = 

193 
86 

0.065 
25660 
1.119 
1.205 

N/mm2 
N/mm2 

% 
cycle 

-
-

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

1041 
0.271 

763 
0.327 

-0.143 
-0.532 

complete rupture 
half failure life 
Young's modulus estimated 

N/mi 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 

40 (%/min) 
triangular 
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σα [N/mm1] 

600 

500 

4Ό0 

300 

200 

100 

L 

* 

L 

K \l 

SUS 321-B, 600 °C Γ 
E=158000 N/mm2 = cyclic 

K'=1041 N/mm2 = incremental Γ 

n'= 0,271 = monotonic 
J L 1 . , ^ _ J l_ i_ L 1 | , . . . | ■ , . . _ 

0,5 1.5 2.5 

ε . Μ 
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i i i H IH I 
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1 1 1 1 T1T11 1 1 1 1 l l l l | 1 1 1 1 Ι Ι Ι Ι | 1 1 1 1 1 11-LJ 

SUS 321-Β, 600 °C B 
W 

σ /=763 N/mm2 b=-0,1435 Η 
Η 

ε / = 0,3268 c=-0 ,5320 M 

4 exp. results 

χ χ 

X "*«·. _ 
X > 

X — 
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X 
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1 1 1 H i l l 
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X 
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PSWT [N/mm1] 

I 1 I I M i l l 1 I I l l l l l l I I I ■ ■ 11 ■ I I I I I I I I M I N I I I I M l | l 

SUS 321-B, 600 °C 

4· exp. results 

10J 

1Cf 
101 1Cf 103 10* 10s 

N 
106 107 108 

M a t e r i a l : SUS 321-B, 600 C 

I Spec. no. 

I 1.0000 
I 2.0000 
I 3.0000 
I 4.0000 

Stress 
amplitude 

[MPa] 

316.9 
284.5 
229.6 

I 182.5 

| Me an stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 

Strain | 
amplitude | 

[%] 1 

1.5050 I 
1.0050 | 
0.4900 j 
0.2900 j 

Cycles to 
failure 

195.0 
542.0 

2914.0 
8447.0 



X 10 CrNiTi 18 9 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical compositio 

C Si Mn 

1050°C water, 1200°C/30' water, 750°C/24h air 
+600°C 
bar, 0 22 mm 
[4.3] 
1978 

<0 .05 0 . 6 0 1 .84 0 . 0 2 4 0 . 0 1 4 1 0 . 0 0 1 8 . 9 5 0 . 4 5 

Monotonie properties 

■p0.2 127 
319 
40 
73 

N/ 
N/ 
% 
% 

Cyclic p 

Rp0.2 = 
CTg = 

h = 
NT 
Τσ = 
TPn = 

roperties 

218 
126 

0.087 
7203 

1.106 
1.116 

N/mm2 
N/mm2 

% 
cycle 

-
-

610 
0.166 

453 
0.168 

-0.084 
-0.509 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Monoton test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σ α [N/mm*] 

600 

500 

4Ο0 

300 

200 

100 

l· 

s^\— \ί SUS 321-B, 600 °C Γ 
E=158000 N/mm5 = cyclic 
K-610 N/mm* = incremental Γ 
n— 0,166 = monotonic 

. 1 u i. u t 1 , , 1....1 . - . - ^ . .. J 

0,5 1.5 2,5 

ε.Μ 
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10" 

10" 

Z 1 I I I IN I 

-V 
Χ χ 

X > 
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1 L_l 1 I I I I I 

1 1 1 I I I I I 

1 1 1 1 1 IM 

— i i i I I I I I 

1 1 1 1 1 II I 

1 1 1 1 l l l l | 1 1 1 I M I I | 1 1 I | 1 1 1 1 1 1 Uj 

SUS 321-B, 600 °C B 
σ,'=453 N/mm2 b=-0,0842 H 
ε;= 0,1677 *· c=-0,5090 Π 

6 exp. results 
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PSWT [N/mm'] 
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10J 

1Cf 

1 1 1 Mill 

*x 
x 

X 
\- X 

X 
l·- X 

1 1 1 1 1 1111 

1 1 1 Mill 

X 

i i i i m i 

1 1 1 HUT] 

1 1 1 1 1 I I I 

Γ-ΓΤ-ΓΤΙΪΤ1 1 I I l l l l l | I l l l l l l l | I 11111111 

SUS 321-B, 600 °C H 

6 exp. results M 

1 1 1 1 1 I I I 1 1 1 1 I I I ! 1 1 1 1 1 II I " * " - 1 - L 1 1 Hil l 

10 Itf 10J 10 10 
N 

io- 10' 10° 

M a t e r i a l : SUS 321-B, 600 C 

I Spec . n o . 

1 1.0000 
I 2 .0000 
1 3 .0000 
I 4 .0000 
I 5.0000 
I 6.0000 

I S t r e s s 
| ampl i tude 
I [MPa] 

I 283 .0 
1 2 7 9 . 1 
1 260 .5 
1 235 .4 
I 208 .9 
1 189 .8 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

| S t r a i n | 
I ampl i tude | 
1 [%] 1 

I 1.0050 | 
I 1.0200 | 
1 0.7450 | 
[ 0.5050 | 
I 0.3500 | 
j 0.1900 | 

Cycles to | 
fa i lure | 

166.0 | 
197.0 | 
389.0 | 
954.0 | 

2426.0 | 
24183.0 | 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment : 1050°C/30' water 
Test temperature : +700°C 
Semifinished material : bar, 0 25 mm 
Reference : [4.3] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie properties 

E 
Rp0.2 = 
«m = 

A5 = 
Z 

198900 
120 
261 
50 
80 

N/mm2 
N/mm2 
N/mm2 

% 
% 

V 

K 
n 
σΐ 

ef 

N/m 

N/mi 

Cyclic properties 

Rp0.2 = 

CTg = 

6g = 
NT 

Τσ = 
TPn = 

180 
121 

0.077 
62705 
1.156 
1.122 

N/mm2 
N/mm2 

% 
cycles 

-
-

496 
0.163 

360 
0.151 

-0.072 
-0.448 

Incremental step test 

Failure criterion : complete rupture 
σ/e-values valid for : half failure life 
Remarks : Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 9 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (Vmin) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σ α [N/mm1] 

300 

200 

100 

L / 

omm - " 

SUS 321-B, 700 °C Γ 
E=198900 N/mm2 = cyclic 
K'=496 N/mm2 = incremental 
n'= 0,163 = monotonic 

._. i . . . - . - . - . - i . _ . i i · . . · 
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ι ι ι 1111if ι ι ! ιιιιη- ι ι Γππη ι ι ι muj 
SUS 321-B, 700 °C | 
σ/=360 N/mm2 b=-0,0718 H 
ε/= 0,1509 c=-0,4485 Π 

5 exp. results 
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PSWT [N/mm'] 

10J 

10z 

1 1 1 1 1 II I I 
Γ 

p 

L 

1 1 1 Mill 

1 

N1a 

L 

1 1 Mill 

V 

' ' '"" 

— i i i I I I I I I 

1 1 1 Mllll 

— i i i I I I I I I — i i i I I I I I I — i i i I I I I I I — i i i I I I I I I 

SUS 321-B, 700 °C l· 

5 exp. results M 

x% 

I 1 1 Mill 

* * ' < » ^ 

L..I 1 Mill 1 1 1 11 il l 

j 

H 

"Γ ·Ί^υ ι ι ι ι Ι 

10 10* ^d> 10* io? 106 107 10" 

M a t e r i a l : SUS 321-B, 700 C 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
I 4 .0000 
I 5.0000 

-+-
S t r e s s 

ampl i tude 
[MPa] 

242.3 
203 .6 
219.3 
200 .6 
193.3 

i 
I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

-+- 4 
S t r a i n | 

ampl i tude | 
[%] 1 

1.1050 | 
0 .7900 j 
0 .6650 | 
0 .4900 | 
0 .3900 I 

Cyc .es to 
f a i l u r e 

218 .0 
486 .0 
879.0 

1535.0 
3420 .0 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050°C/30' water 
700°C 
bar, 0 25 mm 
[4.3] 
1978 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie properties 

E 
Rp0.2 = 
«m « 
A5 -
Z 

198900 
120 
261 
50 
80 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
a{ 

ef 

Cyclic properties 

RPo 
σ* 
h 
NT 
Τσ 
Τερ 

2 = 
= 
= 
= 
= 
= 

Incremen tal 

172 
115 

0.067 
25082 
1.058 
1.348 

N/mm2 
N/mm2 

% 
cycle 

-
-

step test : 

a f 

e'f 

368 
0.122 
297 

0.143 
-0.062 
-0.483 

N/i 
-
N/i 
-
-
-

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.41 (%/min) 
triangular 
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σα [N/mm1] 

300 
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" 

■ / 

■I 

[.. 1 1 J 

^ —Q-"—*""" 

SUS 321-B, 700 °C Γ 
E=198900 N/mm2 = cyclic 
K'=368 N/mm2 = incremental 
n*= 0,122 = monotonic 

1 L L. 1. L. 1- 1 U .. L. .... I , . » 1 I U 1. L. U \ 
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SUS 321-B, 700 °C g 
σ/=297 N/mm2 b=-0,0623 H 
ε/= 0,1427 c=-0,4835 Π 

6 exp. results 
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PSWT [N/mm*] 
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10J 

1CT 

i i i i nn 

s 

1 s 
Γ x 
L N 

1 1 1 1 ULUJ 

i i i H I M 

1 LLLLW. 

1 1 1 IMHI 

1 L 1LLL11 

i i i Trmi i ι ι ιιιιη ι ι ι ιιιιη ι ι ι mm 
SUS 321-B, 700 °C H 

6 exp. results N 

i i i m i l l i i i i n n i i i Liii i - - 4 . . 1 LLLUi 

10' Itf 10s 10* 1Cf 10° 10' 10° 

Ma t e r i a 1 : 

I Spec . n o . 

! 1.0000 
I 3.0000 
I 2 .0000 
I 4 .0000 
I 5.0000 
I 6.0000 

SU5 

-+-

5 321-B, 700 

S t r e s s | 
ampl i tude | 

[MPa] | 

205 .0 | 
198.6 j 
194.7 1 
185.9 | 
178.5 | 
171.2 | 

C 

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

-+-
S t r a i n | 

amp l i t ude | 
[%] 1 

1.0400 | 
0 .5150 | 
0 .6100 j 
0 .5100 j 
0 .4050 j 
0 .2850 | 

Cycl Les to | 
f a i l u r e | 

162.0 | 
513 .0 j 
591 .0 j 
676 .0 j 

1431 .0 j 
3697 .0 | 



X 10 CrNiTi 18 9 1.4541 SÜS 321-B 

1050°C/30' water, 1100°C/lh water 
+700°C 
bar, 0 25 mm 
[4.3] 
1978 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28 

Monotonie 

E 
Rp0.2 = 

*» = 
A5 = 
Z 

properties 

202050 
115 
267 
53 
72 

N/mm2 
N/mm2 
N/mm2 

% 
% 

N/m 

N/m 

Cyclic properties 

Rp0.2 _ 
°i = 
h = 
NT 

Τσ -
T ßp = 

194 
115 

0.066 
31076 
1.123 
1.160 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
σ'£ 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

508 
0.155 
440 

0.311 
-0.088 
-0.538 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

: complete rupture 
: half failure life 
: Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R = -1 
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : 15 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 40 (%/min) 
Waveform : triangular 
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SUS 321-B, 700 °C Π 
E=202050 N/mm2 =* cyclic 

K'=508 N/mm7 = incremental 

n'= 0,155 = monotonic 
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PSWT [N/mm'] 
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1 1 1 1 U l i 

k 
\ 

N 
N 

V 
N 

\ 1 
1 

1 
1 

1 
1 

1 
1 

1 1 1 l l l l l 

1 1 1 1 1 I I I 

1 1 1 l l l l l 

V 

1 1 1 1 M M 

1 1 1 Ulllf 1 1 I ΜΙΠ1 I I I l l l l l | I I I Mill 

SUS 321-B, 700 °C H 

6 exp. results H 

1 1 1 Mi l l 1 1 1 l l l l l 1 1 M M T 1 - _ 1 1 1 1 I I 1U 

10' ior 10° 10 10 
N 

10° 107 10" 

M a t e r i a l : SUS 321-B, 700 C 

| Spec . n o . 

I 1.0000 
I 2 .0000 
! 3 .0000 
I 4 .0000 
I 5.0000 
I 6.0000 

| S t r e s s 
| ampl i tude 
| [MPa] 

I 241 .8 
I 230.5 
I 229 .1 
I 231 .5 
I 207 .0 
I 197.2 

| Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

| S t r a i n | 
| ampl i tude | 
1 [%] 1 

I 1.0200 | 
I 0 .7850 I 
I 0 .6100 I 
j 0 .4900 j 
I 0 .4650 I 
I 0 .4050 I 

Cycl 
f a ] 

es to 
l u r e 

378 .0 
608 .0 

1163.0 
1548.0 
2124.0 
2804.0 



X 10 CrNiTi 18 9 1 . 4 5 4 1 SUS 321-B 

Heat treatment : 1050°C/30' water, 1100°C/lh wate 
Test temperature : +700°C 
Semifinished material : bar, 0 25 mm 
Reference : [4.3] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

< 0 . 0 5 0 . 5 4 1 .08 0 . 0 4 1 0 . 0 1 8 8 . 5 2 1 6 . 5 0 0 . 2 8 

Monotonie properties 

Λρ0.2 
«m 

202050 
115 
267 
53 
72 

N/mm" 
N/mm" 
N/mm' 

N/mmz 

Cyclic properties 

Rp 0 . 2 ~ 

CTg = 

eg = 
NT 

Τσ = 

T ™ = 

185 

105 

0 . 0 6 0 

16030 

1 .136 

1 .225 

N/mm2 

N/mm2 

% 
c y c l e s 

-
-

523 
0.168 

369 
0.109 

-0.083 
-0.477 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40(%/min) 
triangular 
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σ α [N/mm1] 

300 

200 

100 

c 

yo 

^ - - ^ 3 

SUS 321-B, 700 °C Γ 
E=202050 N/mm2 = cyclic 

K -523 N/mm2 = incremental 

n'= 0,168 = monotonic 
i L. L__.-_ _ _ , J 1 | J J 1_. I • - . U _ . i _ . _ _ l _ l__ i 1 1__J 

0.5 1.5 2.5 

ε W 

ε „ Μ 
I I 111111 I I I HIHI I I I Ull l j I I I IM 

SUS 321-B, 700 °C 
σ/=369 N/mm* b = - 0 , 0 8 2 9 

ef-= 0,1092 c=~0,4772 

6 exp. results 

I I I ΙΙΙΠ-... 1 I I I INI 

10° 107 108 

http://�-.U_.i_.__l_
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10J 

IGT 

1 I I I MIM 

P" X 
1 N 
r \ 1 s 

|_ L_ 1 1 M i l l 

1 1 1 Mill 

1 1 1 ! 1 I I I 

1 1 1 Mill 

1 1 1 1 1 I I I 

1 1 1 l l l l l | 1 1 1 HIM) 1 1 1 l l l l l | 1 1 1 l l l l l j 

SUS 321-B, 700 °C H 

6 exp. results M 

1. 1 I I I I I I 1 1 1 Mill T V h U l l l 1 1 1 MILL 

101 102 103 10* 105 106 107 10s 

N 

Material : SUS 321-B, 700 C 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
I 4 .0000 
I 5.0000 
I 6 .0000 

| S t r e s s 
| ampl i tude 
I [MPa] 

1 2 2 8 . 1 
1 220 .7 
1 2 0 2 . 1 
1 209.4 
1 179.0 
I 169.2 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
amp l i t ude | 

1 [%] 1 

1 1.0050 | 
1 0 .5000 j 
j 0 .4950 j 
1 0 .3800 j 
1 0 .3000 | 
I 0 .2250 I 

Cyc es to | 
f a i l u r e | 

115 .0 | 
473 .0 | 
479 .0 j 
945 .0 | 

2085 .0 j 
5136.0 I 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050"C water, 1200uC/30' water 
+700°C 
bar, 0 22 mm 
[4.3] 
1978 

Ni Cr Ti 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

E = 170900 N/ram2 

Λρ0.2 
\ 
A5 

94 N/m 
250 N/m 
28 % 
32 % 

Cyclic prop 

Rp0.2 = 

ag = 

6g = 
NT 

Τσ = 
Ί,η = 

erties 

195 
96 

0.060 
10200 
1.013 
1.053 

N/mm2 
N/nu/ 

% 
cycles 

-
-

609 
0.184 

510 
0.377 

-0.110 
-0.597 

Incremental step test 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

σ̂  

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 



387 

σα [N/mm'] 

600 

500 

4Ό0 

300 

200 

100 

-

-

> 

u y 
SUS 321-B, 700 °C Γ 

E=170900 N/mm1 = cyclic 

K'=609 N/mm* = incremental Γ 

n— 0,184· = monotonic 
• 1 . . . . 1 1 , . . . 

0,5 1.5 2.5 

ε „[%] 

101 

10" 

10" 

10" 

1 I I I I INI I I N I III] 

' I ' ' " i l l i i i i m i 

I I I l l l l l l I I I l l l l l l I I I 11 MM I I I HUM 

SUS 321-B, 700 °C 
σ/=510 N/mm2 b=-0,1098 

0,3767 c=-0,5974 
4· exp. results 

«r 

I I I I I I I I ! 1 I I I Lll 

101 102 103 10* 105 10e 107 108 

N 
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PSWT [N/mm'] 

10° 

10z 

I I I I Mil 

s \ s \ 
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S \ 

l
l

l
l
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1 I I 1 MM 

1 

N 

1 

1 l l l l l 

1 l l l l l l 

i i i i nn 

1 1 1 l l l l l 

i i i i m i | i i i ΜΓΤΤΓ Γ I I M I I I | I 

1 SUS 321-B, 700 °C 

4- exp. results 

i i i i m i i i ii1117 **«* J 1 1 1 1 II I 

1 1 M i l l 

H 

1 

-

1 1 l l l l l 

10 10 icr 10 10 
N 

10 10' 10° 

Material : SUS 321-B, 700 C 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
! 4 .0000 

| S t r e s s 
| ampl i tude 
I [MPa] 

I 259 .0 
! 215.3 
I 209 .4 
I 190.3 

Me an s t r e s s 

[IlPa] 

S t r a i n | 
ampl i tude | 

[%] 1 

0 .0 I 1.0800 I 
0.0 
0 .0 
0.0 

0.4900 1 
0.4150 I 
0.2850 I 

L· L 

Cyc l e s to | 
f a i l u r e | 

1 
245 .0 | 

1221.0 j 
1649.0 j 
4083.0 I 

+ 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment : 1050°C water, 1200°C/30f water 
Test temperature : +700°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.3] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

Λρ0.2 
Km 
A, 

170900 
94 
250 
28 
32 

N/mmz 
N/mm2 
N/mm2 

% 
% 

N/m 

N/m 

Cyclic properties 

Rp0.2 _ 

°g = 

eg = 
NT 
Τσ = 
T Pn = 

185 
104 

0.064 
2970 
1.086 
1.324 

N/mm2 
N/mm2 

% 
cycles 

-
-

421 
0.133 

312 
0.092 

-0.072 
-0.523 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σ ο [N/mm1] 

300 

200 

110 

< 
υ ^ " 

j 

\ L- 1 !_.. . 

ι^^^λ 

SUS 321-B, 700 °C Γ 
E=170900 N/mm' = cyclic 
K'=421 N/mm' = incremental 
n - 0,133 = monotonic 

!_.„ 1 . . . . I . . . . I . . . . I , . 1 . 

0,5 1,5 2,5 

ε W 

101 

10u 

10 ' t 

10" 

1 
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_ 1 1 1 1 Mil 

1 1 1 
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1 
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1 
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1 1 1 1 Mil 

1 1 1 1 M M 

1 1 1 1 Mil 

—■ ■ > n . 

I I I 

1 1 1 1 l l l l | 1 1 1 1 l l l l | 1 1 1 1 l l l l | 1 1 1 1 IIIJJ 

SUS 321-B, 700 °C 0 
σ/=312 N/mm' b=-0,0722 H 
ε/= 0,0923 c=-0,5235 Π 

5 exp. results 

S 
N \ 

N 
N 

N 
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N 
N 

I I I I I I I ! 
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I I I l l l l l l 1 I I l l l l l I I I I M l l | I I I I l l l l j I I I I 11111 I l l l l l 

1 0 3 fc 

I I I I llll 

SUS 321-B, 700 °C 

5 exp. results 

1CT l l l l lllll i i M I I I I I i i il i i i i mil nl T ^ K L I I I I I 

101 1Cf 10J 10 10 
N 

10° 10' 10" 

M a t e r i a l : SUS 321-B, 700 C 

| Spec. no. 

I 1.0000 
I 2.0000 
I 3.0000 
I 4.0000 
I 5.0000 

| Stress | Me 
| amplitude J 
1 [MPa] | 

1 215.8 | 
j 208.9 j 
I 196.7 | 
1 183.4 I 
I 161.9 j 

an stre 

[MPa ] 

0.0 
0.0 
0.0 
0.0 
0.0 

ss | Strain I 
| amplitude | 
1 [%] 1 

I 1.0050 | 
I 0.5050 | 
I 0.3500 | 
I 0.3000 j 
j 0.1950 j 

Cycles to | 
failure | 

54.0 ! 
190.0 | 
444.0 ! 
838.0 j 

3259.0 | 



X 10 CrNiTi 18 9 1.4541 SUS 321-1 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050"C water, 1200"C/30' 
+700°C 
bar, 0 22 mm 
[4.3] 
1978 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie 

E 
Rp0.2 = 

*M = 
A5 = 
Z 

properti 

168500 
109 
247 
46 
59 

es 
N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic prop 

Rp0.2 = 

°g = 

6g = 
N T = 

Τσ = 

TBP = 

erties 

180 
80 

0.052 
14483 
1.016 
1.215 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
σ'{ 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

665 
0.210 
577 

0.493 
-0.130 
-0.614 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

:er, 900°C/lh ai 

crostructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 9 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cycl test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 9 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σα [N/mm1] 

600 

500 

4-00 

300 

200 

100 
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j r 

/ 

3 

SUS 321-B, 700 °C Γ 
E=168500 N/mm2 = cyclic 
K'=665 N/mm2 = incremental! 
n'= 0,210 = monotonic 

J 1 , . l 1_ .. | U 1. . 1 1 1 1 1 1 . 1 . 1 1 . . 

0,5 1.5 2,5 

ε W 

10 

10ü 

10" 

10" 

_ 1 1 1 1 NU 

K 
p 

1 1 1 1 1 1 111 

1 1 1 H i l l 

V N 

1 1 1 1 1 I I I 

1 1 1 1 1 Uli 

\ 
^7"——-~χ\ ^ 

1 1 1 1 1 I I I 

1 1 1 1 l l l l | 1 1 1 l l l l l | 1 1 1 l l l l l | 1 1 1 I I l l l j 

SUS 321-B, 700 °C | 
σ,'=577 N/mm2 b=-0,1301 H 
ε/= 0,4-933 c=-0,6138 Π 

4· exp. results 

^ x % 

"̂* ** - - .. s — \ \ 
S 
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1 1 i^LLll] - _ J . _ I . I J . l U l 
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PSWT [N/mm1] 

10J 

10* 

1 1 1 1 I I I ! 

\ - \ \ \ \ \ 
s \ 

s 
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1 1 1 1 1 1 I I I 

1 1 1 1 HIT 

\ 
\ 

s 

1 1 1 1 11 II 

i i l i n n 

i i i t u n 

i i Γ τ π τ τ τ — Γ - Γ τ τ τ π η r—ττ ι ιπ ι ι ι ΓΤΤΤΊΤΤΙ 

SUS 321-B, 700 °C H 

4 exp. results μ 

1 1 1 1 1 I I I 1 i V l J I I I 1 1 1 1 I I I ! 1 1 1 1 I I I ) 

10 10 10° 10 10 
N 

106 107 108 

Material : SÜS 321-B, 700 C 

| Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
I 4 .0000 

| S t r e s s 
| ampl i tude 
| [MPa] 

I 249 .2 
j 220.2 
I 203 .6 
I 178.5 

I Me 
1 
1 
1 
1 
1 
1 

an s t r e 

[MPa ] 

0 .0 
0 .0 
0 .0 
0.0 

ss | S t r a i n | 
| ampl i tude | 
1 [%] 1 

I 1 . 0 1 5 0 I 
I 0 .7000 | 
1 0.4950 I 
I 0 .2900 | 

Cycles to | 
f a i l u r e | 

1 
329.0 I 
821.0 j 

1443.0 j 
4291.0 | 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050"C water, 1200uC/30' water, 900uC/lh 
+700°C 
bar, 0 22 mm 
[4.3] 
1978 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

Λρ0.2 

68500 
109 
247 
46 
59 

N/ 
N/ 
N/ 
% 
% 

Cyclic properties 

Rp0.2 " 
CTg = 

eg % = 
Τσ = 
Τ,„ = 

169 
92 

0.058 
4303 
1.095 
1.593 

N/mm2 
N/mm2 

% 
cycle 

-
-

f 
f 

= = 
= 
= 
= 
= 

423 
0.148 
306 

0.106 
-0.079 
-0.528 

N/ 
-
N/ 
-
-
-

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.41 (%/min) 
triangular 
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σα [N/mm*] 

300 

200 

100 

9^1 

j 

) 

SUS 321-B, 700 °C Γ 
E=168500 N/mm' = cyclic 

K'=423 N/mm' = incremental 

n'= 0,148 = monotonic 
• 1 . . . . 1 . . . . 1 

0,5 1,5 2,5 

ε M 

I I I » " l l | I | I I I I I 1111 I I I i T T 

SUS 321-B, 700 UC 
^■=306 N/mm' b=-0,0794 

c=-0,5276 
4 exp. results 
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I I I l l l l l l 1 I I I Mill 1 I I Mill I I I I Mil) I I I I l l l l | I I I I llll[ I I I I I 

103 t 

SUS 321-B, 700 UC 

4- exp. results 

10' I I I I Hill ' ' ' ' i"il i i i i mil i l l I i i ι ΓΊ-mJ ι ι ι I ι ι ι ι mil 

10 102 1Cf 10 10 
N 

10° 107 108 

Material : SÜS 321-B, 700 C 

| Spec. no. 

I 1.0000 
I 2.0000 
I 3.0000 
I 4.0000 

+ 
I Stress 
| amplitude 
| [MPa] 

1 214.4 
1 178.1 
I 181.5 
I 150.1 

_+ 
| Me an stre 

[MPa] 

0.0 
0.0 
0.0 
0.0 

ss 
-+ 4 
| Strain | 
| amplitude | 
1 [%] 1 
I 1.0300 I 
j 0.5000 | 
I 0.3600 | 
! 0.1800 j 

Cycl 
fai 

+ 
es to | 
lure | 

1 
62.0 I 
283.0 | 
3 92.0 j 
4771.0 | 



X 10 CrNiTi 18 9 1.4541 SÜS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050°C water, 1200°C/30' water, 750°C/24h 
+700°C 
bar, 0 22 mm 
[4.3] 
1978 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

Λρ0.2 
«m 
A, 

174000 
129 
255 
48 

N/ 
N/ 
N/ 
% 

Cyclic properties 

Rp0.2 ~ 
CTg = 

eg = 
NT 
Τσ = 
T,n = 

182 
85 

0.053 
15314 
1.031 
1.155 

cycles 
f 

f 

= 
= 
= 
= 
= 
= 

636 
0.202 
545 

0.466 
-0.122 
-0.606 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

CO 
OO 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σβ [N/mm*] 

300 

200 

100 

> 
^ . . . - - " ■' ---"""*" 

SUS 321-B, 700 °C Γ 
E=174000 N/mm2 = cyclic 
K'=636 N/mm7 = incremental 
n*= 0,202 = monotonic 

i 1 1 . . 1 1 J 1 1 . L I . l _ - l _ J , 1 _. 1 
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101 p 

10L 

1CTt 

10" 

1 

2 

L 1 1 1 1 IN I 

K 
-----_._ 

1 1 1 1 INI 

1 1 1 1 Mi l 

\ 

1 1 1 1 U l i 

1 1 1 1 MIM 

NT"—-—«^νν " 

1 1 1 1 U l i 

1 1 1 l l l l l | 1 1 1 ! l l l l | I 1 1 1 1 Tll| 1 1 1 I I lUJ 

SUS 321-B, 700 °C B 
σ,'=545 N/mm2 b=-0,1224- H 
ε/= 0Λ657 c=-0,6065 Π 

4- exp. results 
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PSWT [N/mm'] 

10J 

i f f 
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SUS 321-B, 700 °C l· 

4 -exp. results I 

1 1 1 1 1 H I 1 1 N T H ! 1 1 1 l l l l l 1 1 1 1 U l i 

10 10* 10 10 10 
N 

10° 10' 10° 

Material : SUS 321-B, 700 C 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
I 4 .0000 

-+-
S t r e s s 

ampl i tude 
[MPa] 

242 .8 
224 .6 
208 .9 
178.5 

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 

-+-
1 
1 
1 
1 
1 
1 
1 

S t r a i n 
ampl i tude 

[%] 

0.9950 
0.7050 
0.5050 
0.2900 

- + -
Cycl 

f a j 
es to 
l u r e 

345 .0 
779.0 

1298.0 
4410.0 



X 10 CrNiTi 18 9 1.4541 SUS 321-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1050°C water, 1200°C/30' water, 750°C/24h 
+700°C 
bar, 9 22 mm 
[4.3] 
1978 

Chemical composition 

C Si Mn P S Ni Cr Ti 

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45 

Monotonie properties 

E 
Rp0.2 = 

«m = 

A5 = 
Z 

174000 
129 
255 
48 
55 

N/mm2 
N/mm2 
N/mm2 

% 
% 

V 
K 
n 
af 

8f 

Cyclic properties 

Rp0.2 " 

σΕ = 

eg % -
Τσ = 
T,n = 

165 
98 

0.059 
6930 
1.051 
1.602 

N/mm2 
N/mm2 

% 
cycle 

-
-

= = 
= 
= 
= 
= 

355 
0.123 
300 

0.252 
-0.074 
-0.596 

Incremental step test N/mm^ 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R = -1 
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : 15 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 0.40 (%/min) 
Waveform : triangular 
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σβ [N/mm*] 

300 

200 

100 

L 

1 )3 

-/ 

SUS 321-B, 700 °C Γ 
E=174000 N/mm' = cyclic 

K—355 N/mm' = incremental 

n'= 0,123 = monotonic 
i. 1 u i . . i , 1 . . . ■ 1 , , . . 1 , . . . 

0,5 1,5 2,5 

ε W 

101 l I I I I M l | I l l H I H I ' l I H I H I l I H M 

K 
SUS 321-B, 700 °C 
σ/=300 N/mm' b=-0,0736 
ε/= 0,2520 c=-0,5961 

4· exp. results 
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I I I l l l l l | I I I I 11111 I I I MINI I I I I I I 

1CT 

I I I I Mil 

SUS 321-B, 700 °C 

4· exp. results 

IGT I I Mllll i i i mm·»-..! i ι m i l l ι ι ι i n n 

101 itf 1Cf 10* 105 

N 
10" 107 108 

a t e r i a l : SUS 321-B, 700 C 

+ -i 
I Spec. no. 

I 1.0000 
I 2.0000 
I 3.0000 
I 4.0000 

h 
Stress 
amplitude 

[MPa] 

198.6 
179.0 
168.7 
143.7 

t-
Me an stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 

-+- + 
Strain | 
amplitude | 

[%] 1 

1.0050 | 
0.5100 | 
0.3050 | 
0.1500 j 

Cycles to 
failure 

175.0 
438.0 
1191.0 
12203.0 



X 10 CrNiNb 18 9 1.4550 SUS 347-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1050°C/50' water, 1100°C/lh water 
+23°C 
bar, 0 22 mm 
[4.3] 
1978 

Chemical composition 

C Si Mn P Cu Nb+Ta 

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12 0.70 

Monotonie properties 

E 
Rp0.2 = 

\ = 
A5 = 
Z 

210000 
237 
615 
52 
72 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ef 

Cyclic properties 

Rp0.2 _ 

σ8 = 

eg * 
NT -

Τσ -
Τ„η = 

271 
160 

0.113 
128639 
1.121 
1.178 

cycles 

ερ 
Incremental step test 

= 
= 

f = 

f = 

= 
= 

1967 
0.319 
1005 

0.127 
-0.121 
-0.384 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

HV 10 : 150 

Microstructure JIS G 0551 grain size: 9 (70%) + 5 (30%) 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

39 (%/min) 
triangular 
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σα [N/mm1] 

600 

500 

4-00 

300 

200 

100 
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I J 1 1 

> · 

^ 

^~~~ ---'~~~~~~ 1 

SUS 347-B Γ 
E=210000 N/mm2 = cyclic 
K'=1967 N/mm2 = incremental Γ 
n'= 0,319 = monotonic 

J \ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0.5 1,5 2,5 

ε „ Μ 

101 

10" 

10" 

10" 

Z 1 I I I Mil 

F ^ 
"*χ % 

F 

l· 
p 

I 1 1 1 1 UN 

1 1 1 Mill 

^ x ^ 
- ^ 

i i i i n i l 

— i i i nun 

^ 
^ 

1 1 1 M i l l 

1 1 1 l l l l l | 1 1 1 M i l l ) 1 1 1 M I H | 1 l l l l i p j 

SUS 347-B g 
σ/=1005 N/mm2 b=^0,1208 H 
ε/= 0,1269 c=-0,3839 Π 

4 exp. results 

1 1 1 1 l l l l 

^ « ■ - - ^ 

> 

1 1 1 H i l l 

X NN N 

1 1 1 1 1 II I 

J 

J 

L Mi -k i l l 

10 102 103 10* 105 106 107 108 

N 
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PSWT [N/mm'] 

10J 

itf 

I 1 1 1 MM 

1 N 
N 

1 1 1 1 1 I I I ! 

1 1 1 Mill 

1 1 1 1 I I I ! 

1 1 1 Mill 

1 1 1 Mi l l 

i i ΓΓτττη-- Γ Τ Τ Τ Π Ι Ι Ι ι ι ι ι ι ι ι η ι Ι ΙΓΓΤΠΙ 

SUS 347-B H 

4 exp. results l| 

1 1 1 Mi l l 1 1 1 1 Mil 1 1 1 Mi l l I ΙΪ 

10' 1(f 10J 10 10 
N 

10° 10' 10° 

M a t e r i a l : SUS 347-B 

+ 
I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3.0000 
I 4 .0000 

+ 
| S t r e s s 
| ampl i tude 
I [MPa] 

I 422 .8 
I 384 .1 
1 314 .4 
I 291 .9 

-+-
Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n 
ampl i t ude 

1 [%] 

1 0.9550 
1 0.8150 
1 0.4800 
1 0 .3800 

μ + 

Cycles to | 
f a i l u r e | 

1 
911 .0 j 

I 1086.0 | 
I 6117 .0 | 
I 16382.0 | 



X 10 CrNiNb 18 9 1.4550 SUS 347-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050°C/50' water, 1100°C/lh water 
+23°C 
bar, 0 22 mm 
[4.3] 
1978 

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12 0.70 

Monotonie properties 

E 
Rp0.2 = 

\ = 
A5 = 
Z 

210000 
237 
615 
52 
72 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic p 

Rp0.2 = 
°g = 
h = 
NT 
Τσ = 
Ί,, = 

roperties 

276 
164 

0.109 
99111 
1.164 
1.221 

N/ 
N/ 
% 
cy 
-
-

= = 
f = 

f = 

= 
= 

1667 
0.289 
1060 

0.230 
-0.123 
-0.436 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

: complete rupture 
: half failure life 
: Young's modulus estimated 

HV 10 : 150 

Microstructure JIS G 0551 grain size: 9 (70%) + 5 (30%) 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R = -1 
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : 15 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 4.1 (%/min) 
Waveform : triangular 
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σ β [N/mm1] 
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4Ό0 

300 
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^ — — J 

SUS 347-B Π 
E=210000 N/mm2 = cyclic 

K'=1667 N/mm2 = incremental Π 

n'= 0,289 = monotonic 
J I_ 1 1 1 1 1 . 1 _ _ 1 1 J 1 1 1 1 J L_ 1 1 1 1 1 

0.5 1 1.5 2.5 

10 

10" 

10" 

10" 

p—i i i i n n 

Γ «̂v 
Γ ^ 

Γ x̂  

1 """"""" 

F 

h 

1 1 1 1 1 INI 

1 1 1 Mill 

> ^̂  

C c % ^ ϊ 

1 1 1 1 1 Ml 

1 1 1 MINI 

L 

^ 

1 1 1 1 Mi l 

—i \ i iiin|—i i i iini|— ι ι ι nun τ τ π ™ 
SUS 347-B B 
σ,*=1060 N/mm2 b=-0,1227 R 

ε± 0,2305 c*=-0.,4360 [j 

5 -exp, results 

1 1 1 1 Mil 

*- — 

i i i inn 1 1 1 M i l l 

: 

^ - - * -

» 
I ^ L L I J L U . 

10 10' 10° 10 10 
N 

10° 107 108 



PSWT [N/mm'] 

409 

10J 

10z 

n I I Γ 1 1 I I I 

X 

s 
N 

N 
\ I 

1 1 1 1 1 1 111 

1 1 1 Mill 

N 

l . 1 l l l l l l 

1 1 1 Mill 

1 1 l l l l l l 

T r rrnnr r-ττττΓττΓ ι τ r mi i | i r i n i m 
SUS 347-B H 

5 exp. results H 

1 1 1 1 1 I II 1 1 1 1 1 1 II 1 1 1 1 1 1 11 1 1 1 1 Uli; 

10 104 10J 10* 10s 

N 
10° 107 10" 

a t e r i a l : SUS 347-B 

I Spec . n o . 

I 1.0000 
I 2 .0000 
1 3.0000 
I 4 .0000 
j 5.0000 

I S t r e s s 
I ampl i tude 
I [MPa] 

1 4 5 9 . 1 
I 391 .4 
1 387 .5 
I 354 .6 
1 318 .3 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
amp l i t ude | 

[%] 1 

1.2500 | 
1.0150 | 
0 .7850 I 
0 .6050 | 
0 .4950 | 

Cycles to | 
f a i l u r e | 

1 
680 .0 I 
984 .0 I 

1868 .0 I 
5570.0 I 
6842 .0 I 



X 10 CrNiNb 18 9 1.4550 SUS 347-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050°C/50' water, 1100°C/lh water 
+450°C 
bar, 0 22 mm 
[4.3] 
1978 

Cu Nb+Ta 

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12 0.70 

Monotonie properties 

E 

Rp0.2 

A, 

172000 
157 
449 
37 
63 

N/mm' 
N/mm' 
N/mm' 
% 

Cyclic properties 

0 
5 
1 
1 

202 
93 

089 
5872 
073 
204 

N/mm2 
N/mm2 

% 
cycle 

-
-

f 
f 

= = 
= 
= 
= 
= 

3151 
0.442 
1189 

0.110 
-0.168 
-0.378 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

39 (%/min) 
triangular 
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σ β [N/mm1] 

600 

500 

400 

300 

200 

100 

* 

L 

j-

A 

/ 

\l 
\ i_ 1_ 1_ 

/S 
^ .'-"' 

~φ~~~ 

SUS 347-B, 450 °C Γ 
E=172000 N/mm2 = cyclic 

K'=3151 N/mm2 = incremental! 

n— 0,44-2 = monotonic 
L. 1 L. L L. t I ». ,. , , 1 , , , , 1 , , , , 

0,5 1.5 2,5 

C M 

101 p 

1(7 

10' t 

10" 

1 

2 

Γ I I I ΠΤΙΓ 

. ^ - - ^ 

1 1 1 1 1 I I I 

■ i r r urn 

- « ; 

1 1 1 1 1 1 II 

I 1 ΠΠΙΪΙ 

^ 

i 

- - - r- Γ-τττττη r- ι ι ι in i | 1 ι ι i i i n | 1 ι ι ι urn 
SUS 347-B, 450 °C B 
■σ-^1189 N/mm2 b=-0,1676 H 

ε / = 0,1097 c*=-0,3778 M 

5 exp. results 

^ 

x 

* ■ " » ». ^ 

1 1 1 1 M i l 

*^ 

i i i i m i 1 1 1 Hi l l 

H 

i i V u u i 

10 10' 10s 10 10 
N 
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PSWT [N/mm'] 

10J 

102 

I I ΓΓΓΠΤ 

l_N 

N 

V 
X 

u 

L 

l_ L 1 1 1 1111 

— Γ Τ Τ Π Τ Π 

X % 
"*N N 

1 1 1 1 1111 

1 1 1 Hill 

1 1 1 11 1 1 1! 

— i i i i i i i i |—i i i M I I I | — ι ι ι ■ ■ ■ ■ ■ |—ι ι ι mill 
SUS 347-B, 450 °C N 

5 exp. results Li 

N 
N 

1 1 1 1 l l l l 

s 

1 1 1 1 1111 

^ 
1 1* *11111 

1 

-\ 

1 1 1 1 1 111] 

10 10z 1GT 10* 10s 

N 
106 107 108 

M a t e r i a l : SUS 347-B, 450 C 

+ H 

I Spec . n o . 

I 1.0000 
I 2 .0000 
1 3.0000 
1 4 .0000 
1 5.0000 

μ 

S t r e s s 
ampl i tude 

[MPa] 

364 .9 
330 .1 
272 .2 
250 .6 
227 .6 

-+-
Me ^ 

an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

p 4 
S t r a i n I 

ampl i tude | 
[%] 1 

0 .9600 I 
0 .8000 I 
0 .5700 I 
0 .4800 I 
0 .3850 | 

+ 
Cycles t o | 

f a i l u r e | 
1 

573 .0 | 
1089.0 j 
3865 .0 j 
4343 .0 j 

10221.0 j 



X 10 CrNiNb 18 9 1.4550 SÜS 347-B 

1050°C/50' water, 1100°C/lh water 
+450°C 
bar, 0 22 mm 
[4.3] 
1978 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12 0.70 

Microstructure 

Monotonie 

E 
Rp0.2 = 
«m = 
A5 = 
Z 

propertie 

172000 
157 
449 
37 
63 

_s_ 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 
6 f 

Monotonie test 

Loading condition : 
Specimen : cylindrical, 0 10 mm 
Specimen location : in rolling direction 
Gauge length : 50 mm 
Testing machine : 
Strain rate : 0.3 and 7.5 (%/min) 

Cyclic properties 

Rp0.2 _ 

°g = 

eg = 
NT 
Τσ = 

TEO = 

249 
110 

0.084 
33381 
1.036 
1.211 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'f 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

2155 
0.347 
1158 

0.159 
-0.155 
-0.439 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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SUS 347-B, 450 °C Γ 
E=172000 N/mm2 = cyclic 

K-2155 N/mm2 = incremental! 

n'= 0,34-7 = monotonic 
.. 1 i i i . 1 . . . . 1 . . . . 1 i i . . -
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SUS 347-B, 450 °C 0 
σ/=1ΐ58 N/mm2 b= -0 , l 549 H 

ε^ 0,1589 c = - 0 , 4 3 9 4 Π 

5 exp. results 
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i 

Ί 
i 

i 
i 

11
 

I-L1U111, 

101 102 103 10* 105 106 107 10" 
N 



PSWT [N/mm'] 

415 
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SUS 347-B, 450 °C H 

5 exp. results H 
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-

1 1 1 HILL 10' 
101 102 103 10* 10s 106 107 108 

N 

M a t e r i a l : SDS 347-B, 450 C 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3.0000 
I 4 .0000 
1 5.0000 

| S t r e s s 
| ampl i tude 
| [MPa] 

I 390 .9 
1 374.3 
I 320.3 
1 291.4 
1 271.7 

Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
amp l i t ude | 

[%] 1 

1.0200 I 
0 .7950 j 
0 .5950 | 
0 .5000 j 

! 0 .4150 I 

Cyc ^es to 
f a i l u r e 

552.0 
760 .0 

2108.0 
3276.0 
6238.0 



X 10 CrNiNb 18 9 1.4550 SUS 347-B 

Heat treatment : 1050°C/50' water, 1100°C/lh water 
Test temperature : +600°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.3] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Nb+Ta 

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12 0.70 

Monotonie properties 

E 

Rp0.2 

69400 
155 
409 
36 
63 

N/mm 
N/mm 
N/mm 

% 
% 

Cyclic prop 

Rp0.2 = 

CTg 
£g = 
N T = 

Τσ = 
T*n = 

erties 

235 
117 

0.088 
30450 
1.144 
1.058 

rW 
N/mm2 

% 
cycles 

-
-

1547 
0.303 

863 
0.155 

-0.131 
-0.441 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -e 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUS 347-B, 600 °C Γ 
E=169400 N/mm2 = cyclic 
K—1547 N/mm2 = incremental f 
n'= 0,303 = monotonic 
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ε/= 0,1548 c=-0,4413 Π 
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PSWT [N/mm'] 

10J 

10' 

1 1 1 1 Ul i 

s 
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: 

L 

1 1 1 1 M M 

i i i i nn 
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N 

1 1 1 M i l l 

N, 

1 1 1 U N I 

i i i πιιη ΓτπττπΓ ι ι ι mii | ι 
I SUS 347-B, 600 °C 

5 exp. results 

> 

1 1 1 1 I N I 

" * - ^ 

1 1 1 1 Mil 

1 1 Ι Ι ΙΠ1 

H 

JJ 

i i i iTrrJ. i 

j 

-

1 1 1 M i l 

10 10' 10J 10* 105 

N 
106 10' 10° 

M a t e r i a l : SUS 347-B, 600 C 

| Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
I 4 .0000 
I 5.0000 

I S t r e s s 
| ampl i tude 
I [MPa] 

1 347 .3 
1 329 .6 
1 3 0 3 . 1 
1 275 .7 
1 242 .8 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
ampl i tude | 

[%] 1 

1.0100 I 
0.7650 j 

I 0 .5850 j 
1 0 .4700 I 
1 0.4050 j 

Cyc l e s t o 
f a i l u r e 

391 .0 
924.0 

1945.0 
3717.0 
4917.0 



X 10 CrNiNb 18 9 1.4550 SUS 347-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050°C/50' water, 1100°C/lh water 
+600°C 
bar, 0 22 mm 
[4.3] 
1978 

Cu Nb+Ta 

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12 0.70 

Monotonie properties 

E 
Rp0.2 = 
Km = 

A5 = 
Z 

196400 
155 
409 
36 
63 

N/mm2 
N/mm2 
N/mm* 

% 
% 

v 
K 
n 
CTf 
8 f 

Cyclic properties 

256 
176 

0.125 
65849 
1.170 
1.790 

N/ 
N/ 
% 
cy 
-
-ερ 

Incremental step test 

= 
= 
= 
= 
= 
= 

1028 
0.224 
559 

0.069 
-0.076 
-0.347 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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σβ [N/mm*] 

600 

500 

400 

300 

200 

100 

l· 

χ^ 

I- / 

cv̂ *""" 

SUS 347-B, 600 °C Γ 
E=196400 N/mm1 = cyclic 
K'=1028 N/mm2 = incremental f 
n'= 0,224 = monotonic 

J 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0.5 1.5 2.5 

ε.Μ 
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10" V 

10" 

10" 

- I I I Mill 
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-
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- ■ TTTTTTTT] 

c S ^ o ^ ^ 

D S J 

I i i M i n i 

" ΓΓΓΓΓΠΤΤ i T ιττττη- ι ι ϊ Tinif r ι r n i u 
SUS 347-B, 600 °C g 
σ/=559 N/mm4 b=-0,0761 H 
ε/= 0,0692 c=-0,3466 Π 

5 exp. results 

1 1 1 H i l l 
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10s 

10' 

r i T Γτττπ 

1 1 1 1 UIHl 

1 F 1 Mill 

l—ULLUJl 

" ~ l 1 1 Mill 

l_ 1 1 1 » I I I 

~ ' i i m i n i — Γ - τ τ τ τ τ τ η - τ ΓΤΓΤΤΠΤ i i I I I I I I I 

SUS 347-B, 600 °C H 

5 exp. results N 

L 1 1 1 1 I I I 1 1 1 l l l l l 1 1 1.11111 L L i mill 

101 102 id5 10* 105 10" 10' 108 

M a t e r i a l : SUS 347-B, 600 C 

H 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
1 4 .0000 
I 5.0000 

+ 
I S t r e s s 
I ampl i tude 
1 [MPa] 

1 374 .3 
1 353 .6 
1 285 .5 
1 270 .8 
1 248 .2 

j . 

1 Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0&0 
0 .0 
0 .0 

f 
S t r a i n 

amp l i t ude 
1 [%] 

1 1.2550 
1 1.0050 
! 0 .5000 
! 0 .3950 
1 0 .2900 

-+ -
Cycles t o 

f a i l u r e 

145 .0 
317 .0 

1849.0 
3002.0 

43068.0 



X 10 CrNiNb 18 9 1.4550 SUS 347-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050°C/50' water, 1100°C/lh water 
+600°C 
bar, 0 22 mm 
[4.3] 
1978 

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12 

Monotonie properties 

Rp0.2 

196400 N/mm" 
155 N/mm: 
409 N/mm: 
36 % 
63 % 

Cyclic p 

Rp0.2 = 

CTg = 

£g 
NT 

Tc = 
T,p = 

roperties 

262 
167 

0.103 
16165 
1.051 
1.172 

N/mm2 
N/mm2 

% 
cycles 

-
-

820 
0.184 

508 
0.071 

-0.073 
-0.392 

Incremental step test 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

to 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σα [N/mm1] 
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300 
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SUS 347-B, 600 °C Π 
E=196400 N/mm2 = cyclic 
K'=820 N/mm2 = incremental Γ 
n— 0,184 = monotonic 

1 1 _ . J . . . 1 , L-...J i . . . .1 ! _ . ! _ . . 1_..J I . . . . 
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SUS 347-B, 600 °C | 
σ/=508 N/mm2 b=-0,0731 H 
ε/= 0,0710 c=-0,3921 Π 

5 exp. results 
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PSWT [N/mm1] 

10J 

ltf 

I I I M i l l 

L N 
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1 1 1 l l l l l 
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SUS 347-B, 600 °C l· 

5 exp. results 1 

1 1 1 1 1 I I I 1 1 1 1 1 I I I 1 1 1 l l l l l 1 1 1 1 1 ILL 

101 icr 10° 1(f 105 

N 
106 107 10" 

Material : SUS 347-B, 600 C 

+ H 
I Spec . n o . 

I 1.0000 
| 2 .0000 
I 3 .0000 
I 4 .0000 
j 5.0000 

S t r e s s 
ampl i tude 

[MPa] 

345 .8 
313 .9 
284 .0 
2 7 8 . 1 
263 .9 

-+ 
I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

f + 
I S t r a i n | 
I ampl i tude | 
1 [%] 1 

I l . o i o o 1 
1 0.7250 j 
1 0.5150 j 
I 0 .3800 I 
I 0 .3500 I 

+ 
Cycles t o | 

f a i l u r e | 
1 

lio.o 1 
318 .0 j 

1179 .0 | 
2672 .0 j 
3390 .0 j 



X 10 CrNiNb 18 9 1.4550 SUS 347-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050°C/50' water, 1100°C/lh water 
+700°C 
bar, 0 22 mm 
[4.3] 
1978 

Cu Nb+Ta 

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12 0.70 

Monotonie properties 

E 
Λρ0.2 
*» 
A« 

5750 
160 
319 
48 
61 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic pi 

Rp0.2 = 

°g 
eg = 
NT = 

Τσ = 

TE» = 

op erties 

233 
157 

0.108 
16514 
1.111 
1.249 

N/mm2 
N/mm2 

% 
cycle 

-
-

Incremental step test 

= 
= 

f = 

f = 

= 
= 
= 

593 
0.151 
440 

0.135 
-0.068 
-0.447 

N/ 
-
N/ 
-
-
-
N/i 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -: 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σα [N/mm1] 

600 
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300 

200 
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L · — i — . — 

- c 

SUS 347-B, 700 °C Π 
E=168750 N/mm2 = cyclic 
K'=593 N/mm1 = incremental Π 
n'= 0,151 = monotonic 

X 1 1 X 1 1 L J 1 1 1 1 L 1 J 1 L. 1 1 1 1 1 

0,5 1 1.5 2,5 

101 i i i MUH i i i mm ι ι iiimi ι ι nnw 

10° 

10" 

SUS 347-B, 700 UC 
σ/=44-0 N/mm* b=-0 ,0679 

£,"= 0.1352 c=-0,4-473 

5 exp. results 
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10J 

1CT 

I I I ΙΙΠΤ 

L S, 

I i l l i n n 

1 ΓΓΤΓΠΤ 

1 1 1 H i l l 

— i i i um 

1 1 1 1 1111 

— i i i m m — i i i M I I I I ■ r ΓΓΤΤΤΤΤΤ ΓΤΤΓΤΤΤΤΙ 

SUS 347-B, 700 °C H 

5 exp. results H 

1 1 1 H i l l 1 1 1 M i l l i i l l m i L 1 1 1 LLLlJ 

101 itf 103 10* 10s 10* 107 

N 
10B 

M a t e r i a l : SUS 347-B, 700 C 

I Spec . n o . 

I 1.0000 
j 2 .0000 
I 3 .0000 
I 4 .0000 
1 5.0000 

I S t r e s s 
I ampl i tude 
I [MPa] 

1 296.3 
1 268.3 
1 263 .9 
I 241 .8 
1 245.3 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
ampl i tude | 

1 [%] 1 

0.9800 | 
I 0 .7550 | 
1 0 .6100 | 
1 0 .5000 | 
1 0 .3700 I 

Cycl es to 
f a i l u r e 

303 .0 
570.0 
745 .0 

1925.0 
4762.0 



X 10 CrNiNb 18 9 1.4550 SUS 347-B 

Heat treatment : 1050°C/50' water, 1100°C/lh water 
Test temperature : +700°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.3] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Nb+Ta 

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12 0.70 

Monotonie properties 

np0.2 

168750 
160 
319 
48 
61 

N/m 
% 

Cyclic properties 

Rp0.2 " 

CTg = 

Eg = 
NT 
Τσ -
T RD -

218 
141 

0.104 
21881 
1.077 
1.656 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'f 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

704 
0.189 
428 

0.070 
-0.073 
-0.384 ερ 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

to 

Microstructure 

Monotonie test 

Loading condition : 
Specimen : cylindrical, 0 10 mm 
Specimen location : in rolling direction 
Gauge length : 50 mm 
Testing machine : 
Strain rate : 0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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σβ [N/mm*] 
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SUS 347-B, 700 °C V 
E=168750 N/mm2 = cyclic 

Κ'=704· N/mm2 = Incremental Γ 

η'= 0,189 = monotonic 
J — ι — . — . — . — . — L _ , i — . — . — . — L · . i — . — · — i — L _ J — . — . — . — 
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σ/=428 N/mm2 b=-0 ,0732 

Cf'= 0,0701 c = - 0 , 3 8 3 6 

5 exp. results 
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PSWT [N/mm'] 
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SUS 347-B, 700 °C 

5 exp. results 
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10 10' 10J 104 10s 
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M a t e r i a l : SUS 347-B, 700 C 

+ 
I Spec . n o . 

I 1.0000 
I 2.0000 
1 3.0000 
I 4 .0000 
1 5.0000 

-+-
S t r e s s 

ampl i tude 
[MPa] 

284 .5 
242 .8 
222 .2 
212 .9 
198.6 

_+ 
I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

f +_ 
I S t r a i n | 

ampl i tude | 
1 [%] 1 

! 1.0150 | 
! 0 .5000 | 
1 0.3400 I 
1 0 .2950 | 
1 0 .2550 | 

Cycles to 
f a i l u r e 

191.0 
843.0 

2707.0 
9160.0 

20375.0 



X 10 CrNiNb 18 9 1.4550 SUS 347-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050°C/50' water, 1100uC/lh water 
+700°C 
bar, 0 22 mm 
[4.3] 
1978 

Ni Cr Mo Cu Nb+Ta 

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12 0.70 

Monotonie properties 

E = 168750 N/m 

Rp0.2 = 16° N / m 

\ = 319 N/m 
A5 48 % 
Z 61 % 

Cyclic properties 

Rp0.2 = 

CTg = 

eg 
NT 
Τσ = 
T*n = 

200 
116 

0.082 
14921 
1.088 
1.684 

N/mm2 
N/mm2 

% 
cycle 

-
-

= = 
f = 

f = 

= 
= 

676 
0.196 
412 

0.073 
-0.083 
-0.414 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R 

Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 



432 
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SUS 347-B, 700 °C Γ 
E=168750 N/mm1 = cyclic 
K-676 N/mm! = incremental!" 
n — 0,196 = monotonic 
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5 exp. results 
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SUS 347-B, 700 UC 

5 exp. results 
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Material : SUS 347-B, 700 C 

+ 
I Spec. no. 

I 1.0000 
I 2.0000 
I 3.0000 
I 4.0000 
1 5.0000 

+ H 
| Stress 
| amplitude 
| [MPa] 

1 264.9 
I 243.3 
I 220.7 
I 218.8 
I 191.3 

r 

Me 
H 

an stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

h +-
Strain | 

amplitude | 
[%] I 

1.0150 | 
0.6450 | 
0.5150 j 
0.3850 j 
0.2900 j 

Cyc 
+ 

les to | 
failure | 

130.0 | 
340.0 j 
519.0 I 
911.0 | 
6084.0 j 



X 10 CrNiNb 18 9 1.4550 SUS 347-B 

1050°C/50' 
+800°C 
bar, 0 22 ι 
[4.3] 
1978 

ater, 1100uC/lh water Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu 

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12 

Monotonie properties 

E 
Rp0.2 = 

Km = 

A5 -
Z 

169350 
127 
216 
49 
53 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ef 

Cyclic properties 

Rp0.2 ~ 

CTg = 

eg 
NT 

Τσ = 
T,n = 

168 
95 

0.060 
9569 
1.095 
1.210 

N/ 
N/ 
% 
cy 
-
-

= = 
= 
= 
= 
= 

423 
0.149 
354 

0.352 
-0.086 
-0.606 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

^ 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σ α [N/mm*] 
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/ 

r -

SUS 347-B, 800 °C P 
E=169350 N/mm2 = cyclic 

K— 4-23 N/mm2 = incremental 

n— 0,149 = monotonic 
i I . . . _ . _ . . . 1. fc_..i . L _ 1 ,. U . 1. 1 l_ i _ . i J 
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* . M 

ε M 
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K. 

10" 
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σ,'=354 N/mms b = - 0 , 0 8 6 5 

ε / = 0,3516 c = - 0 , 6 0 6 3 

3 exp. results 
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PSWT [N/mm*] 

1 1 I I MM 

\ \ \ \ \ \ 
N 

r- s 1 >» 

1 i i i i m i 

i i i 1111 r 

1 1 1 1 1 I I I 

1 1 1 Ι Ι Ι Ι Π 

N 

N 
N 

N 

%̂  

1 1 1 1 1 I I I 

r ΓΓπττη Ι - Γ Ί niiiy i i i mii| ι ι 'ΐιιτη 
SUS 347-B, 800 °C H 

3 exp. results H 

1 1 1 1 1 I I I i i i i ΙΤΓΤ -»^ 1 1 1 1 l l l l 1 1 1 1 Mi l 

10' 102 1Cf 104 105 106 107 10e 

N 

M a t e r i a l : SUS 347-B, 800°C 

+ H 

I Spec . n o . 
! 
I 
I 1.0000 
1 2 .0000 
1 3.0000 
+ , 

h 

S t r e s s 
ampl i tude 

[MPa] 

207 .5 
202 .6 
183.9 

L 

| Me 

-+ 

H 

an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 

h 

S t r a i n 
ampl i t ude 

[%] 

1.0050 
0.7300 
0.4950 

I 

- + -
1 
1 
1 
1 
1 
1 

- + -

Cycl 
f a i 

+ 
es t o | 
l u r e | 

1 
208 .0 I 
442 .0 j 
808 .0 j 

+ 



X 10 CrNiNb 18 9 1.4550 SUS 347-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1050°C/50' water, 1100°C/lh water 
+800°C 
bar, 0 22 mm 
[4.3] 
1978 

Cu Nb+Ta 

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12 0.70 

Monotonie properties 

Rp0.2 

169350 
127 
216 
48 
61 

Cyclic properties 

Rp0.2 ~ 

°g = 

h = 
NT ' = 
Τσ 
TKO = 

108 
55 

0.035 
16152 
1.004 
1.108 

N/mm2 
N/mm* 

% 
cycles 

-
-

290 
0.159 

237 
0.272 

-0.096 
-0.604 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Spec imen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.41 (%/min) 
triangular 
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σα [N/mm1] 

300 

200 

100 

L 

>■ 

r SUS 347-B, 800 °C Γ 
E=169350 N/mm5 = cyclic 
K'=290 N/mm' = incremental 
n'= 0,159 = monotonic 

0.5 1.5 

ε.Μ 
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1 1 1 llllll 
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i r 11 iiiif i i i ιιττη—-r ΓΓΠττη r ι I M TU 
SUS 347-B, 800 °C | 
σ/=237 N/mm2 b=-0,0965 H 
ε/= 0,2724· c=-0,6041 Π 

3 exp. results 
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PSWT [N/mm'] 
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10J 

102 

j 1 1 1 Mill 

L 
1 N Γ \ 
L v Γ \ L x Γ x 
1 N Γ \ > 

I I I I M i l l 

1 1 1 Mill 

\ 
x 

X 

L 1 1 1 1 1 11 

1 1 1 Mill 

X 
X 

X 
X 

X 

1 1 1 Mill 

i i i niii[—r nrmif τ ι ι imif ι ι ι I I I I I I 
SUS 347-B, 800 °C H 

3' exp. results H 

X 

1 Ϊ - Ν Ι 1 IN I 1 1 1 1 1 I I I 1 1 i MILL 

10' 102 1Ö5 10* 10s 106 107 

N 
10° 

M a t e r i a l : SUS 347-B, 800 C 

+ 
I Spec . n o . 
I 
I 
I 1.0000 
j 2 .0000 
! 3.0000 
+ 

-+-
1 
1 
1 
1 
1 
1 

-+-

S t r e s s 
ampl i tude 

[MPa] 

138 .8 
131.4 
122.6 

_+ 
I Me 
1 
1 
1 
1 
1 

an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 

-+-
1 
1 
1 
1 
1 
1 

-+-

S t r a i n 
amp l i t ude 

[%] 

1.0150 
0 .7850 
0.5050 

-+-
1 
1 
1 
1 
1 
1 

-+ -

Cycl 
f a i 

e s t o 
l u r e 

129 .0 
222 .0 
465 .0 



X 15 Cr 13 SÜS 4 0 3 - B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

950 C, quenched, 730 C, water 
+23°C 
bar, 0 22 mm 
[4.4] 
1978 

Chem cal composition 

0.11 0.27 0.41 0.018 0.019 0.21 12.77 <0.05 <0.05 0.010 

Monotonie properties 

210000 

598 

736 

21 

70 

N/mm2 

N/mm2 

N/mm2 

% 
% 

Cyclic properties 

Rp 0 . 2 _ 

°g = 

Eg = 
NT 

Τσ = 

T™ = 

497 

308 

0 . 1 4 9 

2536 

1 . 0 4 7 

1 .413 

N/mm2 

N/mm2 

% 
c y c l e 

-
-

= 
= 
= 
= 
= 
= 

987 

0 . 1 1 0 

962 

0 . 7 9 8 

- 0 . 0 7 5 

- 0 . 6 8 0 

Incremental step test 

Failure criterion 
σ/e-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

O 

HV 10 : 238 

Microstructure JIS G 0551 grain size: 9.1 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
T e s t i n g machine 

Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 nun 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σβ [N/mm*] 
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SUS 403-B l· 
E=210000 N/mm1 = cyclic H 
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J 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0,5 1.5 2.5 

ε . Μ 
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\ 

V \ \ \ 
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\ \ \ 
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c = - 0,6797 Π 
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PSWT [N/mm1] 

1Cf 

10' 

I I I I Mi l l 

k \ \ 
I N 
Γ \ \ \ \ 

N L \ Γ N 

I 1 1 1 1 1 II I 

1 1 1 M i l ! 

\ 

1 1 1 1 1 I I I 

I Γ Π Π Ϊ Τ ] 

1 1 1 M i l l 

r τπτπΓπη- i r m n i | ι ι ι ι ι ι ι ΐ | ι I I M I I I 
SUS 403-B H 

6 exp. results N 

1 1 1 1 l l l l 1 1 1 1 l l l l 1 1 1 1 l l l l l l l l Mill 

10' 10z 10° 10* 105 

N 
10' 107 10° 

M a t e r i a l : SUS 403-B 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
j 4 .0000 
I 5.0000 
I 6.0000 

I S t r e s s 
| ampl i tude 
I [MPa] 

1 604.3 
1 574 .9 
1 574 .9 
I 501.3 
I 482 .2 
1 457 .6 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
I amp l i t ude | 
1 [%] 1 

1 1.4550 | 
1 0 .9950 | 
1 0 .9600 I 
1 0 .4900 | 
1 0 .3950 | 
1 0 .3000 I 

Cycles to 
f a i l u r e 

201 .0 
551 .0 
640 .0 

2969.0 
3875.0 

11287.0 



X 15 Cr 13 SUS 403-B 

950°C, quenched, 730°C, water 
+23°C 
bar, 0 22 mm 
[4.4] 
1978 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Nb+Ta 

0.11 0.27 0.41 0.018 0.019 0.21 12.77 <0.05 <0.05 0.010 

Monotonie properties 

E 
Rp0.2 = 

\ = 
A5 = 
Z 

210000 
598 
736 
21 
70 

N/mm2 
N/mm2 
N/mm2 

% 
% 

V 
K 
n 
°f 
ef 

Cyclic pr 

Rp0.2 = 

°g = 

eg = 
NT = 

Τσ = 
T,n = 

operties 

475 
301 

0.149 
3368 

1.033 
1.248 

N/mm2 
N/mm2 

% 
cycles 

-
-

1056 
0.128 
932 

0.380 
-0.074 
-0.579 

N/mm 

-
N/mm 

-
-
-

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure JIS G 0551 grain size: 9.1 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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σα [N/mm1] 
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5 exp. results 
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PSWT [N/mm1] 

445 

ι ι ι ι mil I I I I inn I I I I 11■ 11 I I I llim 

10J 

I I I I Mill I I I I Mil I I I I Mil 

SUS 4 0 3 - B 

5 exp. results 

10* ' ' ' I I I I m i l I I I I m i l ι ι ι ι m i l ι ι ι ι i n "" ' '"' 
10' 101 10° 10 10 10" 10' 10° 

M a t e r i a l : SUS 403-B 

+ 
I Spec. no. 

I 1.0000 
j 2.0000 
1 3.0000 
j 4.0000 
I 5.0000 

i ^ 
Stress 
amplitude 

[MPa] 

565.5 
530.2 
524.3 
493.9 
441.9 

| 
Me 

1 
an stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

| 4 
Strain | 
amplitude | 

[%] 1 

0.9850 | 
0.7550 j 
0.6750 I 
0.5150 j 
0.3200 I 

+ 
Cycles to | 
failure | 

1 
481.0 | 
1050.0 j 
1069.0 | 
2079.0 j 
12813.0 j 



X 15 Cr 13 SUS 403-B 

Heat treatment : 950 C, quenched, 730 C, water 
Test temperature : 400°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.4] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Nb+Ta 

0.11 0.27 0.41 0.018 0.019 0.21 12.77 <0.05 <0.05 0.010 

Monotonie properties 

E 
Rp0.2 = 

K = 
A5 = 
Z 

185200 
488 
585 
15 
69 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ef 

Cyclic properties 

Rp0.2 ~ 
°g = 

£g = 
NT 
Τσ = 
T 

379 
244 

0.134 
2535 

1.062 
1.070 

N/mm2 
N/mm2 

% 
cycle 

-
-

691 
0.097 

668 
0.701 

-0.066 
-0.684 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Blonotonic test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Loading condition : total strain control, R 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σβ [N/mm1] 
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5 exp. results 
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PSWT [N/mm1] 

10J 

10z 

I I I I I M i l 

L \\ \ \ \ \ h- \ 
X \ \ \ \ 

I 1 1 1 1 1 I I I 

Γ"Ι 1 Mill 

1 1 1 I I III 

1 1 1 Mill 

1 1 1 1 1 I I I 

— i i i MINI ι—Γΐττττη—r Γτιιιιη ι ι M I N I 
SUS 403-B, 400 °C H 

5 exp. results \\ 

1 1 1 1 M i l L..JLLIIIIL 1 1 1 M i l l 1 1 1 1 l l l lJ 

101 102 103 10* 105 

N 
10* 107 10" 

Material : SUS 403-B, 400 C 

+ 
I Spec. no. 

I 1.0000 
1 2.0000 
1 3.0000 
1 4.0000 
I 5.0000 

f 
| S tress 
| amplitude 
I [MPa] 

1 462.5 
1 425.3 
I 385.5 
1 371.8 
I 362.0 

I Me an s t r e s s 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

I Stra in 
| amplitude 
1 [%] 

1 1.5050 
1 0.9800 
1 0.5050 
1 0.3800 
1 0.2950 

-+- + 
Cycles to | 

f a i l u r e | 

183.0 | 
366.0 j 

1484.0 | 
3218.0 j 
7107.0 | 



X 15 Cr 13 SUS 403-B 

Heat treatment : 950 C, quenched, 730 C, water 
Test temperature : 400°C 
Semifinished material : bar, 0 22 mm 
Reference [4.4] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Nb+Ta 

0.11 0.27 0.41 0.018 0.019 0.21 12.77 <0.05 <0.05 0.010 

Monotonie properties 

E 
Rp0.2 = 
«m = 

A5 " 
Z 

185200 
488 
585 
15 
69 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic properties 

Rp0.2 = 

σ8 = 
393 
290 

0.161 
2526 
1.112 
1.482 

N/mm2 
N/mm2 

% 
cycles 

-
-

641 
0.079 

585 
0.339 

-0.046 
-0.594 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σ α [N/mm*] 
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E=185200 N/mm* = cyclic 
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PSWT [N/mm1] 

itf 

ι ι 11 Mir 
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N 
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5 exp. results N 
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J 

1 1 1 1 l l l l 10' 
101 10* 103 10* 105 106 107 108 

N 

Material : SUS 403-B, 400 C 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
j 4 .0000 
I 5.0000 

| S t r e s s 
| ampl i tude 
I [MPa] 

I 443 .4 
1 427 .7 
I 383 .6 
I 390 .9 
1 385 .5 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
ampl i t ude | 

[%] 1 

0.9900 I 
0 .7050 I 
0 .5150 | 
0 .4000 
0.3250 I 

Cyc Les to | 
f a i l u r e | 

1 
246 .0 | 
953.0 j 

1368.0 j 
2840.0 1 
6452.0 | 



X 15 Cr 13 SUS 403-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

950°C, quenched, 730°C, water 
500°C 
bar, 0 22 mm 
[4.4] 
1978 

0.11 0.27 0.41 0.018 0.019 0.21 12.77 <0.05 <0.05 0.010 

Monotonie properties 

E 
Rp0.2 = 

*. " 
A5 " 
Z 

197250 
404 
492 
17 
76 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
σ{ 

εί 

Cyclic prop 

Rp0.2 = 

ag = 

6g = 
NT 
Τσ " 
Τβρ -

erties 

318 
195 

0.103 
4972 

1.126 
1.435 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
°'f 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

715 
0.131 
624 

0.412 
-0.077 
-0.605 

Incremental step test : N/m 

Failure criterion 
σ/ε-values valid for 
Remarks 

: complete rupture 
: half failure life 
: Young's modulus estimated 

to 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σα [N/mm1] 
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/ 
SUS 403-B, 500 °C 

E=197250 N/mm2 = 
10=715 N/mm2 = 
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i 1 U L. .. L 1 l 1- .. . 1 . . . .. 

= cyclic 
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SUS 403-B, 500 °C g 
στ·=624- N/mm2 b=-0,0766 H 
ε± 0,4-124 c=-0,6055 Π 

5 exp. results 
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PSWT [N/mm'] 

103 

I 1 I I Mill 

L 
Γχ 

X 
X 

h X 
X 

X 
X 

X 
X 

X 

• 

i i i i mi 

i i i m n 

X 
x r\ 

( 

1 1 1 l l l l l 

1 ΤΤΤΓΠΤ 

1_ 1 1 1 1 ILL 

— i i i i m i | — Γ Τ i ■ ■ ■ ii|— ι ι ιτππγ ι ι ι mill 
SUS 4-03-B, 500 °C H 

5 exp. results l| 

1, 1 1 Mi l l ■ i i i m i l i i i i m i 1 1 1 1 1 IJ-U 10' 
10' 102 itf 10* 105 106 107 108 

N 

Material : SUS 403-B, 500 C 

+ 
I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3 .0000 
I 4 .0000 
I 5.0000 

-+ 
I S t r e s s 
| ampl i tude 
I [MPa] 

I 413 .0 
I 371 .8 
1 330 .6 
1 325 .2 
I 308 .0 

-+-
Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

l· + -
S t r a i n | 

ampl i tude | 
1 [%] 1 

1 1.4050 I 
1 0.9850 j 
I 0.5050 I 
1 0 .3950 I 
I 0 .2950 I 

Cyc 
fa 

+ 
l e s t o | 
i l u r e | 

1 
210 .0 | 
320 .0 | 

1019.0 j 
2825 .0 | 
6772.0 | 



X 15 Cr 13 SUS 403-B 

950"C, quenched, 730"C, water 
+500°C 
bar, 0 22 mm 
[4.4] 
1978 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Nb+Ta 

0.11 0.27 0.41 0.018 0.019 0.21 12.77 <0.05 <0.05 0.010 

Monotonie properties 

Λρ0.2 
«m 
A, 

197250 
404 
492 
17 
76 

N/m»·4 
N/mm2 
N/mm2 

% 
% 

N/m 

N/m 

Cvclic 

Rp0.2 = 

CTg = 

eg = 
NT 
Τσ = 
TRD = 

prop erties 

278 
197 

0.106 
9002 

1.030 
1.457 

N/mm2 
N/mm2 

% 
cycles 

-
-

507 
0.097 
466 

0.418 
0.056 
0.585 

N/ 
-
N/i 
-
-
-

Incremental step test 

Failure criterion 
σ/ε-values valid f 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R = -1 
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : 15 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 0.40 (%/min) 
Waveform : triangular 
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σβ [N/mm1] 
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SUS 403-B, 500 °C Π 
E=197250 N/mm2 = cyclic 
K'=507 N/mm2 = incremental |1 
n'= 0,097 = monotonic 

1 1 _1 1 1 1 1 1 1 1 1 1_ 1 1 1 1 1 1 1 1 1 1 

0.5 1.5 2.5 
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1 1 1 l l l l l | 1 1 1 M l l l | 1 1 1 l l l l l | 1 1 1 I 1IUJ 

SUS 403-B, 500 °C 0 
σ,"=466 N/mm2 b=-0,0565 R 
£/= 0,4181 c=-0,5847 Π 

5 exp. results 
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10J 

1Cf 

I I I M i l l 

L 
N 

I N 
Γ v 

N 
N \ % N 

1 1 1 1 l l l l 

1 1 1 1 I N I 

X 

1 1 1 1 1 I I I 

1 I I I H i l l 

1 1 1 1 1 II I 

T—ΓΤΊτπη i i I I I I I I I i i i mii | ι ι ι ι ι ι ι ι ι 
SUS 403-B, 500 °C H 

5 exp. results H 

1 1 1 Mill 1 I I I I I I I 1 I I I I I I I 1 I I I I I I I 

10 102 103 10* 105 106 107 10" 
N 

Material : SUS 403-B, 500 C 

+ H 
I Spec . n o . 

I 1.0000 
j 2 .0000 
I 3 .0000 
I 4 .0000 
j 5 .0000 

S t r e s s 
ampl i t ude 

[JlPa] 

318 .3 
307 .0 
293 .3 
284 .0 
272 .2 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

h + -
S t r a i n | 

amp l i t ude | 
[%] 1 

1.0150 | 
I 0 .6600 j 
1 0 .4950 j 
1 0 .3950 I 
1 0 .3000 j 

Cyc 
+ 

l e s t o | 
f a i l u r e I 

4 8 7 . 0 I 
794 .0 j 

1884 .0 j 
2441 .0 | 
7975 .0 j 



X 15 Cr 13 SUS 403-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

950°C, quenched, 730°C, water 
+600°C 
bar, 0 22 mm 
[4.4] 
1978 

Cu Nb+Ta 

0.11 0.27 0.41 0.018 0.019 0.21 12.77 <0.05 <0.05 0.010 

Microstructure 

Monotonie properties 

Λρ0.2 

173500 
232 
342 
25 
89 

Monotonie test 

Loading condition 
Spec imen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic prop 

Rp0.2 = 
°g = 

Eg = 
NT 
Τσ = 
Τε Ρ = 

erties 

221 
136 

0.082 
9270 

1.036 
1.419 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'f 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

453 
0.116 
451 

0.923 
-0.079 
-0.676 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Cyclic test 

Loading condition : total strain control, 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σα [N/mm1] 
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I I ■ I 

SUS 4-03-B, 600 °C Γ 
E=173500 N/mm4 = cyclic 
K'=4-53 N/mm' = incremental 
n— 0,116 = monotonic 
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SUS 403-B, 600 °C 0 
σ/=451 N/mm2 b=-0,0789 H 
ε/= 0,9231 c=-0,6762 Π 

6 exp. results 
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PSWT [N/mm'] 

1CT 

I I I l l l l l l 1 I I Mill I I I HUH I I I HUH I I I l l l l l l I M i l l 

SUS 4 0 3 - B , 600 °C 

6 exp. results 

ior I I I lllll ' ■ ' ' " i l l ι ι i i mil i i i i mil ι ι ι ι mil I I I l l l l l l I I 

101 102 103 10* 10s 106 107 

N 
10" 

Material : SUS 403-B, 600 C 

Spec. no. 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 

S t r e s s 
ampl i tude 

[MPa] 

277 .6 
265.4 
249.2 
235 .9 
233 .0 
215 .8 

+-

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

[%] 

1.5100 
1.0650 
0.8200 
0.5050 
0.4000 
0.2950 

-+ 

Cycl 
fai 

es to 
lure 

238.0 
527.0 
857.0 
1510.0 
2266.0 
6456.0 



X 15 Cr 13 SUS 403-B 

Heat treatment : 950°C, quenched, 730°C, water 
Test temperature : +600°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.4] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu Nb+Ta 

0.11 0.27 0.41 0.018 0.019 0.21 12.77 <0.05 <0.05 0.010 

Monotonie properties 

E = 173500 N/mm2 
232 N/mm2 
342 N/mm2 
25 % 
89 % 

ap0.2 

ft5 

Cyclic properties 

Rp0.2 = 

°g = 

Eg = 
Νχ 
Τσ = 
Tpn = 

178 
139 

0.086 
14710 
1.073 
1.272 

N/mm2 
N/mm2 

% 
cycle 

-
-

275 
0.070 

255 
0.356 

-0.040 
-0.573 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σ α [N/mm'] 

300 

200 

100 

η^θ^Ο 

* * * 

SUS 403-B, 600 °C Γ 
E=173500 N/mm2 = cyclic 

K— 275 N/mm2 = incremental 

n— 0,070 = monotonic 
1 1 1 1 1 II 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ■ 

0.5 1.5 2.5 

ε W 

r0 10' I I I I IMI| I I I l l l l l | I I I l l l l l | I I I IIIIJJ 

10° 

SUS 403-B, 600 UC 
σ,'=255 N/mm2 b=-0,0400 
ε,'= 0,3560 c=-0,5733 

5 exp. results 
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PSWT [N/mm'] 
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10J 

10' 

I I 1 M i l l 

_ 

s 
N 

1 \ U \ 1 N 

1 1 1 I l l l l 
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1 1 l l l l 
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SUS 403-B, 600 °C 

5 exp. results 

L 1 1 l l l l l l 1 1 1 M i l l l l l l Mil 

1 1 l l l l l l 

y 

1 

J 

1 1 1 1 1 I I I 

101 1(f 1Cf 10* 10s 106 107 108 

N 

M a t e r i a l : SÜS 403-B, 600 C 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3.0000 
I 4 .0000 
1 5.0000 

I S t r e s s | Me 
| ampl i tude | 
1 [MPa] | 

1 198.6 | 
I 190 .8 I 
1 176.6 I 
1 177 .1 I 
1 174 .6 I 

an s t r e s s 

[MPa] 

S t r a i n 
a m p l i t u d e 

[%] 

0 .0 | 1.0200 
0 .0 
0 .0 
0 .0 
0 .0 

0 .4950 
0 .3950 
0 .3000 

1 0 .2250 

1 Cyc l e s t o | 
I f a i l u r e | 

317 .0 | 
1279.0 | 
1905 .0 ! 
5350.0 | 
8783.0 j 



X 15 CrNiSi 25 20 1.4841 SUH 310-B 

Heat treatment : 1050°C/50', water 
Test temperature : +23°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.8] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu N 

0.13 1.00 1.85 0.025 0.009 20.01 24.70 0.26 0.11 0.0516 

Monotonie properties 

E 
Rp0.2 = 

K» -
A5 = 
Z 

210000 
271 
630 
45 
69 

N/mm2 
N/mm2 
N/mm2 

% 
% 

V 
K 
n 
σ{ 

ef 

Cyclic prop 

Rp0.2 = 

°g = 

Eg 
NT 
Τσ = 
τ Ρ η -

erties 

289 
147 

0.096 
78145 
1.171 
1.438 

N/mm2 
N/mm2 

% 
cycle 

-
-

2302 
0.334 
1512 

0.301 
-0.153 
-0.465 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

HV 10 : 155 

Microstructure JIS G 0551 grain size: 10 (40%), 6 (60%) 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, Rg= -: 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

39 (%/min) 
triangular 



465 

σ β [N/mm1] 
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SUH 310-B Γ 
E=210000 N/mm2 = cyclic V 

K'=2302 N/mm2 = incremental! 

n'= 0,334 = monotonic 
1_ 1 l_ JL·. 1 _ 1. 1 t . I_ 1 - 1 L · _ . · _ i . 1- 1 V ·. 4. 1 — 

0.5 1.5 2.5 

ε.Μ 

101 I IMIII I I I IMIII I I INIIII 
F*. SUH 310-B 

σ,'=1512 N/mm2 b=-0,1532 

e/= 0,3014 c=-0 ,4654 

5 exp. results 
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PSWT [N/mm1] 
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OS 

1 l l l l l l l 
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SUH 310-B V 

5 exp. results I 

X 
X X N 

1 1 1 1 l l l l 

N N 

1 l l l l l l l 

x ^ . x 

1 1 1 1 1 I I I 

J 

-

1 Ί·»Ι Mil l 

10 itf 1(f 10* 105 

N 
10* 10' 10" 

Material : SUH 310-B 

Spec . no 

1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

527.8 
456.2 
405.1 
332.6 
310.0 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

m 
1.4550 
1.0000 
0.7350 
0.4900 
0.3300 

Cycles to 
f a i l u r e 

582.0 
1541.0 
2048.0 
6320.0 

21915.0 



X 15 CrNiSi 25 20 1.4841 SUH 310-B 

Heat treatment : 1050°C/50', water 
Test temperature : +23°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.8] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu N 

0.13 1.00 1.85 0.025 0.009 20.01 24.70 0.26 0.11 0.0516 

Monotonie properties 

E 
Rp0.2 = 
«m = 

A5 = 
Z 

210000 
271 
630 
45 
69 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 
ef 

Cyclic properties 

Rp0.2 

Τερ 
Incremental step test 

284 
149 

0.100 
03820 
1.074 
1.339 

N/mm2 
N/mm2 

% 
cycles 

-
-

2242 
0.332 
1492 

0.289 
-0.152 
-0.454 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

HV 10 : 155 

icrostructure JIS G 0551 grain size: 10 (40%), 6 (60%) 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.0 (%/min) 
triangular 
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σ α [N/mm1] 
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SUS 310-B Γ 
Ε=210000 N/mm2 = cyclic \ 
Κ'=2242 N/mma = incremental! 
n'= 0,332 = monotonic 
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SUS 310-B @ 
σ/=1492 N/mm2 b=-0,1516 H 

H 
Cf'= 0,2893 c=-0,4543 H 

5 exp. results 
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PSWT [N/mm1] 

Material : SUS 310-B 

Spec. no. 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

Stress 
amplitude 

[MPa] 

514.0 
458.6 
398.3 
348.3 
296.3 

Mean stress 

LMPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

[*] 

1 .4650 
1.0450 
0.7500 
0.5100 
0.3800 

Cycles to 
failure 

504.0 
1327.0 
3736.0 
6161 .0 

21025.0 



X 15 CrNiSi 25 20 1.4841 SUH 310-B 

Heat treatment : 1050°C/50', water 
Test temperature : +450°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.8] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu N 

0.13 1.00 1.85 0.025 0.009 20.01 24.70 0.26 0.11 0.0516 

Monotonie properties 

Kp0.2 

A, 

65650 
178 
521 
42 
60 

N/mm2 
N/mm2 
N/mm2 

% 
% 

N/m 

N/m 

Cyclic prop 

Rp0.2 = 

'g = 

8g 
NT 
Τσ = 

τ Ρ η -

erties 

274 
137 

0.105 
33317 
1.051 
1.426 

N/mm2 
N/mm2 

<*> 
cycles 

-
-ερ 

Incremental step test 

1754 
0.299 
1235 

0.272 
-0.144 
-0.468 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

39 (%/min) 
triangular 
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600 

500 

400 

300 

200 

100 

-

-

-

/ 

^ / 

1 

^y^O 

c '"" 

— ~-\ 

SUH 310-B, 450 °C Γ 
E=165650 N/mm2 = cyclic 

K'=1754 N/mm2 = incremental [~ 

n'= 0,299 = monotonic 
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PSWT [N/mm1] 

10° 

r i i ΓΓΤΤΠΙ 

L 
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— r-i i mii|—Ι-ΓΓΤΤΠΙΓ ι ini i i i | ι inii ir 
1 SUH 310-B, 450 °C I-

5 exp. results L 

1 L.JUI111 1 1 1 H i l l 1 1 1 M i l l * * _ 1 1 I Mill 10* 
10' 102 id* 10* 105 106 107 108 

N 

M a t e r i a l : SUH 310-B, 450°C 

Spec. no . 

, 1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

492.0 
393.9 
343.4 
311.0 
289.9 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[ S ] 

1 .4850 
0.9600 
0.7400 
0.5100 
0.3800 

Cycles to 
f a i l u r e 

326.0 
1255.0 
3226.0 
6598.0 

13191 .0 



X 15 CrNiSi 25 20 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu N 

0.13 1.00 1.85 0.025 0.009 20.01 24.70 0.26 0.11 0.0516 

1050°C/50\ water 
450°C 
bar, 0 22 mm 
[4.8] 
1978 

Monotonie properties 

E 

Rp0.2 
*» 
A, 

165650 
178 
521 
42 
60 

N/mm2 

Cyclic properties 

Rp0.2 _ 

°g = 

eg = 
NT 
Τσ = 

TEp " 

353 
177 

0.118 
5597 

1.135 
1.544 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
°'f 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

1627 
0.246 
1130 

0.251 
-0.122 
-0.509 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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σ α [N/mm1] 
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SUH 310-B, 450 °C Γ 
E=165650 N/mm2 = cyclic V 

K'=1627 N/mm2 = incremental! 

n'= 0,246 = monotonic 
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5 exp. results 
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10J 

10' 

I I I M i l l 

s 

I i i i i m i 

1 1 1 Mill 

N N 

N 

1 1 1 1 I I I ! 

1 I I 11TTTI 

• i I 

i Γτττττη 1 i i I I I I I | - r Γΐπιτη ι ι m i m 
SUH 310-B, 450 °C H 

5 exp. results N 

i i i i m i 1 1 1 M i l l i i i i n n l L 1 1 1 11 ll 

10' 10* 1(f 10* 105 

N 
10" 10' 10B 

Material : SUH 310-B, 450°C 

Spec. no . 

1 .0000 
2.0000 
3.0000 
4.0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

471.9 
443.4 
404 . 2 
388.0 
345.3 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[*.] 

0.9800 
0.7450 
0.5850 
0.5000 
0.4100 

Cycles to 
f a i l u r e 

778.0 
867.0 

2173.0 
5086.0 
5436.0 



X 15 CrNiSi 25 20 1.4841 SUH 310-B 

Heat treatment : 1050°C/50', water 
Test temperature : 600°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.8] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu N 

0.13 1.00 1.85 0.025 0.009 20.01 24.70 0.26 0.11 0.0516 

Monotonie 

E 
Rp0.2 -

\ -
A5 -
Z 

properties 

163550 
161 
456 
40 
54 

N/mm2 
N/mm2 
N/mm2 

% 
% 

U/m 

N/mi 

Cyclic properties 

Rp0.2 = 

ag = 

eg = 
NT 
Τσ 
T 
BP 

305 
160 

0.111 
9106 

1.236 
1.311 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
σ'ΐ 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

1404 
0.246 
945 

0.223 
-0.117 
-0.489 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -: 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUH 310-B, 600 °C Γ 
E=163550 N/mm2 = cyclic 

K—1404 N/mm2 = incremental! 

n— 0,246 = monotonic 
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5 exp. results 
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PSWT [N/mm1] 

I I I Mill 

10J 

I I I I 111 If— I l I N I i i i nun 
SUH 310-B, 600 UC 

5 exp. results 

πτη 

icr i i i Min i i i i i i i n l ι i i i i n i l i i I I I I I I I i i i M in i i i i M in i i i ι ι ι mJ 

1(f iff itf 10 10 
N 

10° 10' 10" 

M a t e r i a l SUH 310-B, 600°C 

Spec . 

0000 
0000 
0000 
0000 
0000 

Stress 
amplitude 

[MPa] 

4 5 2 . 2 
4 5 7 . 6 
3 7 7 . 2 
3 4 0 . 4 
3 0 3 . 1 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

1.5450 
0.9950 
0.7300 
0.5100 
0.4050 

Cycles to 
failure 

181 .0 
680.0 
872.0 

3643.0 
6279.0 



X 15 CrNiSi 25 20 1.4841 SUH 310-B 

Heat treatment : 1050°C/50', water 
Test temperature : +600°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.8] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu N 

0.13 1.00 1.85 0.025 0.009 20.01 24.70 0.26 0.11 0.0516 

Monotonie properties 

p0.2 

A« 

63550 
161 
456 
40 
54 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyclic prop 

Rp0.2 = 

CTg = 

Eg = 
NT 

Τσ = 
T ερ 
Incremental 

erties 

342 
170 

0.108 
1844 

1.052 
1.079 
step te 

N/mm: 
N/mm1 

% 
eye If 

-
-
st : 

1026 
0.177 

792 
0.236 

-0.101 
-0.575 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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SUH 310-B, 600 °C Γ 
E=163550 N/mm2 = cyclic 

K'=1026 N/mm2 = incremental Γ 

n - 0,177 = monotonic 
1 . . .. 1 . . .. 1 . . .. 1 . . .. I 
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SUH 310-B, 600 ÜC 
σ/=792 N/mm2 b=-0,1014 
£/= 0,2362 c=-0,5746 

5 exp. results 
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10 102 ic? 10 10 
N 
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M a t e r i a l : SUH 310-B, 600°C 

Spec. no . 

1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

426.2 
391.9 
365.9 
345.3 
306.1 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[".] 

1.0000 
0.6650 
0.5100 
0.4050 
0.3050 

Cycles to 
f a i l u r e 

198.0 
568.0 

1107.0 
2195.0 
4838.0 



X 15 CrNiSi 25 20 1.4841 SUH 310-B 

Heat treatment 
Test temperature 
Semifinished materi 
Reference 
Year 

1050°C/50', water 
+700°C 
bar, 0 22 mm 
[4.8] 
1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu N 

0.13 1.00 1.85 0.025 0.009 20.01 24.70 0.26 0.11 0.0516 

Monotonie properties 

Λρ0.2 

\ 
Ac 

64000 
156 
357 
44 
58 

N/ 
N/ 
N/ 
% 
% 

Cyclic properties 

Rp0.2 ~ 

Gg = 

eg = 
NT 
Τσ = 
Τ ερ = 

243 
154 

0.107 
15381 
1.069 
1.134 

N/mm2 
N/mm* 

% 
cycles 

-
-

K' 
n 
σ'£ 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

700 
0.171 
527 

0.194 
-0.081 
-0.478 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 9 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, Rg= -1 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σ α [N/mm1] 
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SUH 310-B, 700 °C Γ 
E=164000 N/mm2 = cyclic 

K'=700 N/mm2 = incremental Γ 

n— 0,171 = monotonic 
. I . . . . I . . . . 1 . . . . 1 . . . . 
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SUH 310-B, 700 °C 
σ/=527 N/mm2 b = - 0 , 0 8 0 9 

ε / = 0,1944 c=-0,4779 

5 exp. results 
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PSWT [R/mma] 
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SUH 310-B, 700 UC 

5 exp. results 
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10 10* 10J 10* 105 

N 
10s 10' 10" 

Material : SUH 310-B, 700°C 

Spec. no. 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

Stress 
amplitude 

[MPa] 

327.6 
315.4 
281.5 
262.4 
249.7 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

[*] 

1.4950 
1.0050 
0.6250 
0.4950 
0.3950 

Cycles to 
failure 

133.0 
441.0 
1256.0 
2528.0 
4591.0 



X 15 CrNiSi 25 20 1.4841 SUH 310-B 

Heat treatment : 1050°C/50', water 
Test temperature : +700°C 
Semifinished material : bar, 0 22 mm 
Reference : [4.8] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo Cu N 

0.13 1.00 1.85 0.025 0.009 20.01 24.70 0.26 0.11 0.0516 

Monotonie propertie 

E 
Rp0.2 = 

\ = 
A5 = 
Z 

164000 I 
156 t 
357 Ϊ 
44 <J 
58 q 

Cyclic p 

Rp0.2 = 

CTg = 

8g 
NT = 

Τσ = 
T Rp = 

roperties 

180 
113 

0.088 
41248 
1.064 
1.213 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'{ 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

617 
0.199 
386 

0.095 
-0.081 
-0.408 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 10 mm 
in rolling direction 
50 mm 

0.3 and 7.5 (%/min) 

Cyclic t e s t 

Loading condition : total strain control, R = -1 
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : 15 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 0.41 (%/min) 
Waveform : triangular 
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SUH 310-B, 700 °C Γ 
E=164000 N/mm2 = cyclic 

K'=617 N/mm2 = incremental 

n'= 0,199 = monotonic 
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SUH 310-B, 700 UC 
σ/=386 N/mm2 b = - 0 , 0 8 0 9 

ε / = 0,0955 c=-0,4079 

5 exp. results 
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M a t e r i a l : SUH 310-B, 700°C 

Spec. no. 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

241.3 
208.0 
191 .8 
177.6 
169.2 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[".] 

1 .0300 
0.5150 
0.4050 
0.3200 
0.2400 

Cycles to 
f a i l u r e 

203.0 
1098.0 
2260.0 
5887.0 

18855.0 



X 20 CrMo 12 1 1.4935 SUH 616-B 

1052"C/80', quenched, 640UC/100' 
+23°C 
bar, 0 50 mm 
[4.4] 
1978 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P S Ni Cr Mo W V 

0 . 2 5 0 . 4 0 0 . 8 0 0 . 0 1 6 0 . 0 0 5 0 . 6 8 1 1 . 4 0 0 . 9 0 0 . 9 9 0 . 2 8 

Monotonie properties 

E 
RP0.2 = 

*m = 
A5 = 
Z 

210000 
795 

1013 
15 
47 

N/mm2 
N/mm2 
N/mm2 

% 
% 

N/m 

N/m 

Cyclic properties 

Rp0.2 _ 
CTg = 

eg 
NT 
Τσ = 
Τ,π = 

730 
476 

0.229 
793 

1.034 
1.341 

N/mm2 
N/mm2 

% 
cycle 

-
-

Incremental step test 

1301 N/m 
0.093 
1216 N/m 

0.490 
-0.062 
-0.664 

N/m 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

icrostructu JIS G 0551 grain size: 5.9 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Loading condition : total strain control, R : 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUH 616-B 
E=210000 N/mm2 = 

K'=1301 N/mm2 = 

n'= 0,093 = 
i I i i . i 1 · . i · I i i · · 

= cyclic 

= incremental Γ 

= monotonic 
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ε W 
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SUH 616-B B 
σ/=1216 N/mm2 b=-0,0616 H 

Cf'= 0,4-905 c= -0 ,6640 Π 

5 exp. results 
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PSWT [N/mms] 

10° 

— Ϊ - Τ Γ Γ Τ Π Τ ' 

Γ 
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N 
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1 1 1 1 1 I II 
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SUH 616-B H 

5 exp. results M 

1 1 1 1 M i l II 1 1 1 Mill 1 1 1 1 l l l l 10' 
10 102 10s 10* 10s 106 107 108 

N 

»terial : SUH 616-B 

I Spec . n o . 

I 1.0000 
I 2 .0000 
I 3.0000 
I 4 .0000 
j 5.0000 

I S t r e s s 
| ampl i tude 
I [MPa] 

! 816.7 
1 782.3 
1 750.5 
1 711.7 
1 665 .1 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
ampl i tude | 

1 [%] 1 

1.0300 | 
0 .8200 | 

1 0 .6400 | 
0 .4750 | 

1 0 .3950 | 

Cyc l e s to 
f a i l u r e 

373.0 
489 .0 

1429.0 
3250.0 
8188.0 



X 20 CrMo 12 1 1.4935 SUH 616-B 

Heat treatment : 1052"C/80', quenched, 640°C/100', 
Test temperature : +23°C 
Semifinished material : bar, 0 50 mm 
Reference : [4.4] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo W V 

0.25 0.40 0.80 0.016 0.005 0.68 11.40 0.90 0.99 0.28 

Monotonie properties 

Λρ0.2 

210000 
795 

1013 
15 
47 

N/mm 
N/mm' 
N/mm' 
% 
% 

Cyclic properties 

Rp0.2 = 

% = 
eg = 
NT 

Τσ = 
Τ ερ = 

716 
461 

0.222 
982 

1.037 
1.499 

N/mm* 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'{ 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

1325 
0.099 
1249 

0.556 
-0.066 
-0.664 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

HV 10 : 317 

Microstructure JIS G 0551 grain size: 5.9 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

4.1 (Vmin) 
triangular 
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σα [N/mm1] 
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SUH 616-B 
E=210000 N/mm2 = 

K'=1325 N/mm2 = 

n'= 0,099 = 
1 1 1 1 1 1 1 , 1 1 , 1 . . . . 

= cyclic 

= incremental! 

= monotonic 

. . . . _ 
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SUH 616-Β B 
σ/=1249 N/mm2 b= -0 ,0656 H 

ε / = 0,5561 c= -0 ,6640 [ 

5 exp. results 
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PSWT [N/mm'] 
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i i i mm i i i MINI I I I MIIII ι ι ι in 

10J 

SUH 616-B 

5 exp. results 

102 iii ' I ' ' ' "nil i i i mill i i i i mil ι ι ι mill ι ι ι ι in 

10' 102 105 10* 105 

N 
10s 107 10° 

Material : SUH 616-B 

Spec. no. 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

Stress 
amplitude 

[MPa] 

809.8 
768.6 
736.2 
701.4 
675.9 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

[*] 

1 .0250 
0.8000 
0.6150 
0.5100 
0.4250 

Cycles to 
failure 

382.0 
699.0 

2141.0 
3141 .0 
5164.0 



X 20 CrMo 12 1 1.4935 SUH 616-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1052°C/80 
+400°C 
bar, 0 50 
[4.4] 
1978 

S Ni 

1052°C/80\ quenched, 640°C/100' 

0.25 0.40 0.80 0.016 0.005 0.68 11.40 0.90 0.99 0.28 

Monotonie properties 

Λρ0.2 

A, 

191800 
647 
816 
12 

N/mm2 
N/mm2 
N/mm2 

% 

N/mmz 

N/mm2 

Cyc 

RPo 
°* 
εΡ 
NT 

Τσ 
T 

ic p 

2 = 
= 
= 
= 
= 
= 

ropert ies 

589 
319 

0.167 
985 

1.031 
1.417 

N/mm2 
N/mm2 

% 
cycle 

-
-

f 
f 

= = 
= 
= 
= 
= 

1096 
0.100 
1193 

1.891 
-0.087 
-0.840 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cvcli test 

Loading condition 
Spec imen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -: 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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Ga [N/mm2] 
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SUH 616-B, 400 °C Γ 
E=191800 N/mm2 = cyclic h 

K'=1096 N/mm2 = incremental! 

n'= 0,100 = monotonic 
. I . . . . I . , . , I . . . . 1 . . . . 

0,5 1,5 2,5 

ε [%] 

i i i i ιιιΐ| i i i i ιιιΐ| ι ι ι ι ιπΐ| ι i i i u m 

SUH 616-B, 400 ÜC 
σ/=ΤΙ93 N/mm2 b = - 0 , 0 8 6 8 

ε / = 1,8915 c = - 0 , 8 4 0 4 

5 exp. results 
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PSWT [N/mm'] 
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5 exp. results I 

i i n mi 1 1 1 1 Mi l 1 1 1 11111 1 1 1 1 1 1 I I I 

10 1tf 10s 10 10 
N 

106 10' 10" 

M a t e r i a l : SUH 616-B, 400 C 

| Spec . n o . 

I 1.0000 
j 2 .0000 
I 3.0000 
I 4 .0000 
I 5.0000 

| S t r e s s | Me 
| ampl i tude \ 
1 [MPa] | 

1 676.9 | 
1 642 .1 | 
1 596.9 | 
1 571.9 I 
1 563 .1 I 

an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

| S t r a i n | 
| amp l i t ude | 
1 [%] 1 

I 1.0250 | 
I 0 .8100 | 
I 0 .6000 j 
1 0 .4800 j 
I 0 .3950 | 

Cyc l e s t o | 
f a i l u r e | 

I 

368 .0 I 
623 .0 j 

1359.0 I 
2081 .0 | 
3348.0 j 



X 20 CrMo 12 1 1.4935 SUH 616-B 

quenched. 640°C/100\ a Heat treatment : 1052°C/80' 
Test temperature : +400°C 
Semifinished material : bar, 0 50 mm 
Reference : [4.4] 
Year : 1978 

Chemical composition 

C Si Mn P S Ni Cr Mo W V 

0.25 0.40 0.80 0.016 0.005 0.68 11.40 0.90 0.99 0.28 

Monotonie properties 

Λρ 0 . 2 

191800 N/mmz 

647 N/mni2 

816 N/mm2 

12 % 

49 % 

Cyclic properties 

Rp0.2 " 

°g = 

eg = 
NT = 

Τσ = 

Τερ -
Incremental 

694 
382 

0.200 
857 

1.039 
1.588 
step te 

N/mm2 
N/mm2 

% 
cycles 

-
-
st : 

K' 
n 
σ'£ 
e'f 
b 
c 
K' 

= 
= 
= 
= 
= 
= 
= 

1034 
0.084 
1049 

1.259 
-0.066 
-0.797 

Failure criterion : complete rupture 
σ/ε-values valid for : half failure life 
Remarks : Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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SUH 616-B, 400 °C Γ 
E=191800 N/mm2 = cyclic l· 

K'=1034 N/mm2 = incremental 

n'= 0,084 —— = monotonic 
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SUH 616-B, 400 °C B 
σ,'=1049 N/mm2 b= -0 ,0664 H 

ε /= 1,2595 c=-0 ,7968 Π 
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PSWT [N/mm'] 
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10J 

Itf 
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N \ 
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SUH 616-B, 400 °C H 

5 exp. results H 
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N 
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Material : SUH 616-B, 400 C 

I Spec . n o . 

I 1.0000 
j 2 .0000 
I 3 .0000 
I 4 .0000 
j 5.0000 

I S t r e s s 
I ampl i tude 
I [MPa] 

1 682 .8 
1 648.0 
1 623 .9 
I 608.2 
1 574 .9 

I Me an s t r e s s 

[MPa] 

0 .0 
0 .0 
0 .0 
0 .0 
0 .0 

S t r a i n | 
amp l i t ude | 

1 [%] 1 

1 1.0100 | 
1 0 .7600 j 
1 0 .5900 | 
1 0 .4950 I 
1 0 .3900 I 

Cycles t o 
f a i l u r e 

353 .0 
556 .0 

1527.0 
2064.0 
3634.0 



X 20 CrMo 12 1 1.4935 SUH 616-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1052°C/80', 
+500°C 
bar, 0 50 m 
[4.4] 
1978 

quenched, 640 C/100', air 

0.25 0.40 0.80 0.016 0.005 0.68 11.40 0.90 0.99 0.28 

Monotonie properties 

Λρ0.2 

A, 

185850 
538 
700 
22 
71 

N/mm2 
N/mm2 
N/mm2 

% 
% 

N/m 

N/m 

Cyclic properties 

Rp0.2 -
CTg 
h = 
NT 

Τσ = 
Τερ = 

507 
270 

0.148 
1311 

1.054 
2.548 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'f 

e'f 
b 
c 

= 
= 
= 
= 
= 
= 

1151 
0.132 
1103 

0.468 
-0.093 
-0.647 

ental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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SUH 616-B, 500 °C Γ 
E=185850 N/mm' = cyclic l· 

K'=1151 N/mm2 = incremental I 

n'= 0,132 = monotonic 
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PSWT [N/mm'] 

10J 

10z 

I I 1 1 l l l l 

L\ Γ \ \ \ 
\ 

N 
L \ \ \ 

X 

1 1 1 1 l l l l 

l l l l l l l l 

\ 
\ 

N 

l l l l l l l l 

1 1 1 1 l l l l 

0 

1 1 1 1 l l l l 

l l l l 111■ | l l l l l l l l | l l l l 1 1 ■ 11 l l l l Mil 

1 SUH 616-B, 500 °C P 

5 exp. results 
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N 

10° 10' 10° 

M a t e r i a l : SUH 616-B, 500°C 

Spec. no 

1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

582.2 
550.3 
531.7 
500.8 
425.8 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[*.] 

0.9850 
0.6950 
0.5150 
0.3950 
0.3100 

Cycles to 
f a i l u r e 

406.0 
1192.0 
1493 .0 
2256.0 

13611.0 



X 20 CrMo 12 1 1.4935 SUH 616-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

1052°C/80 
+500°C 
bar, 0 50 
[4.4] 
1978 

1052°C/80', quenched, 640°C/100', 

0.25 0.40 0.80 0.016 0.005 0.68 11.40 0.90 0.99 0.28 

Monotonie 

E 
Rp0.2 = 

«m = 
A5 = 
Z 

properties 

185850 
538 
700 
22 
71 

N/mm2 
N/mm2 
N/mm2 

% 
% 

Cyc 

RP0 
σβ 

efi 
NT 

Τσ 

ic prop 

2 = 
= 
= 
= 
= 

Τε Ρ = 
Incremental 

erties 

465 
292 

0.160 
1903 

1.044 

N/mm2 
N/mm2 

% 
cycles 

-
1.204 
step test : 

910 
0.108-

855 
0.576 

-0.071 
-0.657 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -ε 
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

0.40 (%/min) 
triangular 
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SUH 616-Β, 500 °C Γ 
Ε=185850 N/mm2 = cyclic [■ 
Κ'=910 N/mm2 = incremental! 
η'= 0,108 = monotonic 
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σ/=855 N/mm2 b=-0,0708 p 
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M a t e r i a l : SUH 616-B, 500°C 

Spec. no . 

1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

527.3 
512.6 
478.2 
448.3 
445.4 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[X] 

1 .0050 
0.7050 
0.5000 
0.4000 
0.3750 

Cycles to 
f a i l u r e 

411 .0 
831 .0 

2176.0 
3448.0 
5584.0 



X 20 CrMo 12 1 1.4935 SUH 616-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

1052"C/80', quenched, 640UC/100', 
+600°C 
bar, 0 50 mm 
[4.4] 
1978 

Chemical composition 

C Si Mn P S Ni Cr Mo W V 

0.25 0.40 0.80 0.016 0.005 0.68 11.40 0.90 0.99 0.28 

Monotonie 

E 
Rp0.2 = 

*m = 
A5 = 
Z 

properti 

166950 
356 
492 
36 
92 

es 
N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
σ{ 

εί 

Cyclic properties 

Rp0.2 -

°g = 

Eg 
NT 

Τσ = 
T 

369 
198 

0.120 
2460 

1.031 
1.234 

N/mm 
N/mm 

% 
cycl 

-
-

859 
0.136 
844 

0.823 
-0.096 
-0.694 

N/mm 

-
N/mm 

-
-
-

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 6 mm 
in rolling direction 
30 mm 

0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -
cylindrical, 0 6 mm 
mechanically polished 
in rolling direction 
15 mm 
servohydraulic, max. 50 kN 

40 (%/min) 
triangular 
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σα [N/mm1] 
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SUH 616-B, 600 °C Γ 
E=166950 N/mm2 = cyclic 
K'=859 N/mm2 = incremental! 
n'= 0,136 = monotonic 
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σ/=844 N/mm2 b=-0,0956 fl 
£/= 0,8229 c=-0,6945 M 

5 exp. results 
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PSWT [N/mm'] 

10J 

ισ 

I I I M i l l 

L is Γ \ \ 
N \ \ 

U \ \ 
N \ \ 

I l i i i m i 

1 1 1 1 1 I I I 

\ 
\ s 

1 I 1 Mill 

1 1 1 1 1 I I I 1 1 1 T T T1 f 1 1 1 1 1 1TI If 1 1 1 ■ 1 ■ 111 1 1 1 1 M i l 

SUH 616-B, 600 °C H 

5 exp. results H 

i i i m i l l i i i i nn 1 1 1 1 I I I ! i l l 

101 102 itf 10* 105 

N 
10° 107 10° 

M a t e r i a l : SUH 616-B, 600°C 

Spec. no . 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

433 . 1 
415.9 
396.3 
358.6 
332.6 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[".] 

1.0050 
0.7000 
0.5100 
0.3850 
0.3000 

Cycles to 
f a i l u r e 

482.0 
864.0 

1597.0 
3948.0 
7977.0 



X 20 CrMo 12 1 1.4935 SUH 616-B 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn P 

1052°C/80\ quenched, 640°C/100\ a 
+600°C 
bar, 0 50 mm 
[4.4] 
1978 

0.25 0.40 0.80 0.016 0.005 0.68 11.40 0.90 0.99 0.28 

Monotonie 

E 

Rp0.2 = 

\ = 
A5 = 
Z 

propertie 

166950 
356 
492 
36 
92 

s 

N/mm2 
N/mm2 
N/mm2 

<*> 
% 

Cyclic prop 

Rp0.2 = 
CTg 
Eg = 
NT 

Τσ = 
TP . = 

erties 

280 
236 

0.144 
4921 
1.046 
1.267 

N/mm2 
N/mm2 

% 
cycles 

-
-

σ f 

e ' f 

Incremental step test 

355 N/m 
0.038 

356 N/mi 
0.888 

-0.027 
-0.683 

N/m: 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition : 
Specimen : cylindrical, 0 6 mm 
Specimen location : in rolling direction 
Gauge length : 30 mm 
Testing machine : 
Strain rate : 0.3 and 7.5 (%/min) 

Cyclic test 

Loading condition : total strain control, R = -
Specimen : cylindrical, 0 6 mm 
Surface : mechanically polished 
Specimen location : in rolling direction 
Gauge length : 15 mm 
Testing machine : servohydraulic, max. 50 kN 
Frequency : 
Strain rate : 0.40 (%/min) 
Waveform : triangular 
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σ α [N/mm1] 
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SUH 616-B, 600 °C Γ 
E=166950 N/mm2 = cyclic 

K'=355 N/mm2 = incremental Γ 

n'= 0,038 = monotonic 
. I . . . i I . . . . I . . . . I . . . . 

0,5 1.5 2,5 

C [%] 

ε [%] 

ι ι ι ι iiii| i i i i inn i i i i mil i i i i ii 
SUH 616-B, 600 UC 
σ/=356 N/mm2 b=-0,0271 

£ /= 0,8876 -c=-0,6829 

5 exp. results 

10° 107 10° 



PSWT [N/mm'] 

511 

10J 

10z 

I I I M i l l 

L 
N L \ \ \ 

S 
N 

h 

l· 

I 1 1 1 1 1 I I I 

1 1 

1 1 

1 1 l l l l 

S. 

1 1 1 I I I 

1 1 1 Mill 

\ 

1 1 1 1 Mil 

l l l l l l l l | l l l l l l l l | l l l l l l l l | 1 

SUH 616-B, 600 °C 

5 exp. results 

^ - ^ ^ 

l l l l l l l l 1 1 1 M i l l 1 1 1 Mill 

1 1 Mill 

W 

H 

i 

1 

_ 

-

1 1 Mill 

101 102 ioJ 10 10 
N · 

10° 10' 10° 

Material : SUH 616-B, 600°C 

Spec. no. 

f· H 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 
1- H 

298.2 
303. 1 
285.0 
286.0 
280.6 

Mean s t r e s s 

[MPa] 
h 1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[·'.] 
1- H 

1.3550 
1.0100 
0.7150 
0.5000 
0.3500 

Cycles to 
f a i l u r e 

328.0 
396.0 
863.0 

1824.0 
4407.0 



X25 CrNiMn 25 20 AISI 310 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

hot rolled, pickled and annealed by suppl 
+23°C 
blanks, 0 19 mm 
[3.27] 
1963 

Chemical composition 

C Mn Si Cr Ni 

0.25 2.00 1.50 25.0 20.5 

Monotonie 

E 
Rp0.2 = 
*m = 
A5 = 
Z 

properties 

193340 
220 
642 

63 

N/mm2 
N/mm2 
N/mm2 

% 
% 

V 

K 
n 
af 
ef 

= 
= 
= 
= 
= 

0.30 
754 

0.228 
1360 
1.01 

-
N/ 
-
N/ 
-

Cyclic properties 

Rp0.2 ~ 
°g 
h = 
NT 
Τσ " 
Τερ " 

421 
158 

0.087 
2780 

1.140 
1.474 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
σ'£ 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

2267 
0.271 
1646 

0.302 
-0.154 
-0.568 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 

Rockwell B-75 to 81 

Microstructure 

Monotonie test 

Loading condition : 
Specimen : hourglass shaped, 0 6.35 mm 
Specimen location : in rolling direction 
Gauge length : diametral 
Testing machine : Rhiele, universal testing machine 
Strain rate : 

Cyclic test 

Loading condition 
Specimen : hourglass shaped, 0 6.35 mm 
Surface : machined 
Specimen location : in rolling direction 
Gauge length : diametral 
Testing machine : self designed 
Frequency : 
Strain rate : 
Waveform ; 
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σα [N/mm1] 
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.__ . . . 1 . . . 
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σ/=1646 N/mm2 b=-0,1542 H 
ε/= 0,3018 c=-0,5680 Π 

15 exp. results 
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PSWT [N/mm'] 

101 102 101 10* 105 10° 

Material : AISI 310 

Spec. no. 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 
7.0000 
8.0000 
9.0000 

10.0000 
11.0000 
12.0000 
13.0000 
14.0000 
15.0000 

Stress 
amplitude 

[MPa] 

980.4 
973.5 
897.5 
752. 5 
766.3 
562.7 
462.6 
369.4 
286.5 
272.7 
258.9 
241 .6 
224.4 
217.5 
220.9 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

[*.] 

6.3560 
4.3520 
3.3250 
1.7720 
1.7780 
0.9030 
0.5670 
0.3530 
0.2040 
0. 1880 
0.1740 
0. 1470 
0.1410 
0.1290 
0.1250 

Cycles to 
failure 

12.0 
23.0 
32.0 
91 .0 
95.0 

335.0 
1400.0 
5120.0 

30000.0 
55200.0 
61000.0 

173000.0 
223000.0 
274000.0 
363000.0 



X 40 CrMoV 20 5 H-ll Mod 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

C Si Mn 

hot worked, 700°C/3h, 650°C/2h, 1040uC/lh, air 
+23°C 
bar, 0 15.75 mm 
[4.9] 
1974 

Microstructure 

Rockwell C: 60 

0.43 1.00 0.40 0.020 0.020 0.25 5.25 1.40 0.35 0.60 

Monotonie properties 

E 
Rp0.2 = 
«m = 

A5 -
Z 

213000 
2030 
2576 

33 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 
ef 

= 
= 
= 
= 
= 

0.281 
4584 

0.133 

-
N/ 
-
N/ 
-

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic properties 

Rp0.2 : 
0g = 

6g : 

Τσ -

Τερ " 
Incremental step test 

Failure criterion 
σ/ε-values valid fo 
Remarks 

2536 
1094 

0.514 
26 

1.180 
3.524 

N/ 
N/ 
% 
cy 
-
-

f 
f 

-= 
= 
= 
= 
= 

4577 
0.095 
4569 

0.426 
-0.094 
-0.844 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strai 
0 5.8 mm 

chem. composition due to max. requirement in ASM 6487 
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σο [N/mm1] 
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K'=4577 N/mm2 = incremental L 
n'= 0,095 = monotonic γ 
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σ/=4569 N/mm2 b=-0,094-0 H 
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11 exp. results 
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PSWT [N/mm'] 

10J 

10* 

Λ . 1 1 M i l l 

1 1 1 11111 

1 1 1 M i l l 

1 1 1 1 N i l 

1 1 1 l l l l l l 

1 1 l l l l l l 

i i i Mm]- i i i iiiii| i i i iiiii| i i i irrm 
X40CrMoV205 H 

11 exp. results N 

1 1 1 M i l l 

^**~-

1 1 1 1 1111 

- -_.. 

1 1 1 11111 1 1 1 11111 

10 1tf 10J 10* 10° ltf 107 ltf 

Material : X40CrMoV205 

Spec . no . 

I 1.0000 
2.0000 
3.0000 
4 .0000 
5.0000 
6.0000 
7.0000 
8.0000 
9.0000 

10.0000 
j 11.0000 · 

S t r e s s 
ampl i tude 

[MPa] 

3065.1 
2862.7 
2709.4 
2381 .3 
2300.4 
2102.3 
1808.4 
1491.0 
1491.0 
1384.5 
1284.4 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

['/.] 

3.2050 
2.0970 
1.5710 
1.2090 
1.1450 
1.0000 
0.8650 
0.7000 
0.7000 
0.6500 
0.6030 

Cycles to 
f a i l u r e 

18.0 
63.0 

188.0 
1000.0 
1660.0 
2512.0 
8790.0 

16284.0 
79792.0 

203236.0 
356451.0 



Cu 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

850°C. water, 315°C/3h, 805°C/lh, argon 
+23°C 

[4.14] 
1982 

Chemical composition 

Monotonie properties 

E 
RP0.2 = 
«m = 
A, = 

138000 
115 

N/i 
N/ 
N/ 

% 

248 N/m 
0.132 

N/m 

Cyclic p 

Rp0.2 = 

°g 
£g = 
NT 
Τσ -
T» n = 

roperties 

84 
40 

0.037 
86962 
1.187 
2.295 

N/mm2 
N/mm2 

% 
cycles 

-
-

321 
0.217 

257 
0.250 

-0.122 
-0.528 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 

Microstructure : grain size: 12 μΐη 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical 0 6.35 mm 

15.5 mm 
servohydraulic 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 6.35 mm 
mech. and chem. polished 

15.5 mm 
servohydraulic 
1) 

Remarks : 1) product of frequency and strain was 0.00125 s" 
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σ β [N/mm1] 
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PSWT [N/mm'] 

1CT 

icr 

10 

i i 11 mi 

1- X 

|_ x 
\~ X 

i l l l l l l l 

1 1 1 M i l l 

X 

Χ χχ χ 
X 

1 1 1 U l l i 

1 1 1 M i l l 

^ s ^ O 

1 l l l l l l l 

T 1 1 1 11 ll( 1 1 1 I 1111| 1 1 1 1 l l l l | 1 1 1 1 I I I 

Cu 1 

7 exp. results L 

1 1 1 M i l l 1 1 1 M i l l 

o 

1 1 1 1 Mil 

J 

1 1 1 1 Ull i 

10' 10z 10J 104 10* 10° 107 10" 

Spec. no. 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 
7.0000 

S t r e s s 
ampl i tude 

[MPa] 

90.9 
85 .8 
72 .9 
64.8 
50.8 
46 .1 
41 .3 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[*] 

0.4940 
0.2470 
0.1230 
0.0980 
0.0620 
0.0490 
0.0370 

Cycles to 
f a i l u r e 

1671.0 
7667.0 

18424.0 
41246.0 

157092.0 
1162478.0 
1162478.0 



Cu 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

Cu 

850°C, 
+23°C 

[4.14] 
1982 

850°C, water. 805°C/lh, argon 

Monotonie properties 

E 
Rp0.2 = 

«m -

A5 " 
Z 

138000 
70 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ef 

= 
= 
= 
= 
= 

235 
0.150 

_ 
N/i 
-
N/i 
-

Cyc. 

RP0 
°K 
6R 
NT 
Τσ 
Τερ 

ic prop 

2 = 
= 
= 
= 
= 
= 

Incremental 

erties 

81 
35 

0.034 
71001 
1.222 
2.093 

N/mm2 
N/mm2 

% 
cycles 

-
-

step test : 

K' 
n 
σ'{ 

e'f 
b 
c 
K' 

-
= 
= 
= 
= 
= 
= 

437 
0.272 
206 

0.085 
-0.116 
-0.456 

N/m 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 

Hardness 

Microstructure grain size: 120 μιη 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical 0 6.35 i 

15.5 mm 
servohydraulic 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = -1 
cylindrical, 6.35 mm 
mech. and chem. polished 

15.5 mm 
servohydraulic 
1) 

1) product of frequency and strain was 0.00125 s 
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300 

200 

100 

-

1 11 

^ Φ * * * ^ """"" 

__--—-— ■ " * * "" 

Cu Γ 
E=138000 N/mm2 = cyclic 

K —4-37 N/mm2 = incremental 

n— 0,272 = monotonic 
. 1 . . . . I . . . . I . . . 

0,5 1.5 2,5 

ε. w 

10 F-

10" 

IQ"1 

Ή 

I I l l l l [ I I I I l l l l | I I I I l l l l | I I TTTT 

Cu 
σ /=206 N/mm2 b=-0,1162 

ε / = 0,0847 c=-0,4562 

8 exp. results 
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101 102 1Cf 10* 105 10$ 107 10" 
N 
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PSWT [N/mm'] 

M a t e r i a l : Cu 

Spec. no. 

1 .0000 
2.0000 
3.0000 
5.0000 
4.0000 
6.0000 
7.0000 
8.0000 

Stress 
amplitude 

[MPa] 

89.7 
77.9 
70.5 
55. 1 
62.2 
46.0 
42.3 
38.2 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

l>.] 

0.3550 
0.2480 
0.1630 
0.0900 
0.1190 
0.0620 
0.0480 
0.0370 

Cycles to 
failure 

1093.0 
3134.0 
6422.0 
11121 .0 
18424.0 

142510.0 
542769.0 

1476490.0 



Cu 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

Cu 

99.99 

annealed 600°C/lh 
+23°C 

[4.15] 
1974 

Monotonie properties 

E = 140000 N/mm2 

Rp0.2 = N / m m2 

824 
1.71 

Cyclic properties 

Rp0.2 ~ 

σΕ = 

6g = 
NT 
Τσ = 
T Rn = 

125 
83 

0.064 
127643 
1.061 
1.000 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a'f 

8 » f 

b 
c 

= 
= 
= 
= 
= 
= 

323 
0.153 
316 

256.55 
-0.088 
-1.023 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 4 mm 

25 mm 
Zwick, electronic 
6 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

plastic strain control, R =-1 
cylindrical, 0 4 mm 

25 mm 
Amsler, modified electronics 
80 Hz 
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σ β [N/mm1] 

300 

200 

100 J? x— 

\ 

.----"""""" 

Cu Γ 
E=140000 N/mm' = cyclic 

K'=322 N/mm' = incremental 

n— 0,153 = monotonic 
j 1 . *_ , , . 1 , i. i .. 1 , . . . I , , , . _ 

0,5 1.5 2,5 

m 

10 p- \ i i i i i mi I I l l l l l l I I I MINI I I I l l l l l | I I 1 IM 

Cu 
σ/=316 N/mm' b = - 0 , 0 8 8 2 

Cf*= 256,5532 c=-1,0231 

3 exp. results 

107 108 
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PSWT [N/mm'] 

10J 

10* 

10 

1 1 1 1 l l l l 

-

L .1—1 1 1 l l l l 

1 1 1 1 Γ ψ > 

L-L.I 1 llll 

i i i urn \ \ \ \ 

\ 

l l l l l l l l 

1 1 1 M l l l | l l l l 11111 l l l l l l l l | l l l l MM 

Cu 1 
3 exp. results L 

Γ 

1 1 1 1 l l l l i i i i n n 1 1 1 1 1 I I I 

J 

1 1 1 1 Mil 

10' 102 10s 10 10 
N 

106 107 10" 

M a t e r i a l : Cu 

Spec. no. S t r e s s 
ampl i tude 

[MPa] 

Mean stress I Strain 
amplitude 

[MPa] ["/„] 

Cycles to 
failure 

1.0000 
2.0000 
3.0000 

106.5 
98.9 
78.8 

0.0 
0.0 
0.0 

0. 1460 
0. 1140 
0.0640 

137382.0 
219472.0 

3619268.0 



Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

Cu 

99.99 

annealed 600°C/lh 
+23°C 

[4.15] 
1974 

Monotonie propertie 

E 

Rp0.2 = 
R» = 

A5 = 
Z 

140000 

212 

81 

N/mm2 
N/mm2 
N/mm2 

% 
% 

824 N/m 
1.71 

Cyclic pro 

Rp0.2 = 

°i 
Eg 
NT 

Τσ = 
T 

perties 

115 
86 

0.072 
24856 
1.090 
1.000 

N/mm2 
N/mm2 

% 
cycles 

-
-

f 
f 

= = 
= 
= 
= 
= 

172 
0.066 

279 
0.141 

-0.077 
-0.471 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure 1 ife 
Young's modulus estimated 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 4 

Zwick, electronic 
6 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

stress control, R = -1 
cylindrical, 0 4 mm 

Amsler, modified electronics 
80 Hz 
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σα [N/mm1] 

300 

200 

100 

u 

-

J2r" 

Γ 1 1 1 1_ 

Cu Γ 
E=140000 N/mm' = cyclic 

K'=172 N/mm' = incremental 

n— 0,066 = monotonic 
i. 1 . . . . I > . . . I . . . . I . . . . . 

0,5 1.5 2.5 

* M 

ε β Μ 
10 i i i mm i i i MUH ι ι ι mm ι ι ι in 

10° 

I I I I Mi l 

Cu 
σ,'=279 N/mm' b=-0,0774 

ε / = 0,1410 c=-0,4711 

4 exp. results 

10" 

1Q I I I I l l l l l l ' ' H ' ' ' " ' i l l I I I m i l l ι ι ι I >w ι ι I ■ « ■ ■ mi 

1Ö 1Ö2 10* 10* 105 10s 107 
N 

10" 



PSWT [N/mm5] 

529 

I 1 I l l l l l l I I I l l l l l i : I Mill I I I I l l | l | 

10J 

1(f 

Cu 

4 exp. results 

10 i i i i mil i i i m i l l ι ι ι m i l l ι ι ι ι ι nil ι ι ι ι ι in » " " ' ' ' ' 

10 1Ö2 itf 10 10 
N 

10° 107 10° 

M a t e r i a l : Cu 

Spec. no. Stress 
amplitude 

[MPa] 

103.0 
99. 1 
86.3 
72.6 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

[*] 

0.1120 
0.0920 
0.0690 
0.0550 

Cycles to 
failure 

138950.0 
489549.0 

2329952.0 
14839818.0 

1.0000 
2.0000 
3.0000 
4.0000 



Cu 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

+23°C 

[4.17] 
1983 

Microstructure 

Monotonie properties 

Λρ0.2 

A, 

N/m 
N/m 
N/m 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic propertie 

Rp0.2 " 

CTg = 

eg = 
N T -

Τσ = 
T 

181 
99 

0.079 
18943 
1.167 
1.886 

N/ 
N/ 
% 
cy 
-
-

Incremental step test : 

560 
0.182 

507 
0.426 

-0.108 
-0.560 

Failure criterion 
σ/ε-values valid fo 
Remarks 

defined by back extrapolation technique 
half failure life 
Young's modulus estimated 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 
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σ [N/mm1] 

JUU ι 

200 ! 

100 

n 

1° 

/ o 

Cu 

1 1 1 1 

0^ 
^ ^ ~ " - * ' .--

E=140000 N/mm2 

K'=559 N/mm2 

n'= 0,182 
. . i . . . . 1 . . . . 

_J 

= cyclic 
= incremental 
= monotonic 

1 . . . . 

0.5 1.5 2.5 

ε , Μ 

ε . Μ 
101 

10u 

10" 

10" 

I I I 1 HUT N 
L 

i l l H i l l 

1 1 1 IHM' 

V 

1 1 1 1 Hi l l 

1 1 1 Hi l l 

1 1 1 H i l l 

1 1 1 1 111ll 1 1 1 1 Hilf 1 1 1 ! Hill 1 1 1 H im 

Cu | 
σ/=507 N/mm2 b=-0,1076 H 
ε/= 0,4261 c=-0,5597 Π 

10 exp. results 

0 

\ 8 
D I*s 

1 1 1 1 1111 

X 

\ % 
X 

X x 
N 

X 
1 1 1 1 1111 

V 1 1 1 H U I 

1 

L 1 1 H i l l 

10' 10* 103 10* 105 106 107 
N 

10° 



in* I ι ι i mill ι ι ι mill ι ι ι mill ι ι ι mill ι ι ι mill ^h. i 111nil ι ι ι inn 
101 101 ICf 10* 10s 106 107 108 

N 

Spec. no. 

35.0000 
26.0000 
17.0000 
14.0000 
27.0000 
16.0000 
21.0000 
29.0000 
28.0000 

1 15.0000 

Stress 
amplitude 

[MPa] 

238.4 
229.4 
226.7 
191.6 
185.4 
170.2 
152.3 
151.3 
151.9 
123.0 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

O.] 
0.9300 
0.9300 
0.9250 
0.3280 
0.3250 
0.3250 
0.1620 
0.1650 
0.1650 
0.1650 

Cycles to 
failure 

508.0 1 
672.0 
853.0 

5836.0 
7806.0 
12445.0 
35698.0 
63404.0 
64654.0 
72676.0 



Cu 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

[4.17] 
1983 

Microstructure 

Monotonie properties 

E 
Rp0.2 = 

K = 

140000 N/mm2 
N/mm2 
N/mm2 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

Cyclic properties 

Rp0.2 

°* 
% 
NT 
Τσ 
ΤεΡ 
Increi 

= 
= 
= 
= 
= 
= 
ner tal 

187 
103 

0.078 
9407 

1.016 
1.202 

N/mm2 
N/mm2 

% 
cycles 

-
-

step test : 

K' 
n 
σ'ΐ 

E'f 
b 
c 
K' 

= 
= 
= 
= 
= 
= 
= 

501 
0.158 
456 

0.548 
-0.098 
-0.619 

Failure criterion 
σ/ε-values valid for 
Remarks 

defined by back extrapolation technique 
half failure life 
tests initially prestrained, Young's modulus estimated 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R 
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σα [N/mm1] 

300 

200 

100 

r 

ll 

[ i l l 

_, -

Cu prestrained Γ 
E=140000 N/mm2 = cyclic 

K'=501 N/mm2 = incremental 

n— 0,158 = monotonic 
J 1 A 1_ . 1_ 1 1 1 J_ 1 1 1 1_ 1 J _J 1 1 1 1 1 

0.5 1.5 2.5 

ε . Μ 

ε0 M 
101 

10" 

10" 

10" 

s 
-
I-
u 

F 

[ 

1 1 1 M I M 

\ 
X *; 

F 

l· 
L l 1 1 1 H l 

1 1 1 M I M 

V 
**~ A _ 

1 1 1 U l l i 

1 1 1 1 1 Ul i 

1 1 1 1 1 I I I 

1 1 1 1 I I I I | 1 1 I 1 Hi l f 1 1 1 I 1111| 1 1 1 IMUJ 

Cu prestrained 0 
σ/=456 N/mm2 b= -0 ,0981 H 

H 
ε / = 0,5477 c=-0,6188 N 

4 exp. results 

^ - _ ^ > 

1 1 1 1 1111 

„ ^ 

\ 
N \ \ \ N 1 1 11,1111 1 1 L U l l i 

H 

η 

H 

L i nun 

10 1Cf 105 10 10 
N 

10° 107 10" 
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PSWT [N/mm*] 

ισ5 

1CT 

1 1 1 Ull i 

\ \ \ \ \ 
Ν \ \ \ 

> 

1 1 1.1.1111 

1 1 1 Ι ΙΠΙ 

\ \ \ \ \ \ 

1 1 II1111 

1 1 1 111 111 

1 1 1 U l l i 

ι ι Γτττιη ι ι r πιιΐ| ι ι ι ιιιιΐ| ι ι ι ιιιιιι 
Cu prestrained H 

4- exp. results N 

1 1 1 M i l l ι ι ι um ̂ T - i L i U l l i 1 L. LLLLLi 

101 irf 10J 10* 10s 

N 
106 107 10° 

Material : Cu prestrained 

Spec. no. Stress 
amplitude 

[MPa] 

Mean stress 

[MPa] 

Strain 
amplitude 

[X] 

Cycles to 
failure 

4 . 0 0 0 0 
3 2 . 0 0 0 0 
3 7 . 0 0 0 0 
3 6 . 0 0 0 0 

2 3 0 . 8 
1 8 6 . 1 
1 5 1 . 6 
1 4 8 . 8 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 9 1 5 0 
0 . 3 2 3 0 
0 . 1 5 8 0 
0 . 1 5 6 0 

5 0 0 . 0 
5 0 1 9 . 0 

3 6 5 5 0 . 0 
4 4 8 7 8 . 0 



X CuZn 69 31 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

Cu Zn 

68.99 31.00 

annealed 600°C/lh 
+23°C 

[4.15] 
1974 

Microstructu 

Monotonie properties 

*p.0.2 

140000 N/mmz 

1030 
1.69 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 0 4 : 

Zwick, electronic 
6 (%/min) 

Cyclic properties 

Rp0.2 = 

°g 
8g = 
N T = 

Τσ = 
T,0 = 

167 
119 

0.128 
329248 
1.034 
1.000 

N/mm 
N/mm 

% 
cycl( 

-
-

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

f 
f 

= 
= 
= 
= 
= 
= 

811 
0.254 
443 

0.440 
-0.087 
-0.455 

half failure life 
Young's modulus estimated 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

plastic strain control, 
cylindrical, 0 4 mm 

Amsler, modified electronics 
80 Hz 
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σα [N/mm*] 

600 

500 

400 

300 

200 

100 

L 

-

I-

/ " " 

\ 
f 1 1 1_ 

^ , — ■-

XCuZn6931 Γ 
E=140000 N/mm2 = cyclic 
K'=810 N/mm2 = incremental Γ 
n'= 0,254 = monotonic 

1. 1 1 1 L· 1 1 1. 1. · 1 1 1 1 . 1 1 1 1 1 i. -

0.5 1.5 2,5 

C M 

101 

1CT 

1CT1 tr 

10' 

1 

2 

r \ j i i u m 

| | | Hi l l 

1 1 1 Hi l l 

i i i H U I 

i i m m ] 

X 

i i i l i m 

1 1 1 IMII | 1 1 1 MMI| 1 1 1 IMII | 1 1 1 IIIUJ 

XCuZn6931 0 
σ,*=443 N/mm2 b=-0,0866 H 
ε/= 0,4400 c=-0,4550 Π 

3 exp. results 

x "*x x x w 
N " » ^ 

N * 

L L I .Ul l i 1 1 1 

\ 
X 

X 
X 

i i i m m 

] 

x 1 
X 

X 

1 lY l l l l l l 

10 1(f 1Ö5 10* 1Cf 1Cf 
N 

10' 10° 
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PSWT [N/mm1] 

IGT 

10* 

- Γτττππ 

_ V 
*~ N 

N >. 
N 

i l l H i l l 

— i i i inn 

N 

1 1 1 I 1 I U 

1 1 1 111 Ml 

N 
N 

1 1 1 11 Uli 

1 1 1 M U H Γ-ΓΤΤΤΤϊη- l l l l l l l l | I I 1 1 11111 

XCuZn6931 H 

3 exp. results N 

i i i m n 1 1 1 U l l i 
o " ^ 

1 1 1 1 1 I I I Η 1 " * Ι Ί m m 

10 1(f 105 10 10 
N 

1CT 107 108 

Material : XCuZn6931 

Spec. no. Stress 
amplitude 

[MPa] 

Mean stress 

[MPa] 

Strain 
amplitude 

[*] 

Cycles to 
failure 

1.0000 
2.0000 
3.0000 

140. 1 
130.5 
114.0 

0.0 
0.0 
0.0 

0.2000 
0.1690 
0.0900 

323353.0 
594557.0 

3281928.0 



X CuZn 69 31 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

Cu Zn 

68.99 31.00 

annealed 600°C/lh 
+23°C 

[4.15] 
1974 

Monotonie properties 

E 
Rp0.2 = 
«m = 

140000 

305 

N/i 
N/ 
N/i 

1030 
1.69 

Cyclic properties 

Rp0.2 ~ 

°g = 

eg = 
NT 
Τσ " 
TB P = 

159 
114 

0.091 
31511 
1.070 
1.000 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
a't 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

282 
0.092 
357 

0.672 
-0.075 
-0.579 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 

Microstructure 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical, 9 4 i 

Zwick, electronic 
6 (%/min) 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

stress control, R = -1 
cylindrical, 0 4 mm 

Amsler, modified electronics 
80 Hz 
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σα [N/mm1] 

300 

200 

100 

-

* 

j 
I 1 1 J 

XCuZn6931 Γ 
E=140000 N/mm2 = cyclic 

K'=282 N/mm2 = incremental 

n— 0,092 = monotonic 
1 1 _ 1 1_ 1_ 1_ 1 1_ 1 1 1 I 1 1_ 1_ __1 1 1 1 1 1_ _._ 

0.5 1,5 2,5 

ε W 

101 F 

10° 

10" 

V I I »Mill i i i nun i i i mm i i i min ι ι MM 
XCuZn6931 
af*=356 N/mm2 b=-0,0749 
ε/= 0,6717 c=-0,5793 

4- exp. results 

1Q""* l i i i mill i i 11 ■■ill ι ι 111ml ι ι 111ml » ■ » ^ ■ ' " " " " 

101 itf id* io* 10s icf io7 108 



PSWT [N/mm*] 

541 

~l I I I Mill I I I IIIIII I I I IIIIII I I I IIIIII I Mi l l 

1Ö5 

1 I I I l l l l 

XCuZn6931 

4 exp. results 

10* ' i ■"" ' »i ■ ■ ■ " i m i i i mi l l I I l l l l l l ' ■ ιΜΠτιι4> ml 

10 1Ö2 1C? 10 10 
N 

10° 10' 10° 

M a t e r i a l : XCuZn6931 

Spec. no. Stress 
amplitude 

[MPa] 

Mean stress 

[MPa] 

Strain 
amplitude 

[*] 

Cycles to 
failure 

1.0000 
2.0000 
3.0000 
4.0000 

140.3 
131.4 
115.8 
107.9 

0.0 
0.0 
0.0 
0.0 

0.1510 
0.1190 
0.0910 
0.0780 

122122.0 
412187.0 
1159180.0 
4861748.0 



X CuNi 70 30 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

Chemical composition 

Cu Zn 

70. 30. 

600°C/lh, 
+23°C 

[4.14] 
1982 

420°C/3h 

Monotonie properties 

E 
Rp0.2 = 
Rm = 
A5 = 

126500 
170 

N/mm2 
N/mm2 
N/mm2 

% 

217 
0.072 

N/m 

N/m 

Cyclic pre 

Rp0.2 = 

°g = 

£g 
NT 
Τσ = 
Τεη = 

perties 

106 
63 

0.062 
78651 
1.285 
1.711 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
n 
CT'f 
e'f 
b 
c 

= 
= 
= 
= 
= 
= 

270 
0.150 
288 

0.529 
-0.100 
-0.555 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 

Microstructure grain size: 12 μιη 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical 0 6.35 ι 

15.5 mm 
servohydraulic 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = ε 
cylindrical, 6.35 mm 
mech. and chem. polished 

15.5 mm 
servohydraulic 
1) 

: 1) product of frequency and strain was 0.00125 s ^ 
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σα [N/mm1] 

300 

200 

100 

* 

r Ϊ ■ 

• — — ~ ~ 1 

70-30 Brass Π 
E=126500 N/mm2 = cyclic 

K—269 N/mm2 = incremental 

n— 0,150 = monotonic 
i I i i i i 1 , i i i 1 i · i i 1 i , i ι 

0,5 1.5 2,5 

ε M 

ε [%] 

ήΓ\ *■ I i ι i m i l l i i ι ι ι ι ι ι Ι ι ι ι ι ι ι ι ι Ι ι ι ι ι ι ι ι ι Ι ι ι i i i n i l *-*>. ι i i i i n l ι ι ι ι ι ι ι ι Ι 

10 irf 1Cf 10* 10? 10° 107 10e 

N 
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PSWT [N/mm'] 

Material : 70-30 Brass 

-t 
Spec. no. 

1 .0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 
7.0000 
8.0000 

Stress 
amplitude 

[MPa] 

125.3 
114. 1 
102.7 
96.4 
88. 1 
83.4 
65.8 
54. 1 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

[·'.] 

0.7280 
0.4970 
0.2450 
0. 1480 
0.1230 
0.0990 
0.0640 
0.0500 

Cycles to 1 
failure 

1087.0 
4991.0 
18896.0 
60509.0 
90441.0 

470682.0 
1519911.0 
1796989.0 



X CuNi 70 30 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

600°C/lh, 620°C/lh 
+23°C 

[4.14] 
1982 

Chemical composition 

Cu 

70. 

Zn 

30. 

Monotonie properties 

E 
Rp0.2 = 
«m = 
A5 = 
Z 

126500 
70 

N/mm2 
N/mm2 
N/mm2 

% 
% 

v 
K 
n 
af 

ef 

= 
= 
= 
= 
= 

139 
0.080 

_ 
N/ 
-
N/ 
-

Cyclic properties 

Rp0.2 = 

°g = 

6g = 
NT = 

Τσ = 
T*n = 

99 
56 

0.056 
93972 
1.258 
3.320 

N/mm 
N/mm 

% 
cycl 

-
-

f 
f 

= = 
= 
= 
= 
= 

284 
0.170 
304 

0.509 
-0.111 
-0.551 

Incremental step test 

Failure criterion 
σ/ε-values valid for 
Remarks 

half failure life 

Microstructure grain size: 120 μιη 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindrical 0 6.35 

15.5 mm 
servohydraulic 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total strain control, R = ε 
cylindrical, 6.35 mm 
mech. and chem. polished 

15.5 mm 
servohydraulic 
1) 

1) product of frequency and strain was 0.00125 s * 
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<JQ [N/mm2] 

300 

200 

100 

■ 

η _ - β ί £ 

Γ 
1 . 1. 

70-30 Brass Γ 
Ε=126500 N/mm2 = cyclic 

Κ'=284 N/mm2 = incremental 

n'= 0,170 = monotonic 
i . . . . i . . . . 1 . . . . 1 . . . 

0,5 1.5 2,5 

£ M 

101 L I I I Mill ' I ' l " l l | I I I I l l l l | I | W 

70-30 Brass 
σ,'=304 N/mm2 b=-0,1107 
C/= 0,5086 c=-0,5515 

10 exp. results 

10 ICf 1C? 10* 105 1Cf 
N 

10° 



PSWT [N/mm'] 

547 

Material : 7C 

Spec. no. 

I 1.0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 
7.0000 
8.0000 
9.0000 

1 10.0000 

-30 Brass 

Stress 
amplitude 

[MPa] 

109.0 
103.8 
99.1 
80.6 
80.6 
79.4 
78.3 
57.6 
52.6 
42.4 

Mean stress 

[MPa] 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Strain 
amplitude 

[*.] 

0.4540 
0.3600 
0.2430 
0.1730 
0.1200 
0.0980 
0.0920 
0.0610 
0.0490 
0.0370 

Cycles to 
failure 

3190.0 | 
6497.0 
11023.0 

185879.0 
185879.0 
185879.0 
185879.0 
642232.0 
1425103.0 
2319448.0 



X 15 Be 98 Beryllium 

Heat treatment 
Test temperature 
Semifinished material 
Reference 
Year 

vacuum hot-pressed QMV berylliui 
+23°C 
blanks, 0 19 mm 
[4.12] 
1963 

Chemical composition 

C Mg Si Al Fe BeO Be 

0.15 0.08 0.12 0.16 0.18 2.0 98.0 

Monotonie properties 

E 
Rp0.2 = 
K» = 
A, = 

290010 
262 
324 

N/ 
N/ 
N/ 
% 

0.024 
694 N/m 

0.156 
329 N/m 

0.017 

Cyclic properties 

Rp0.2 ~ 

°g = 

eg = 
NT 

Τσ = 
Τεη = 

373 
126 

0.044 
50 

1.223 
2.790 

N/mm2 
N/mm2 

% 
cycles 

-
-

K' 
η 

σ'ΐ 
ε'ΐ 
b 
c 

= 
= 
= 
= 
= 
= 

1328 
0.204 
508 

0.009 
-0.091 
-0.451 

Incremental step test : 

Failure criterion 
σ/ε-values valid for 
Remarks 

complete rupture 
half failure life 

Microstructure 

Rockwell B-75 to 90 

Monotonie test 

Loading condition 
Specimen 
Specimen location 
Gauge length 
Testing machine 
Strain rate 

cylindical, 0 6.35 mm 
in rolling direction 
38.1 mm 
Rhiele, universal testing machi 

Cyclic test 

Loading condition 
Specimen 
Surface 
Specimen location 
Gauge length 
Testing machine 
Frequency 
Strain rate 
Waveform 

total diametral strain control. R 
ει 

cylindrical, 0 6.35 mm 
machined 
in rolling direction 
diametral 
self designed 
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σ α [N/mm1] 

900 

800 

700 

600 

500 

4-00 

300 

200 

100 

0 

-

L 

[ 

^ o " 

f/ 
1/ 

1 1 1 1 

^~-''~ 

Beryllium Γ 
E=290010 N/mm' = cyclic V 

K'=1328 N/mm' = incremental! 

n'= 0,204- = monotonic 
. I . . . . I . . . . I . . . . I . . . . 

0,5 1,5 2,5 

ε Μ 

101 

10u 

10" 

10" 

L 1 

[" 
l 

K 
F 

l· 

1 1 

1 1 1 1 111 

■v o 

1 1 1 1111 

1 I I 1 Mil 

°V^ 

D \ . 

1 I I I 1111 

1 1 1 l l l l l l 

^S---

X v D 

1 1 l .LLLLÖ 

1 1 1 l l l l l | 1 1 1 1 Mill 

Beryllium 
σ,*=508 N/mm' 

ε / = 0,0092 

1 . J . . L L U U 1 L 1 1 M i l l 

1 1 1 1 11 l l | 1 1 1 M i m 

H 
b=-0,0915 H 

c=-0 ,4509 M 

5 exp. results 

1 1 l l l l l l 

1 

1 1 LAXIÜJ 

10' 102 10? 10* 10? 106 107 10" 
N 
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PSWT [N/mm*] 

10° 

10' 

1 1 1 Hil l 

ZI 
1 

1 

1 1 1 Ι Ι ΙΠ 

1 1 1 Hi l l 

1 1 ΙΤΠ1ΙΙ 

1 1 I I I I I I 

1 I 1 ΙΙΤΐη 1 1 l Hl l l | l l l l l l l l | 1 1 1 Hill] 

Beryllium H 

5 exp. results N 

1 1 I I U l i i i i i n n 1 1 I.LLli» -"»•4_1 1 H i l l 

10' 1(f itf 10* 105 

N 
10e 10' 10° 

Material : Beryllium 

Spec. no. 

1 .0000 
2.0000 
3.0000 
4.0000 
5.0000 

S t r e s s 
ampl i tude 

[MPa] 

403.9 
355.6 
283. 1 
272.7 
227.8 

Mean s t r e s s 

[MPa] 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

S t r a i n 
ampl i tude 

[*] 

0.4700 
0.2610 
0.1490 
0.1320 
0.0990 

Cycles to 
f a i l u r e 

6 . 0 
73.0 

138.0 
260.0 

4260.0 


