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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 cloar 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 1life
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 o*s = Kt2

*S*e (Kt = 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 1lives 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 1local stresses and
strains. Of course, the accuracy of the life estimation depends on the
accuracy of the local stresses and strains calculated, the transferability



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



~ 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

e =g +ep =g+ (/P (1a)
and for cyclic loading by the equation

o [ '
ta = Ea,e * £a,p §a+ ('?)lln (1p)

K

The values of the constants K, n and K’', n' 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 Liider'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]:



ea,o(N) = “_Ef «(20)b (2)
ea,p(N) = ep (2N)° (3)
ea(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 cf', b, ef' and ¢
were evaluated on the basis of experimental Ga—ea—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 1life curves. The endurance 1limit 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 (1b), (2) and (3) is dependent on the remaining two
equations. Therefore a dependency of the constants exists in the form n’= b/c
and K'=of/efb/°. 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



lead to an unsatisfactory description of the 1life curve according to egs.
(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]

Psyr = V(og *+ oplrea* E (5)

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

Poyr (N) =Vop2e (2N)2D + E-gp-epe (2N) (D¥C) (6)

For reasonsof uniformity, datasets with experimental results em#O and o#0 were
treated as if the regression line had been evaluated for am#o. From the idea
that PSWT accounts for mean stresses, PSWT-lif'e curves evaluated from the
experimental results with 6m=0 should be plotted into the diagrams with
experimental results am#o, leading to better coincidence between life curve
and experiments.

For uniformity, the experimental results for high and low temperatures are
presented in a Poyr 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



6

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

elongation related to 5x diameter of specimen
elongation related to 25x diameter of specimen
fatigue strength exponent

fatigue ductility exponent

Young's modulus

strain

true fracture strain

fatigue ductility coefficient

monotonic hardening coefficient

cyclic hardening coefficient

number of cycles until rupture

number of cyeles until crack initiation

number of cycles for & (transition point)

a,e %a,p
monotonic hardening exponent
eyelib hardening exponent
Poisson's ratio

damage parameter according to Smith, Watson and Topper
stress ratio

ultimate tensile strength

monotonic 0.2% proof stress

cyelic 0.2% proof stress

stress

true fracture stress

fatigue strength coefficient

ca,lo%/ca,QO% scatter ratio of stress

amplitudes for 10% and 90% probability of survival
ea,lo%/ea,QO% scatter ratio of plastic strain
amplitudes for 10% and 90% probability of survival

reduction of area



Indexes

a amplitude

@

elastic
value at 2v106 cycles

mean value

T B R

plastic
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X 4 NiCrTi 73 15 3

Inconel X

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

c Mn Si Cr

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

Ni Cb Ti Al Fe

0.04 0.70 0.30 15.0 72.56 1.0 2.5 0.30 7.0

Monotenic properties

E = 214055 N/mm? vooo= 0.3t -~
Ryo.2 = 704 N/mn? k= 1522 N/mo?
R, = 1215 N/mm? n = 0.135 -

Ag = % op = 1512 N/mm?
z = 20 % ep = 0.22 -
Cy¥clic properties

Rpo.2 962 N/mn? K’ = 2130 N/mm?
oy = 405 N/mm? 2 = 0.128 -

s, = 0191 % o'y = 1990 N/mm?
Np = 195 cycles el = 0.177 -

T, = 1.259 -~ b = -0.105 -

T, = 3.858 ~ ¢ = -0.599 -
Incremental step test K’ = N/mm2

Failure criterion
o/e-values valid for

Remarks

complete rupture

¢ half failure life

Hardness

Microstructure

Monotonic_test

Loading condition

Specimen

Specimen location :

Gawrge length
Testing machine

Strain rate

Cyclic test

Loading condition :

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

: Rockwell C-34 to 35

cylindrical, 9 6,35 mm
in rolling direction
38.1 mm

Rhiele, universal testing machine

total diametral strain control, R

hourglass shaped, § 6.35 mm

: machined

in rolling direction
diametral

self designed

3

a” 71
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PSWT [N/fmm']
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Material : Inconel X
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure
| | MPal | [MPa] l (%] | |
| 1.0000 | 1318.7 | 0.0 | 4.0260 | 2.0
| 2.0000 | 1456.7 | 0.0 | 3.2700 | 4.0
| 3.0000 | 1367.0 | 0.0 | 2.6420 | 6.0
| 4.0000 | 1408.4 | 0.0 |  2.5540 | 9.0 |
| 5.0000 | 1304.9 | 0.0 | 2.2200 | 37.0 |
|  e6.0000 | 1270.3 | 0.0 | 2.1090 | 41.0
| 7.0000 | 1228.9 | 0.0 | 2.0970 | 50.0
| 8.0000 | 1159.9 | 0.0 | 1.8730 | 79.0
|  9.0000 | 1239.3 | 0.0 | 1.7990 | 89,0 |
| 10.0000 | 1180.6 | 0.0 | 1.5810 | 137.0 |
| 11.0000 | 1111.5 |} 0.0 | 1.2570 | 193.0
[ 12.0000 | 1077.0 | 0.0 | 1.1470 | 220.0 |
| 13.0000 | 1083.9 | 0.0 | 1.3480 | 261.0 |
| 14.0000 | 1094.3 | 0.0 | 1.1530 | 282.0 |
| 15.0000 | 1028.7 | 0.0 | o0.8330 | 296.0
| 16.0000 | 994.2 | 0.0 | o0.8200 | 779.0 |
| 17.0000 | 970.0 | 0.0 | o.8120 | 813.0 |
| 18.0000 | 970.0 | 0.0 | o0.6520 | 1080.0 |
| 19.0000 | 911.3 | 0.0 | o0.5430 | 1580.0
| 20,0000 | 804.3 | 0.0 | 0.4300 | 5160.0
| 21,0000 | 800.9 | 0.0 | o0.4570 | 5210.0 |
| 22.0000 | 794.0 | 0.0 |  0.3950 | 6440.0
| 23.0000 | 1797.4 | 0.0 | o0.3960 | 7800.0 |

continued



| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | [MPal | [MPa] | [%] | |
| 24.0000 | 728.4 | 0.0 | o0.3450 | 9400.0 |
| 25.0000 | 742.2 | 0.0 | o.3860 | 9940.0 |
| 26.0000 | 704.2 | 0.0 | 0.3290 | 18400.0 |
| 27.0000 | 6495.0 | 0.0 | o0.3040 | 36400.0 |
| 28.0000 | 583.4 | 0.0 | 0.2740 | 47500.0 |
| 29.0000 | s535.1 | 0.0 | o0.2500 | 99800.0 |
| 30.0000 | 472.9 | 0.0 | o0.2200 | 125000.0 |
| 31.0000 | 428.0 | 0.0 | o0.2000 | 267000.0 |
| 32.0000 | 428.0 | 0.0 | o0.2000 | 395000.0 |
| 33.0000 | 393.5 | 0.0 | o.1840 | 688000.0 |




X 5§ NiCrTi 26 15

1.4890 SUH 660~B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Si Mn ):4

928°C/1h, water, 715°C/16h, air

+23°C

bar, @ 22 mm

[4.8)

1978

s Ni Cr Mo Ti

0.032 0.55 1.14 0.020 0.004 24,65 13.91 1.27 2.50

Monotonic properties

E = 210000 N/mn? voo=
Ryo.2 = 777 N/mn? k=
R, = 1158 N/mm? n =
A5 = 23 % o =
Z = 52 % L3 =
Cyclic properties
Rpo.2 = 711 N/mm? K= 1543
op = 444 N/mn? 2 = 0.125
T 0.216 % o'y = 1574
Np = 2854 cycles g'y = 1.109
T, = 1.038 - b = -0.083
o = 1.841 - ¢ = -0.661
Incremental step test K’ =
n’ =

Failure criterion
o/e—-values valid for

Remarks

complete rupture

half failure life

: Young's modulus estimated

Al

0.26

N/mm?

Hardness

Microstructure

Monotonic 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

Remarks :

: HV 30 : 337

: JIS G 0551 grain size: 8.5

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

39 (%/min)

triangular

91



g, [N/mm?]

1200

1000
S-S
800 /A
600 ////p/ﬁ
400 §
SUH 660—B
L
E=210000 N/mm® —— = cyclic
200 K'=1543 N/mm?  —-— = incremental|]
| n'= 0,125 —— = monotonic
0 N 1 N 1 T I
0 0,5 1 1,5 2 2,5
£, ]
g, 1
10‘ - Y“l TTITIT L LLBLILLLL T TTTTIY T T TTTITT I T TTTTON T TTTTTHT T T TT1TT B
C “‘\\\ SUH 660—B u
- RS 0,=1574 N/mm® b=-0,0832 [
i N £= 11086 =—0,6608 |
0 E\\\ S exp. results
Uk N \ :
R, N R .
. - e\ -
- e‘e‘::::::—___ T
107 AN
: o\ 3
10_2 L1 L L1 11111l L L L3 1 LL) 1 l\Lll ) i I:‘I‘IJI Ll 1y Lol LLLL)
10 10° 10 10° 10° 10° 10 10°

17
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PSWT [N/mm?]

LIULLLALL T TTTm LSRR ELL T T TTO0T 1 T TII0f) T TTTT = TITTIT
Ay
RN SUH 660—B I
\\
| - ~ 4
4
Ay
\\
| \B\ 5 exp. results i
10 \KQ
- 4
. x -
| ~ e i
- ~ P N
- ‘~~~'_ .
- ~.~‘~.~ -t
.-
—-—~
- ~
- B
102 Lotia IR [N BT (I BYETTI L Lasin Ll
10 10° 10 10" 10° 10° 10 10°
Material : SUH 660-B
R mmm e m o mmmm e R o mmmm e — +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] (1Pa] [%]
e m e — o m e m o B Fom—mmmmm - - B i +
1.0000 915.3 c.0 1.7300 307.0
2.0000 803.4 0.0 0.8900 1830.0
3.0000 747.5 0.0 0.6950 3968.0
4.0000 693.6 0.0 0.4900 11120.0
5.0000 640.0 0.0 0.3850 20277 .0
Fommmmmm—m— Hmmmmmm—m— - Fmmmmm e mm e m e o e m e Rt +



X 5 NiCrTi 26 15

1.4890 SUH 660~B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition
C Si Mn P

0.032 0,55 1,14 0.020 0.

Monotonic properties

E = 210000 N/mm?
- 2

Ry0.2 = 777 N/mm

R, = 1158 N/mm?

Ay = 23 &

z = 52 %

Cyclic properties

Rig.y = 713 N/mn?
op = 453 N/mm?
6, = 0.222 %

NT = 2616 cycles
T, = 1.044 -

T, - 1.657 -

Incremental step test

Failure criterion : col
o/e~values valid for : ha

Remarks : Yo

928°C/1h, water, 715°C/16h, air
+23°¢

: bar, § 22 mmn

[4.8]
1978

s Ni Cr Mo Ti Al

004 24.65 13.91 1,27 2.50 0.26

K= N/mm?
2 = _
op = N/mn?
Ef = -
k' = 1617 N/mm?
2= 0.132 -
o'y = 1537 N/mm?
ey = 0.662 -
b = -0.080 -
c = -0.606 -
k' = N/mm?
n' = -

mplete rupture
1f failure life

ung’s modulus estimated

Hardness : BV 30 : 337

Microstructure

Monotonic test

Loading condition :

Specimen + cylindrical, 9 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 straim conmtrol,
Specimen : cylindrical, 9 6 mm
Surface : mechanically polished

Specimen location ; in rolling direction

Gauge length : 15 mm

Testing machine : servohydraulic, max.
Frequency

Strain rate : 4.0 (%/min)
¥aveform : triangular

Remarks

: JIS G 0551 grain size: 8.5

R£= -1

50 kN

61
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g, N/mm?]

1200

1000

800 /

600 /
400

SUH 660—B
| E=210000 N/mm?

cyclic

200 K'=1617 N/mm’ —-— = incremental|]
y n'= 0,132 —— = monotonic
0 s L L FUMS I PN S | PR 2 n 1 N L 1 .
0 0,5 1 1,5 2 2,5
€, %]
g, =
10‘ :‘$I ¥ |||Ihl LRAALI LELLRRAL T T ITTTITY T_TTTITI T TITTIY T T llll-‘
F N SUH 660—B :
B . 0,/=1537 N/mm® b=-0,0803 a
i NS £'= 0,6624 c=—0,6065 |
o \g\\ S exp. results
10 E =
C N E
C T S R 3
- e@---~::"_::::~~ o
L N N By
10—1 E &7 E
10—2 Lo L iigy Lt il 11 113 1ltll L Ill\ll\ul JoL L1y Lt 1 1iiil
10 10° 10° 10° 10° 10° 10 10°

N



PSWT [N/mm?]

10

~o T T T T T TT T T TTTT 8 5 0 1 O N 1 O A SO W A 1))
N
2N SUH 660-B
L ~ 1
N
~
q
\\
L \\ 5 exp. results i
- \
= % -t
- Sen 4
L s E E
I S B
| -~~\‘.~‘ |
L 3
L 4
i L1 L1 Lo IR Lot 1113t
10 10’ 10 10" 10° 10° 10 10
Material SUH 660-B
e it Fommm o P e T Fommmmmmm o dommmmmmm e +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] {MPa] %]
R e Fommmmmmm— - B T e B e e ittt +
1.0000 897.6 0.0 1.5400 363.0
2.0000 834.3 0.0 1.0100 1142.0
3.0000 749.0 0.0 0.6950 3950.0
4.0000 697 .0 0.0 0.5050 11655.0
5.0000 655.8 0.0 0.4100 15871.0
B R e R R Hmmmmmmm i m—— - tmmmmmm - - DR +
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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/1h, water, 715°C/16h, air
+450°¢C

: bar, @ 22 mm
: [4.8]
1978
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

Monotonic properties

E = 174950 N/mm? voo= -
Ryp. = 711 N/mm? k= N/mm?
R, = 1011 N/mm? n = -
Ay = 18 % o = N/mn?
z = 49 ep = -

Cyclic properties

Rig.g = 762 N/mm? K = 1574 N/mm?
.

oy = 471 N/mm? a2 = 0.117 -

5, = 0.273 % o'y = 1477 Nfmn?

NT = 847 cycles e'f = 0.570 -

T, - 1.049 - b = -0.075 -

T, = 1.054 - ¢ =  -0.642 -

Incremental step test K’ = N/mm?
n’ = -

Failure criterion
o/e-values valid for

Remarks

: complete rupture
: half failure life

: Young’s modulus estimated

Hardmess

Microstructure

Momotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R = -1

cylindrical, ¢ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

39 (®/min)

triangular

144



g, [N/mm?*]
1200
wopH——m—
1 T
T
800 /
/]

400 -
L SUH 660—B, 450 °C
E=174950 N/mm® —— = cyclic
200 K'=1574 N/mm? ———= incrementcl—l
n'= 017 —— = monotonic
O PR | T ) L 2. T " I n ) Ju
0 0,5 1 1,5 2 2,5
g, [

£ [%]

]O’ F\ P T TTTI0 T VT TTI70T T TTTTm T T TITITOT T T TTITIT lol]llllll T Illlf
N SUH 660-B, 450 °C :
RN 0,/=%477 N/mm*® b=-0,0752 1
i £/= 0,5701 =—0,6417

o AN 5 exp. results

10 b .

S ]
. B &-~ .
K O = -=3zzy Thame ]

10" = 3

]O_z j JEN I EEEEH Loy gLl l\\hllllll L.t 1111l Jo L Ll

1d 10° 10 10° 10° 10° 10 10°

N
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PSWT [N/mm?]

T T TTTIm LEREBEILI] T T ITTTT T I T LIy IDIIIIIIII T ITIOT
e SUH 660—-8, 450 C
- \\ fd
~
~
\\
g . S exp. results
~
~
10
- S )
| _4
L 4
102 Lt 111ty L1yt (A L Lo [
1 2 4 S 6 7
10 10 10 10 10 10 10 10
Material SUH 660-B, 450°C
Hommmmmmm o R Hmmm e o R T e +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
{MPa] {MPal [%]
B Fmmm oo o mmmmmm o — - D e o mmmme e +
1.0000 911.3 0.0 1.5050 281.0
2.0000 832.4 0.0 0.9350 936.0
3.0000 798.5 0.0 0.6950 2434.0
4.0000 753.9 0.0 0.6000 4322.0
5.0000 681.3 0.0 0.4800 11773.0




X 5 NiCrTi 26 15 1.4890 SUH 660-B

Heat treatment : 928°C/1h, water, 715°C/16h, air
Test temperature : +450°C

Semifinished material : bar, @ 22 mm

Reference : [4.8]

Year 1 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

Monotonic properties

E = 174950 N/mm? - -

Ryg.p = 711 N/mm? k= N/mn?

R, = 1011 N/mn? a - -

Ay = 18 % o = N/mn?

z = 49 % eg = -

Cyclic properties

Rpo.2 = 778 N/mn? xo- 1638 N/mn?

A = 454 N/mm2 n = 0.120 -

g, = 0.262 % o'y = 1559 N/mm?

NT = 689 cycles e'f = 0.665 -

Ty = 1.040 - b = —0.081 -

Tep = 1.360 - ¢ = ~0.678 -

Incremental step test : K' = N/mm2
n' = -

Failure criterion : complete rupture

o/e-values valid for : half failure life

Remarks : Young’s modulus estimated

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen location :

Gauge length
Testing machine

Strain rate

C¥clic test

Loading condition :

Specimen

Surface

c¢ylindrical, @ 10 mm
ia rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain coatrol,

cylindrical, @ 6 mm

: mechanically polished

Specimen locatiom :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

in rolling direction
15 mm

servohydraul ic, max.

0.40 (%/min)

triangular

Rg=

50 kN

-1

14
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g, N/mm*]

1200

1000

800

e

600 /
400

SUH 660—B, 450 °C
E=174950 N/mm®

K'=1638 N/mm®

cyclic

incremental|]|

17
/

n'= 0,120 —— = monotonic
o . [ N N N N 1 N N N M | L
0,5 1 1,5 2 25
£, 7]

£, A

101 T lfl[rl TTTIT T TTTITIm T TTITIY T YT TTT0T0 lol TITITO T T llllf
Ey SUH 660—B, 450 "C
N 0,=1559 N/mm®  b=-0,0812 H
RN £'= 0,6650 c=—0,6777 |

RN S exp. results
o NN

10 E IS \,\o\ d
- TR 1o ]
I N e N R i

107 E S g
= < 3
N N ]
C . ]
- \\\l\ -
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PSWT N/mm"
LR ALLLLL T T 17T T TTTm 1 D RO O 50 8 O D 20 8 O I o 8 1 M 4
0
I's
\ SUH 660-B, 450 "C i
*\
- N .
.
.
AN
N T S exp. results '
.
N
N
N
N
~
10
F \ONB\ -1
- Lo y
e
b= -N\~~ -
- Seald ~— -
- \‘~~~~ -
- 4
»102 L1l LIl L L1 [EEEEEII Lo1n MM ERIT
J 2 4 35 ] 7 8
10 10 10 10 10 10 10 10
Material : SUH 660~B, 450°C
Fommm - - mmm e S D e o mm e —— +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPal {%]
Fommm - mm o R it R B e e T +
1.0000 862.3 0.0 1.0100 755.0
2.0000 839.7 0.0 0.3100 1184.0
3.0000 754 .4 0.0 0.5900 3146.0
4.0000 734.3 0.0 0.5450 4745.0
5.0000 694.5 0.0 0.4750 12481.0
Fommmm o e m e et o mm—— oo m e - e et bl +
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X § NiCrTi 26 15

1.4890

SUH 660-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Si Ma P

928°C/1n, water, 715°C/16h, air

: +600°C
: bar, # 22 om
: [4.8]

1978

S Ni Cr

0.032 0.55 1.14 0.020 0.004 24.65 13.91

Monotonic properties

E = 162800 N/mn? v o=
Ry.2 = 713 N/ma? k=
R, = 912  N/mm? n =
As = 22 % op =
z = s6 % e =

Cyclic properties

. - 2 . =
Rio.2 = 626  N/mm K =
% = 383 N/mm? n =
tg = 0.246 % o'y =
Np = 511 cycles ely =
Ty = 1.098 - b =
Ty = 1.663 - =
Incremental step test K’ =

n' =

Failure criterion
o/e~values valid for

Remarks

: complete rupture

: half failure life

Mo Ti

1.27 2.50

1842
0.174
1217
0.093
=0.076
-0.440

: Young's modulus estimated

Al

0.26

N/mn?

N/mm’

Hardness

Microstructure

Monotonic 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

Remarks

: cylindrical, @ 10 mm

in rolling direction

50 mm

: 0.3 and 7.5 {%/min)

total strain comtrol, Ra= -1

: cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraul ic, max. 50 kN

40 (%min)

triangular

8%



o . [N/mm*]

1200

1000

800 o

600 ’

400 .
| SUH 660~B, 600 °C

E=162800 N/mm' —— = cyclic

200 K'=1842 N/mm® —-— = incremental[]

L n'= 0,174 —— = monotonic
0 " " i 1 1 ) 1 1 1 1 S e & 1 1 PR i 1 i P L
0 0,5 1 1,5 2 2,5
£, 7

g, 7]

101 : TTTTT T TTTTIT T TTTTI T T TT70 T T TTIT0 Jollllllll T T YJTT
u SUH 660—8, 600 'C 5
- 0,=1217 N/mm®  b=-0,0761 I
S £'= 0,0929 c=—0,4397 1

. ‘\:\‘: 5 exp. results

107 S l
C --“R%\o\\ ]
- \&-_::::::::—- _ 4
| \\ --==::-‘__‘_““‘.
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I L 1

'
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PSWT [N/mm']

- SUH 660-B, 600 °C .
E~\ 5 exp. results ]
~
103 \
~J

Sea
-
-~

+ §‘§~"“-:
- -
102 Ll Lorun 1o0Lpg IR IR L1t L1
10 10° 10 10 10° 10° 10 10°
N
Material : SUH 660-B, 600°C
B i e R e it Hem o mm e — o Frmm e +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [#]
B B it B et Hom e R +
1.0000 823.5 0.0 1.5550 103.0
2.0000 742.1 0.0 0.9250 397.0
3.0000 650.4 0.0 0.6450 1367.0
4.0000 577.3 0.0 0.4900 5290.0
5.0000 545.9 0.0 0.4250 29991.0




X 5 NiCrTi 26 15 1.4890 SUH 660-B

Heat treatment : 928°C/1h, water, 715°C/16h, air Hardness

Test temperature : +600°C

Semifinished material : bar, § 22 mm

Reference : [4.8]

Year : 1978

Chemical composition Microstructure
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

Monotonic properties Monotonic test
E = 162800 N/mm? v o= - Loading condition :
RpO.Z = 713 N/mmZ K = N/mm2 Specimen i cylindrical, 9 10 mn
R, = 912 N/am? n = - Specimen location : in rolling direction
Ay o= 22 % o = N/mm? Gauge length ;50 mm
zZ = 56 % £g = - Testing machine
Strain rate : 0.3 and 7.5 (%/min)
Cyclic properties Cyclic test
R1;0.2 = 601 N/mm? X' = 3221 N/mm? Loading condition : total strain control, R= -1
5 - 333 N/ma? 2 = 0.270 - Specimen i cylindrical, 9 6 mm
eg = 0.229 % cr'f = 1120 N/lzun2 Surface ¢ mechanically polished
Ny = 64 cycles e = 0.019 - Specimen location : in rolling direction
Ty = 1.091 - b = -0.080 - Gauge length 215 mm
Tep = 1.472 - c = ~0.287 - Testing machine : servohydraulic, max. 50 kN
Incremental step test : X' = N/mm? Frequency
o’ = - Strain zate 1 0.39 (%/min)
Waveform : triangular
Failure criterion : complete rupture
o/e-values valid for : half failure life
Remarks : Young's modulus estimated Remarks

1€
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g, IN/mm?]

1200

1000

-

800

600

v

400
SUH 660—B, 600 °C
£=162800 N/mm' — = cyclic
200 K'=3221 N/mm®  —-— = incremental
I n'= 0,270 —— = monotonic
0 T 1 N PR f 1 PR | S
0 0.5 1 1,5 2 2,5
£, 7]
g, =
101 = LIRS IR ERALLL LERIRRALLL T TTITI LT TTTITIY T cll[[II[IT I'TTT 4
r SUH 660-B, 600 "C i
r 0,=120 N/mm'  b=-0,0798 I
i €= 0,0188 c=—0,2866 1
e 5 exp. results
100 - i J\U\D ]
E——-:‘_\ \'9\ ]
§:\"’\‘“\e\j::::: ...... 1
i D\B\ §—-_~::::::==::=:~:‘
107 ~g -
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PSWT N/mm?)

10

10

T T LUBRERRLLLL LLELRLARLL LN 10 M S 0 0 A 5 5 D 0 N T
- SUH 660—B, 600 °C -
*
- 14
L 5 exp. results i
M~
\\\\\
~~ ‘\\‘z}\\\n
- -
Loaiaitn 1Ll I IR e 1yt 11
1 2 3 4 5 5 7
10 10 10 10 10 10 10 10
Material SUH 660-B, 600°C
D R Fomm e e Fom - B it T +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa} [MPa] [%]

R e ke e o mmm - B +
1.0000 743.6 0.0 0.9350 104.0
2.0000 641.1 0.0 0.6700 335.0
3.0000 620.5 0.0 0.5700 864.0
4.0000 570.5 0.0 0.4900 3746.0
5.0000 450.8 0.0 0.3600 37581.0
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X 5 NiCrTi 26 15

1.4890 SUH 660-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemicgl composition

C Si Mn P

928°C/1h, water, 715°C/16h, air

1 700°C
: bar, ¢ 22 mm
[4.8]
1978
S Ni Cr Mo Ti

0.032 0.55 1.14 0.020 0.004 24,65 13.91 1.27 2.50

Monotonic_properties

E = 164650 N/mm® voo=
= 2 -
Ryo.2 = 595  N/mm K =
R, = 751  N/mm? n o=
As = 34 % ag =
z - 55 % e =
Cyclic_properties
Rig.y = 463 N/mm? k' = 1691
oy = 248 N/mm? n o= 0.208
oy = 0.162 % o'y = 1049
Ny = 1054 cycles el = 0.086
T, = 1.116 - b = -0.095
Ty = 1.943 - c = -0.435
Incremental step test K’ =
At =

Failure criterion
o/e-values valid for

Remarks

complete rupture

: half failure life

: Young's modulus estimated

Al

0.26

N/mm?

N/mn?

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain contrel, RE= -1

cylindrical, § 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

¥e
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==
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! /O/
400

300 /

_ / SUH 660—B, 700 °C I
200 F=164650 N/mm’ —— = cyclic H
100 [ / K'=1691 N/mm® —-— = incremental
L n'= 0,208 —— = monotonic
O P T s N N 1 T ) . P | s Ty N
0 0,5 1 1,5 2 2,5
£,
£, 7
101 F LR RALLL T TT1T171T IR BAAALL T T T T TTTTIr IOI[[ILIU 1T 1111
E SUH 660-B, 700 "C .
r 0,=1049 N/mm' b=-0,0949 1
N £'= 0,0863 ¢=—0,4353 1
100 i \:&\a\ 5 exp. results _
C__ k\\ ]
s .
- \Q 4
L k\ell:::: sssss J
107 & =
- N 3
- \\\\ .
‘IO-Z [ ET L1 11112 11 111 11 1110l L1 \\T Lilill 1L 3 LLLLL
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PSWT N/mm?]

- SUH 660—B, 700 °C -
L S exp. results J

i T ]

102 X 1111l " L1111l . 11181l R L 1 L1l . L 11411l - LU . J L til] .
10 10 10 10 10 10 10 10
N

Material : SUH 660-B, 700°C

R e T Fo—mmmm - R ettt B ettt Fmmmmmmmmm e — +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] {MPa]) {%1]

R ettt i Fomm - dmmm e tmmmmm e - +
1.0000 655.3 0.0 1.5950 68.0
2.0000 580.3 0.0 0.9850 223.0
3.0000 521.4 0.0 0.5050 1475.0
4.0000 423.8 0.0 0.4100 4564.0
5.0000 352.7 0.0 0.2850 49805.0




X 5 NiCrTi 26 15§ 1.4890 SUH 660-B

Heat treatment 928°C/1h, water, 715°C/16h, air

Test temperature 1 +700°C
Semifinished material : bar, @ 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

Monotonic properties

E = 164650 N/mm? v o= -
Ryg.2 = 595 N/mn? k= N/mm?
R, = 751 N/mm® n = -

Ag = 34 % P N/mm?
zZ = 55 5 ep = -
Cyclic properties

LI 372 N/mm? K = 2929 N/mm?
o = 171 N/mm? = 0.332 -

g, = 0125 % o'y = 891 N/mm?
N = 898 cycles s'f = 0.025 -

T, = 1.047 - b =  -0.108 -

T, = 1.572 - ¢ = -0.315 -
Incremental step test : K’ = N/mm2

Failure criterion : complete rupture
o/e-values valid for : half failure life

Remarks : Young’s modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

¢ylindrical, 9 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control,
cylindrical, ® 6 mm
mechanically polished
in rolling direction
15 om

servohydraulic, max.

0.40 (%/min)

triangular

R =
€

50 kN

-1

Lg
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ag, N/mm*]
300
800 —
L |
700 — e
600 ez
500 o b
400 /’
3010 0 N
/ SUH 660—B, 700 "C
200 F=164650 N/mm® —— = cyclic -
100 I / K'=2929 N/mm®  —-— = incremental
I n'= 0,332 —— = monotonic
0 x i 1 " 1 N N N L 1 L N " n T L IR S S | " n n "
o] 0,5 1 1,5 2 2,5
A
€, =
101 F LA SLRALL T TTTITT LILRLLLLL T YT T TTITIOL )| OIII”“L I T LI]_[E
C SUH 660—8, 700 "C B
C 0,/=891 N/mm®  b=-0,1085 i
L g/'= 0,0255 c=--0,3153 il
o Feeo 5 exp. results
10 =<8 -
F ~~. 0O J
- \\\D\ .
. :
[ % \Q.\~\ |
k\ew‘_::: ~~~~~~ _
S R R B R B Il
10 2 \Q\ “‘~-11‘_~_::§
10—2 [N L1 1 11ILl L1 11l 1Ll L U1 LEill] 11 lll\lll~\\‘ L1l
10 10° 10° 10" 10° 10° 10 10°



PSWT {N/mm']

LELIRAALLL T TTTImY T TTTTT I TTTHON T T ITIIIN T T YYTINT T TITIT
- SUH 660—8, 700 °C -
1
- H
L 5 exp. resuits L
3 I~
= ~
10 ] .
- \ ]
i \S\ ]
- -
I \&\\\,. B
~~a.
»]Oz )1 1)y oy 11t L Ll ISR L
10 10° 10 10" 10° 10° 10 10°
Material : SUH 660-B, 700°C
B B O et B e B +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa ] [=1
R Hmmmm e e R i e o i +
1.0000 518.5 0.0 1.0100 60.0
2.0000 494.9 0.0 0.6950 129.0
3.0000 422.38 0.0 0.5000 545.0
4.0000 343.8 0.0 0.3600 3314.0
5.0000 264 .4 0.0 0.2450 33931.0
B etk dmmmmm o m e mmmm e R i e +

39



X 6 NiCr 32 20

Incoloy 800H

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

[ Ni Mn Cr

0.05 32.17 0.67 19.83

Monotonic properties

solution treated, 1066°C, 1149°C, 1177°C, water Hardness

+22°C

{4.181
1981

Ti Al

0.43 0.39

E = 210000 N/mn? voo=
- 2 =
RpO.Z = N/mm X =
Ry = N/mm? n =
Ay = % op =
A = % Ef =
Cyclic properties
Rig.2 = 318 N/mn? g =
.
% 205 N/mm? n =
g = 0.11%9 % o'y =
Np = 41199 cycles el =
T, = 1.226 - b=
Tep 1.490 - < =
Incremental step test K’ =
n' =

Failure criterion
o/e~values valid for

Remarks

half failure life

1568
0.257
1061
0.400
—0.108
~0.494

N/mm?

N/mm

Microstructure

Monotonic test

Loading condition
Specimen

Specimen location :
Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition : total strain controll), R,=-1
Specimen : hourglass shaped, @ 6.4 mm
Surface

Specimen location :

Gauge length

Testing machine : MTS, electrohydranlic

Frequency : max, 40 Hz

Strain rate : 24 (%/min) for low cycle fatigue tests
Waveform : sinusoidal

Remarks : 1) tests beyond 5'!03 cycles were done in load control

17



g, [N/mm*]

600 /
L o

500 g/ o/
{ /

400

300
° 0
I 8/
200 2 .
L Incoloy 800H
£=210000 N/mm*® — = cyclic
100 K'=1568 N/mm® —-— = incremental[]
n'= 0,257 —— = monotonic
0 ;o U S S Y - i a1 Iy 1 > 1 A a
0 0.5 1 15 2 2,5
g, 7
£, 7]
10’ - T T T T T
F ™, Incoloy 800H :
RN 70,1061 N/mm®  b=—0,1082 i
i g'= 0,4003 c=—0,4945 I
21 exp. results
10° £ S :
s 0 3
. -
Lo i :
10_, o‘ &
E v o O S2saa_
C S33a
‘IO_2 BN 1 L%L Il A BRI Ll \_A_A_AAUAJ
10 10° 10 10° 10° 10° 10 10°
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PSWT [N/mm'}

T T TTm T T YT LLILILALILLL S 00 i 55 ) | S S 8 4 | ) - 8 8|} S——— 3
k.. Incoloy 800H T
~
- \\ [
~
\\
L ™o 21 exp. results
3
10 o
- 4
o J
o <
- -
(o]
ud -4
- -
[o]e}
- o O\Q .
.__NN
S~
1cf Ll 1111 111 AN ETt SNt [ENWEEIT trainy
\] 4 6 7 8
10 10° 10 10 10° 10 10 10
Material : Inceloy 800H
Fommmm e m e o . Hmmmmmmmmmm o - B B +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]
tommmm e - o m—m o e mmmmmm——m B e B e +
1.0000 637.1 0.0 3.0000 83.0
2.0000 642.9 0.0 3.0290 198.0
3.0000 550.0 0.0 1.6070 409.0
4.0000 489.0 0.0 1.5540 539.0
5.0000 489.0 0.0 1.5540 674.0
6.0000 478.0 0.0 1.0290 674.0
7.0000 478.0 0.0 1.0290 1171.0
8.0000 458.0 0.0 1.0290 1692.0
9.0000 440.0 0.0 0.9820 1692.0
10.0000 338.1 0.0 0.4640 7197.0
11.0000 337.1 0.0 0.5000 8209.0
12.0000 361.0 0.0 0.5180 8767 .0
13.0000 349.5 0.0 0.5000 10000.0
14.0000 282.0 0.0 0.3210 28651.0
15.0000 310.3 0.0 0.1000 37276.0
16.0000 274.4 0.0 0.1110 51795.0
17.0000 300.0 0.0 0.2610 55317.0
18.0000 . 290.0 0.0 0.2320 100000.0
19.0000 247.9 0.0 0.0890 322531.0
20.0000 234.9 0.0 0.0890 810161.0
21.0000 207.2 0.0 0.0890 8767124.0




X 6 NiCr 32 20

Incoloy 800H

Heat treatment

Test temperature : +538°C
Semifinished material

Reference : [4.18]
Year : 1981

Chemical composition

c Ni Mn Cr Ti Al

0.05 32.17 0.67 19.83 0.43 0.39

Monotonic properties

E = 193000 N/mn? vooo=
p0.2 = N/mm? K =
R, = N/mn? 2 =
Ay = % op =
VA = % eg =

Cyclic properties

’ - 2 . =
Rp0.2 = 323 N/ mm K’ =
% = 141 N/mm? n =
ey = 0.081 % o'y =
Np = 2184532 cyecles e'y =
Ty = 1.403 - b =
TBp = 2.646 - c =
Incremental step test : K’ =

n' =

Failure criterion
o/e-values valid for : half failure life

Remarks

1455
0.242
1295
0.4768
-0.146
-0.570

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

N/mm

N/mm2

Hardness

Microstructure

Monotonic test

Loading conditionm :
Specimen

Specimen location :
Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition : total strain controll), Re= -1
Specimen : hourglass shaped, @ 6.4 mm
Surface

Specimen location :

Gauge length

Testing machine : MTS, electrohydraulic
Frequency : max., 40 Hz

Strain rate 24 (%/min) for low cycle fatigue tests

VWaveform : sinusoidal

Remarks : 1) tests beyond 4'105 cycles were done in load control

£¥
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g, [N/mm?*]

600

-
——————
o = =

-
-
-
-

500 s

| 9/;/

400 /
L 00/
300 0 :
L (o]
200 |

Incoloy 800H, 538 °C
F=193000 N/mm® —— = cyclic

100 K'=1455 N/mm® —-— = incremental|]
n= 0,242 —— = monotonic
o " " i 1 Iy rel . . 1 A I . . 1 Iy L " PR B 2 2
0 0,5 1 1,5 2 2,5
£, A
g,
1()1 I.‘ T T 700 T TTTITH LILLLLALL L T TTTT00 T T ITTITE T IIOIITI'II' T 11771 q
AN Incoloy 800H, 538 "C u
C Yy u
[y 0,=1295 N/mm' b=-0,1460 i
_ RN £/= 04768 ¢==0,5700 |
AR
N 25 exp. results
10t

T

"“‘Q%
o
. RGN

T e
LD
= DL T
n] =%

\
~
~

10-2 11 11011l 1 L1l I RN R T 1 l-llllll\ [ EEIT] I L 118 itL

10 10° 10 10" 10° 10 10 10°
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PSWT WN/mm?]

LILBLBLALLALI T TTTTIT T 11171 L T T T T 17711000 1 llollllll LT 111007
. Incoloy 800H, 538 C 2
N B

N\

\\
L AN 25 exp. results
\\\
\\
N\
\&
. g
i o o |
OO
- o L O o 8’
I N |
.

L riin L L 11l oLt it L)Lt 1 1 11181 1 lJ_lJll‘lh~\Ll 11110

\] 2 4 S (] 7
10 10 10 10 10 10 10
N
Material : Incoloy 800H, 538°C

| Spec. no. | Stress | Mean stress | Strain | cCycles to |
| | amplitude | | amplitude | failure |
| | [mpa] | [MPa] | %] | ]
| 2.0000 | 503.4 | 0.0 | 1.3510 | 321.0 |
| 1.0000 | 540.5 | 0.0 | 1.4820 | 376.0
| 3.0000 | 487.8 | 0.0 | 1.2940 | 487.0
|  4.0000 | 465.9 | 0.0 ! 1.0000 | 750.0 |
|  5.0000 | 448.3 | 0.0 | o0.9780 | 750.0
| 6.0000 | 439.0 | 0.0 | o0.9960 | 904.0
| 7.0000 } 414.6 | 0.0 | o0.7550 | 1241.0 |
| 8.0000 } 414.6 | 0.0 | o0.7350 | 1241.0
| 9.0000 | 351.4 | 0.0 | o0.4900 | 3705.0
| 10.0000 | 323.3 | 0.0 |  o0.4%00 | 4403.0 |
| 10.0000 | 315.2 | 0.0 | o0.4900 | 4403.0
| 11.0000 | 274.0 | 0.0 | 0.2840 | 6588.0
| 12.0000 | 260.0 | 0.0 | 0.2430 | 13924.0
| 13.0000 | 255.0 | 0.0 | o0.2430 | 15623.0 |
| 14,0000 | 233.5 | 0.0 | o0.1820 | 23041.0
| 15.0000 | 259.5 | 0.0 | 0.2430 | 25119.0 |
| 16.0000 | 338.1 | 0.0 | 0.2940 | 35996.0
| 17.0000 | 309.5 | 0.0 | 0.2430 | 35996.0
| 18.0000 | 235.0 | 0.0 | o0.1960 | 72862.0
| 19.0000 | 242.0 | 0.0 | o0.1960 |} 158489.0
| 21.0000 | 191.5 | 0.0 | o0.1180 | > 266073.0 |
| 22.0000 | 230.0 | 0.0 | 0.1820 | >15399265.0
| 23.0000 | 225.5 | 0.0 | 0.1750 | »>65564184.0

+
+

continued

10°
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| Spec. no. | Stress | Mean stress | Strain | Cyeles to |
| | amplitude | | amplitude | failure |
I I [Pal | [MPa] I [%] | |
| 24.0000 | 222.5 | 0.0 I 0.1530 | >65564184.0 |
I 20.0000 | 329.0 | 0.0 | 0.2430 1 > 205353.0 |




X 6 NiCr 32 20

Incoloy 800H

Heat treatment : solution treated, 1066°C, 1149°C, 1177°C, water
Test temperature : +593°C

Semifinished material

Reference : [4.18]

Year : 1981

Chemical composition

C Ni Mn Cr Ti Al

0.05 32.17 0.67 19.83 0.43 0.39

Monotonic properties

E = 171000  N/mm® vooo=

- 2 -
Ryp.2 = N/mm k=
Rm = N/mm2 n =
Ay = % o =
z = % Ef =

Cyclic properties

Rig.s = 351 N/mn® K.
o = 144 N/mn? 2 =
[ = 0.087 % o'y =
Ny = 3347 cycles e'y =
Ty = 1.279 - b =
Top = 2.848 - ¢ =
Incremental step test : X' =

n' =

Failure criterion
o/e~values valid for : half failure life

Remarks

N/mm?

N/mn?

1052 N/mm?
0.177 -

1133 N/mm?
0.6617 -
-0.136 -
-0.658 -~

N/mm?

Hardness

Microstructure

Monotonic test

Loading condition :
Specimen

Specimen location
Gauge length
Testing machine H

Strain rate

Cyclic test

Loading condition : total strain controll), Re= -1
Specimen : hourglass shaped, @ 6.4 mm
Surface

Specimen location :

Gauge length

Testing machine : MTS, electrohydraulic

Frequency : max. 40 Hz

Strain rate : 24 (%/min) for low cycle fatigue tests

Waveform : sinusoidal

Remarks : 1) tests beyond 4°10° cycles were done in load control

Ly
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g, [N/mm*]

600

500 EE————— T

$ -
//

300 4 8
L {/

200 H

Incoloy 800H, 593 °C

i E=171000 N/mm? —— = cyclic

100 K'=1052 N/mm’ —-— = incrementai |

n= 0,177 —— = monotonic
0 L — P | L I N X T ) 1 1 n T Py 1 1 L I s n 1 2
0 0,5 1 1,5 2 2,5
€, 7

£ [

1d N LR ALLALE LILBLLALLLI T TTTTV T T TYTIO] T 1T TTUONY T Ilolllll'l L1171 =
:\Q Incoloy 800H, 593 °C H
-y 0,=N33 N/mm* b=-0,1359 i
" N .
L RN g,'= 0,6617 =-0,6585 i

. 23 exp. results

10 RN :

] N \ xﬁy\c& ) ]
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I s g o
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107k e T 1 .

F o|d e

C o ]

L u] g
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PSWT [N/mm']

10

ELUELELELLLL LR T T T T T TITINY T YTy L - )
0
C Incoloy 800H, 593 °C H
_\\\ -
\
N\
| AN 23 exp. results ]
\
\\
1
\
\
N
\
AN
- QNQ\\ .
= -
= -t
S o|d ]
[e]
(o] [e]
L \\\ o -
~s~~ [e]
~.
.
.
~d.
[ENEETIT B SET] 1Ll 1 a1y I L1 ol Syag s
A\ 4 S5 & 7
10 10° 10 10 10 10 10
Material Incoloy 800H, 593°C
D et B i ot R B +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] {MPa] (%]

D B i S tom e, o m e e +
1.0000 484.8 0.0 1.0300 316.0
2.0000 466.7 0.0 1.0200 370.0
3.0000 462.9 0.0 1.0000 523.0
4.0000 356.7 0.0 0.4860 1728.0
5.0000 349.5 0.0 0.4860 2207.0
6.0000 359.0 0.0 0.4860 2548.0
7.0000 328.6 0.0 0.3780 4940.0
8.0000 315.2 0.0 0.3780 5705.0
9.0000 245.2 0.0 0.1780 13725.0

10.0000 291.0 0.0 0.2880 16548.0
11.0000 223.8 0.0 0.1400 35481.0
12.0000 232.4 0.0 0.1580 48001.0
13.0000 309.5 0.0 0.2300 57049.0
14.0000 222.9 0.0 0.1400 57049.0
15.0000 222.9 0.0 0.1400 64938.0
16 .0000 222.9 0.0 0.1400 74989.0
18.0000 218.1 0.0 0.1400 307256.0
20.0000 189.1 0.0 0.1040 15179239.0
22.0000 222.9 0.0 0.1400 > HA KRR KKk X
23.0000 218.1 0.0 0.1200 SrREAEAK TN K AA
19.0000 296.2 0.0 0.2460 > 697831.0
17.0000 311.9 0.0 0.2300 > 175287.0
21.0000 214.8 0.0 0.1220 >43401028.0

10°
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X7 NiCrCo 56 19

Waspaloy A

Heat treatment
Test temperature

Semifinished material

Reference
Year

Chemical composition

[ Si Mn

0.07 0.4 0.7

Fe

1.0 1.

Monotonic properties

N/mm?

1080°C/4h, air, 843°C/2-4h, furnace, 760°C/16h, furnace

+23°%C

turbine wheel forgings
[4.13]

1965

Al Ti Mo Co Cr

3 3.0 4.3 14.0 19.0

E = 210000 v =
- 2 =
Rp0.2 = 545 N/mm K = 713
R, = N/mn? n = 0.043
Ag - % o =
- % sp =
Cyclic properties
Rl = 696 N/mm? K = 1814
,
oy = 428.5  N/mm? 2 = 0.154
tg = 0.212 % d'i = 1340
= 13128 cycles ey = 0.1495
Tﬂ = 1.168 - b = -0.075
TEP = 2.483 - c = -0.497
Incremental step test K’ =
n' =

Failure criterion
o/e-values valid for

Remarks

complete rupture

half failure life

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen location :

Gauge length
Testing machine

Strain rate

Cyelic test

Loading condition :

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain ra}e

Waveform

Remarks

: HRC: 22

tubular, outer ® 9.5 mm,

25,4 mm

total strajn control,

tubular, outer § 9.5 mm,

24.4 mal)

Instron, max,

triangular

45 kN

inner @ 8.0 mm

-1

inner § 8.0 mm

1) extensometer clamped to the shoulders

specimen

09



g, N/mm®]
1200
I
1000 8
b /
L /
600 /
i

400

/ Waspdloy A

£=210000 N/mm’

cyclic

200 K'=1814 N/mm?* —-— = incrementall]

g n= 0,154 —— = monotonic
0 1 N 1 . P N 1 : 1
0 0.5 1 15 2 2,5
€, 7

€, 7]

10‘ - LR LU rTrrm T T T T TII T T ITIT T TTIINY I TI]L_
s Waspaloy A §

0,/=1340 N/mm’  b=-0,0750 I

i £,'= 0,1495 c=—0,4970 |

¢ N\° 6 exp. results

10 L 1 s
AN :
[ T 3
[ °\~:----§‘.::--~.._ ]

Ui s

- \\\ MM

107 e
: s :
: RN i

10—2 1L L1 pradl L g pathil 1L 11it)) I | III\I\I 1 1 10t {1 1at]
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PSWT [N/mm?)

LI LIELLLLLL LR ALLEL T T IITTI0} T T TTTTIY T T 1LTTHIY T T II1IN

- Waspaloy A i

L 6 exp. results

L st~~~

L -
.

102 L1 t1l Ll 1 AL iiltil Lol 1 1illl 11 a0l ] L1y L1 tittll
10 10° 10 10" 10° 10° 10 10°
N

Material : Waspaloy A

Fmmmmmmmm - Fommmmmm - — B i R it R kel +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]

o — Fommm R B Fmmm e m e m = +
1.0000 1001.2 0.0 3.0000 8.5
2.0000 990.9 0.0 2.2500 49.0
3.0000 880.4 0.0 1.3000 330.0
4.0000 769.9 0.0 0.7400 1220.0
5.0000 718.1 0.0 0.5600 2625.0
6.0000 580.0 0.0 0.3450 11590.0



X7 NiCrCo 56 19

Waspaloy A

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition
c 51 Mn Fe

0.07 0.4 0.7 1.0

Honotonic properties

1080°C/4h, air, 843°C/2-4nh, furnace, 760°C/16h, furnace
+23°C

turbine wheel forgings

{4.13]

1965

E = 210000 K/mm? Vo= -

Rpo.2 = 787 N/mm? K = 713 N/mn?

R, = 1091 N/mm? n = 0.043 -

Ag = T % o6 = N/

Z = % gp = -

Cyclic properties

R 869  N/mn? k' = 1931 N/un?

0.2 ' :

o = 476 N/mm? 2= 0.128 -

g, - 0.229 & o'y = 1510 N/ma?

N, = 1175 cycles ely = 0.147 -

T, - 1.018 - b =  -0.076 -

Tep 1.203 - c = -0.591 -

Incremental step test : K’ = N/mm2
nt = —

Failure criterion

o/e-values valid for

Remarks

complete rupture

: bhalf failure life

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen location

Gauge length
Testing machine

Strain rate

Cyvelic test
Loading condition
Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

: HRC: 35

tubular, outer ¢ 9.5 mm, inner @ 8.0 mm

25.4 mm

total strain control, R = -1

tubular, outer ¢ 9.5 mm, inner ¢ 8.0 mm

24.4 onl)

Instron, max. 45 kN

triangular

1) extensometer clamped to the shoulders of the

specimen

€9
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g, N/mm*]
1200
1000 s SRS el =
— ””
/i/
800

600 ~
/
/
400 i
Waspaloy
£=210000 N/mm® —— = cyclic
200 K'=1931 N/mm?* —-— = incremental[]
n'= 0,128 —— = monotonic
o I n n 1 1 ) I N 1 M 1 N LT
0 0.5 1 15 2 2,5
£, A
g, A
‘IO‘ - C T TTTI T TTTTHT T TTTTIT T ITTTI0 T T TITII T T TITITY LT llll_
E Waspaloy &
r 0,=1510 N/mm®  b=-0,0760 i
FN £,'= 0,1474 c=—0,5914
g N 3 exp. results
10 & a 2 -
E N 3
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: : H::::::=:==g A
107 N
F K 3
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PSWT [N/mm]

10

T TTTT T TTTINT T TTTTI7 T T T T T TTITIT 1 1rigrn T T1T i
- Waspaloy i
. -
N
~
RN 3 exp. results ]
S
: D\G\\ :
— ‘~~~~ -
- s~ r~~~~. .
[ RN i 1L BEdll L1 111kt 1L Ll 1)t 11131110 NN
J 2 4 S & 7 8
10 10 10 10 10 10 10 10
N,
H

Material : Waspaloy

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| | amplitude | | amplitude | failure |

| I pal | [MPa] | [%] | |

| 1.0000 | 932.2 | 0.0 | o0.7900 | 296.0 |

| 2.0000 | 828.6 | 0.0 ]| 0.5300 | 1260.0 |

I 3.0000 | 769.9 | 0.0 I o0.4450 | 3710.0 |

- + + + + +
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X7 NiCrCo 56 19

Waspaloy

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition
C Si Mn Fe

0.07 0.4 0.7 1.0

Monotonic properties

1000°C/4n, oil, 840°C/2-4h, air, 760°C/16h, air

+ +23°C

turbine wheel forgings

[4.131
1965

Al Ti Mo

E = 210000 N/mm? voo=

2 -
R0,z 815 N/mm k=
Rm = N/mm2 n =
Ag = % og =
z = % g =

Cyclic properties

Rig.p = 890  N/mm? k' =
'

oy = 476 N/mm? 2 =
tg = 0.234 % a’f =
Np = 298 cycles 'y =
Ty = 1,092 - b =
T = 2.491 - ¢ =
Incremental step test K' =

n' =

Failure criterion
o/e-values valid for

Remarks

complete rupture

: half failure life

14.0 19.0

1436
0.090

2725
0.180
1862
0.112
=0.090
=0.487

Ni

Hardness

Microstructure

Monotonic 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

Remarks

: HRC: 36

tubular, outer § 9.5 mm, inner § 8.0 mm

25.4 mm

total strain conmtrol,

R,= -1

tubular, outer § 9.5 mm, inner ¢ 8.0 mm

24.4 mml?

Instron, max. 45 kN

triangular

1) extensometer clamped to the shoulders of the

specimen
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g, [N/mm?*]

1400
1000 N R —— -
| s
800
/1
600
400 / Waspaloy i
] / £=210000 N/mm® —— = cyclic
200 K'=2725 N/mm?® —-— = incremental |4
n'= 0,180 —— = monotonic
0 " " " " 1 " 2 N N T 4 N 1 1 1 n N 1 N n M N
0 0,5 1 1,5 2 2,5
€, =
€, =
101 = LB RALLL T TTTTT T TTTTIm T T TTTTY T 1T TTITOT T T T TTI00f T T llll_
C Waspaloy :
C 0,/=1862 N/mm’ b=-0,0897 H
k. -
‘_\\\ g'= 0,125 c=-0,4870 i
100 B \ 3 exp. results
£ h ] 3
F= == o] e~ _ 3
C e T ]
| Sl ‘.:-_______1 A
R \\ "'"’“\-\_._‘__N\-\_l
10_1 E = Fs 3
10_2 1t 1 L1 111 LLbi P L1l L L 1l 1_1 I:l] Lot 1ii 1L 1Ll
10 1¢° 10° 10° 10° ¢ 17 10

N
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PSWT WN/mm1

LB ALRALL T T ITTI0T T 0 0 50§ D O 000 0 ¢ D 00 0 01 44 N A M W 1}
- Waspaloy
N _J
N
L \S\ 3 exp. results |
10 e
- 1 ;
L ikl 4
L Rt IR
—102 Lol [ENEREIIT L1 bl o1 Loy L1 il BRI
1 2 3 4 5 6 7 8
10 10 10 100 10 10 10 10
Material Waspaloy
o e D e m oo e D +
Spec. no Stress Mean stress Strain Cycles to
amplitude ’ amplitude fajlure
[MPa] [MPa] [%]
B et e B B e m B i +
1.0000 270.5 0.0 1.9000 39.0 |
2.0000 $56.3 0.0 0.8500 625.0
3.0000 8=27.7 0.0 0.6050 2110.0



10 Ni

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

Monotonic properties

E = 186000 N/ mm
Rog.2 = 1305 N/mm
R, = 1422 N/mm
Ag = %

4 = %
Cyclic properties

RéO‘Z = 1159 N/mm
oy = 786 N/mm
gy = 0.423 %

NT = 605 cyel
Tq = 1.056 -
Tep = 1.798 -

Incremental step test

Failure criterion
a/e-values valid for

Remarks

+23°¢
[4.20]
1974
2 M
2 =
2 n =
O'f =
g =
2 K’ -
2 n’ -
a’f =
es e'p =
b =
¢, =
K’ =
n’ =

: half feilure life

2085
1.13

1759
0.067
1898
2.852
-0.058
—-0.851

N/mm?

N/mm

Hardness

Microstructure

Monotonic 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

Remarks

: hourglass shaped, @ 6.35 mm
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ag, N/mm?*]
1400
__’_’_-J
—
o}
1200
1000 /
800 //
600
‘00 / 10Ni I
I / E=186000 N/mm’ —— = cyclic
200 K'=1758 N/mm? —-— = incremental .|
n'= 0,067 —— = monotonic
0 N N L i 1 2 2 n n 1 L n ] " 4 ) 1 I i
0 0,5 1 1,5 2 2,5
£, A
£, [7]
10’ - rrrrim T T 1T T TYTYIOT 1T T L TTTT0 T TT -
: 10N -
- 0,/=1898 N/mm® b=-0,0581 i
L £,'= 2,8520 c=-0,8515 I
0 C 6 exp. results
10 PR
F=~—o— S E
- MO -~ sTltzan. ]
T —— -1
I AN R
- D\\\ J
107 -
C Ny
L \\\ -
10‘2 ] 1 EELEN L1l 111 | Illl\hl Ll L L L) L& LEL
10 10° 10 10° 10 10° 10 10°



PSWT [N/mm?]

T T TTTm LM ) RO O U0 5 1 D 0 5 1§ O 0 2 | N G I B
- 10N -
R 6 exp. results
..
s NNN__N_-
10 b o 3
- 4
L J
L }
102 L AR AEIT] Lot ain IR oL Lot Lot
\] 2 4 S5 6 7
10 10 10 10 10 10 10 10
» Material 10N1
B et AR o e B B it +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]
e il om e ae oo Fmmmm e m oo e e T +
1.0000 1524.7 0.0 10.3620 23.0
2.0000 1452.3 0.0 6.1810 48 .0
3.0000 1403.6 0.0 3.6580 127.0
4.0000 1261.2 0.0 2.1650 313.0
5.0000 1213.1 0.0 1.0610 1314.0
6.0000 1183.9 0.0 0.8330 1830.0
R i it B dommmmmmmm - e +
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X 10 NiCrAlTi 32 20

1.4876 Incoloy 80O

Heat treatment

Test temperature
Semifinished materia
Reference

Year

1

Chemical composition

¢ Hi Cr

0.10 34.0 23.0 <

Monotonic properties

E = 210000
Ryo.2 = 240
R, = 550
Ay = 55

Cyclic properties

Rig.y = 252
% = 129
L = 0.089
Np = 114142
Tc = 1.020
TEp = 1.021

Incremental step tes

Failure criterion
a/e-values valid for

Remarks

Mn

1.5 <

N/um?
N/mm

cycles

t

cu

half

: Yo

1100°C/1h, water, 860°C/2h, air
+23°C, H, 10 MPa

[4.11]
1983

Si Cu Al S P Ti

1.0 <0.75 <0.6 <0.02 <0.03 <0.30

v = -
K = N/mm?
n = _
o = N/mm2
Ef = -
| S 2071 N/mm?
o= 0.339 -
o'y = 1121 N/mm?
el = 0.164 -
b = -0.142 -
¢ = -0.420 -
K’ = N/mm2
' = -

sp in hysteresisloop
failure life

ung's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

total strain control, Rg= -1
cylindrical

electrolytically polished

20 mm

: WalterBai, servohydraulic, max.

0.15 (%/min)

triangular

125 kN

29



o, [N/mm*]
600
500 e
400 et
I -
300
200 - " M
X10NICrAITi32 20, H,
£=210000 N/mm® —— = cyclic
100 K'=2071 N/mm® —-— = incremental[]
n'= 0,339 —— = monotonic
0 — IR | 1L L i M 1 5 1 i
0 0,5 1 1,5 2 2,5
€
g, [
101 - rrrrom T 171y T TTTTIT T TTITINf 1 T 1T T T TIITIY | . | llll-
E X10NICrAITi32 20, H2 u
s I
F 0,=1121 N/mm* =-0,1425 i
L Tl g,'= 0,1640 c=-0,4200 1
RIS 4 exp. results
0 BN
10 E o~ =
3 3 3
: \ ]
:“~~_~ \ 4
10—1 - \e~-_ ~ . e - - 1
: \\\\ ~-..__:::::::
- Y |
10—2 1oL pias L1l b LLILL) )t 11Nt Lol 1Lily L LL,LLHN\\L [N EET]
10 10° 10° 10° 10° 10° 10

N
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PSWT iN/mm]

|BR B RALAL T TTTTTIY T 1T TTTI T T ITITOY T T TTITIY T YT T TTTTITY
- X10NICrAITi32 20, H, H
K. M
\\
L s 4 exp. results
\\\\
3 S
10 BN p
- \\

102 L1 b4 1 A1l 1 L1igiil Lt 1ilil Lo L1l 1 L L1l \\'0 Lty
10 10° 10° 10" 10° 10° 100 10°

N

Material : X 10 NiCrAlTi 32 20 H2 10 MPa

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | IMpal | [MPa] | [%] | |
| 4.0000 | 348.9 | 0.0 I o0.7000 | 1754.0 |
| 3.0000 | 308.0 | 0.0 | o0.5000 | 4649.0 |
I 2.0000 [ 278.3 | 0.0 | o0.4000 | 8825.0 |
I 1.0000 [ 243.5 | 0.0 I o0.3000 | 22280.0 |




X11NiCrMo 48 20

Hastelloy X

Heat treatment

Test temperature
Semifinished materia
Reference

Year

Chemical composition

C Ni Mn C

0.11 Bal. 0.50 20.

Monotonic properties

E = 138000

=

Cyclic properties

R§0.2 = 221
S = 157
L = 0.115
Np o= 6565
T, = 1.230
Tep 3.365

Incremental step tes

Failure criterion
o/e-values valid for

Remarks

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

: +871°C
1
[4.18]
1981

r Mo Co ¥ Fe

67 8.86 2.1 0.66 18.7

N/mm? v = -

N/um? K - N/mn?

N/mm2 n = -

% o = N/mm?

% Eg = -

N/mm? K = 1350 N/mn?

N/mn? = 0.291 -

% o'y = 478 N/mn?

cycles ey = 0.758 -

- b = -0.073 -

- c = ~0.758 =

t K = N/mn?
n' = -

: half failure life

Hardness

Microstructure

Monotopic test

Loading condition :
Specimen

Specimen location :
Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition : total strain controll), RE= -1
Specimen : hourglass shaped, § 6.4 mm
Surface

Specimen location :

Gauge length

Testing machine : MIS, electrohydraulic
Frequency : max. 40 Hz

Strain rate 24 (%/min) for low cycle fatipgue tests

¥aveform : sinusoidal

Remarks : 1) tests beyond 104 cycles were done in load control
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o)

a
600
500
400

300

200

[N/mm®*]

-
| e

Hastelloy X

871°C

£=138000 Nfnm® —

eyclic

100 K'=1350 N/mm?* —-— = incremental[]
n'= 0,29 -—— = monotonic
0 n n 1 T I N 1 i 1 1 1 " N L 1 N
0 0.5 1 15 2 2.5
g, A

g 7

1
10 LILAALL T T TTITm T FTIT 1 11nIr T T ITITHY T IOIIJHI'[ I TT1T

\ Hastelloy X 871°C

10

107

10

~2

0,=478 N/mm®  b=-0,0730
g'= 0,7583 c=-—0,7583

I 1 T I1TIT

L

23 exp. results

1 1 11181

|} [T

J. 1L 1Ll

io
Op
o)
1

| A VT L4 seiin [N AT 1L

" gk y ey

i 4 111

\]

10

2

10

3

10

4

10
N,

10 10

10° 10



PSWT N/mm™]

L T ¥ i hr T T TTIT T Y TV
0
i Hastelloy X 871 °C
L 23 exp. results
\
10° |
- .
L © o J
O o
<L\\‘\\~ o |0 o
- p
~\~§\\§\ o o
\\~
S
1cf LoLalu JENE BRI Lol Lt N ER| Lt L1
10 10° 10 10* 10° 10 10 10
i
Material Hastelloy X, 871°C
B e B it i B i
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] {MPa] [%]
B it ettt B e S dmmmm e m -
1.0000 363.3 0.0 1.9900 92.0
2.0000 358.0 0.0 1.4940 144 .5
3.0000 327.3 0.0 1.0000 182.0
4.0000 319.3 0.0 1.0000 207.0
5.0000 340.7 0.0 0.9880 275.0
6.0000 306.7 0.0 0.9880 328.0
7.0000 300.0 0.0 0.7500 474.0
8.0000 266.0 0.0 0.5000 637.0
9.0000 253.3 0.0 0.5000 1009.0
10.0000 247 .3 0.0 0.2970 1009.0
11.0000 253.3 0.0 0.3780 2128.0
12.0000 240.7 0.0 0.2850 2128.0
13.0000 226.7 0.0 0.2850 3281.0
14.0000 232.0 0.0 0.2850 3945.0
15.0000 200.0 0.0 0.2380 13183.0
16 .0000 200.0 0.0 0.2660 19953.0
17.0000 191.3 0.0 0.2660 113501.0
18.0000 170.9 0.0 0.2380 707%946.0
19.0000 178.7 0.0 0.2380 1258925.0
20.0000 136.5 0.0 0.1880 6309573.0
21.0000 156.5 0.0 0.2380 7161434.0
22.0000 143.5 0.0 0.2030 16037187.0
23.0000 121.7 0.0 0.1570 PRRAKKE I RAA
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http://Ll.HU

12 Ni
Heat treatment
Test temperature +23°%¢
Semifinished material
Reference [4.20]
Year 1974
Chemical composition
Monotonic_properties
E = 186000 N/mm? voo= -
= 2 - 2
RpO.Z = 1346  N/mm X = N/ mm
R, = 1395 N/mn? n = -
Ay = % o = 1933 N/mm?
= % LY = 0.89 -
Cyclic properties
Rig.2 = 1122 N/mn? - 1641 N/mm?
oy = 832 N/mn? 2= 0.061 -
e - 0.449 % o'y = 1650 N/mm?
Np = 535 cycles e’y = 1.113 -
TG = 1.041 - b = =0.045 -
T, = 1713 - ¢ = -0.738 -
Incremental step test K' = N/mm?
n' = -

Failure criterion

o/e-values valid for

Remarks

: half failure life

Hardness

Microstructure

Monotonic _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

Remarks

hourglass shaped, @ 6.35 mm
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g, N/mm?]
1400
o
[E—
1200 /9/0/7
1000
/
800 //
600
w00 | / 12Ni |
] / E=186000 N/mm® —— = cyclic
200 K'=1641 N/mm’ —-— = incremental
n'= 0,061 —— = monotonic
0 )| P ) Y n 1 2 1 1
0 0,5 1 1,5 2 2,5
g, [
£, )
101 B LR RLLLL T 1T 117 T T 1TV 0T T T TTTTY T T TTITHAT T_T TTIT
: 12Ni ]
- 0,'=1650 N/mm®  b=-0,0450 i
i 0 g'= 1,130 c=~0,7377 |
o \V 6 exp. results
::E O > ——%H_:::: ::‘_::~_-..‘... ~—— 'i
- N ]
10" E - v E
\\\ d
10—2 L 1111 L Ll Lo 1 IIlIIlI\\I Ill'llll L L1 baeall
10 10° 10 10* 10° 1¢° 10 10°

N
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PSWT N/mm?1

10

| v rTnm T T 1T U O 8 USSR 98 S B 06 1}
| .
12Ni
L Q 6 exp. results ]
~—.
C S Bk S ]
- Teemead
- 4
L 4
frann 1oL L4 [ENEAEITT] Lol LLienn L1t
10 10° 10 10° 10 10° 10 10°
Material 12Ni
B B S b B Lk L +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
{MPa] [MPa] [%]
Fmmmmmmme o B i R ittt e e +
1.0000 1403.7 0.0 10.2040 13.0
2.0000 1386.7 0.0 6.1450 24.0
3.0000 1330.9 0.0 3.6900 80.0
4.0000 1273.5 0.0 2.1890 245.0
5.0000 1155.5 c.0 1.0250 1113.0
6.0000 1127.7 0.0 0.8030 1998.0
o B e T T SRS U o e B L +



X12 NiCr 72 13

Inconel 713C

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition
c Mn si Ti

0.12 0.15 0.4 0.6

Monotonic properties

1177°C/2h, argon
+23%

cast cylinders
[4.13]

1965

E = 208800 N/mm® voo=
Rpo.2 = 787 N/mm? k=
Ry = 932 N/mm? n =
Ay = 2 &, o =
Z = % €p =
Cyelic properties
Rio.2 = 894  N/mm® k' =
o = 490  N/mm? n' -
oy = 0.236 % ole =
Nop = 22 cycles 'y =
T, = 1.160 - b =
Ty = 1.320 - e =
Incremental step test K* =
n' =

Failure criterion
o/e-values valid for

Remarks

complete rupture

: half failure life

Al Cr Ni

6.0 13.0 71.98

1383 N/mm?

N/mm

1899 N/mm?

0.121 -
1264  N/mn?
0.032 -
-0.062 -
-0.500 -
2

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen location

Gauge length
Testing machine

Strain rate

Cyelic test

Loading condition

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

: HRC: 37

tubular, outer @ 9.5 mm, inner @ 8.0 mm

25.4 mm

total strain control, R.= -1

tubular, outer ¢ 9.5 mm, inner @ 8.0 mm

24.4 mm?

Instron, max. 45 kN

triangular

1) extensometer clamped to the shoulders of the

specimen

1L
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o, [N/mm?*]
1200 —
1000 o -
800 g =
/'/
/
/
600 //
400 H
Inconel 713C
| £=208800 N/mm® —— = cyclic
200 K'=1899 N/mm® —-— = incrementalf]
n'= 0,121 —— = monotonic
O T n n N n L ) N N 1 1 n PR T
0 0.5 1 15 2 2,5
£,
£, 7
10’ = T TTIT T TTTIY T rrrim T 1 TTITOIf T T TTTTIY T T TTTITY T lIl]l_‘
- Inconel 713C .
i 0,=1264 N/mm' b=-0,0624 i
R g'= 0,031 =—0,5000
100 f‘\\ 5 exp. results I
S :‘-;%__ ]
- B Rl T OSSO 4
L \ B Bt RN
—1
i \\ ]
L \\\ i
10-2 L1 L 1i18t 11 teinnl I RN I\I\Plllll N EEE L Lbill L
10 10° 10° 10* 10° 10° 10 10°

N



PSWT [N/mm"

T T

10

TTTAT LR}

LRAEL T T TTIMY T T ITTTf

L TTTITIY I T

Inconel 713C

5 exp. resuits

~——n
~~do
~——

-
-

E
102 I AL [ENERIIT] L1 L LBLILL [ENWAEII [N AT
\] o] 4 5 6 7 8
10 1¢° 10 10 10 10 10 10
Material : Inconel 713C
B et R B g e mmmm— e +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPal [#]
P e o mmme e m——— Hmmmmm e B e +
1.0000 990.9 0.0 1.1500 12.0
2.0000 1001.2 0.0 0.7150 74.0
3.0000 814.8 0.0 0.5250 37G.0
4.0000 794.1 0.0 0.4450 1120.0
5.0000 718.1 0.0 0.3850 3020.0
R D B T e ittt R e e +
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X12 NiCr 72 13

Inconel 713C

Heat treatment 1177°C/2h, argon

Test temperature : +23%
Semifinished material cast cylinders
Reference : [4.13)

Year 1 1965

Chemical composition
c Mn 84 Ti Fe Nb Mo Al

3
0.03 0.15 0.4 0.6 1.0 2.25 4.5 6.0

Monotonic properties

E = 208500 N/mm® vooo=
Ryo.3 = 780  N/mm® k=
R, = 1001 N/mm? n =
Ay = 10 % o =
z = % e =

Cyclic properties

2 =

50.2 849  N/mm K =
'

o = 506  N/mm? 2 -

eg = 0.244 % a’f =

Np = 34 cycles e'y =

T, = 1.227 - b =

TEp = 2.201 - c =

Incremental step test : K’ =

n’ =

Failure criterion : complete rupture
o/e—-values valid for : half failure life
Remarks

specimen

Cr Ni
13.0 71.98
1282 N/mm?
0.084 -
N/mm?
1576 N/mm?
0.099 -
1140 N/mm?
0.035 -
-0.053 -
~0.492 -
N/mm2

Hardness

Microstructure

Mopotonic 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

Remarks

: HRC: 36

tubular, outer @ 9.5 mm, inner @ 8.0 mm

25.4 mm

total strain control, RE= -1

tubular, outer @ 9.5 mm, inner @ 8.0 mm

24.4 ma?
Instron, max. 45 kN

triangular

1) extensometer clamped to the shoulders of

PL



g, N/mm?*]

1200
o - —- T
1000 S
800 el
L
| A
g
/
600 7
L /
400 .
Inconel 713C
E=208500 N/mm® —— = cyclic
200 K'=1576 N/mm® —-— = incremental|
n'= 0,099 —— = monotonic
0 T 1 - . . T . I 1 . 1 1T
0 0,5 1 15 2 2,5
€, [
€ 7
1d - T TTFTIT T TTTTI T T TTTT T T TTIIIY T 1T TITI0 1T ITTITOI I lllll_
c Inconel 713C u
- 0,'=1140 N/mm®  b=-0,0534 i
L €= 0,0349 c=—0,4919 1
o 6 exp. results
10 ~ .
S —_ ]
i hﬂ‘-:::====---“--- -
o | | o TEmmeesmeeeaa Ll
- \ -------
—1
10 E < 3
- D\ .
10_2 L1 1l L1 11l | RN 1 ll\erl 11 L Leiin L1 1111y
10 10° 10° 10" 10 10° 10 10°

N
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PSWT [N/mm?]

T Tiiiny LER B BALLL LI RAALL JER BRI I _TTIITIT T T TTTINO] T T TTHIq
- Inconel 713C
- |4
l 6 exp. results I
O
‘Q\ ]

10

102 IR WA 1 1111 L LLLl | RN 1 L1l 1L Ll L1t

10° 10° 10" 10° 10° 10 10°

N

Material : Inconel 713C

dommm— e meo e it i T T L it e ettt +

Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa]) [%]

tommmmmmm - Fommmmm———— Fommmmmmm e~ R i e i +
1.0000 973.6 0.0 2.0500 1.5
2.0000 1001.2 0.0 1.4500 12.0
3.0000 1028.8 0.0 1.1500 14.0
4.0000 890.8 0.0 0.6800 175.0
5.0000 738.8 0.0 0.4250 820.0
6.0000 690.5 0.0 0.3350 2695.0




X 2 CrNi 18 9

AISI 304

Heat treatment :
Test temperature
Semifinished material
Reference
Year
Chemical composition

c Si Mn P

0.025 0.37 1.48 0.026 0.

Monotonic properties

+23°¢

plate, 22 mm thick

[4.19]
1584

S Cr

Ni

003 18.04 10.13

E =~ 192000  N/mm? voo=
Roo.2 = 280 N/ma? k=
R, = 601  N/mm? n =
Ag = % op =
z = 46 % ep =
Cyclic properties
Rig.y = 207 N/mn? K-
o = 89 N/mn? =
£y = 0.073 % o'y =
Np = 277967 cycles e'p =
Tg 1= 1.068 - b=
ep = 1.176 - c =
Incremental step test K’ =
n’' =
Failure criterion : macro crack
o/e-values valid for : half failure life

Remarks

2807
0.419
1936
0.412
-0.202
-0.483

Hardness

Microstructure

Monotonic 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

Remarks

total strain control, Re= -1

cylindrical, @ 14 mm
in rolling direction
20 mm

servohydraulic

25 (%/min}

LL
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g, N/mm*]
600
500 SR s
1 N L
400 /'J'
300 /-._-—
///
200 —eZ
N
[ X2CrNi18 9
/ E=192000 N/mm® —— = cyclic
100 7 K'=2807 N/mm®  —.— = incremental
n'= 0,419 —— = monotonic
0 P I ) 11 2 N A L I N I P
0 0,5 1 15 2 2.5
g, M
g, 7
101 - T TTTTIT LELIRRALLL LR BLBLULRLL T T TITTTIT I T TTITINT T T TTT] T 1T f
SN X2CrNi18 9 u
- 0,=1936 N/mm® b=-0,2025 i
i £'= 0,4120 =—0,4830 |
Y 6 exp. results
0 ~
10 - 3
Ee ]
. ‘~\\~~\ ﬁ\ p
. %\%‘v\@\ . -
10_2 JE WIS 111141 i L1 j g1l 11 11 llllll\\ L1 L1l
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~
~
~
~
~
\>
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\] 2 J 4 5 & 7 8
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i
Material : X2CrNil8 9
Fmmmm e R bmmmmmmmm oo B et B +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
{MPa] [MPa] {%]

o m e B it Fmmmmmmmm o —— - e Hmm e mmm e m oo +
6.0000 399.4 0.0 1.2000 1200.0
5.0000 372.5 0.0 1.0000 1750.0
4.0000 341.8 0.0 0.8000 3000.0
3.0000 301.4 0.0 0.6500 4420.0
2.0000 266.9 0.0 0.5000 7600.0
1.0000 235.4 0.0 0.4000 18300.0

e mmmm——— - tmmmmmmm - Fommmmm e m - e oo m e o +



X 2 CrNi 18 9 AISI 304

Heat trestment

Test temperature 1 +600°C
Semifinished material : plate, 22 mm thick
Reference : [4.19]

Year 1 1984

Chemical composition

C Si Mn P S Cr Ni

0.025 0.37 1.48 0.026 0.003 18.04 10.13

Monotonic properties

E = 149000 N/mm? vooo= -
2 - 2
p0.2 N/mm K = N/mm
R, = N/mm? n = -
Ay = [ 6 = N/mm?
z = % gy = -
Cyclic properties
Rig.g = 188 N/mm? K’ = 1022 N/mm?
o = 101 N/mm? n = 0.272 -
eg =  0.088 % o'y = 635  N/mm?
Ny = 47215 cycles e’y = 0.177 -
Ty = 1.080 - b = -0.121 -
Top = 1.144 - ¢ = -0.446 -
Incremental step test : K’ = N/mm2
n' = -
Failure criterion : macro crack
o/e-values valid for : half failure life
Remarks

Hardness

Microstructure

Monotonic test

Loading condition :
Specimen H
Specimen location ;
Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition : total strain control, R.= -1

Specimen

cylindrical, ¢ 14 mm
Surface H

Specimen location ; in rolling direction

Gauge length : 20 mm

Testing machine ¢ servohydraulic
Frequency B

Strain rate : 50 {%/min)
Waveform

Remarks

08



g, [N/mm?]

600

500
I

400
L _____________

300 .

200 - |

X2CrNi18 9, 600 °C
T F=149000 N/mm*? —— = cyclic
100 7= K'=1022 N/mm?* —-— = incremental [}
n'= 0,272 —— = monotonic
0 s 1 1 n 1 1 2 " " 1 n " 1 " 1 1 2 1 n n
0 0,5 1 1,5 2 2,5
g, [

g, [

10‘l :‘l lll”m LILLRLLLLL LILERLLALLL T_TTTYIOY T T FUIITI allllllll 1 Illll_
E X2CrNi18 9, 600 C u
g 0,=635 N/mm’  b=-0,1208 I

N i

£'= 0,1769 =—0,4460

100 ‘ %\ 4 exp. results
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PSWT [N/mm%]
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- X2CrNi18 9, 600 °C

I

L 4 exp. results

10 AN
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-
2 o111 ] L1l J ¢ 11161l 121111l L1 i1t l\rhlllll L 1411
10 \] 2 3 A 5 6 7 8
10 10 10 10 10 10 10 10
N

Material : X2CrNil8 9, 600°¢C

Fommmm e m e R e R e e D ettt e +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]

B el e R e T e et B R +
4.0000 309.9 6.0 1.5000 165.0
3.0000 260.8 0.0 0.8000 1020.0
2.0000 235.4 0.0 0.6000 2000.0
1.0000 201.1 0.0 0.4000 5700.0



X 2 CrNi 18 9 AISI 304

Heat treatment H Hardness

Test temperature : +600°C

Semifinished material : plate, 22 mm thick

Reference : [4.19]

Year 11984

Chemical composition Microstructure
C Si Mn P S Cr Ni

0.025 0.37 1.48 0.026 0.003 18.04 10.13

Monotonic properties Monotonic test

E = 149000 N/mm? v o= - Loading condition :
Roo.2 N/mm? | S N/mm? Specimen

R, = N/m2 n = - Specimen location :
Ag = % op = N/mm? Gauge length

z = % ef = - Testing machine

Strain rate

Cyclic properties Cyclig test

RéO.Z = 178 N/m.m2 X' = 836 N/mm2 Loading condition : total strain control, RE= -1

% = 71 N/xm::2 2 = 0.249 - Specimen : cylindrical, ¢ 14 mm

e, = 0.052 % o's = 576  N/mn® Surface

Np = 8223 cycles 'y = 0.226 - Specimen location : in rolling direction

Ty = 1.144 - b = -0.138 - Gauge length : 20 mm

Tep = 1.027 - c = -0.557 - Testing machine : servohydraulic

Incremental step test : k' = N/mm2 Frequency

n' = - Strain rate : 0.25 {(%/min)

Waveform

Failure criterion ¢ macro crack

o/e~values valid for : half failure life

Remarks : Remarks

€8
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0, N/mm?]

600

500

400

o0 bmo——mo o BPP EL i

L//‘a_

r Q

200 « .

X2CrNi18 9, 600 °C
" E=149000 N/mm’ —— = cyclic

100 K'=836 N/mm’ —-— = incremental

[ n'= 0,249 —— = monotonic
0 T 1 N N N T N 1 N 1 T T N I I 1
0 05 1 15 2 2,5
€, A

g,

101 = T T TITHT T ¥V UTTT \LRLLLU T 7 1 TTTH] T T JETI00 (IJ T TYTTITIT T llllli
- X2CrNi18 9, 600 C u
AN 0,=576 N/mm’ =-0,1382 i
Ly £/= 02262 c=—05572 ||

o L E}\\\\ 3 exp. results ]
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PSWT [N/mm?]

LBRELERLLL T T TYIT INREARELL S50 0 M D I I O 0 0 1 (M A A B S 8 1 (]
- Q
B X2CrNiN8 9, 600 "C .
- -
L 3 exp. results
b
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~
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~
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i
Material : X2CrNil8 9, 600°C
e et e mmm oo o mmmmm B e mmm e +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPal [%]
B et R e i B R ] +
3.0000 278.6 0.0 1.5000 82.0
2.0000 247 .3 0.0 0.8000 310.0
1.0000 189.2 0.0 0.4000 1375.0
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X 2 CrNi 18 9 AIST 304
Heat treatment
Test temperature +600°C
Semifinished material plate, 22 mm thick
Reference [4.19]
Year 1984
Chemical composition
C Si Mn P s Cr Ni
0.025 0.37 1.48 0.026 0.003 18.04 10.13
Monotonic properties
E = 149000  N/mn? Vo= -
- 2 - 2
Rpo.2 = N/mm K = N/mm
R, = N/mm? n = -
A = % o = N/ma?
Z = % ef = -
Cyclic properties
Rio o, = 185 N/mm? K = 861  N/mn?
p0.2 ,
o - 96  N/un? 2= 0.248 -
5y T 0.079 % o'y = 530 N/mn?
Np = 24969 cycles ey = 0.141 -
Tn = 1.018 - b = ~0.112 -
Tsp = 1.081 - c = -0.452 -
Incremental step test K’ = N/mm2
n' = -
Failure criterion : macro crack

o/e—values valid for : ha

Remarks

1f failure life

Hardness

Microstructure

Monotonic 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

Remarks

total strain control, RE= -1

cylindrical, ¢ 14 mm
in rolling direction
20 mm

servohydraul ic

2.5 (%/min)

98



g, N/mm']

600

-00

400

300 /UF- ___________

200 N a
| X2CrNi18 9, 600 °C

T E=149000 N/mm® —— = cyclic
100 K'=861 N/mm® —-— = incremental|]
n'= 0,248 —— = monotonic
O 1 N 1 N " 1] L n [ — L PR VIS
0 0,5 1 15 2 2,5
£, 7]

g, (=

101 - T TTTI IR R RALL T T TTTTm T T TTTT T TTTITY ;] LTITII] I 1T »
E X2CrNi18 9, 600 C .
Fxe 0,=530 N/mm®  b=-0,1121 i
RN g'= 0,1413 c=—0,4524 i

1o \\\53\\ 3 exp. results
AN z
IRl DA ~ \&‘\ \‘\\ i

) \9\.\9._~:: . \..“\\

10k B G T =

'IO—Z t 1 Pl Lt LELE [ RN L L ALl L1 b rabl : hEW S| L1 biijal
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- X2CrNi18 9, 60Q °C .

| 3 exp. results |

10—

C ~ ]

L \\‘\\\ J

102 el NN L1 i1 11 it 1 1 Illll\l,.\\l\Jlllll 1 1 111ig
10 10° 10° 10 10° 10° 10 10

]

Material : X2CrNil8 9, 600°C

B R B e e o e B e T +
Spec. na. Stress Mean stress Strain Cycles to
amplitude amplitude failure
{MPa] [MPa] (%]

e m e m—m e b mmm i m = B R dmmmmmmm oo R +
3.0000 293.5 0.0 1.5000 100.0
2.0000 245.9 0.0 0.38000 450.0
1.0000 198.2 G.0 0.4000 3300.0



X 2 CrNi 18 9 AISI 304

Heat treatment : Hardness

Test temperature . +600°C

Semifinished material : plate, 22 mm thick

Reference : [4.19]

Year : 1984

Chemical composition Microstructure
C Si Mn P S Cr Ni

0.025 0.37 1.48 0.026 0.003 18.04 10.13

Monotonic properties Monotonic test

E = 149000 N/mm? v - Loading condition :
Rp0.2 = N/mn2 K = N/m2 Specimen

Rm = N/nun2 n = - Specimen location :
As = % oy - N/lnm2 Gange length

z = % eg = - Testing machine

Strain rate

Cyclic properties Cyclic test
R;’;O.2 = 187 N/mxa2 XK' = 1080 N/nun2 Loading condition : total strain control, Re= -1
us = 103 N/lluu2 n' = 0.282 - Specimen : cylindrical, ¢ 14 mm
&g = 0.093 & o'y = 625  N/mn? Surface
'NT = 60512 cycles 'y = 0.145 - Specimen location : in rolling direction
Ty = 1.062 - b = ~0.119 - Gauge length : 20 mm
Tep = 1.072 - c = =0.422 - Testing machine : servohydraulic
Incremental step test : K’ = N/mm2 Frequency
a' = - Strain rate : 25 (%/min)
Waveform
Failure criterion : macro crack
o/e-values valid for : half failure life
Remarks : Remarks

68
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g, [N/mm™)
600
500
400
N N AU
e
200 s
X2CrNi18 9, 600 °C I
T E=149000 N/mm® —— = cyclic
100 K'=1080 N/mm’ —-— = incremental|]
n'= 0,282 —— = monotonic
O A . 2 I i n i i n I i I I PR N N I ’ 2 i 1
0 0,5 1 15 2’ 2,5
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My 0,/=625 N/mm’  b=-0,1188 M
N £,/= 0,1451 c=—0,4216 i
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PSWT [N/mm?]
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- X2CrNi18 9, 600 C
L 5 exp. results
10— |
- -
- ‘\\\ J
L \\\ 4
102 (NI L L1 Lo L1ty ‘T‘I‘PHIII Rl
10 10° 10 10" 10° 10° 10 10°
N,

i

Material : X2CrNil8 9, 600°C

R it B b m o F e mmm B e +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [1MPa] %]

R et ettt e e e —— - s - Fmmm e +
5.0000 309.9 6.0 1.5000 150.0
4.0000 283.1 0.0 1.0000 500.0
3.0000 258.3 0.0 0.8000 890.0
2.0000 235.4 0.0 0.6000 1830.0
1.0000 199.7 0.0 0.4000 6700.0




X 3 CrNi 19 9 AISI 304
Heat treatment : cold drawn by supplier
Test temperature : +23°%C
Semifinished material : blanks, @ 19 mm
Reference : [4.12]
Year 1 1963

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

Monotonic properties

E = 172625 N/mn? Vo= 0.34 -
Ry.2 = 746  N/mm? K = 1114 N/mm?
R, = 953 N/mm? no= 0.063 -

Ay = % o = 2037 N/mn®
z = 6 % sg = .16 -
Cyelic properties

Rlg. = 882  N/mn? L S 2313 N/mm?
o - 376 N/ma’ 2= 055 -
T 0.219 % o'y = 2067  N/mm?
Ny = 202 cycles st = 0.301 -

T, = 1.193 - b = o112 -

T, = 1.793 - ¢ = -0.649 -
Incremental step test : K’ = N/mmz

Failure criterion complete rupture
o/e-values valid for : balf failure life

Remarks

Hardness

Microstructure

Monotonic test

Loading condition

Specimen

Specimen location :

Gauge length
Testing machine

Strain rate

Cvelic test

Loading condition

Specimen

Surface

Specimen location

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

Rockwell C-34 to 36

cylindrical, @ 6,35 mm
in rolling direction
38.1

Rhiele, universal testing machine

total diametral strain control, R 4= -1

: hourglass shaped, @ 6,35 mm

: machined

in rolling direction
diametral

self designed

%6



g, [N/mm*]
1400
1200 P— o}
/0’
1000
o]
/
800 74
600 /)f/
L
400 AlISI 304 |
/ E=172625 N/mm® —— = cyclic |
200 ] K'=2313 N/mm’ —-— = incremental
n'= 0,155 —— = monotonic
0 P I . 1 X 1 1 2 | i 1 N n 2.
0 0,5 1 1,5 2 2,5
g, 7
g, 7]
101 - T T TirlTib IR ALLL T T TTTI T_ T TT1TI00} T T TTTTI0Y I T ITITHAT I Illllf
E AlSI 304 5
Ras 0,=2067 N/mm® b=—0,1122 i
L }\gQ £,/= 0,3009 c=—0,6493 i
11 exp. results
10" = N -
%A % k& 3
10—1 = Eb\\ E
C 5 ]
i i i
10_2 L1 S 1hlil L L i1l 11 il L1111 1 IIIlIfl L L Ll L LRIl
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PSWT [N/mm™]
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-\ ~ H
N
i E\ 11 exp. results I
103 \On\&
r \\\{l\\\r ]
L M 4
L Ikt Ny i
2 11 L1t Loa i1y L1 1ALl 11 11¢Leil 1 b L1l L1 1 1tLll Lt i1y
10 1 2 3 4 S & 7 8
10 10 10 10 10 10 10 10
N
Material AISI 304

—_ 0 VN U A WN =
o
o
o
o

- e

Stress
amplitude
{MPa}

Mean stress Strain
amplitude

Cycles to
failure

46.0
138.0
208.0

132u.0
1660.0
7780.0
27500.0
95000.0
121000.0
474000.0




X 3 CrNi 19 9

AISI 304 ELC

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

c Mn P N

0.026 0.45 0.03 0.014

Monotonic properties

E = 186435 N/mm
Rp0.2 = 255 N/mm
R, = 746 N/mm
AS = %
z = 74 %

Cyclic properties

RéO.Z = 678 N/mm
% = 237  N/mm
£y = 0.137 %
NT = 214 cyel
T“ = 1.205 -
Tep = 3.761 -

Incremental step test

Failure criterion
o/e-values valid for

Remarks

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

Si Cr Ni Mo Cu

0.40 18.67 8.50 0.02 0.10

2 v o= 0.27 -
2 E = , 548 N’
2 n = 0.136 -
op = 1920 N/mm?
ep = 1.37 -
2 R = 4634 N/mm?
2 a = 0.309 -
o'y = 2377 N/mm?
es e‘f = 0.068 -
b = -0.152 -
¢ =  -0.428 -
k' = N/omm?
n' = -

complete rupture

half failure life

Hardness

Microstructure

Monotonic test

Loading condition :
Specimen

Specimen location :
Gauge length H
Testing machine

Strain rate

Cyclic test

Loading condition :
Specimen

Surface

Specimen location :
Gauge length
Testing machine
Frequency

Strain rate

Waveform

Remarks

Rockwell B-82 to 84

cylindrical, @ 6,35 mm
in rolling direction

38,1 mm

Rhiele, universal testing machine

total diametral strain control, Red= -1
hourglass shaped, @ 6.35 mm

machined

in rolling direction
diametral

self designed

S6
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PSWT [N/mm’]
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L o 13 exp. results
D
10°
‘q\\\
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Seo
-~ \\. -
\\\
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102 Lt L1 e g1 L T BRI Ll L Lt IR ERETT
10 10° 10 10" 10° 10° 10
N
Material AISI 304 ELC
D e e Fm e —— B et R et
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]

R R e Fmmmmmmm—m— - Ftommmmmm— - — -
1.0000 1184.0 0.0 2.8630 25.0
2.0000 1087.4 0.0 2.0270 55.90
3.0000 1135.7 0.0 1.4450 110.0
4.0000 945.8 0.0 1.0110 210.0
5.0000 863.0 0.0 0.6590 596.0
6.0000 721.5 0.0 0.4830 1970.0
7.0000 721.5 0.0 0.4830 1970.0
7 .0000 600.7 0.0 0.3960 6010.0
8.0000 559.2 0.0 0.3800 9460.0
9.0000 379.7 0.0 0.2690 40400.0

10.0000 393.5 0.0 0.2730 46500.0
11.0000 355.6 0.0 0.2400 143000.0
12.0000 345.2 0.0 0.2400 174000.0

10°
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X 5CrNi 18 9

1.4301 SUS 304-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C 8i Mn P

0.067 0.57 1.45 0.033 0.012

Monotonic properties

1075°C/30', water

: +23%C

: bar, 9 22 mm

: [4.1]

: 1977

s Ni Cr Mo Cu

E = 210000 N/mn? Vo=
- 2 -
RpO.Z = 207 N/mm K =
R, = 611 N/mm? n o=
Ag = 66 % o =
z = 5% ey =
Cyclic properties
Rlg.p = 197 N/mm? K = 3331
o = 97 N/mo? n' = 0.455
6y = 0.089 % oty = 1470
Np = 1492143  cycles 'y = 0.161
Tu = 1.165 - b = -0.179
Tep = 1.288 - [ = -0.389%
Incremental step test K’ =
n' =

Failure criterion
o/e~values valid for

Remarks

complete rupture

: half failure life

: Young's modulus estimated

Ti

8.02 18.28 0.082 0.058 0.001 0.001

N/mm

N/mm2

Hardness

Microstructure

Monotonic 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

Remarks

grain size : 3.4

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, @ 6 mm

: mechanically polished

ip rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triaugular
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g, [N/mm*]

600

500

400

300

P

200

/]

L

N

SUS 304-B
£=210000 N/mm® —— = cyclic
100 K'=3331 N/mm?* —-— = incrementai||
n= 0,455 —— = monotonic
O i 1 1 n 1
0 0,5 1 1.5 2 2,5
e, =

g, [

‘]O“ - LBLERALLL T T TTTTm LLLLALRLL T T TTTITIT T TITI T TTTTINT T ||||_
. SUS 304-B u
R 0,=1470 N/mm*®  b=-0,1789 i
I . €/= 0,109 c=-0,3892 i

RN 5 exp. results
0 N

100 E ~& -
C.. . ]
A . L K\\\\\ —
- \-*s.s \\\‘\‘\\\ .

10_1 9%\0\\ Yoo N .

L RO

L RO
‘]O_z | EEI] L 1§41l L1111 L1 ifin L1 Illlll‘ L1 1 L1108

10 10° 10 10* 10° 10 10 10°
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PSWT [N/mm"]

IR R RLLL T TTTTIT T rT1irm T T TITTI0T T T ITII— T T ITITT000 LT TTTITT
5 SUS 304—-B B
Ay H
~
\\\
L N S exp. results |
\\\
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~
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3 S
~
10 L Y

i \\\\\\ J
102 . L1 1111t " Lot L1 L1811l " ot . L L teapik p 1 Il‘h(ll . | RN .
10 10 10° 10 10 10 10 10
N

Material : SUS 304-B

Stressl

| Spec. no. | | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | a1 | [MPa] | [%] | |
| 1.0000 | 395.3 | 0.0 | 1.1600 | 810.0 |
I 2.0000 | 375.7 | 0.0 |  o0.9%00 | 1176.0

| 3.0000 | 340.9 ! 0.0 | o0.7350 | 1860.0

| 4.0000 | 277.1 | 0.0 |  o0.6350 | 3445.0 |
| s5.0000 | 261.0 | 0.0 |  o0.4850 | 10048.0 |




X 5CrNi 18 9 1.4301 SUS 304-B

Heat treatment 1 1075°C/30', water
Test temperature : +23°C
Semifinished material : bar, § 22 mm
Reference : [4.1]

Year 1977

Chemical composition

C Si Mn P s Ni Cr Mo Cu

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001

Monotonic properties

E = 210000 N/mm v =
Ryo.9 = 207 N/mm? k=
R, = 611 N/mm? 2 =
A5 = 79 % o =
z = 8 % e =

Cyclic properties

Rig.o = 203 N/mn? K= 3001
o = 112 N/mm? a' = 0.434
€g = 0.104 % o'y = 1268
Np = 1685501 cycles ey = 0,134
Ty = 1.188 - b = -0.160
Tep = 1.317 - c = -0.366
Incremental step test : k' =

n’ =
Failure criterion : complete rupture
o/e-values valid for : half failure life
Remarks : Young’'s modulus estimated

Ti Al

N/mm?

N/mm?

N/mm?

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

: HV 10 @ 142

grain size : 3.4

: c¢cylindrical, @ 10 mm

Specimen location

Gaunge length
Testing machine

Strain rate

Cyclic_test

Loading condition
Specimen

Surface

Specimen location
Gauge length
Testing machine
Frequency

Strain rate

¥Waveform

Remarks

in rolling direction

50 om

0.3 and 7,5 (%/min)

total strain control,

: cylindrical, ® 6 mm

mechanically polished
in rolling direction
15 mm

servohydraulic, max,

4.0 (%/min)

triangular

Rz= -1

50 kN

10T
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g, [N/mm?*]
600
500 ezl
0 o /'/
400 <
o J
/Da
300 5
o
@)
200
L SUS 304-B
E=210000 N/mm® —— = cyclic
100 K'=3001 N/mm?* —-— = incremental
n'= 0,434 —— = monotonic
O n )| N N | I I N 1 N n
0 0,5 1 1,5 2
RrA
R A
10’ F [ TTTTT T TTTTITIT T TTTTI T T ITTIOT T T TIIITT T T TTITOT I llllli
& SUS 304-B u
32 0,'=1268 N/mm® b=-0,1598 I
LTI £/= 0,1344 c=—0,3663 i
28 exp. results
(]
10 - 3
C ]
107 S -
C Mceo | el
L AT T ~4
- \‘~\ S
I ]
10—2 1 1 1 1iEn (RN IS WIS [ R 11 14111 | 1 IIIlIT;
10 10° 10° 10" 10° 10 10
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PSWT [N/mm7
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u SUS 304-B H
= 1l
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\\
.
L s 28 exp. results L
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\\
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N

Material : SUS 304-B

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
i | amplitude | | amplitude | failure |
| | [Mpal | [MPa] | [%] | !
I 3.0000 | 374.3 | 0.0 | 1.0050 | 640.0 |
| 5.0000 | 386.5 | 0.0 | 1.0250 | 661.0 |
| 1.0000 | 413.0 | 0.0 | 1.1400 | 827.0 |
|  2.0000 | 386.0 | 0.0 | 1.1100 | 880.0 |
| 4.0000 | 414.5 | 0.0 1 1.0550 | 1069.0 |
| 6.0000 | 372.8 | 0.0 | 1.0100 | 1289.0 |
I 7.0000 | 352.7 | 0.0 it o0.9900 | 1484.0 |
|  8.0000 | 369.4 | 0.0 | o0.9550 | 1858.0 |
| 10.0000 | 369.4 | 0.0 | o0.7250 | 2436.0 |
| 9.0000 | 291.4 | 0.0 | o0.7450 | 2715.0 |
| 11.0000 | 307.0 | 0.0 | o0.6400 | 2997.0 |
| 12.0000 | 286.0 | 0.0 I o0.6200 | 3086.0 |
| 17.0000 | 256.5 | 0.0 l  o0.5050 | 6631.0 |
| 13.0000 | 251.1 | 0.0 | o0.5450 | 6869.0 |
| 18.0000 | 254.1 | 0.0 | o0.4900 | 8638.0 |
| 20.0000 | 261.0 | 0.0 | o0.4750 | 8730.0 |
| 14.0000 | 284.5 | 0.0 Il o0.5350 | 9166.0 |
| 16.0000 | 262.9 | 0.0 | o.5100 | 9449.0 |
| 19.0000 | 250.2 | 0.0 | o0.4850 | 10133.0 |
| 15.0000 | 257.0 | 0.0 I o0.5150 | 10778.0 |
I 25.0000 | 229.6 | 0.0 | 0.3700 | 13576.0 |
| 21.0000 | 254.1 | 0.0 | o0.4500 | 15973.0 |
I 23.0000 | 233.5 | 0.0 | 0.3950 | 17508.0 |

cont inued
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| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
[ |l [(MPal | [MPa] [ [%] | [
| 26.0000 | 259.5 | 0.0 | o0.3650 | 18801.0 |
| 22.0000 | 229.6 | 0.0 | o0.4000 | 22260.0 |
| 24.0000 | 230.5 | 0.0 | o0.3850 | 28118.0 |
| 28.0000 | 230.0 | 0.0 i 0.3300 | 31725.0 |
I 27.0000 | 209.4 | 0.0 Il 0.3350 | 33872.0 |

+



X 5 CrNi 18 9

1.4301

SUS 304-B

Heat treatment
Test temperature

Semifinished material

Reference
Year

Chemjcal composition

c Si Mn

0.067 0.57 1.45 0.033 0.012

1075°C/30", water

: +450°C
: bar, 9 22 mm
(4.11
1977
Ni Cr

P S

Monotonic properties

E = 170500
002 = 106
R, = 435
Ay = 47
b4 - 71

Cyclic properties

RéO.Z = 184
S = 59
g = 0.056
Np = 276590
T, = 1.093
Tep = 1.078

2
2
2

N/mm
N/mm'
N/mm
%
%

2
2

N/mm’
N/mm’
%

cycles

Incremental step test :

Failure criterion

o/e—values valid for

Remarks

1 col

ha

of =

ey =

mplete rupture

1f failure life

Cu Ti

8.02 18.28 0.082 0.058 0.001 0.001

N/mm2

N/l:u'ﬂ2

4497 N/om?
0.514 -

2528 N/mm?
0.325 -
-0.247 -
~0.481 -

N/mmz

: Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

: eylindrical, @ 10 mm

in rolling direction

50 mm

: 0.3 and 7.5 (%/min)

total strain control, Rs= -1

1 cylindrical, § 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

: 40 (%/min)

triangular

(1) 8
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g, N/mm?®]

900

800
I

700
F

600 T

500 el

400 e
i )/B

300 0 |
i SUS 304—8B, 450 °C

200 4 £=170500 N/mm® —— = cyclic H

100 i / K'=4497 N/mm® —-— = incremental
L n'= 0,514 —— = monotonic

0 " T P 1 L N ) I N N PR "
0 0,5 1 1,5 2 2,5
g, 7

£ [#]

101 F T TTTTHr T TTITTT0 rTjyrmm T T TTITHY T T TTITTII IOIIIHIII I lllllf
B SUS 304—B, 450 °C u
TN, 0,=2528 N/mm® b=-0,2475 1
- \~\ =
L AN g'= 0,3250 =—0,4809 ]

N 5 exp. results
0 NN
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A A N ]
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- &~ \\\\ \\\\\
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PSWT [N/mm?]

T T TTTTm T TTiThT LERLRAAL C T TTTIIOY T T TTTIT T T TTTHIT I T
o}

A
. SUS 3048, 450 C T
- \\\ -

~

\\
L S 5 exp. resuits R
\\
~
~
-~
-~
~
3 S
10° N -
- N
- i
\\
- N -
~
~
~
~
L N 4
~
\\
~
~
~
~
\\
102 ARSI Lol RN Lot [ERIEA NI IR AN EENII!
1 2 S 4 S (1 7 8
10 10 10 10 10 10 10 10
Material : SUS 304-B., 450°C
R e B T e Fm e m e o +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] %]

R e dmmmmm e —— e e B e +

1.0000 407 .6 0.0 1.1950 762.0

2.0000 368.9 0.0 0.9800 1172.0

3.0000 332.6 0.0 0.7750 2182.0

4.0000 260.5 0.0 0.5900 4220.0

5.0000 214.4 0.0 0.3850 10966.0
o m Ao m e — - B e +
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X 5 CrNi 18 9

1.4301 SUS 304-B

Heat treatment

1est temperature
Semifinished material
Reference

Year

Chemical composition

c Si Mn P

0.067 0.57 1.45 0.033 0.012

Monotonic properties

: 1075°C/307, water

: +450°C

: bar, @ 22 mm

: [4.1)

: 1977

S Ni Cr Mo Cu

E = 170500 N/mm? vooo=
- 2 -

Ryo.p = 106 N/mn K

R, - 435 N/mn? =

Ay = a7 & op =

z - 1w e =

Cvclic properties

' 2 v
50,2 229 N/mm K' = 2363
oy = 79 N/mm? 2 = 0.375
&g = 0.059 % o'y = 1700
Np = 35610 cycles 'y = 0.386
T, = 1.148 - b= -0.202
Tep = 1.538 - c = -0.529

Incremental step test : K’ =

2 =

Failure criterion
of/e-values valid for :

Remarks H

: complete rupture

half failure life

Young'’s modulus estimated

Ti

8.02 18.28 0.082 0.058 0.001 0.001

N/mm

N/mm?

Hardness

Microstructure

Monotonic test

Loading comdition :
Specimen
Specimen location
Gauge length H
Testing machine

Strain rate

Cyelic test
Loading condition :
Specimen
Surface
Specimen location
Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

: cylindrical, @ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R.=-1

: cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max, 50 kN

: 4.0 (%/min)

triangular

801



g, N/mm?}

600

500 S an

/ﬁ””
400 =
| /
0]
300 /7
200 A
SUS 304-B, 450 °C
E=170500 N/mm® — = cyclic
100 K'=2363 N/mm®  —-— = incremental[]
I n'= 0,375 —— = monotonic
O T L 1 1 L M L | 1 I
o} 0,5 1 1,5 2 2,5
£, 1A

£,

101 ; L BLLLALI T TTTTTT LR ARLLL T TTITHT T T TITIO0I 401 TTTTII I llllli
B SUS 304-B, 450 °C :
N 0,=1700 N/mm®  b=-0,2021 i
I Faa £,= 0,3862 c=-05203 ||

¢ \‘:K 5 exp. resulls

10 ¢ H
a u\&x\ 3
i i S NS J
- N \\\ -

\QQ\\B\ \\\
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. U et ]
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PSWT [N/mm?]

T T 1T T TTTITmT Prrrmmr L T TTOI T T TTITIf T TTTIT T TTTITIT

- SUS 304—8, 450 °C -

L N 5 exp. results

10: b\

T T
) I T N

10° 10 10" 10° 10° 10 10°
N

10

10

Material : SUS 304-B, 450°C

| Spec. no. I Stress | Mean stress I Strain | Cycles to |
| | amplitude | | amplitude | failure |
! | Mpal | [}Pa] ! (%] ! I
| 1.0000 | 403.7 | 0.0 | 1.1950 | 462.0 |
| 2.0000 | 394.4 | 0.0 | 1.0100 | 806.0 |
| 3.0000 1| 319.8 | 0.0 |  0.7550 | 2276.0 |
| 4.0000 | 301.2 | 0.0 | o.s5050 | 3167.0 |
| 5.0000 | 208.9 | 0.0 I o0.2950 | 13091.0 |




X 5 CrNi 18 9

1.4301 SUS 304-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

[ Si Mn P

0.067 0.57 1.45 0.033 0.012

Monotonic properties

1075°C/30", water

1 +450°C
: bar, @ 22 mm
{4.11
1977
S Ni Cr Mo Cu

E = 170500 N/mm? voo=
Ryg.2 = 106 N/mm? E =
R, = 435 N/mm? a =
As = 47 % o =
Z = 71 % L3 =

Cyclic properties

’ - 2 . -
RpO.Z = 266 N/mm K' = 2193
o = 75 N/mm? a2 = 0.340
T 0.049 % o'g = 1890
Np = 9317 cycles e’y = 0.653
Ta = 1.105 - b = -0.212
Tep = 1.165 - 14 = -0.627

Incremental step test K’ =

n’ =

Failure criterion
o/e-values valid for

Remarks

complete rupture

half failure life

: Young’s modulus estimated

Ti

8.02 18.28 0.082 0.058 0.001 0.001

N/mm

Hardness

Microstructure

Monotonic test
Loading condition :
Specimen H
Specimen location :
Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition :
Specimen
Surface
Specimen location :
Gauge 1ength
Testing machine
Frequency

Strain rate

Waveform

Remarks H

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, RE= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm
servohydraulic, max, 50 kN

0.4 (%/min)

triangular

T11
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g, N/mm?]

600 -

500 ez

o-"
400 o’
0
300 4
200 5 .
SUS 304—-B, 450 C
L
E=170500 N/mm* — = cyclic
100 K'=2193 N/mm? — = incremental|]
n'= 0,340 —— = monotonic
O I ) L ) PR I L 1 PR | Y a1
0 0,5 1 1,3 2 2,5
g, 7]

g, [

101 P T T 11T T TTTim T TTIT7Iy L TTTTIL T T TTITHT lol T TTTIIT T 11 -
E N SUS 304-8, 450 °C u
N 0,=1890 N/mm® b=-0,2123 i
L ML €= 0,6534 c=-0,6269 i

0 NN 5 exp. results

10 <5 =
g Q\ E
: \NN\Q \\\ 1
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10 F > \~~ 5"'1‘\‘s 3
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PSWT N/mm?]

T T3 T TTTTIT T TTTTI0 T T TITITION T LI_FIIIIT IOIIIIIIII T T 1]
N, SUS 304—B, 450 °C .
- \‘\ 11
| ‘\\ S exp. results L
10° .
. Y ]
- .
*]Oz b1 vyl L1 1 iatll L1 31l Lo iin LITTNII | R 11 b1l
10 10° 10° 10* 10° 10° 10 10°
N

Material : SUS 304-B, 450°C

4

Spec. no. | Stress | Mean stress | Strain

| | Cycles to |
| | amplitude | | amplitude | failure |
| I pal | [MPa] | [%] | |
| 1.0000 | 429.7 | 0.0 | 1.0300 | 549.0

| 2.0000 | 405.1 | 0.0 | o0.9000 | 815.0 |
| 3.0000 | 332.6 | 0.0 | o0.6400 | 1372.0 |
| 4.0000 | 311.5 | 0.0 | o0.5100 | 2590.0

I s5.0000 | 272.7 | 0.0 I 0.3600 | 4798.0 |




X 5 CrNi 18 9 1.4301 SUS 304-B
Heat treatment H 1075°C/30', water Hardness
Test temperature : +600°C
demifinished material : bar, 9 22 mm
Reference ¢ [4.1]
Year 1 1977
Chemical composition Microstructure
C Si Mn P N Mi 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

Monotonic properties Monotonic test
E = 158000 N/mm? v = - Loading condition :
Ry = 92 N/mm? K = N/um? Specimen : cylindrical, § 10 mm
Ry = 373 N/mm2 n = - Specimen location : in rolling direction
Ay - % of = N/mm? Gauge length : 50 mm
z = 73 % gg = - Testing machine
Strain rate : 0.3 and 7.5 (%/min)
Cyclic properties Cyclic test
!11;0.2 = 217 N/um? K’ = 1544 N/mn? Loading condition : total strain control, R.= -1
% = 94 N/mm2 n = 0.316 - Specimen : cylindrical, @ 6 mm
tg = 0.073 % o'y = 1009 N/mm? Surface : mechanically polished
Np = 27051 cycles 'y = 0.268 - Specimen location : in rolling direction
Tc = 1.100 - b = -0.156 - Gauge length : 15 mm
Tep = 1.130 - c = -0.499 - Testing machine : servohydraulic, max. 50 kN
Incremental step test : K’ = N/mm2 Frequency
2’ = - strain rate 1 40 (®/min)
Waveform : triangular
Failure criterion : complete rupture
o/e-~values valid for : half failure life
Remarks t Young’s modulus estimated Remarks

149"



O'ﬂ [N/mm?®]

600 —
L
500
400 P L
300 /9/6
200 / 5
SUS 304—-8, 600 C
E=158000 N/mm* —— = cyclic
100 K'=1544 N/mm’ —-— = incremental
n'= 0,316 —— = monotonic
0 " n X 1 | 2 . 1 2 1 1 n 1 1 1 . ) N I I L 4 n .
0 0,5 1 1,5 2 2,5
g, 1A
€, =
101 F T TTTTI LIRS AELL LSRRI T_T ITTON T T TTUIIT T 6]][[[][ J llll-‘
N SUS 304-8, 600 °C &
|_\§\ I
Ty 0,=1009 N/mm® b=-0,1563 1
L £'= 0,2675 =—0,4990 |
100 T S exp. results
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PSWT [N/mm?]

LRELILALLU LILLRRLLL LILLRALLLL T TTTIII T 11T _TTTITI10J T T IITO

- SUS 304—B, 600 °C

HRN 5 exp. results

10 =
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S
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N

Material : SUS 304-B, 600°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude l | amplitude l failure |
| | mpal | [MPa] | %] | I
I 1.0000 | 353.2 | 0.0 | 1.2150 | 338.0 |
! 2.0000 | 334.0 | 0.0 ! o0.9950 | 654.0 |
I 3.0000 | 312.0 | 0.0 | 0.7800 | 1144.0 |
1 4.0000 | 284.5 | 0.0 | o0.6100 | 1846.0 |
! s5.0000 | 246.2 | 0.0 | 0.4350 | 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

0.067 0.57 1.45 0.033 0.012

Monotonic properties

+ 1075°C/30', water

: +600°C
: bar, § 22 mm
[4.1]
1977
s Ni Cr Mo Cu Ti

E = 158000  N/mm? Vo= -

Ryg.p = 92 N/mm? £ = N/zm?

R, = 373 N/mm? n o= -

A = 2 % o = N/mm?

z - 3 % 0y = -

Cyelic properties

Rig.p = 238 N/mm? £ = 1031 N/mm?

o = 121 N/mm? a = 0.236 -

T 0.088 % o'y = 728 N/mn?

Np = 13427 cycles s'f = 0.224 -

T, = 1.070 - b = -0.118 -

Ty = 1.206 - ¢ = -0.499 -

Incremental step test K’ = N/mm2
ﬂ' = -

Failure criterion
o/e-values valid for

Remarks

: complete rupture

: half failure life

: Young’s modulus estimated

8.02 18.28 0.082 0.058 0,001 0.001

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen location
Gauge length
Testing machine

Strain rate

Cyclic test
Loading condition
Specimen

Surface

cylindrical, @ 10 mm
in rolling direction

50 mm

: 0.3 and 7.5 (%/min)

total strain control, RE= -1

: cylindrical, @ 6 mm

: mechanically polished

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

in rolling direction
15 mm

servohydraulic, max. 50 kN

4.0 (%/min)

triangular

LIT
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g, [N/mm?]

600

500

e =

300
o

200 /

SUS 304—B, 600 °C
E=158000 N/mm® —— = cyclic
100 K'=1031 N/mm® —-— = incremental
n'= 0,236 —— = monotonic
O " " . . T f N N N I N ) 1 P 1 ) I
0 0,5 1 1,5 2 2,5
€,
g, =
101 F T TTTIT T TTTITT T T TTTTm T TT1T11m T TT1T17I T oIIIIHII rI"I—I'Tl'_
3 SUS 304—-B, 600 °C u
N 0,=728 N/mm®  b=-0,182 I
N £/= 0,2243 c=-0,4991 I
" N\‘ng 6 exp. results
- ‘}Qg\\ 3
: 1 \ e ]
} :SW\Q\O.“\: ~~~~~ \\\\\\
10 o \‘\\ ~= ~::_: ~~~~ B
C \\\ TeeEs =:====\\5
10_2 1Lt | 1) rpng 1 1 detin [ RN \\T;LL_LLIJ Jo L LLL)
10 10 10° 10" 10° 17 10 10°

N



PSWT N/mm™]

L ALILL IR ERALL T TTTTHT T T TTTIT LT T30 I 5IllJIll I 1T
- SUS 304-B, 600 "C N
b 6 exp. results L
\\
~
~
\\
\\
3 ~\
10 F \K ]
- ‘\\\~ -
L \~\ 4
~..
102 N SNl L4 1 Iili SRR IR} JENE BN L Ll‘l‘lﬂ il
1 2 3 4 5 5 7 a8
10 10 10 10 10 10 10 10
N
Material : SUS 304-B, 600°C
| Spec. mno. | Stress | Mean stress | Strain | Cycles to |
| | amplitude I | amplitude | failure |
] | [Pal | [MPa] | [%] [ [
| 1.0000 | 340.9 | 0.0 | 1.2100 | 256.0 1
| 2.0000 | 337.0 | 0.0 | 1.0150 | 346.0 |
| 3.0000 [ 322.8 | 0.0 | 1.0050 | 490.0 |
| 4.0000 | 314.4 | 0.0 1 o0.7750 | 694.0 |
| s.0000 | 275.7 | 0.0 1 0.5100 | 2471.0 |
I s6.0000 | 2353.5 | 0.0 I 0.3500 | 5920.0 |




X 5 CrNi 18 8

1.4301 SUS 304-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

[ Si Mn

o

0.067 0.57 1.45 0.033 0.012

Monotonic_properties

1075°C/30’, water

: +600°C
: bar, ¢ 22 mm
[4.1]
1977
s Ni Cr Mo Cu

E = 158000 N/mm? Vo=
2 -

Ry0.2 92 N/mm kK =
R, = 373 N/mm? n =
s = 2 5 op =
= 3 % ep =

Cyclic properties

Rig.p = 276 N/mo? K= 437
oy = 212 N/mm? a = 0.074
L = 0.13% % o'y = 394
= 3626 cycles e’ = 0.262
f
Ty = 1.078 - b = -0.041
Tep = 1.177 - c = -0.564
Incremental step test : KX’ =
n’ =

Failure criterion
o/e~values valid for

Remarks

complete rupture

: half failure life

: Young's modulus estimated

Ti

8.02 18,28 0.082 0.058 0.001 0.001

N/mm’

N/mn?

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, ® 6 mm

: mechanically polished

in rolling direction
15 mm
servohydraulic, max. 50 kN

0.4 (%/min)

triangular

021



o, [N/mm®]

600

500
L

400

___________________________________
300 //cr/r"
200
SUS 304-B, 600 °C
L
E=158000 N/mm* —— = cyclic

100 K'=437 N/mm’ —-— = incremental

L n'= 0,074 —— = monotonic
O " 1 " 1 1 I PR " I N i T N N n N 1 N n " I
0 0,5 1 1,5 2 2,5
£, 7]

£, 1A

1()1 - T 1T T1TIT T TTTTTH T TT7Tm T T TITIY T T TTIIOIN 1 6[1]1"] T TOJT
- SUS 304-8, 600 °C i
o N
:\\\ 0,=394 N/mm*’  b=-0,0409 I
L TNy £'= 0,2624 c=—0,5645 i

i I e S exp. resuits :
o “\ 1
C \ ]
el >___A \ ~~~‘*~-_ u

YOVIV e I piody 2 2SS

107 e
C ]

10—2 1§ lllli Pl 1Lyl i Liain | |\|\su S L LIl ol il
10 10° 10 10' 10° 10° 10 10°

N
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PSWT [N/mm]

10

10

T TTTIhr T T TTII T T TTTITT T T TTTITIT T _T TTITI0] T 6[[”][1 T TTTITIT
- SUS 304—8, 600 C H
L 5 exp. resuits i
M
~
~
~
\\
C Ny i
= ~ =
- \\& .
L \ J
L IR 4
~~be
L N Rt S S
Lot 1IN I3 Ll IR EEEIT R 1 1 11t I L L1y i1 el
J 2 3 4 S 1 vi 8
10 10 10 10 10 10 10 10
N
Material : SUS 304-B, 600°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude |} failure |
| | ral | [MPa] I (%] | I
| 1.0000 | 314.4 | 0.0 I 0.9950 | 253.0
1 2.0000 | 302.1 | 0.0 ! 0.8350 | 369.0
| 3.0000 | 284.5 | 0.0 I 0.6050 | 761.0
| 4.0000 | 279.1 | 0.0 | o0.4550 | 1328.0
I s.0000 | 272.2 | 0.0 | o0.2950 | 7224.0




X 5 CrNi 18 9

1.4301 SUS 304-B

Heat treatment

1075°C/30’, water

Test temperature +700°C
Semifinished material : bar, @ 22 mm
Reference : [4.1]
Year 1977
Chemical composition
C Si Mn P S Ni Cr Mo Cu Ti

0.067 0.57 1.45 0.033 0.012

Monotonic properties

E = 152000 N/mm? v - -

Ry0.2 = 81 N/mm? k= N/mn?

R, = 278 N/mm? n = -

Ay = 55 % o = N/mm?

b4 = 7 % ey = -

Cyclic properties

Rig. = 190  N/mm? K= 473 N/mn?

oy = 122 N/mm? a - 0.147 -

eg = 0.089 % oty = 382 N/mn?

Np = 14956 cycles e’y = 0.255 -

T, = 1.008 - b = -0.075 -

T, = 1,121 - ¢ = -0.523 -

Incremental step test : K’ = N/mm2
n' = -

Failure criterion

o/e-values valid for

Remarks

complete rupture
: half failure life

: Young's modulus estimated

8.02 18.28 0.082 0.058 0.001 0.001

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

€el
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g, [N/mm?*]

300

200 s
100
SUS 304—B, 700 °C
L E=152000 N/mm’ —— = cyclic
K'=473 N/mm?’ —-— = incrementadl
n'= 0,147 —— = monotonic
o ) 1| N M n 2 I n n I .
0,5 15 2 2,5
£, 7]
£, 7]
101 rrrrmm LR BLLALRALL T TTTITIIY T T TITI0r Iolllll[ll T Lll[lf
SUS 304—-B, 700 "C H
0,=382 N/mm®  b=-0,0751 1
£,= 0,2553 c=—0,5233 i
R 5 exp. results
0
10 \% g
\ s as e
107 S T ey =
\\\ :
\\\\ ]
‘lo_z I waIn 1 el -l N\\-l LLlll LA iy
10 10° 10° 10° 10° 10

N



PSWT [N/mm?]

10

10

T TTTITm IERERALLL T T v T T TTII0T7 I T TTTTf Iollllllll T _TTITIIYT
SUS 304-B, 700 °C x
L 5 exp. results i
.\
~
~
~
~
~
\\
- ~
— \\ =
~
- %\ -
L ~~\\ -
i1 4t 1L 1iall L1 t1iet) el i L 11l 1 IIII‘II‘1~~‘|~LIIIII
\] 2 3 4 S & 7 8
10 10 10 10 10 10 10 10
N
Material : SUS 304-B, 700°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I mweal | [MPa] | (%] I !
1 1.0000 | 231.5 | 0.0 | 1.1500 | 238.0 |
I 2.0000 | 240.4 | 0.0 | 1.0400 | 315.0 |
|  3.0000 | 234.5 | 0.0 1  o0.8350 | 497.0 |
1 4.0000 | 220.7 | 0.0 1 o.6600 | 975.0 |
I s.0000 | 203.1 | 0.0 | 0.4950 | 1581.0 |
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X 5 CrNi 18 ¢

1.4301 SUS 304-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Si Mn P

0.067 0.57 1.45 0.033 0,012

Monotonic_properties

1075°C/30", water

+700°C
: bar, @ 22 mm
[4.1]
1977
S Ni cr Mo Cu

E = 152000 N/mm? o=
Rpo.2 = 81 N/mm? K =
R, = 278 N/mm? n =
AS = 55 % of =
Z - . e =

Cyclic properties

Rig.y = 158  N/mo? k' = 587
oy = 93 N/mm? 2’ = 0.212
6 = 0.079 % o'f = 389
Np o = 51546 cycles el = 0.138
T, = 1.033 - b = -0.094
T, = 1.203 - ¢ = -0.4392
Incremental step test K’ =

n' =

Failure criterion
a/g-values valid for

Remarks

complete rupture

half failure life

: Young's modulus estimated

Ti Al

8.02 18.28 0,082 0.058 0.001 0.001

N/mm

N/mm2

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, § 10 mm
in rolling direction
50 mm

0.3 and 7.5 (%/min)

total strain control, R.= -1
cylindrical, @ 6 mm
mechanically polished

in rolling direction

15 mm

servohydraulic, mex, 50 kN

4.0 (%/min)

triangular

921
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O'a [N/mm?]
300
/6————
200 U//Q/
I
100
SUS 304-B, 700 °C
E=152000 N/mm* —— = cyclic
K'=587 N/mm® —-— = incremental
n'= 0,212 —— = monotonic
0 R 3 1 N | N P | T n
0 05 1 15 2 2,5
€, 7
€, 7
101 E T TTTI T TTTITT T T TTTI T _T 1107 T T TTTIMT IoIITTTHT T IIII]_‘
c SUS 304-B, 700 °C N
£, 0,=389 N/mm’  b=-0,0940 N
AN g'= 01376 c=—-0,4392 i
ol \t"ts&x 5 exp. results I
i, T —e—g] \Q Tl
10 E B e A S E
‘10_2 11§ it I N L1l (I N L i1 I_I:IT ol LIl
10 10° 10 10° 10° 10° 10 10

N
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PSWT [N/mm?]

LERBLRRALL LRI T T TTTTT T T TTIT] T T TTTINY T _T TTIT T Tiiqy

- SUS 304—B, 700 °C

L 5 exp. results i

10 3

~
- RS\
-

| IS IS T W i |

],
1l

~
1L 1iiin L 111l L1 E1ainl It L1 1 \Yslllllll IR

10° 10 10* 10° 10 10 10
N

10

10

Material : SUS 304-B, 700°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
! | [Pal | [MPa] | [%] | |
| 1.0000 | 220.2 | 0.0 | 1.2300 | 205.0
| 2.0000 | 210.4 | 0.0 ! 0.9050 | 356.0
| 3.0000 | 197.7 | 0.0 I o.6100 | 778.0
| 4.0000 | 174.1 | 0.0 | 0.4550 | 2191.0
| s5.0000 | 140.8 | 0.0 | 0.2150 | 25977.0




X 5 CrNi 18 9

1.4301 SUS 304-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

[ Si Mn P

0.067 0.57 1.45 0.033 0,012

Monotonic proverties

1075°C/30', water

1 +700°C
: bar, § 22 mm
: [4.1]
1977
8 Ni Cr Mo Ca

E = 152000 N/mm2 v -
- 2 _
Rpo.2 = 81  N/mm K =
R, = 192 N/mm? a =
Ag = 7% % op =
z = 82 % ep =
Cyclic properties
Rpo.2 = 143 N/mn? K = 372
op = 90 N/mm? = 0.154
e, = 0.070 % o'y = 286
Np = 29102 cycles ely = 0.182
T, = 1.020 - b = -0.076
TEP = 1.181 - c = —0.493
Incremental step test K’ =
n' =

Failure criterion
o/e~values valid for

Remarks

: complete rupture
: half failure life

: Young's modulus estimated

Ti Al

8.02 18.28 0.082 0.058 0.001 0.001

N/mm?

N/mm?

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen
Specimen location :
Gauge length H
Testing machine

Strain rate

Cyclic test

Loading condition :
Specimen
Surface
Specimen location :
Gauge length
Testing machine
Frequency :

Strain rate

Waveform

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 nm

: 0.3 and 7.5 (%/min)

total strain control, R = -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.4 (%/min)

triangular

661
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o, IN/mm?]
300
L
200 b mgemmmmmTT T
/e/e/—e. _______
100
SUS 304-8, 700 °C
F=152000 N/mm® — = cyclic
K'=372 N/mm? —-— = incremental
n'= 0,154 —— = monotonic
0 . : " L I N " 1 n 1 P " L | n ) N N I N L 1 L
0 0,5 1 1,5 2 2,5
€, 7l
£,
101 E T TTTTTh LLLRRALL IR RAALL P TITIIT T T TTTTT [OlllT”Ir T llllli
s SUS 304—-8B, 700 °C 5
‘\ 0,=286 N/mm®  b=-0,0761 ]
N £'= 0,1821 c=—0,4926 i
Q\*\\ 5 exp. results
10°

Ll

7

R =~ —S—ar] o ~~‘r~.~
107 | SN S ]
r E S ]
~ | e, T -

o o | 7T T s 3

C | TR i ]

L . s

- S -

\\
| - \\ |
\\.

10_2 L1y 1)Ll 1 1 PELt J 1 irig ISR \\Q LIy Lo L LU
1 2 3 4 s 6 7 8
10 10 10 10 10 10 10 10
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PSWT [N/mm®]

T TTTTTT T 1 TTTIMT T TTTTT T TTIIIMY [T LITHn lollllllll T T ITIOT
- SUS 304-B, 700 °C
[
| 5 exp. results
3 [~

10 o .
N ]
- S 4

| \“\\ 4
102 , R - [ENEEI - Lol 41 L - j ll‘lTlTl"; Lo - L .
10 10 10 10 10 10 10 10
N

Material : SUS 304-B, 700°C

| Spec. mo. | Stress | Mean stress | Strain | Cycles to |
| | ampl itude | | amplitude | failure |
| [ ral | [MPa] | (%1 I |
| 1.0000 | 181.5 | 0.0 I 1.0600 | 207.0 |
| 2.0000 | 173.1 | 0.0 | o0.8050 | 416.0 |
| 3.0000 | 164.3 | 0.0 | o0.6200 | 707.0 |
| 4.0000 | 156.5 | 0.0 1 0.4500 | 1285.0 |
| s5.0000 | 143.2 | 0.0 | 0.3000 | 4914.0 |




X 5 CrNi 18 9

1.4301 SUS 304-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

c Si Mn P

0.067 0.57 1.45 0.033 0.012 8.02 18.28 0.082 0.058 0.001 0.001

Monotonic proverties

: 1075°C/30', water

: +800°C
: bar, @ 22 mm
: [4.1]
: 1977
S Ni Cr Mo Ca Ti

E = 160000 N/mm? v = -
0.2 73 N/mn? k= N/um?
Ry = 192 N/mm? n = -

Ag = 76 % gp = N/mm2
z = 82 % eg = -
Cyclic properties

Rbo.2 136 N/mo? K = 365  N/mm?
op = 88 N/mm? = 0.159 -

& = 0.068 % o'y = 283 N/mm®
NT = 55006 cycles e’f = 0.210 -

Tq = 1.064 - b = -0.077 -

Ty = 1.052 - c = -0.488 -
Incremental step test : K’ = N/mm?

Failure criterion
o/e-values valid for

Remarks

: complete rupture
: half failure life

: Young’s modulus estimated

nardness

Microstructure

Monotonic test

Loading condition :
Specimen
Specimen location :
Gauge length H
Testing machine H

Strain rate

Cyclic_test

Loading condition :

Specimen

Surface

Specimen location :
Gauge length 4
Testing machine
Frequency

Strain rate

Waveform

Remarks :

: ¢ylindrical, @ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain comtrol, Re= -1
cylindrical, @ 6 mm
mechanically polished

in rolling direction

15 mm

servohydraunlic, max. 50 kN

38 (%/min)

triangular

(23!



Uu [N/mm?]
300
200 ———p1T—— ===
100 -
SUS 304 800 °C
E=160000 N/mm® —— = cyclic
K'=365 N/mm’ —-— = Incremental
n'= 0,159 —— = monotonic
o i 1 s L ) M 1 S 1
0 0,5 1 1,5 2 2,5
£, 1A
£, 7
101 = T T 1T T T TTITT T T TTTIIT T T T 1T T 1T 110007 T Ilollllll T Illll_‘
- SUS 304 800 °C H
C u
., 0,=283 N/mm®  b=-0,0769 i
i '\ £'= 0,2098 c=—0,4880 i
LR
1 \‘\*\\X 3 exp. results
F Re.. ]
L- \\\\~~\\~\ -
107 k& e S BT .
- B eSO | R 3
- B R
10_2 L1 113111 L0 L L1 L 11EpL) L1 1 1ail L1y \I\‘I‘I_IJLl Jo L L LLL]
10 10° 10 10" 10° 10° 10 10°

N
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PSWT [N/mm?]

10

LILLRALL T TTTH T T 107170 T TTTHANT T I TITHY T llollllll | |
i 3 exp. results B
~\
\\
~
- ‘\\ -4
- \\ -4
- Na pu
~
- \\ |
i o |
~
\\
L \\\\ -
N
el
10 111 1 1 Va1 | R LoLpani L IJLT N A | RN
1 2 3 4 S5 & 7 8
10 10 10 10 10 10 10 10
N
Material : SUS 304-HP, 800°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure ]
| | mray | [MPa] | [%] | !
| 1.0000 | 169.7 | 0.0 | 0.9550 | 351.0 |
I 2.0000 | 165.3 | 0.0 | o0.7100 | 735.0 |
I 3.0000 | 1496 | 0.0 I 0.4700 | 1865.0 |



X § CrNi 18 9

1.4301 SUS 304-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Si Mn P

0.067 0.57 1.45 0.033 0.012

Monotonic properties

1075°C/30', water

+800°C
: bar, § 22 mm
: [4.1]
1977
S Ni Cr Mo Cu

E = 160000 N/mm? Vo=
Ry0.2 = 73 N/mm? k=
R, = 192 N/mn? *a =
AS = 76 % op =
VA = 82 % Eg =

Cyclic properties

v - 2 ’ -
Rp0.2 = 100 N/mm K, = 146
op = 74 N/mm® 2 = 0.063
£y = 0.048 % o'y = 141
Np = 13607 cycles 'y = 0.451
Ty = 1.066 - b = ~0.043
Tep = 1.086 - c = -0.653

Incremental step test K’ =

2t =

Failure criterion
of/e-values valid for

Remarks

complete rupture

half failure life

: Young's modulus estimated

Ti

8.02 18.28 0.082 0.058 0.001 0.001

Hardness

Microstructure

Monotonic 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

Remarks

cylindricel, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R = -1
cylindricel, @ 6 mm
mechanically polished

in rolling direction

15 mm

servohydraulic, max. 50 kN

0.39 (%/min)

triangular

Sel
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0, Nfom']
300
200
100 I T ciaiisieinly wi RS |
SUS 304-B, 800 °C
E=160000 N/mm’ —— = cyclic
K'=146 N/mm’ —-— = incremental
n'= 0,063 —— = monotonic
O 1 N I 1 1 N N " 2 L 1 1 " n 4 P
0 0,5 1 1,5 2 2,5
€, A
€, A
10’ o LILLRLLLLL T 1T TTTMT T T T1TTIT L T TTTTNT T TTIITI T 8[[1["] T T [L[J_‘
3 SUS 304—B, 800 °C -
: ‘\\ O""=14-'| N/mmz b=—0,0426 N
N £'= 0,4510 c=—0,6533 |
100 ~.~.\ 3 exp. results
L :\‘\\\ ]
L RN |
10—1 s \\‘\ ~'~\ — |
E --------- > S ek ‘---—-_::._ T Sean E
- \:"--- -~---‘.:~.-..'r.~n.-u....., ]
L \\ i
10-2 L) L1 L1lid L. L L Laet L1 11181 \.l ‘Ll_lJLl Joo ool LLLLL L LI LIl
10 1¢° 10 10* 10° 1¢° 10 10°
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PSWT N/mm?]

1 i n IR B R ALY LB EARLL NSRRI T T TTTITOf T gﬂlllll T TTIIT07
- SUS 304-B8, 800 °C y
L 3 exp. resuits
3 M
10 P~ §
~
N ]
~
L N ]
b= N\ .
~
- AN i
N
- -
~
\\
| \\ -
~
~
\\
\\~
.
102 L1 i1l Lo iy 1 1 1 1Lall 1 Ij‘ltlll 111 L1l 1 11 b1y
1 2 3 4 5 6 7 8
10 10 10 10 10 10 10 10
N

Material : SUS 304-B, 800°C

l Spec. no. | Stress l Mean stress | Strain l Cycles to l

| | ampl itude | | amplitude |} failure |

| | a1l | [MPa] | [%] 1 I

| 1.0000 | 107.9 | 0.0 | o0.9800 | 201.0 |

| 2.0000 | 109.9 | 0.0 ! 0.7600 | 288.0 |

I 3.0000 | 103.5 | 0.0 ] 0.4900 | 638.0 |




X 5 CrNiMo 18 10

1.4401 Type 316

Heat treatment

1066°C/30’ argon, air cooling 82°C/min

Test temperature : +21°
Semifinished material : plate, 25.4 mm thick
Reference [4.6]
Year 1982
Chemical composition
Monotonic properties
E = 205000 N/mm? vooo=

- 2 -
Ryo.2 = N/mm K =
R, = N/mm? n =
Ag = % 6y =
¥4 = % 3 =
Cyclic properties
Rig.g = 266 N/mn’ k' = 691
oy 199 N/mn? ' = 0.154
£y = 0.132 % o'y = 660
NT = 3220072 cycles z'f = 0.341
To = 1.109 - b = -0.079
Tgp = 1.562 - c = -0.453
Incremental step test K’ =

n* =

Failure criterion
o/e-values valid for

Remarks

: complete fracture
: half failore life

: Yonng's modulus estimated

N/mm?

N/mm

Hardness

Microstructure

Monotonic 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

Remarks

Rockwell B: 71 - 77

: ASTM grain size: 3.5

total strain control, Rg= -1

cylindrical, § 6.35 mm

12.7 mm

24 (%/min)

8¢T
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g, [N/mm?*]

600
I

500
L

400 .

300 R

200 °

£=205000 N/mm? —— = cyclic
100 K=691 N/mm® —-— = incremental|]
n= 0,154 —— = monotonic
0 r V7T T I -
0 0,5 1 1,5 2 2.5
£, M

£, =

10‘ :\ T TTTI0 T TTTT T T TTITHT T T TTTIT T TTTITHY T L LITTHY T T 111 H
E\*\ Type 316 .
r BN 0,=660 N/mm'  b=-0,0790 i
i S £'= 0,3410 “¢=—0,4530 I

] 6 exp. results
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PSWT [N/mm?]
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~
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~
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- ‘ -y
\&\
B e g
1L 111 1 1 L4 L2 i AT i L il L1 L 11 1iesgl
1 2 4 S 6 7
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N
Material : Type 316
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
1 | amplitude | | amplitude | failure |
| I mPa)l | [MPa] | %] | |
[ 1.0000 | 314.0 | 0.0 | o0.5550 | 9543.0 |
| 2.0000 | 2220 | 0.0 1 o0.2250 | 147900.0 |
| s.0000 | 219.0 | 0.0 I o0.1500 | 647400.0 |
| 6.0000 | 209.0 | 0.0 | 0.1450 | 1190000.0 |
| 3.0000 | 209.0 | 0.0 I o0.1550 | 1340000.0 |
| 4.0000 | 199.0 | 0.0 I 0.1200 | »66000000.0 |



X 5 CrNiMo 18 10 - 1.4401 SUS 316-B

Heat treatment : 1075°C/30’ water, 1100°C/1h water Hardness : AV 10 : 138
Test temperature : +23%

Semifinished material : bar, § 22 mm

Reference : [4.1]

Year : 1977

Chemical composition Microstructure : grain size : 1.9
C $i 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

Monotonic properties Monotonic_test
E = 210000 N/mm? v = - Loading condition :
Rp().?, = 231 N/mm?2 K = N/mmz Specimen : ¢ylindrical, ¢ 10 mm
Ry = 587 N/mm? n = - Specimen location : in rolling direction
Ay = 68 % 7 N/mm? Gauge length : 50 mm

= 78 % e = - Testing machine

Strain rate 0.3 and 7.5 (%/min)

Cyclic properties Cyclic test
R;)O.Z = 247 N/mm2 K’ = 2738 N/mm2 Loading condition : total strain control, Re: -1
o = 79 N/mmz a = 0.388 - Specimen : ¢ylindrical, @ 6 mm
£y = 0.049 % o'y = 2508 N/lm'nz Surface : mechanically polished
N = 59769 cycles e'f = 0.758 - Specimen location : in rolling direction
Ty = 1.087 b b = -0.227 - Gauge length 15 om
Tep = 1.376 - c = -0.582 - Testing machine : servohydraulic, max. 50 kN
Incremental step test : k' = N/mm2 Frequency

n' = - Strain rate t 39 (%/min)

Waveform ¢ triangular

Failure criterion : complete rupture
c/e-values valid for : half failore life
Remarks : Young’s modulus estimated Remarks

171
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g, [N/mm?]
900
L
800
I
700
L
600 ezt
500 QL--7"
300 .
I /m SUS 316—B
200 E=210000 N/mm® —— = cyclic M
L
100 / K'=2755 N/mm® —-— = incremental
n'= 0,388 —— = monotonic
O L i L L T PR ) | 2 n N N T n N N 1 1 2 1 L i
0 0,5 1 1,5 2 2,5
g, A
€, =
101 - "SR T TTTTm T TTTTTT T TTITINOL T T TTIOIII] T T TTTIT I TTI7T i
N SUS 316—B H
C ‘1}\ 0,=2508 N/mm® b=—0,2272 -
i =y £/= 0,7583 =-0,5823 i
5 exp. results
0
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- \\%\6\3\ s .
—1 k\.\\\ N\\s
107k S -
C SR 3
: \‘\ ~\\‘::\:\~ }
L KR ~~::~::\J
‘lo_z L L1 it L1ty b1t 1 1 L Ei I,I 110141 \\ L LU L1 1180l
10 10° o} 10* 10° 10° 10 10

N



http://__L.J_I.JLIU
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N
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107 | S .
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N
- \\ -
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N
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Material : SUS 316-B

| Spec. mno. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
I 1 [MPa] | [MPa] | [%] | |
| 1.0000 | 520.9 | 0.0 | 1.4700 | 505.0 |
| 2.0000 | 405.6 | 0.0 I 0.9700 | 1777.0 |
| 3.0000 | 355.6 | 0.0 I 0.7250 | 2296.0 |
| 4.0000 | 289.9 | 0.0 | 0.4350 | 6276.0 |
| s5.0000 | 264.9 | 0.0 I o0.3500 1 10598.0 |
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X 5 CrNiMo 18 10 1.4401 SUS 316-B
Heat treatment 1050°C/30" water
Test temperature +23°¢C
Semifinished material : bar, @ 22 mm
Reference [4.11
Year 1977
Chemical composition
C Si Mn 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

Monotonic_properties

E = 210000 N/mm? Vo=
- 2 -
Ry.p = 228 N/mm kK =
R, = 665 N/mm? n =
AS = 67 % of =
Z = 81 % eg =
Cyclic properties
Rpo.2 = 259 N/om? ) S 2674
o = 134 N/mn? 2= 0.376
e, = 0.098 % o'y = 1595
Np = 211542  cycles ely = 0.252
Ty = 1.149 - b = ~0.163
Tgp = 1.103 - c = —0.433
Incremental step test : |44 =
n' =

Failure criterion

o/e~values valid for

Remarks

complete rupture

: half failure life

: Young's modulus estimated

N/mm

N/mm2

N/mm?

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen location
Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition

Specimen

Surface

cylindrical, @ 6 mm
in rolling direction
30 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, @ 6 mm

: mechanically polished

Specimen location :

Gauge length

Testing machine

in rolling direction
15 mm

servohydraulic, max, 50 kN

Frequency

Strain rate 40 (%/min)
Waveform triangular
Remarks

24!
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g, [N/mm®]
900
800
700
600 S SR L it
L ————————
500 —oee=f
L cr_—"—
400
300 H
I /’ SUS 316—B
200 £=210000 N/mm® —— = cyclic 5
100 I / K'=2674 N/mm?’ —-— = incremental
L n'= 0,376 —— = monotonic
O X I N N T N N 1 n I 1 N N 1 T N N N N
0 0,5 1 1,5 2 2,5
e, =
g, A
101 o _l LRRAAL LR T TTTTTH T T TTT1Y T T TTTTHT T TTTITOY T T
B SUS 316—-B u
R 0,=1595 N/mm*'  b=-0,1631 )
i el £/= 02519 c=—0,4333 |
o o 4 exp. results
0 E \"B\B\ :
) Q\c\(>\e~\‘:~\ \\\~‘ .
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PSWT [N/mm?]
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Material : SUS 316-B
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
amplitude amplitude failure

| | ampli | | litude | i1 |
| | [mral] | [MPa] | [%] | |
+ + + + + ———
| 1.0000 | 451.3 | 0.0 | o0.9900 | 1519.0 |
| 2.0000 | 364.0 | 0.0 | 0.7300 1 3210.0 |
| 3.0000 | 307.5 | 0.0 | o0.5000 | 10462.2 |
| 4.0000 | 271.3 | 0.0 | 0.3350 | 31047.0 |




X 5 CrNiMo 18 10

1.4401 SUS 316-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Si Mn P

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098

Monotonic properties

1075°C/30" water, 1100°C/1h water

: +23°C
: bar, § 22 mm
: [4.1]1
1977
S Ni Cr Mo Cu

E = 210000 N/mm? vooo=
- 2 =
RpO.Z = 230 N/mm K =
R, = 587 N/mm? n =
Ay = 68 % op =
z = 78 % ep =
Cyclic properties
Rig.p = 256 N/mm® &= 1644
o = 112 N/mm? 2 = 0.299
€y = 0.066 % G'f = 1491
Np = 53723 cycles ey = 0.708
T, = 1.081 - b = -0.170
T, = 1,275 - ¢ = -0.568
Incremental step test K’ =
n' =

Failure criterion
s/e-values valid for

Remarks

complete rupture

half failure life

: Young's modulus estimated

Ti Nb+Ta

Hardness

Microstructure

Monotonic 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

Remarks

v 10 : 138

grain size : 1.9

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R.=-1

cylindrical, ® 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

4.0 (%/min)

triangular

Lyl
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g, [N/mm?*]

600

500 B S

400 b

300 S

200 -

SUS 316—B
£=210000 N/mm*® —— = cyclic
100 K'=1644 N/mm?* —-— = incremental|]
n'= 0,299 —-— = monotonic
O T 1 1 1 n N . 2 3 N 1 . T
0 0.5 1 15 2 2,5
g, [

£, 7

101 :‘&l IBERRLL T T TTITH T TTTT0 T T TTITIOT I T TTTTIY T T ITTIT T T 1 £
EoNy SUS 316—8B »
u . N
r S 0,=1491 N/mm®  b=-0,1704 i
i M. g'= 0,7079 =-0,5676 i

100 \\\1:.4 5 exp. results
Co ]
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PSWT [N/mm?]
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Material : SUS 316-B

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| | amplitude | | amplitude | failure |

| I pa] | [MPa] | [%] | |

| 1.0000 | 399.3 | 0.0 I 1.0000 | 1168.0 |

| 2.0000 | 348.8 | 0.0 | 0.7550 | 2893.0 |

I 3.0000 | 298.2 | 0.0 | o0.5000 | 5053.0 |

I 4.0000 | 259.0 | 0.0 I 0.3450 | 13603.0 |

| 5.0000 | 256.0 | 0.0 | o0.3000 | 17790.0 |




X 5 CrNiMo 18 10

1.4401 SUS 316-B

Heat treatment

Test temperature : +23%
Semifinished material : bar, @ 22 mm
Reference [4.11
Year 1977
Chemical composition
C RE Mn P s Ni Cr Mo Cu
C.081 0.52 1.60 0.027 0.006 10.15 16.73 2.18 0.088 0.
Monotonic properties
E = 210000 N/mm? Vo=
- 2 -
Ry = 228 N/mm E =
R, = 665  N/mn® a =
AS = 67 % oy =
z = 81 % eg =
Cyclic properties
Rig.s = 259 N/mm® K = 2081
,
oy = 111 N/mm? 2 = 0.336
ey = 0.068 % 'y = 1999
Np = 80528 cycles e'y = 0.928
Ty = 1,100 - b = -0.190
Tsp = 1.156 - < = -0.572
Incremental step test K’ =
n’ =

Failure criterion
o/e-values valid for

Remarks

1050°C/30" water

: complete rupture

half failure life

: Young’s modulus estimated

Ti Nb+Ta

033 0.032

N/mm

N/mm?

Hardness

Microstructure

Monotonic 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

Vaveform

Remarks

BV 10 : 149

¢ylindrical, @ 6 mn
in rolling direction

30 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, 9 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

4.0 (%/min)

triangular

0ST



g, [N/mm®]
600
500 e
400 =
L /
300 =
200 5
SUS 316—B
E=210000 N/mm® —— = cyclic
100 K'=2081 N/mm® —-— = incremental ]
n'= 0,336 —— = monotonic
0 I N 1T 7 L L I " 1 i
0 0,5 1 1,5 2 2,5
£, 17
g =]
101 - ‘l\¢l”|l LELLRARLL rrrrrm T T TTHHT T T TTITT T TTTT T lI[II_‘
AN SUS 3168 :
- 0,=1999 N/mm*  b=-0,1905 i
| M £'= 0,9285 c=-0,5725 !
SR 4 exp. results
0 N
- T~ i\\\ i
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PSWT [N/mm?]
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Material : SUS 316-B
] Spec. no. | Stress ] Mean stress | Strain | Cycles to |
] | amplitude | | amplitude | failure |
] I mpal | [MPa] ! [%] ] ]
] 1.0000 | 418.9 | 0.0 ] 1.0050 | 2168.0 |
] 2.0000 | 356.1 | 0.0 | 0.7200 | 3488.0 |
] 3.0000 | 315.4 | 0.0 | o0.5150 | 7941.0 |
] 4.0000 | 273.2 | 0.0 ] o0.3600 | 18348.0 |




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

: +23%
: plate, 24x2300x5600 mm
[4.2]
1979
) Ni cr Mo Co 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

Monotonic properties

E = 210000 N/mn? vooo= -

Ryg.3 - 257 N/mm? E = N/mm?

R, = 606  N/mn? n = -

Ag = 57 % o = 1830  N/mm?

z = 79 % 6 = -

Cyclic properties

Rpo.2 = 313 N/mn® K = 2000  N/am?

og = 176  N/mm? 2 = 0.298 -

6y = 0.113 % o'y = 1314 N/mn?

Np o= 65234 cycles ey = 0.249 -

T, = 1.123 - v = -0.132 -

T, = 1.422 - c = -0.445 -

Incremental step test : k' = N/mm?
n’ = -

Failure criterion
o/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

Hardness

Microstructure

Monotonic 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

Remarks

: BV 10 : 149

: Austenite grain size acc. to JIS G 0551 : 5.5

cylindrical, ¢ 10 mm
in rolling direction

50 mm

total strain control, R=-1
cylindrical, § 6 mm
mechanically polished

in rolling direction

13 mm

servohydraulic, max. 50 kN

6 (%/min)

triangular

e¢1
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0, N/mm']
900
L
800
L
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s o
600 b oo =™
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500
/_0/
400
/(
300
| / SUS 316—HP
200 E=210000 N/mm’ —— = cyclic
100 / K'=2000 N/mm®  —-— = incremental
n'= 0,298 —— = monotonic
O . ' ' T ' T 1 U | 1 2 1 PR
0 0,5 1 15 2 2,5
g, ]
£, A
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s, SUS 316—HP :
SN 0,=1314 N/mm®  b=—0,1321 i
L €= 0,2489 c=-0,4448 i
- N 6 exp. results
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Material : SUS 316-HP

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| | amplitude | | amplitude | failure |

| I ral | [MPa] | [%] 1 |

| 1.0000 | 533.5 | 0.0 I 1.3600 | 524.0 |

| 2.0000 | 467.5 | 0.0 | 1.0350 | 1442.0 |

I 3.0000 | 413.5 | 0.0 | o0.6950 | 3343.0 |

| 4.0000 | 367.5 | 0.0 |  0.5450 | 5654.0 |

| 5.0000 | 324.0 | 0.0 | 0.3750 | 13456.0 |

I 6.0000 | 300.5 | 0.0 | 0.3100 | 52686.0 |
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X 5 CrNiMo 18 10 1.4401 SUS 316-HP
Heat treatment : hot rolled, 1100°C/30’ water Hardness
Test temperature : +400°C
Semifinished material : plate, 24x22300x5600 mm
Reference : [4.2]
Year : 1979
Chemical composition Microstructure
C Si Mn P 5 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

Monotopic properties Monotonic test

E = 171500 N/mmz v = - Loading condition

Ryg.p = 184  N/mm? £ = N/mm? Specimen

R, = 513 N/mmz n = - Specimen location

As = 0 9 o = 1020 N/mm? Gauge length

z = 62 % eg = - Testing machine
Strain rate

Cyclic _properties Cyclic test

Rig.2 = 287  N/mm? k' = 2204 N/mm? Loading condition :

oy = 169  N/mm? 2 = 0.328 - Specimen

g, = 0.134 % o'y = 975 N/mm? Surface

NT = 35881 cycles e'y = 0.096 - Specimen location

Ts = 1.369 - b = -0.115 - Gauge length

Tep = 1.381 - c = -0.368 - Testing machine

Incremental step test K’ = N/mmz Frequency

n' = - Strain rate

Waveform

Failure criterion : 25% decrease in the max. temsile load of N/2
o/e-values valid for : half life until complete spec. rmpture

Remarks : Young’s modnlus estimated Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

total strain control, Re= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
13 mm

servohydraulic, max. 50 kN

6 (%/min)

triangular

961
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400 L =
e
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946 SUS316—HP, 400 °C

200 E=171500 N/mm® —— = cyclic H

100 I / K'=2204 N/mm®  —.— = incremental
L n'= 0,328 —— = monotonic

o A I L. 1 i Y L 1 1
0 0,5 1 15 2 2,5
g,
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- SUS316—HP, 400 "C 5
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PSWT [N/mm?]
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Material : SUS 316-HP, 400°C
| Spec, no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | mwray | [MPa] | [%] | |
I 1.0000 | 526.0 | 0.0 I 1.5250 | 183.0 |
| 2.0000 | 469.0 | 0.0 | o0.9700 | 629.0 |
I 3.0000 | 395.5 | 0.0 | o0.7850 | 1129.0 |
| 4.0000 | 309.5 | 0.0 | o0.5150 | 4241.0 |
| s5.0000 | 288.0 | 0.0 | o0.4150 | 7050.0 |
| 6.0000 | 274.5 | 0.0 | 0.3600 | 13574.0 |
I 7.0000 | 280.5 | 0.0 | o0.2900 | 103667.0 |




X 5 CrNiMo 18 10

1.4401 SUS 316-HP

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Si Mo P

: hot rolled, 1100°C/30' water
. +400°C

plate, 24x2300x5600 mm

[4.2]

1979

S Ni Cr Mo Cu

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31

Monotonic properties

E = 171500  N/mm? v o=
Ry0.2 184  N/mm? K =
R, = 513 N/mm? a =
Ay = PTY EPa. 990
z = 62 % e =
Cyclic properties
Rig.p = 332 N/mm? k' = 1789
o, = 188 N/mm? = 0.271
& = 0.133 % o'f = 973
Np = 11125 cycles e'e = 0.113
T, = 1.312 - b = -0.108
T, = 1.275 - ¢ = -0.407
Incremental step test K’ =

n' =

Failure criterion
o/e-values valid for

Remarks

25% decrease in the max. tensile load of N/2

: Young's modulus estimated

Ti Nb+Ta

0.03 0.001

N/mm?

N/mm

N/mm2

N/mmz

: half life until complete spec. rupture

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

total strain control, Re= -1
cylindrical, ¢ 6 mm
mechanically polished

in rolling direction

13 mm

servohydraulic, max. 50 kN

0.6 (%/min)

triangular

691
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O'ﬂ [N/mm?]
900
800
|
700
OO b—— SPPE L iuislt ]
3 D_,——”’
500 5 //
400 /
D
300 c/ 5 -
i / SUS 316—B, 400 "C
200 E=171500 N/mm* — = cyclic H
100 I / K'=1788 N/mm’ —-— = incremental
L n'= 0,271 —~— = monotonic
0 1 1 I X 1 T n I 1 n T 2 1 N I
0 0,5 1 15 2 2,5
€, 7]
g, A
101 - T TTTTIIm T T FTT00d T TTIrT T T TTTIIOY T T TITIIT IDIIIIIIII I lllll-
. SUS 316—B, 400 °C 5
0,=973 N/mm®  b=-0,1081 i
RN €= 0,133 c=—0,4072 i
o LE\ 6 exp. results
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PSWT [N/mm?]

LI RLRLLL LILLALLLL T TTITw T T TITIY T T TTTIIIN T T TTITIOT T T TITIITg0
- SUS 316—B, 400 °C
H
- H
b 6 exp. results L
~
\\\\
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\n
3
10 I \\ .
C ]
L 4
L 4
o
L N J
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| \~~\~\ i
| \"~~\ o
‘]()2 1t 11111 b 1111 1 1 L1l Lo L1 111]] L1 1311l L1 11 £ 1 1l
\] 2 A S5 & 7 8
10 10 10 10 10 10 10 10
N
Material : SUS 316-B, 400°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
! 1 [mMPa] | [MPa] ! [%] | !
I 1.0000 | 543.0 | 0.0 ! 1.5100 | 152.0 |
| 2.0000 | 488.0 | 0.0 |  o0.8750 | 576.0 |
| 3.0000 | 407.0 | 0.0 ! o0.7100 | 1259.0 |
I 4.0000 ! 343.0 | 0.0 I o0.5150 | 3623.0 |
| 5.0000 | 313.0 | 0.0 | o0.4050 | 5778.0 |
| 6.0000 } 328.0 | 0.0 1 0.3200 | 35889.0 |




X 5 CrNiMo 18 10 1.4401 SUS 316~HP

Heat treatment hot rolled, 1100°C/30' water
0

Test temperature 1 +400°C

Semifinished material : plate, 24x2300x5600 mm
Reference : [4.2]

Year 1 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

Monotonic_properties

E = 171500 N/om? voo= -
R,z = 184 N/mm? k= N/mm?
R, = 513 N/mn® 2 = -
Ay = w0 % of = 1020 N/om?
z = 62 % L = -

Cyclic properties

Rig.z = 395 N/mm? ' = 1504  N/mm?
.

o = 157 N/mm? 2 = 0.215 -

6 = 0.094 % o'y = 1190  N/mm?

Np = 1448  cycles e’y = 0.341 -

T, - 1.109 - » =  -0.133 -

T, = 1.065 - ¢ = -o0.622 -

Incremental step test : K’ = N/mm2
o' = -

Failure criterion 25% decrease in the max. tensile load of N/2
o/e-values valid for : half life until complete spec. rupture

Remarks : Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 mm

total strain control, Re= -1

cylindrical, § 6 mm

: mechanically polished

in rolling direction
13 mm

servohydraulic, max. 50 kN

0.06 (%/min)

triangular

691
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O'u [N/mm®]
200
800
700
600 SESHELE
| /U
500 /0/
400 /
300 H
L / SUS 316—HP, 400 °C
200 L E=171500 N/mm® —— = cyclic H
100 / K'=1504 N/mm?* —-— = incremental
n'= 0,215 —— = monotonic
0 A 1 " 1 1 N 1 n ) T n ) 1 T N ) N n 1 —— 1
0 0,5 1 1,5 2 2,5
€, ]
€, [
101 = T-TTTTT T TTTIT T TTTI T _TITTHIT T T TTITIT T loll”l" Lillllt
i SUS 316—HP, 400 °C u
F 0,/=1190 N/mm®  b=-0,1334 ]

N g'= 0,3414 c=—0,6222
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PSWT [N/mm®]
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- SUS 316—HP, 400 °C -
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L s 3 exp. results L
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Material : SUS 316-HP, 400°C

| Spec, no. | Stress | Mean stress | Strain | Cycles to |

| | amplitude | | ampl itude | failure |

| | [Pa] | [MPa] | (%] | |

| 1.0000 | 571.0 | 0.0 [ 1.5250 | 108.0 |

| 2.0000 | 509.5 | 0.0 |  o0.8700 | 368.0 |

| 3.0000 | 406.5 | 0.0 I 0.4800 | 1394.0 |




X 5 CrNiMo 18 10

1.4401

SUS 316-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemicsl composition

[ Si Mn P S

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098

Monotonic properties

1075°C/30° water, 1100°C/1h water

1 +450°C
: bar, @ 22 mm

(4.11
1977

Ni

Cr

Cu Ti Nb+Te

E = 170000 N/mm® Vo= -

Ryo.2 = 128 N/mo? kK = N/mn?

R, = 465 N/mm? n = -

A; = 41 % op = N/mn?

z = 70 % sy = -

Cvclic properties

Rig.y = 214 N/mm? K= 5290  N/mm?

0 - 84 N/mm? 2= 0.516 -

e, = 0.083 % o'y = 1947 N/mm?

Np = 25030 cycles e’ = 0.143 -

T, = 1.058 - b = -0.207 -

sz = 1.130 -~ c = -0.399 -

Incremental step test : K’ = N/mm?
n' = -

Failure criterion : complete rupture

o/e-values valid for : half failure life

Remarks : Young's modulus estimated

Harduess

Microstructure

Monotonic test

Losding condition :

: cylindricsl, ¢ 10 mm

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

Remerks

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R¢= -1

: cylindricel, @ 6 mm
: mechanicelly polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

: 39 (%/min)

triangular

991
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g, [N/mm?]
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700 p—L
L ’_b‘——‘—
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500 /Q,, =’
400 ]
I /
340 5 .
SUS 316—8, 450 °C
200 4 £=170000 N/mm® —— = cyclic H
100 i / K'=5290 N/mm® —-— = incremental ||
n'= 0,516 —— = monotonic
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Haterial : SUS 316-B, 450°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
] | [MPa] | [MPa] ] [%] | |
I 1.0000 | 476.3 | 0.0 | 1.2100 | 423.0 |
| 2.0000 | 419.9 | 0.0 ] 0.9700 | 966.0 |
| 3.0000 ! 348.8 | 0.0 I 0.7450 | 2008.0 |
| 4.0000 | 302.6 | 0.0 I 0.5%00 | 3787.0 |
! 5.0000 | 280.6 | 0.0 | 0.4850 | 6102.0 |
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X 5 CrNiMo 18 10 1.4401 SUS 316-B
Heat treatment 1050°C/30" water
Test temperature +450°¢C
Semifinished material : bar, § 22 mm
Reference [4.1]
Year 1977
Chemical composition
c $i Mn P s Ni Cr Cu Ti Nb+Ta

0.081 0.52 1.60 0.027 0.006 10.15 16.73

Monotomnic properties

E = 135300 N/mm? Vo=
- 2 _
0.2 145 N/mm £ =
R, = 529 N/mm? n =
5 - 16 % o =
z = 69 % ep =

Cyclic properties

- 2 =
R o= 262 N/mm k' =
.

% = 82 N/mm? n =
€y = 0.068 % a'y =
Ny = 9625 cycles ey =
T, = 1.136 - b =
Tep = 1.084 - c =
Incremental step test K’ =
n' =

Failure criterion

ag/e-values valid for

complete rupture

half failure life

2292
0.349
2131
0.825
-0.214
~0.615

: Young's modnlus estimated

2.18 0.088 0.033 0.032

I\'/mm2

N/mm

N/mm?

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 6 mm
in rolling direction

30 mm

0.3 and 7.5 (%/min)

total strain control, Rs= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 om

servohydraulic, max, 50 kN

40 (%/min)

triangular

891



g, [N/mm™)

600 .

500 R e

ol

400 Z

300

200 5 |

SUS 316—B, 450 'C
E=135300 N/mm® —— = cyclic

100 K'=2292 N/mm? —-— = incremental|]|

I n'= 0,349 —-— = monotonic
0 PR 1 i T L 1 " N 1 M 1 " 2 T i 1 N N i 1
0 0,5 1 15 2 2.5
g, [

g, [

101 :“\lflllll T T T LA RLLL T TTTIII T IIIT00 IOI IBANL I l'ITTl_
N SUS 316—8, 450 "C u
- L 0,=2131 N/mm?®  b=-0,2140 .
| RN £'= 0,8251 c=—0,6152 i

N 5 exp. results
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PSWT [N/mm*]
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N

Material : SUS 316-B, 450°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to 1
| | amplitude | | amplitude | failure |
| | [mMpal | [*Pa] | [%] | |
| 1.0000 | 418.9 | 0.0 | 1.0050 | 1187.0 |
1 2.0000 | 351.2 | 0.0 I o0.7250 | 2266.0 |
| 3.0000 | 280.6 | 0.0 | o0.4850 | 4932.0 |
I 4.0000 | 260.0 | 0.0 1 o0.4050 | 8577.0 |
| s5.0000 | 232.5 | 0.0 ' 0.2950 | 19365.0 |




X 5 CrNiMo 18 10

1.4401

SUS 316-B

Heat treatment

Test temperature
Semifinished materia
Reference

Year

1

Chemical composition

C Si Mn P

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098

s

Monotonic properties

E = 170000
R,z = 128
R, = 465
Ay = 47

= 70

Cyclic properties

RéO.Z = 283
% = 96
L = 0.068
Np = 13064
T, = 1.052
TBP = 1.154

Incremental step tes

Failure criterion
o/e-~values valid for

Remarks

N/mm
N/mm2
N/mmz

N/mm2
N/mm?
%
cycles

t

complete rupture

1075°C/30" water, 1100°C/1h water

+450°C

[4.1]
1977

Ni

: bar, 9 22 mm

Cr

half failure life

Cu Ti Nb+Ta

N/mm?

N/mm’

2994 N/mn?
0.380 -

1774 N/mm?
0.250 -
-0.192 -
-0.504 -
N/mm2

: Young’'s modulus estimated

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen location :

Gauge length
Testing machine

Strein rate

Cyclic test

Loading condition :

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R = -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

4.0 (%/min)

triangular

L1
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0, N/mm']

900
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L
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L J Saa
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400

/c/

300 5 -
| SUS 316—B, 450 °C

200 L £=170000 N/mm* —— = cyclic H

100 / K'=2994 N/mm®  —.— = incremental

n'= 0,380 —— = monotonic
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g, [

€, [

101 F T TTTTI T TTTT T TT1T T T TTITAY T TTTITITY IOIIITIIIF T fl”l_
- SUS 316—B, 450 "C B
;‘2:\\ 0,=1774 N/mm'  b=-01916 1
N AR g/= 0,2505 c=—0,5041 i

100 DL S exp. results |
o N 3
- ]
I S L ]

"o~ i 7
=1 o~ [~~~

10 o S RS _:w - 4
: \\\\ ~~::Z:;
- ‘\\ N

10‘2 | NN L1l 1 1131 i i1 L) Sl \?\LLIJU el L Litl

10 10° 10° 10* 10° 10° 10 10°



PSWT [N/mm®]
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Material : SUS 316-8, 450°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | [pal | [MPa] | [%] | |
| 1.0000 | 510.1 | 0.0 | 1.2350 | 306.0 |
| 2.0000 | 462.5 | 0.0 I 0.9%00 | 630.0 |
| 3.0000 | 323.7 | 0.0 I 0.4950 | 3684.0 |
I 4.0000 | 296.8 | 0.0 | o0.4010 | 5192.0 |
1 5.0000 | 261.4 | 0.0 [ o0.3100 1 11212.0 |
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X 5 CrNiMo 18 10

1.4401 SUS 316-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

c Si Mo P

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09

Monotonic properties

1075°C/30’ water, 1100°C/1h water
: +450°C
: bar, ¢ 22 mm

[4.11
1977
s Ni Cr Mo Cu Ti Nb+Ta

2

E = 170000 N/mm Vo= -
Ryo.z = 128 N/mn? k= N/um?
R, = 465  N/mm? a = -
As = 47 % o = N/mm2
z - 70 9 S -
Cyelic proverties
0.2 = 322 N/mm? R = 2909 N/mm?
oy = 113 N/mm? n = 0.354 -
_— 0.076 % o'y = 1546 N/mn®
Np = 5240  cycles e’y = 0.178 -
T, = 1112 - b o= -0.172 -
T,, = 1.174 - c = -0.493 -
Incremental step test K’ = N/mm?
a = -

Failure criterion
o/e-values valid for

Remarks

: complete rupture
: half failure life

: Young’s modulus estimated

0.18 0,040 0.098

Hardness

Microstructure

Monotopic test

Loading condition :

Specimen

Specimen location :

Gauge length
Testing machine

Strain rate

Cyelic test

Loading condition

Specimen

Surface

Specimen Jlocation :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

cylindrical, 9 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, ® 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

LT



g, [N/mm*]
900
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700 cemmmT T
I e
600 ==t
500 { -~
400 e
300 //ZE 5 i
/ SUS 316—B, 450 °C
200 E=170000 N/mm*® —— = cyclic H
100 I / K'=2909 N/mm®  —-— = incremental
n'= 0,354 —— = monotonic
0 L PR | i ) 1 T ) 3 P n P
0 0,5 1.5 2 2,5
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PSWT N/mm?]
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Material : SUS 316-B, 450°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I mral | [MPa] | [%] | ]
| 1.0000 | 490.5 | 0.0 | 0.9%00 | 320.0 |
I 2.0000 | 459.6 | 0.0 I o0.7%00 | 696.0 |
| 3.0000 | 421.3 | 0.0 I o0.6550 | 1211.0 |
|  4.0000 | 364.0 | 0.0 | 0.4950 | 1992.0 |
| s5.0000 | 343.4 | 0.0 | o0.4550 | 2736.0 |




X 5 CrNiMo 18 10

1.4401 SUS 316-B

Heat treatment

1050°C/30" water

1est temperature 1 +450°C
Semifinished material : bar, @ 22 mm
Reference : [4.1]
Year 1977
Chemical composition
C Si Mn s Ni Cr Cu
0.081 0.52 1.60 0.027 0.006 10.15 16.73 2.18 0.088 0.033 0.032
Monotonic properties
E = 135300 N/mm? v = -
Ryp.g = 145 N/mm? k= N/mm?
Ry, = 529 N/mm? n = -
Ay = 4% % o = N/mm?
z = 69 % £y = -
Cyclic properties
Rig 5 = 335 N/mm? k' = 2541 N/mm?
p0.2
,

o = 93 N/mm? = 0.326 -
T 0.074 % o'y = 1881  N/mm?
Np = 1904 cycles e’y = 0.321 -
T, = 1.073 - b = ~0,198 -
Tep 1.869 - < = ~0.579 -
Incremental step test XK = N/mm?

n' = -

Failure criterion

o/e-values valid for

Remarks

co

ha

mplete rupture

1f failure life

Young’s modulus estimated

Ti Nb+Ta

Hardness

Microstructure

Monotomic test

Loading condition :

Specimen

Specimen locatiom :

Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition :

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

cylindrical, @ 6 mm
in rolling direction

30 mm

0.3 and 7.5 (%/min)

total strain control, RE= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

-1
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g, N/mm?]
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/ SUS 316—8, 450 °C
200 | E=135300 N/mm? —— = cyclic .
100 / K'=2541 N/mm® —-— = incremental
n'= 0,326 —— = monotonic
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C \\\ ‘*zti_\“ 7
B \\ \ :
I T

10—2 oLt I EEN 11 till ] L l\L\HLl Ll 1 liill AL LIl
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PSWT [N/mm?]

T TTTTIT T TTTIT7 T T T110 T T 1711000 T I 1117100 lollllllll T T 17 T
- SUS 316—B, 450 °C :
L \‘\ 3 exp. results
100+ |
102 L1 Lirin I N eIl L L1 i 1 III‘II\I.‘ L1 1Ll |
10 10° 10 10" 10 10° 10 10°
N

Material : SUS 316-B, 450°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I Pal | [MPa] | [%] 1 1
| 1.0000 | 476.3 | 0.0 | o0.9%00 | 569.0 |
| 2.0000 | 448.8 | 0.0 | 0.7600 | 634.0 |
| 3.0000 | 350.2 | 0.0 | o0.5000 | 2475.0 !



X 5 CrNiMo 18 10

1.4401 SUS 316-HP

Heat treatment
Test temperature

Semifinished material

Reference
Year

: hot rolled, 1100°C/30’ water

Chemical composition

[ Si Mn

P s

: +500°C
: plate, 24x2300x5600 mm
[4.2]
1979
Ni Cr Mo Cu

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31

Mopotonic properties

E = 178000
0.2 = 178
R, = 493
Ag = 41
z = 62

Cyclic properties

Rp0.2 = 349
% = 192
&y = 0.122
N = 5895
T, = 1.116

o = 1.295

2
2
2

N/mm
N/mm
N/mm
%
%

N/mm?
N/mm?
%

cycles

Incremental step test

Failure criterion

o/e-values valid for

Remarks

¢ 25% decrease in

ha
: Yo

K =
a =
of = 990
ef =
k' = 1406
2= 0.224
o'y = 891
'y = 0.127
b = -0.101
¢ = -0.446
K =
n' =

1f life until complete spec. rupture

ung’s modulus estimated

Ti Nb4Ta

0.03 0.001

N/mm?

the max. tensile load of N/2

Hardness

Microstructure

Monotonic 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

VWaveform

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 mm

total strain control, RE= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
13 mm

servohydraulic, max. 50 kN

6 (%/min)

triangular

081
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a, N/mm?]

600

—————
-

-
-

-
-
-
-
-

ro
500 —
o]
| /
I 9/3
300

200 / SUS 316—HP, 500 °C

£=178000 N/nm® —— = cyclic

100 K'=1406 N/mm®  —.— = incremental[]

n'= 0,224 -—— = monhotonic
O i " " 1 1| L M 1 P DY P 1 2 N L ) I L n
0 0,5 1 1,5 2 2,5
g, 7
g, 7
101 E DR R BLILLLL) IRALLLLL LIBLILBLE AL T T TITIIOf T TTITO0 I lolllllll T T TTIT
c SUS 316—HP, 500 C -
ke 0,=891 N/mm’ =-0,1009 H
SN £'= 0,1274 =—0,4462 I
100 \:& 7 exp. results
: g\l\?\ E
ol NS
i ]
| ~\\ -
10_2 L1 11l L1 1 it Pl 441 11 1 hilg L4 111 :\L\NJU Ld.l bl
10 10° 10° 10* 10° 10° 10 10°
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PSWT [N/mm?]

LI BLBLRAILL T TTTiT T rrnn T TTTITI] T TTTITI T lolllllll L YTI1TTgr
N SUS 316—HP, 500 C
= -
b 7 exp. results L

\\

\\
\\
~ \

| i
L Tk i
L ~~"“~__ i

1§ 11g L1t 1 1 1i1e1l L) i L1y [N L1 1 11itl

] 2 4 5 6 vi 8
10 10 10 10 10 10 10 10
N

Material : SUS 316-HP, 500°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| | amplitude | | amplitude | failure |

] ] [MPa} | [MPa} ] [%) ] ]

| 1.0000 | 519.0 | 0.0 I 1.5500 | 117.0 |

I 2.0000 | 476.5 | 0.0 ] 0.9200 | 280.0 |

| 3.0000 | 431.5 | 0.0 | 0.6950 | 812.0 |

| 4.0000 | 363.0 | 0.0 | o0.5100 | 2400.0 |

| 5.0000 | 339.5 | 0.0 1 0.4000 | 5720.0 |

| 6.0000 | 314.5 | 0.0 ] 0.3200 | 10041.0 |

I 7.0000 | 314.5 | 0.0 ' 0.2750 | 28662.0 |




X 5 CrNiMo 18 10

1.4401 SUS 316-HP

Heat treatment

Test temperature H
Semifinished material
Reference
Year

Chemical composition

c Si Mn P S

hot rolled, 1100°C/30’ water

+500°C
plate, 24x2300x5600 mm
[4.21
1979
Ni €t 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

Monotonic properties

E = 178000 N/mn?
= 2
Rpo.2 = 178 N/mm
R, = 493 N/mm?
AS = 41 %
z = 62 %
Cyclic properties
- 2
Rig.2 = 390  N/om
% = 260 N/mm2
Eg = 0.161 %
Ny = 2733  cycles
Ty = 1.279 -
LI 1722 -
Incremental step test
Failure criterion : 258
o/e-values valid for : ha
Remarks : Yo

v = -
k= N/mm?
a = _
op = 990  N/mm?
g = -
K = 1155 N/mm?
= 0.175 -
o'y = 696 N/mm?
ely = 0.078 -
b =  -0,065 -
¢ =  -0.413 -
k' = N/mm2
n’ = -

% decrease in the max. tensile load of N/2
1f life until complete spec. rupture

ung’s modulus estimated

Hardness

Microstructure

Monotonic test

Loading condition
Specimen

Specimen location
Gauge length
Testing machine

Strain rate :

Cvclic test

Loading condition :
Specimen
Surface
Specimen location :
Gauge length H
Testing machine
Frequency

Strain rate

Waveform

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

total strain control, R,=-1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
13 mm

servohydraulic, max. 50 kN

0.6 (%/min)

triangular

€81
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g, [N/mm*]
600 —
o_..-==="7
L ////)?///’///
400 P al

300

200 /
100

SUS 316—HP, 500 °C
E=178000 N/mm®
K'=155 N/mm® -

—— = cyclic

— = incremental||

n'= 0,175 —— = monotonic
0 P L T L 1 2. 1 " T M 1 2 Iy L
0 0,5 1 15 2 2,5
€, [7]
g, [
10’ - T TTTTHT T TTTTI T T TTTHT I T TTITIY T TIT000 1 Iolllllll T IIIII_
u SUS 316—HP, 500 C o
C 0,=696 N/mm’ =—0,0649 i
N £/= 0,0782 c=—0,4129 i
NN 6 exp. results
0 T A s
10 E ~L N E
: ‘\\\\\‘1\3\2;\\\tr~ b
P~ ——— ~ 8 g 8
- - ]TImeeel | .
--_::::===““
-1 -
10 E \R p=|
C ]
. -
- ‘~\ 4
10_2 [N Lt Lol 1t 111l L1 L1y 1 3 14111l l\\l\hu‘u e L LA
10 10° 10 10* 10° 10° 10 10°

N



PSWT N/mm?]

LILLRLAL T

T Illllm rrrrm LT 11T T T TTII0 T T TTTITY L T ITTI0
- SUS 316—HP, 500 °C H
r
L 6 exp. results 1
e
\N
\N
N~ €
L 5 ]
o (o] S 4
o & B
Sy
— ~~~~~=
1 4 L1 1 1311kl L1 1idill 1t 1ai L1 L1 Lt 111 £ 1 1aslL
J 2 & S 6 7 8
10 10 10 10 10 10 10 10
N

Material : SUS 316-HP, 500°C

+ + + + + +

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| | amplitude | | amplitude | failure |

| |  [Pa1 | [MPal | %1 | |

I 1.0000 | 519.0 | 0.0 I 1.1000 | 199.0 |

| 2.0000 | 452.0 | 0.0 | o.7000 | 609.0 |

| 3.0000 | 402.0 | 0.0 I o0.5150 | 1045.0 |

| 4.0000 | 368.0 | 0.0 | o0.4050 | 1940.0 |

! 5.0000 | 355.0 | 0.0 l  0.3500 | 6198.0

| 6.0000 | 367.5 | 0.0 I 0.2950 | 41083.0

185



X 5 CrNiMo 18 10

1.4401 SUS 316-HP

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

o Si Mn P

hot rolled, 1100°C/30° water

+500°C
: plate, 24x2300x5600 mm
[4.2]
1979
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

Monotonic proverties

E = 178000 N/mm? v = _

Ryg.2 = 178 N/mn® E = N/mm?

R, = 493 N/mm? n = -

Ay = “a s o = 990 N/am?

z = 62 % ep = -

Cyclic properties

Rpo.2 = 436 N/ma® g = 1405 N/mn?

oy = 234 N/mm? a2 = 0.185 -

5 = 0.138 % o'y = 811 N/um?

Np = 555 cycles ely = 0.062 -

T, = 1.227 - b =  -0.082 -

T, = 1.696 - ¢ = -0.454 -

Incremental step test X' = N/mm2
n' = -

Failure criterion
o/e—values valid for

Remarks

25% decrease in the max. tensile load of N/2

half life until complete spec. rupture

: Young's modulns estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

total strain control, R=-1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
13 mm

servohydraulic, max. 50 kN

0.06 (%/min)

triangular

981



g, [N/mm*]

300

800

700

600

—————
-

———

500

-
-
-

400 /
300

/ SUS 316—HP, 500 °C I
200 E=178000 N/mm® —— = cyclic n
100 L/ K'=1409 N/mm® —-— = incremental
n'= 0,189 —— = monotonic
0 n 1 PO N N N 1 1 M N N N )| I FU 1
0 0.5 1 15 2 2.5
g, 7
g,
101 F T TTTTIw LA RLLL T rrram T TTITTIOI T T 11T T IOIIII”I I lll[[‘J
- SUS 316—HP, 500 "C i
r g,/=81 N/mm’  b=-0,0819 i
L £,= 0,0618 =—0,4537 K
BN 3 exp. results
0 ~ ~
10— -
;- Q\O\Q ]
I N e _
107 \q‘ N et
F .
- \\\ -
10—2 i 1 11411 111 L1 1 el L l\l\l\NLl ol LULLL Lo L ob LU
10 10° 10 10° 10° 10° 10 10°

N
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PSWT [N/mm®]

10

3463.0 |

T TTTITT LI ARLLL T TTT1I T T TTTII T _TITIOIN )| ]Olllllll T T ITITIT
- SUS 316—HP, 500 "C H
- H
L 3 exp. results 1
.
\\\\
S‘
= ~, -
L o \Q -
I - S )
L Te- Poman .
JE RN 1111l 11111 L1 1 Litl L1 beiill L1 1t111 P 1 1101
J 2 4 5 (] 7 8
10 10 10° 10 10 10 10 10
N
Material : SUS 316-HP, 500°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
] | [MPal | [MPa] ] %] ] ]
I 1.0000 | 535.5 | 0.0 | o.8600 | 119.0
| 2.0000 | 424.5 | 0.0 | o0.4450 | 622.0
| 3.0000 | 406.0 | 0.0 0.3500

+



X 5 CrNiMo 18 10 1.4401 SUS 316-B

Heat treatment : 1075°C/30’ water, 1100°C/1h water
Test temperature : +600°C

Semifinished material : bar, 9 22 mm

Reference : [4.1]

Year 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

Honotopic_properties

E = 167000 N/mm? voo= -

L 114  N/mn? E = N/mm?

R, = 405  N/mm? » = -

Ay = 48 % o = N/mw?

Z = 71 % e = -

Cyclic properties

Rio. = 307  N/mm? k' = 1104 N/mm?

o = 153 N/mn? n = 0.206 -

o = 0.099 % o'y = 850 N/mm?

NT = 5111 cycles e’f = 0.282 -

T, = 1.001 - b =  -0.113 -

T, = 1.187 - ¢ = -0,548 -

Incremental step test : K’ = N/mm2
n’ = _

Failure criterion : complete rupture
o/e-values valid for : half failure life

Remarks 1 Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

: cylindrical, ¢ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

: cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

681



190
g, [N/mm?*]

600

500

------

400

300 //////
200 SUS 316—B, 600 °C
I E=167000 N/mm? ——

cyclic

100 L K'=1104 N/mm® —-— = incremental ]|
n'= 0,206 —— = monotonic
O n N s " 1 N 2 . L 1 1 N N 1 T 1 n 2 ) 1 1 N 1 1
0 0,5 1 15 2 2,5
€, =
€, &l
‘]O’ E T TTTTIT LR SLILLEL] T TTTTHAT 5
c SUS 316—8, 600 "C
- 0,=850 N/mm’  b=-01127
L \\‘\ﬁ £)= 0,2823 c=-0,5476
5 exp. results
0
10 - L-% —
T R ]
= ~ﬁ©-9~&~_°~1\:-~~~*x_\\~ _
Cr1 \+\ ~~~~~ ::::~~J N
! ot S . 7
a T —
L \‘\\ 4
‘]O_z L L 1 Jaite 1 111 | RNt Lo L. lll\n Lo dlllt el L LY
10 10° 10 10° 10° 10° 10 10°

N
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PSWT [N/mm?]

LI SLLLR AL T T TTTIT T TTTIT T 11700 T TTITIOT lollllllll T T TTITI0Y
- SUS 3168, 600 C H
L‘\ 5 exp. results ]

TOE \ E

L 4. 4
.
L .~ 4
.
™~
- ~‘~,‘~ i
~eeL
~.
~<l
~~.

‘]Oz L1 1aity 1 L 11blil L Ll 1. 11i1d 1l L1 1l 1 ITTHU
3 2 3 4 5 6 7 8
10 10 10 10 10 10 10 10

Material : SUS 316-B, 600°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | [mpal | [MPa] | [%] | |
! 1.0000 | 470.9 | 0.0 ! 2.0000 | 86.0 |
| 2.0000 | 428.2 | 0.0 | 1.2450 | 197.0 |
| 3.0000 | 401.2 | 0.0 1 0.9800 | 446.0 |
| 4.0000 | 388.0 | 0.0 ! o0.7400 | 767.0 |
[ s5.0000 | 322.3 | 0.0 | o0.4850 | 2045.0 |



X 5 CrNiMo 18 10

1.4401

SUS 316-B

Heat treatment
Test temperature

Semifinished material

Reference
Year

Chemical composition

[ Si Mn

P

1050°¢/30' water

1 +600°C
: bar, 9 22 mm
[4.11
1 1977
Ni Cr

s

0.081 0.52 1.60 0.027 0.006 10.15 16.73

Monotonic properties

N/mn?

Cu Ti Nb+Ta

2.18 0.088 0.033 0.032

E = 170000 \ = -

Ry0.2 = 135 N/mn? k= N/mn?

Ry = 481 N/mm? n = -

Ay = YR of = N/ma?

z = 70 % ep = -

Cyclic properties

Rig.g = 287  N/mn? £ = 1995  N/mn?

o = 103 N/mm? 2= 0.312 -

&g < 0.069 % o'y = 1396 N/mn?

Np = 8265 cycles e’y = 0,280 -

T, = 1.037 -~ b = -0.172 -

TEp = 1.175 - c = -0.535 -

Incremental step test : K’ = N/mm2
n'! = ~

Failure criterion : complete rupture

o/e-values valid for : half failure life

Remarks : Young’s modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 6 mm

in rolling direction

0.3 and 7.5 (%/min)

total strain control, Rs
cylindrical, @ € om
mechanically polished

in rolling direction

servohydraulic, max.

61
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g, N/mm*)

S00
L

800

700

600 b———m ——————————————————————==

so0 fbor ot — L L=

300 u

SUS 316—B, 600 °C

200 £=170000 N/mm® —— = cyclic H
X

100 [ K'=1995 N/mm’ —-— = incremental

n'= 0,312 —— = monotonic
o) N N N 2 1 N n PR | — 2 " T ) I - )| X 1 N N
0 0,5 1 1.5 2 2,5
g, ()

£, A

101 - LRLALAL T vvrrro T TT7TT T 1T TITTO0 T T TTITIOY Iollllllll 1 lllllf
E SUS 316—B, 600 °C :
RN 0,=1396 N/mm® b=—0,1717 1
N g'= 0,2802 c=—0,5352 i

100 .\?\\E\E 6 exp. results
& h\\\ :
- ‘~-_~~‘ 4
: . \N "\\\\\ |

10 E = ~:\\ == E
: \\ \~=..=:==t\\3
b= “\‘ i

10_2 -} llllLJ: I N L L1l il P 1 ll;l_l:~\ VN Sl L1l

10 10° 10 10° 10° 10° 10 10°

N
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PSWT [N/mm?]

10

rlllllﬂ] LR A RALL LIRS ALLL T T TIIIOY T T TTITIOf Iol TITIIT T _TTITTI
| L
SUS 316—8, 600 C
- H
N
\\
AN 6 exp. results
N
\\
N\
~
‘\
N
N
\\
~, -
- -4
| ~ E
L) 11l BRI [ EEET I NI} L4 1 iaiet \I\illllll L1 11
1 2 3 4 S 6 7
10 10 10 10 10 10 10
N
Material : SUS 316-B, 600°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| amplitude | | amplitude | failure |
| I mpay] | [MPa] | [%] ! |
| 2.0000 | 427.2 | 0.0 | o0.9950 | 422.0
| 1.0000 | 426.2 | 0.0 l  1.0000 | 481.0 |
| 3.0000 | 391.4 | 0.0 | 0.7200 | 917.0 |
| 4.0000 | 327.6 | 0.0 | o0.5050 | 2168.0 |
! s5.0000 | 328.1 | 0.0 | o0.4850 | 2224.0
1 6.0000 | 270.8 | 0.0 ! 0.3350 |1 7237.0




X 5 CrNiMo 18 10

1.4401 SUS 316-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

[ $i Mn P

0.075 0.77 1.49 0.030 0.009 10.02 16.45

Monotonic properties

1075°C/30" water, 1100°C/1h water
: +600°C

: bar, 9 22 mm
[4.1]1
+ 1977
s Ni Cr Mo Cu Ti Nb+Ta

E = 167000 N/mm? voo= -

0.2 114 N/ma? kK = N/zm?

R, = 405 N/mm? n = -

Ay = 8 % op = N/mm?

z = 1% ep = -

Cyclic proverties

Rig.p = 318 N/mm? | SO 1063 N/mm?

. 168 N/mm? 2 = 0.194 -

6 = 0.108 % o'p. = 755 N/mm?

Np = 3611 cycles e'y = 0.179 -

T, = 1.09 - b =  -0.099 -

T, = 1.252 - ¢ = -0.513 -

Incremental step test : K' = N/mm2
n' = -

Failure criterion
a/e-values valid for

Remarks

: complete rupture
¢ half failure life

: Young’s modulus estimated

2.09 0.18 0.040 0.098

Hardness

Microstructure

Monotonic test

Loading condition

Specimen

: cylindrical, @ 10 mm

Specimen location

: 50 mm

Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition

Specimen

Surface

in rolling direction

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, @ 6 mm

: mechanically polished

Specimen location

: 15 mm

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

in rolling direction

servohydraulic, max. 50 kN

4.0 (%/min)

triangular

G61
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g, [N/mm?]

600

500 -

————

-
-
——"

-

400 e I

300 /
200

SUS 316—B, 600 °C
E=167000 N/mm’ — = cyclic
100 K'=1063 N/mm® —-— = incrementall]
[ n'= 0,194 —~— = monotonic
0 " " " 1 I N 1 N M 1 n ) I 1 T 1 X n 21 ) 1
0 0.5 1 1,5 2
£,
£, [
101 o T ryrrm LR BLLALLRAL T TTTTTT T T TTITIY I T TTITIOY Iollllllll T T TTTT
- SUS 316—8, 600 'C
P 0,/=755 N/mm®  b=-0,0987
L, £,= 0,1792 c=—0,5129
\\:\\ 5 exp. results
10° % :
i ~~~~~~~ ‘-e\_\’o\\ A
Sy oS
10_1 E by ————— - "'""\N
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PSWT [N/mm?]

T T llllm T TTTTITT T TTTTIT T TTTTII0 T T TTIOI0Y ]ol TITHIT T TTITIT

- SUS 316—B, 600 °C

i S exp. results
10

I .. ]
102 1t 111 L1 11l 11ty AR | ETE L1 by 1 1LL~11-1.

10 10° 10 10* 10° 10° 10 10°
N

Material : SUS 316-B, 600°C

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

| 1.0000 | 410.5 | 0.0 | 0.9950 | 230.0

| 2.0000 | 338.9 | 0.0 | 0.5000 | 1528.0

| 3.0000 | 312.0 | 0.0 |  0.3450 | 6369.0 |
| 4.0000 | 284.0 | 0.0 |  o0.2800 | 9888.0 |
| s.0000 | 267.3 | 0.0 | 0.2500 | |

12933.0




X 5 CrNiMo 18 10

1.4401 SUS 316-B

Heat treatment

Test temperature : +600°C
Semifinished material : bar, § 22 om
Reference : [4.1]
Year 1977
Chemical composition
C Si I'n P & Ni Cr Mo Cu
0.081 0.52 1.60 0,027 0.006 10.15 16.73 2.18 0.088 0.
Monotonic_properties
E = 170000 N/mm? voo=
- 2 -
RpO.Z = 135 N/mm K =
R, = 481 N/ma? n o=
Ag = 44 % oy =
z = 70 % ep =
Cyclic properties
Rig.z = 328 N/mm? K = 1147
,
o = 146 N/mm? 2 = 0,202
€ = 0.089 % o'y = 925
Np = 2760 cycles 'y = 0.345
Tc = 1.038 - b = -0.122
Tep = 1.091 - < = -0.603
Incremental step test : XK' =
n’ =

Failure criterion
o/e-values valid for

Remarks

1050°C/30" water

complete rupture

: balf failure life

: Young's modulus estimated

Ti Nb+Ta

033 0.032

N/mm2

N/mn?

N/mm?

Hardness

Microstructure

Monotonic test

Loading condition :
Specimen

Specimen location :
Gauge length
Testing machine

Strain rate

Cyvelic test

Loading condition :
Specimen

Surface

Specimen location :
Gauge length H
Testing machine
Frequency

Strain rate

VWaveform

Remarks

cylindrical, @ 6 mm
in rolling direction

30 mm

0.3 and 7.5 (%/min)

total strain control, R=-1
cylindrical, @ 6 mm
mechanically polished

in rolling direction

15 mm

servohydraulic, max. 50 kN

4.0 (%/min)

triangular

861
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g, [N/mm?]

600

————

500

-
-

-
400 7

| //

200
SUS 316—B, 600 °C
E=170000 N/mm® —— = cyclic
100 K'=1147 N/mm’ —-— = incremental
n'= 0,202 —— = monotonic
O n 2 n i I 1 N M I T n PRI T L n PR
0 0,5 1 1,5 2 2,5
g, =
£ [#]
10‘ :' T T TTIrm RELRRLLL T T TITO T T TITITT L T TTITHT IO[HIH” l]l”lg
E SUS 316—B, 600 "C n
" Q*% 0,'=925 N/mm® b=—0,1216 N
L TN £'= 0,3454 c=-0,6033 |
o L \s\:\ 3 exp. results l
- ) \\ ]
| "0\ ~~‘\~ |
10" E W T ] 3
- * ~ -
“O—Z [ RN L1 1 hhnne 1o 1L o l\\l\LLILI Ll Ll ol L LI
10 10° 10° 10" 10° 10° 10 10

N
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PSWT N/mm?]

T TTTII LILLBLLLLL IR ARLLL T T TTIIIOf L T TTTIIN lol 1 TTITIY L TTTITIN

- SUS 316—8, 600 C ¥
:‘\ 3 exp. results i

10° | > \ .
L \\.\ 4

102 L L 1iit) i L 11118l 1.0 111l o1y 11 1 Iiiy 11 lllll~l~~~l~f£lllll

10 10° 10° 10° 10° 10° 10 10°
N

Material : SUS 316-B, 600°C

Mean stress | Strain | Cycles to

| Spec. no. | Stress | |
| | amplitude | | amplitude | failure |
| | [Mpal | [MPa] | [%] |
| 1.0000 | 426.2 | 0.0 | 1.0000 | 280.0 |
| 2.0000 | 356.6 | 0.0 Il o0.5050 | 1402.0 |
Il 3.0000 | 293.3 | 0.0 |

0.2900 | 6030.0 |




X 5 CrNiMo 18 10

1.4401 SUS 316-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical g¢omposition
c Si Man P

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0.18 0.040 0.098

Monotonic_properties

1075°C/30’ water, 1100°C/1h water
: +600°C
: bar, § 22 mm

[4.11

1977

S Ni Cr Mo Cu Ti Nb+Ta

E = 167000 N/mm? vooo= -
Ryg. = 114 N/mm? E = N/mm?
R, = 405  N/mm? n = -
Ay = 8 % o = N/mm?
z - 71 % e = -
Cyclic properties
Rig.g = 323 N/mm? k' = 799 N/mn?
o = 183 N/mm? = 0.146 -
g = 0113 % o'y = 601  N/mn?
Ny = 1524 cycles e'y = 0.139 -
T, = 1.023 - b =  -~0.078 -~

o = 1.209 - ¢ = -0.534 -
Tncremental step test : K' = N/mm2

Failure criterion
o/e-values valid for

Remarks

: complete rupture
: half failure life

: Young’s modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

: cylindrical, @ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min}

total strain control, Rz= -1

: cylindrical, 6 mm
: mechanically polished

in rolling direction
15 mm
servohydraunlic, max. 50 kN

0.40 (%/min)

triangular

102
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O, N/mm’]

600

500

e ——

Lo ==

300 /

200
SUS 316—B, 600 °C
| E=167000 N/mm® —— = cyclic
100 K'=799 N/mm’ —-— = incremental
f n'= 0,146 —— = monotonic
O 1 I N n 1 N T T 1 L " L
0 0,5 1 15 2 2,5
g, 7
g, 7
1d t T T T T T TTTT] T TTTTIT T T TTTIII T T TTTTIT %TIHHH IIIHIf
E SUS 316—8, 600 "C H
- 0,=601 N/mm® =—0,0785 M
AN g/= 01388 =-0,5336 i
N 5 exp. results
100 : \\\ .
LT M‘%g :~“~~-\_ i
1Cr1 I I I - N N i ‘Hﬂﬂnuu‘;_
: E
10—2 L LLalet 1111t L1 L1l L1 bt 7I\Td.ll_lj_l DL LIy S J L LILL
10 10° 10 10" 10° 10° 10 10°



PSWT [N/mm?]

T TTTITI L ELRLLIL T TTTT1m T T TTITOT T TI1ITT07 Iollllllll T TTTIT
SUS 316—B, 600 C
L 5 exp. results
N
\\
~
3 s
~
‘]O - \\ -1
C ]
r \QS\O\ i
L ~\"*~_ - ~
']Oz 1L 118l /N EEETT) 1t L IR R 11 P11 11 iinih [ N
1 2 3 4 5 6 7
10 10 10 10 10 10 10
N
Material : SUS 316-B, 600°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| 1 [Mpal | [MPa] | [%] | 1
| 1.0000 | 392.4 | 0.0 | 1.0100 | 114.0 |
| 2.0000 | 345.8 | 0.0 l  o0.5050 | 585.0 |
[ 3.0000 | 318.8 | 0.0 | o0.4000 | 1560.0 |
| 4.0000 | 316.4 | 0.0 1 0.3500 | 2109.0 |
[ s5.0000 | 295.8 | 0.0 | 0.2900 | 3872.0 |

10°
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X 5 CrNiMo 18 10 1.4401 SUS 316~B
Heat treatment 1 1050°C/30" water

Test temperature : +600°C

Semifinished material : bar, 9 22 mm

Reference : [4.1]

Year 1 1977

Chemical composition

C RE 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 = 170000 N/mm® v o= -

Ryo.2 = 135 N/mm? | S N/mm?

Ry = 481 N/mn? o = -

Ay = 44 % o = N/om?

z = 70 % eg = -

Cyclic properties

Rio.2 = 332 N/mn? K = 778 N/mm?

o = 221 N/mm? a2 = 0.137 -

6, = 0137 % oty = 579 N/mm?

Np = 2997 cycles ey = 0.170 -

T, = 1.146 - b = -0.063 -

T = 1.396 - ¢ = -0.513 -

Incremental step test : K’ = N/mm2
n' = -

Failure criterion : complete rupture

o/e¢-values valid for : half failure life

Remarks : Young's moduius estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 6 mm
in rolling direction

30 mm

0.3 and 7.5 (%/min)

total strain control, R,= -1

cylindrical, ¢ 6 mm

: mechanically polished

in rolling direction
15 om

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

08



205

O'u [N/mm?]

600
L

500

400 o 6”’
I /J

300

200 |

SUS 316—B, 600 °C

| E=170000 N/mm? —— = cyclic

100 K'=778 N/mm* —-— = incremental|]
I n'= 0,137 —— = monotonic

o " n n n T 1 ) I ' 1 I 1 L P S T N n
0 0,5 1 15 2 2.5
g [

E [

10’ F T T TTTTI LILLBLLLLL T - TTTINT T TITTTO0 T T TITINAY rollllllll T llllli
- SUS 316—B, 600 C -
- 0,'=579 N/mm®  b=-0,0635 [
RN £'= 0,1704 =-0,5132 |

\\‘;\ 7 exp. results
100 NN

B

J N L1l

-
- -

————d -~

- =

10—1 F = AN - 3
10-2 11 1ein §oenn Pt 1l L4 briane [ lLl\l\l oLt L1l Ll Ll LLLl
10 10° 10° 10" 10° 10° 10 10°

N
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PSWT [N/mm]

T TTTITH LR B BALL] T TT1T7n L T TTITI} T T 1111100 Iollllllll T T ITITT
- SUS 316—B, 600 °C -
L 7 exp. results J
L\\\
\\
\\\
3
10" | *a ]
b .|
O -
- ~~s~\‘ -
102 J L Lt t111tl 1t 11t Lol L Jdanl Lol riJaul s RN
\] 2 4 5 1 7 8
10 10 10 10 10 10 10 10

N

Material : SUS 316-B, 600°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
l l amplitude | l amplitude | failure |
] ! MPal | [MPa] ! %] | |
| 2.0000 | 401.7 | 0.0 ! 1.0050 | 131.0 |
!} 1.0000 | 385.0 | 0.0 ! 1.0200 | 162.0 |
! 3.0000 | 396.8 | 0.0 1 0.7350 | 698.0 |
! 6.0000 | 353.6 | 0.0 |  0.4950 | 1229.0 |
! 4.0000 | 360.0 | 0.0 ! o0.5100 | 1318.0 |
! s5.0000 | 338.5 | 0.0 | o0.5000 | 1516.0 |
! 7.0000 | 320.3 | 0.0 I o0.3600 | 3292.0 |




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

Monotonic properties

E = 168500 N/mm? voo= -
LI 164  N/mm? K = N/mn?
R, = 449 N/mm? = -
Ay = a1 % og = 860  N/mm?
YA = 62 % B¢ = -

Cyclic_properties

f0.2 = 308 N/mm? k' = 1230 N/mm®
op = 182 N/mm? a2 = 0.223 -

6y = 0.126 % o'y = 681  N/mm?
Np = 6108 cycles 'y = 0.072 -
T, - 1.146 - b =  -0.087 -
T, = 1.554 - ¢ = -0.393 -

Incremental step test K’ = N/mm2
n' = -

Failure criterion 25% decrease in the max. tensile load of N/2
o/e-values valid for : half life until complete spec. rapture

Remarks : Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

c¢ylindrical, @ 10 mm
in rolling direction

50 mm

total strain control, Re= -1

c¢ylindrical, @ 6 mm

: mechanically polished

in rolling direction
13 mm

servohydraulic, max. 50 kN

6 (%/min)

triangular

L0%
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ag, [N/mm?*]

600

500

-
P
-

-
-
-
-
-

400 _-106

-

_____

300 | ‘9//

200 /{n

L SUS 316—HP, 600 °C
F=168500 N/mm’

— = cyclic

100 K'=1230 N/mm® —-— = incremental(]

I n'= 0,223 —— = monotonic
0 1 L L PN B n a1 ) n n 2 | 1
0 0.5 1 1,5 2 2,5
g, 7

g (%]

101 F T T TTTT0 T T TTTT0 T T TTTIT 1y T T TITIT 1 Iollllll'l 1 l'l'III_
E SUS 316—HP, 600 "C u
- 0,/=681 N/mm®  b=-0,0869 i
;::\ €= 0,079 c=-0,3927 4

10 \:::\n 7 exp. results
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1§ 4 141
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PSWT IN/mm®]
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- SUS 316—HP, 600 °C
R 7 exp. results i
e

\\\

\\
- N .
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- o
- -
L '\\ -
N

L1111 1 Ll L1 1isnl | I S L1 1ain L1 11l BN

] 2 ) 3 6 7 8
10 10 10 10 10 10 10 10
N

Material : SUS 316-HP, 600°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| | amplitude | | amplitude | failure |

] | pal | [MPa] | %] | ]

| 1.0000 | 412.0 | 0.0 | 1.0450 | 186.0

| 2.0000 | 391.0 | 0.0 | 0.7700 | 474.0

| 3.0000 | 353.0 | 0.0 | o0.5550 | 956.0 |

| 4.0000 | 315.0 | 0.0 |  0.3850 | 2377.0

| 5.0000 | 297.0 | 0.0 |  o0.3500 | 5247.0 |

| 6.0000 | 264.0 | 0.0 | o0.2900 | 13240.0

I 7.0000 | 275.5 | 0.0 | o0.2650 | 41100.0
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X 5 CrNiMo 18 10

1.4401 SUs 3

16-HP

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

[o} Si Mn P

: hot rolled, 1100°C/30" water

1 +600°C
: plate, 24x2300x5600 mm
: [4.2)
1979
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

Monotonic properties

E = 168500 N/mm? I -
Ryo.2 = 164  N/mm? X = N/mm?
R, = 449 N/mm? n = -
Ay = a % oy = 630  N/mn?
b4 = 62 % ep = -
Cyclic properties
502 306  N/mm® k' = 1262 N/mm?
op = 185 N/um? 2 = 0.228 -
gy = 0132 % o'y = 615 N/mn?
Np = 4740  cycles ey = 0.041 -
T, = 1.089 - b = -0.079 -
T, = 1,471 - ¢ = ~0.343 -
Incremental step test K’ = N/mm2
n‘ = -

Failure criterion
o/e~values valid for

Remarks

25% decrease in the max.

: half life until complete

: Young’'s modulus estimated

tensile load of N/2

spec. rupture

Hardness

Microstructure

Mopotonic _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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

total strain control, Rs: -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
13 mm

servohydraulic, max. 50 kN

0.6 (®/min)

triangular

013
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g, [N/mm?®]

600

s00 oot 4 L dee==mTT

g
-
-
-

400

[s) W
] /
300 f

200 SUS 316—HP, 600 °C
[ / =168500 N/mm’ —— = cyclic
100 K'=1262 N/mm?® —-— = incremental
n'= 0,228 —— = monotonic
0 n " A 1 1 1 I L 1. T n L M 1 M ) I I T n n 1 2
0 0,5 1 1,5 2 2,5
£, 7]
£,
10‘ L T T TTI T TTTIT T T TV T TTT T L TITHN T Ty L TTTITT
F SUS 316—HP, 600 °C i
C =615 Nfmm?  b=—0,0792 -
i £= 0,0409 c=—0,3432 i
. ::::\\ 7 exp. results
10 S~
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PSWT N/mm"]

10

10°

r’“T‘ﬁ’T11TnT LI ALLLLL T T Vi T LIIy T T 11 T T Iy T LTI
F SUS 316—HP, 600 °C
L i
L 7 exp. results I
= M -
- \KN\ -
- ~~~~~‘~~~_~ _J
P\ LIt L1 1t1in 14 111188 1 L1 L1LL 1 4 L1l 1 1 11l | EENIT
10 10° 10 10° 10° 10 10 10°
N
Material : SUS 316-HP, 600°C

Mean stress | Strain

Cycles to |

| Spec. no. Stress | |

| | amplitude | | amplitude | failure |
! | mral | [MPa] ! (%] !

| 1.0000 } 397.0 | 0.0 I 0.9700 | 114.0 |
| 2.0000 | 387.0 | 0.0 ! o0.6850 | 311.0 |
! 3.0000 | 340.5 | 0.¢ I o0.5150 | 378.0 |
| 4.0000 | 317.5 | 0.0 I o0.3950 | 1520.0 }
| 5.0000 | 306.5 | 0.0 I 0.3900 | 2488.0 |
| 6.0000 | 279.0 | 0.0 Il o0.3100 | 7864.0 |
I 7.0000 | 269.0 | 0.0 I o0.2750 | |

27212.0




X 5 CrNiMo 18 10

1.4401 SUS 316-HP

Heat treatment
Test temperature
Semifinished material

: hot rolled, 1100°C/30* water
: +600°C
: plate, 24x2300x5600 mm

Reference 14.2]
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

Monotonic properties

E = 168500 N/mn?
- 2
0.2 = 164  N/mm
R, = 449 N/mm*
Ay = a1 %
z = 62 %

Cyclic properties

» 2
Rp0.2 652 N/mm
o - 458 N/mm?
&g = 0.273 %

NT = 148 cycles
Ty = 1.016 -

Tep = 1.058 -
Incremental step test :
Failure criterion 1 25

o/e-values valid for : ha

Remarks : Yo

M -
K =
n =
op = 860
81- =
K’ = 991
2= 0.067
c’f = 869
e'p = 0.141
b = -0.042
c = ~0.624
g =
n’ =

% decrease in the max, tensile load of N/2

1f life until complete spec.

ung ‘s modulus estimated

rupture

Hardness

Microstructure

Monotonic test

Loading condition :
Specimen
Specimen location
Gauge length
Testing machine H

Strain rate

Cyclic test

Loading condition :
Specimen H
Surface H
Specimen location :
Gauge length :
Testing machine H
Frequency

Strain rate

VWaveform

Remarks

: cylindrical, @ 10 mm

in rolling direction

50 mm

total strain control, R€= -1
cylindrical, @ 6 mm
mechanically polished

in rolling direction

13 mm

servohydrauvlic, max. 50 kN

0.06 (%/min)

triangular

e1g
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g, [N/mm?]

200

800

700

a

600 /
500

400 //
300

/ SUS 316—HP, 600 °C I
200 F=168500 N/mm® —— = cyclic -
100 / K'=991 N/mm?® —-— = incremental
n'= 0,067 —— = monotonic
O 1 1 2 1 1 PR 1 n I N 1 1 1 1 1 1 L P 1
0 0,5 1 1,5 2 2,5
g, [
€ @
10‘ o T T TTT70 ILLRARLL R ELARALL L T TTIIII T T TTIITT 1 Lolllllll 11T =
- SUS 316—HP, 600 "C .
- 0,=869 N/mm® =—0,0422 i
£/= 0,1414 c=-0,6242 |
0 | NN 3 exp. results
10 - \\\ ™ 3
5--—_--::\&~~~ E
: O~ ~eatiny ::3---‘-.-_“ :
10—‘ - S 3
- \\\\ -
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PSWT N /mm?]
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5 SUS 316—HP, 600 "C
L X
| 3 exp. results i
.
\\
\\\
3 AN
10 o \G\\ .
L - ]
L J
102 R Ly [N 14 1) Lo L ) Lilt§ L1 1 11ill )L
\] 2 3 » 5 6 7
10 10 10 10 10 10 10 10
N
Material : SUS 316-HP, 600°C
| Spec. no. | Stress | Mean stress | Strain | cCycles to |
1 | amplitude | | amplitude | failure |
| 1 ral | [MPa] | (%] | |
1 1.0000 | 688.0 | 0.0 1 o.8300 | 137.0 |
| 2.0000 | 652.0 | 0.0 | o0.6050 | 411.0 |
1 3.0000 | 629.0 | 0.0 | 0.4850

1150.0 |
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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, 1100°C/1h water

: +700°C

: bar, @ 22 mm

: [4.1]

: 1977

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

Monotonic_ properties

E = 159000 N/mm? v o=

- 2 -
R0z = 113 N/um E =
R, = 313 N/mn? a =
As = 57 % Lrs =
z = 66 % e =

Cyclic properties

Rlg.p = 228 Njmm? K = 859
,

oy = 105 N/mm? 2 = 0.214
eg = 0.071 % o'g = 667
Np = 7283 cycles el = 0.308
Tc = 1.030 - b = -0,122
Tep = 1.123 - c = -0.569
Incremental step test : K’ =

n' =

Failure criterion
o/e-values valid for

Remarks

: complete rupture
: half failure life

: Young's modulus estimated

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

: cylindrical, @ 10 mm

Specimen location :

Gauge length
Testing machine

Strain rate

Cyclic_test

Loading condition :

Specimen

Surface

Specimen location
Gauge length
Testing machine
Frequency

Strain rate

Waveform

Remarks

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

: cylindrical, § 6 mm

mechanically polished
in rolling direction
15 mm

servohydraulic, max. 50 kN

: 40 (%/min)

triangular

91¢
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g, [N/mm*]

600

500
L

400 -

300 o

200 H

SUS 316—8, 700 °C
[ E=158000 N/mm® —— = cyclic
100 K'=859 N/mm® —-— = incrementall]
n'= 0,214 —— = monotonic
0 1 L 1 1 | IS i 1 ). I " I T X n I A 1 1 1 L 1
0 0,5 1 1,5 2 2,5
g, ]

€ @

101 F LI ALALRLL T TrIrmm LI ARLL T T TTTIT0 T T T TTITIY lollll”lr T [Ill[f
E\ SUS 316—8, 700 C u
N 0,/=667 N/mm®  b=-0,1216 i
N, £;= 0,3051 c=—0,5687 |

o i 5 exp. results
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PSWT [N/mm?]

T T TT17TITT T T TTTT0 T TTTIIT T TITITON IOIIIIIIII T T
- SUS 316—-B, 700 C
Y 5 exp. results
\\
Ay
Ay
Ay
\\
3 .
107 | < .
- \\ -
N
- ‘\\ 4
\\\
\\
b= \\\ -
\-
\\
oo
~d.
102 11111t L1 !t L& 1riinn Lt Ll L1 iinu ~~I‘l\llllll I RN R
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N

Material : SUS 316-B, 700°C

+

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I [Mral | [MPa] ] [%] | |
| 1.0000 | 321.3 | 0.0 | 1.2400 | 186.0 |
| 2.0000 | 3100 | 0.0 | o0.9800 | 299.0

| 3.0000 | 284.0 | 0.0 | 0.7450 | 610.0 |
| 4.0000 | 250.2 | 0.0 I o0.4850 | 1515.0 |
I s5.0000 | 237.9 | 0.0 | o0.3850 | 2419.0 |




X 5 CrNiMo 18 10

1.4401 SUS 316-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Si Mn P

0.081 0.52 1.60 0.027 0.006 10.15 16.73

Monotonic properties

1050°C/30* water

+700°C

bar, § 22 mm

14.1)

1977
s Ni cr Mo Cu

2 =

E = 168000 N/mm v =
- 2 -
Roo.2 = 114 Njmm k=
R, = 326 N/mm? n =
Asg = 43 % 6y =
z = 67 % g =
Cyclic properties
= 2 -
Réo_z = 234 N/ mm K: = 936
o = 106  N/mm? 2 = 0.223
6 = 0.069 % 6'p = 735
Np = 8902 cycles el = 0.359
TG = 1.101 - b = -0.127
Tsp = 1.204 - [ = -0.578
Incremental step test : K' =
n’ =

Failure criterion
o/e-values valid for

Remarks

complete rupture

half failure life

: Young's modulus estimated

Ti Nb+Ta

2.18 0.088 0.033 0.032

N/ma?

N/mm?

N/mm2

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen location :

Gange length
Testing machine

Strain rate

Cyclic test

Loading condition :

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

cylindrical, @ 6 mm
in rolling direction

30 mm

0.3 and 7.5 (%/min)

total strain control, Re: -1
cylindrical, @ 6 mm
mechanically polished

in rolling direction

15 mm

servohydraulic, max, 50 kN

40 (%/min)

triangular

61¢
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0, Nmm']
600
500
400
300 //00 ————————————
pa

100

200 SUS 316-8, 700 °C I
[ E=168000 N/mm’ —— = cyclic

K'=936 N/mm?* —-— = incremental|]

n'= 0,223 —— = monotonic
0 T 1 2 L 1 1 1 M 1 2 T N . PR | M n " L
0 0,5 1 1,5 2 2,5
£, 7]
£, 7]
1(:)‘ o T TTTIm T T TTTI T T TrTHY T TTHINOY T T TITITY IOIIIHI" 1 llll-
. SUS 316—8, 700 °C "
F N 0,=735 N/mm®  b=—0,1274 i
RN £'= 0,3592 =-0,5777 |
. RS 6 exp. results
= “”*m . ~‘~~~~~ -4
10—\ - .‘-::‘~ _:::~:~__~ 3
'-_' \\ h ~::==="'~1-\-‘ E
10—2 i 1 111n L 1 i1 I EREI} 11 k1l | I\I\Nu N RN L4 LtLl
10 10° 10 10" 10° 10 10 10°
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PSWT fN/mm?]

T TTTTiW LILBLRARLL LILRRALLL L T ITTITY T T TTITIT IOIFI]IIII I T1 T
- SUS 316—B, 700 °C I
- -
AN 6 exp. results 1
\\\
\\
\\

3 R

Ay
10 < ]

r7TTT
L1 1

T
L

Se

2 L1t L1 1inn BN EEEIT) 1 1 )itin L1t T‘hllllll Liin
10

10 10° 10° 10* 10° 10 10 10°
N

Material : SUS 316-B, 700°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| 1 [Mpal | [MPa] | [%] ! I
I 1.0000 | 319.3 | 0.0 | 1.0300 | 308.0 |
| 2.0000 1 311.0 | 0.0 |  0.9800 | 351.0 |
| 3.0000 | 302.6 | 0.0 I 0.7300 | 817.0
| 4.0000 | 267.8 | 0.0 1 o0.5050 | 1658.0
| 5.0000 | 231.5 | 0.0 | 0.3400 | 3394.0
| 6.0000 | 223.3 | 0.0 ! 0.3000 | 5617.0




X 5 CrNiMo 18 10

1.4401 SUS 316-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

c Si ¥n P

0.075 0.77 1.49 0.030 0.009 10.02 16.45

Monotonic properties

1075°C/30* water, 1100°C/1h water

: +700°C
bar, 9 22 mm
[4.11
1977
s Ni Cr Mo Cu

E = 159000 N/mm® v =

2 -
Ry0.2 113 N/mm E =
R, - 313 N/mn? n =
Ay = 57 % op =
Z = 66 % ep =

Cyelic properties

Rig.p = 224 N/mm? £o- 573
o, = 128 N/mm? A = 0.152
£y = 0.086 % o'y = 467
Nt = 5997 cycles e'y = 0.262
Tq = 1.073 - b = -0.085
Ttp = 1.093 - c = -0.563
Incremental step test K’ =

n' =

Failure criterion
a/e~values valid for

Remarks

complete rupture

half failure life

: Young's modulus estimated

Ti Nb+Ta

2.09 0.18 0.040 0.098

N/mm?

N/mm

N/mm?

N/mm?

Hardness

Microstructure

Monotonic 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

Remarks

c¢ylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Rt= -1

cylindrical, ¢ ¢ mm

: mechanically polished

in rolling direction
15 mm

servobydraulic, max. 50 kN

4.0 (%/min)

triangular

444



O'u N/mm?]

600

500

400

300

]

———

200

| SUS 316—B, 700 °C
B=159000 N/mm® —— = cyclic
100 K'=573 N/mm? —-— = incrementd
n'= 0,152 —— = monotonic
O i 1 1 n 1 2 ) 1 N N L . T I ). I
o} 0,5 1 1,5 2 2,5
£, ]

£, Bl

101 F T T TTTI IERERRLLL LLELRRELL T TTTTIC T TTTTTr lOIlIlll[l I T IIII_
F SUS 316—B, 700 "C H
C i
RN 0,/=467 N/mm'  b=-0,0852 i
LNy £,= 0,2616 c=—0,5631 I

N S exp. results
0 AR

10" E : -
g \\ 1
- u
- i
Fommeeal ] - ~Ne B

S —

107 R |
t I :

10_2 L1 {i1ih L1 1} L3 iy L1l 1 I\I\N Lt illl Ao
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PSWT IN/mm?]

T 1T T rorrnm LR ALLL T 1T TT300Y T TTiImy T T TTO00 L T TITIIT
- SUS 316—8, 700 °C &
L 5 exp. results 1
10— ]
C M N
- ) |
- .J
L N
\Q\‘x
102 - L1 B L1 " 1t Liin I 1l N EEE] 1 1111l L LlL;l‘ll“ﬂ‘vLJlllll
10 10 10 10° 10° 10° 10 10°
N

Material : SUS 316-B, 700°C

Cycles to
failure

| Spec. no. | Stress | Mean stress | Strain
| | amplitude | | amplitude
1 (5129 I [MPa] ! [%]

- — e —

|
]
|
1.0050 | 236.0
|
]
|
!

|
| 1.0000 | 282.5 | 0.0
! 2.0000 | 239.9 | 0.0 | 0.5100 944.,0
] 3.0000 | 224.6 | 0.0 | 0.3600 2620.0
! 4.0000 | 202.6 | 0.0 | 0.2450 7188.0
! s5.0000 | 199.6 | 0.0 | 0.2050 14880.0



X 5 CrNiMo 18 10

1.4401 SUS 316-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition
C Si Mn P

0.081 0.52 1,60 0.027 0

Monotonic properties

1050°C/30" water

: +700°C
: bar, 9 22 mm
: [4.1])
1977
S Ni Cr Mo Cu Ti Nb+Ta

.006 10.15 16.73 2.18 0.088 0.033 0.032

E = 168000 N/mm? Vo= -

Ryo.2 = 114  N/mm? E = N/mn?

R, = 326  N/mn? = -

Ay = 43 % op = N/mn?

z = 67 % ep = -

Cvclic properties

Rig.s = 201 N/mn? K= 893 N/ma?

o = 117 N/mm? 2 = 0.240 -

&g ¢ 0091 % o'y = 528 N/mn?

Np = 45424 cycles e'y = 0.108 -

T, = 1.029 - b = -0.089 -

Ty = 1.232 - ¢ = -0.400 -

Incremental step test K’ = N/om?
n’ = -

Failure criterion
o/e-values valid for

Remarks

complete rupture

half failure life

: Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 6 mm
in rolling direction

30 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

c¢ylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

4.1 (%/min)

triangular

G2%
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O, Nmm)

600

500

400

300

e
-

e

L

E=168000 N/mm*® —

200 / SUS 316—8. 700 °C
100

cyclic

K'=893 N/mm?’ —-— = incremental[]
n'= 0,240 —— = monotonic
O i i 2 n 1 s T N n 1 P NS | 2
0 0,5 1 1,5 2 2,5
g, M
£, @
101 - T TTTIT T TTTTIT T T TTTT T T TTTIIIE L T TTTIMY Iol TI1I] T FTTII_‘
s SUS 316—-B, 700 °C -
y 0,/=528 N/mm®  b=-0,0990 I
PRs !
Y £'= 0,1085 =—0,4091 |
. \::::\ 3 exp. results
e _~_e.\ \\\\ “s~.~~\ -
10_1 N ‘-:3x o el - |
L \\\\ -
10_2 Lt 111l L1 11y JE NI L1 L [ NN Lt l:rll LYoy S |
1d 10° 10 10* 10° 10° 10 10°



PSWT [N/mm?®]

10

10

T TTTTT T TTTTI T TTTTIT T 1T 1TTIIT [T ITIIIY IOIIHIIII T T TT7ag0
F SUS 316—B8, 700 C H
L 3 exp. results L
\\\\
‘\
: \\ i
- ~\‘~~ -
111k 11 Liitn L1 1111k [ W ENET L1l 1 l||?|?|"~.| [ EEEI]
3 3 4 S 6 7
10 1¢° 10 10 10 10 10 10
N
Material : SUS 316-B, 700°C
] Spec. no. ] Stress | Mean stress ] Strain | Cycles to |
{ | amplitude | | amplitude | failure |
1 | Pal | [MPal ! %] | |
! t.o000 | 285.0 | 0.0 | 1.0500 | 247.0
| 2.0000 | 238.9 | 0.0 | 0.5100 | 1670.0 |
! 3.0000 | 206.5 | 0.0 ! 0.3600 | 6301.0 |
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X 5 CrNiMo 18 10

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition
C Si Mn P

0.075 0.77 1.49 0.030 0

Mopotonic properties

1.4401 SUS 316-B

1075°C/30" water, 1100°C/1h water Hardness
:+ +700°C
: bar, @ 22 mm
: [4.1]

1977

Microstructure

s Ni Cr Mo Cu Ti Nb+Ta

.009 10.02 16.45 2,09 0.18 0.040 0.098

Monotonic test

E = 159000 N/mm? Vo= - Loading condition
Ry, = 113 N/mm? K = N/mm? Specimen
R, = 313 N/mm2 n = - Specimen location
Ag = 57 % o = N/mn? Gauge length
z = 66 % ep = - Testing machine
Strain rate

Cvclic properties Cyclic test
Rl = 196  N/mm? g = 728  N/mm? Loading condition
% = 92 N/mm2 n' = 0.211 - Specimen
ey = 0.063 % 'y = 503 N/mm? Surface
Np = 7281  cycles ey = 0.173 - Specimen location
Ty = 1.030 - b = -0.112 - Gauge length
Tap = 1.177 - c = -0.529 - Testing machine
Incremental step test : K' = N/mm? Frequency

n’ = ~ Strain rate

Failure criterion
o/e-values valid for

Remarks

Waveform

: complete rupture

half failure life

: Young's modulus estimated Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R.=-1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

8246
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O'u [N/mm?*]
600
|
500
400
300 =3 SRS L &
-
/G,/e/
200 §
SUS 316—8, 700 °C
L
E=159000 N/mm® —— = cyclic
100 K'=728 N/mm’ —-— = incrementall]|
n'= 0,21 —— = monotonic
0 L L " . I N Iy N f T n N " T ) N ) ) ) " N 1
0 0,5 1 1.5 2 2.5
&
& [z
101 - LLLRALLL T TTTTT T TT1T17T T TTTIINT T T TIITHL IBIIIHIII I lJJ_lf
c SUS 316—B8, 700 "C u
ke, 0,/=503 N/mm®  b=-0,119 i
AN €= 0,1730 =—0,5293 i
\‘\:\\ 5 exp. results
100 E 3
10_1 _ M%\-. ::~~~‘ _ ]
E \\\\ --~~::======u!‘.. E
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PSWT [N/mm?]

T TTTTIm T TTTIm T Thirn T T TTIIT T T TTTTAL IOTTIIIIH 1T 1T j
- SUS 316—B8, 700 'C
N 5 exp. results
10— ;
']OZ Lt L] ol dreiy b Lt po 11ty 1 L‘lell\ll' 1 v Lo patgq)
10 10° 10 10" 10° 10 10 10
N

Material : SUS 316-B, 700°C

| Spec. no. | Stress I Mean stress ] Strain I Cycles to I
1 | amplitude | | amplitude | failure |
| I fupal | [MPa] | [%] | 1
| 1.0000 | 267.8 | 0.0 ] 1.0150 | 143.0 |
| 2.0000 | 240.8 | 0.0 1 o.7050 | 379.0 |
I 3.0000 | 221.7 | 0.0 [ o0.5000 | 661.0 |
| 4.0000 | 203.6 | 0.0 | o0.3650 | 1797.0 |
| 5.0000 | 181.0 | 0.0 | o0.2500 | 4556.0 |




X 5 CrNiMo 18 10

1.4401 SUS 316-B

Heat treatment

Test temperature : +700°C
Semifinished material : bar, @ 22 mm
Reference : [4.17
Year 1977
Chemical composition
C Si Mn P B Ni Cr Mo Cu
0.081 0.52 1.60 0.027 0.006 10.15 16.73 2.18 0.088 0.
Monotonic Droperties
E = 168000 N/mm? v o=
- 2 -
Rog.2 = 114 N/mm K=
R, = 326 N/mm? n =
Ag = 43 % 6p =
zZ = 67 % Eg =
Cyclic properties
Rig.2 = 184  N/mm? R = 471
.
o = 112 N/on? 2 = 0.151
£y = 0.073 % a'f = 389
Ny = 15832 cycles s'f = 0.297
Ta = 1.119% - b = -0.082
TEp = 1.083 - c = -0.550
Incremental step test K’ =
n' =

Failure criterion
a/e-values valid for

Remarks

1050°C/30" water

complete rupture
half failure life

Young's modulus estimated

Ti Nb+Ta

033 0.032

N/mm2

N/mm

N/mm2

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, ¢ 6 mm
in rolling direction

30 mm

0.3 aund 7.5 (%/min)

total strain control, Re= -1

cylindrical, ¢ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.41 (%/mir)

triangular

1€2
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g, [N/mm?]
300
| — | —
]
D (o]
200 -
100 H
SUS 316—B, 700 °C
F=168000 N/mm* —— = cyclic
I K'=471 N/mm® —-— = incremental
n'= 0,151 —— = monotonic
O 2 1 i a1 2 n 2 2 1 i e " A 1 1 L e 1 i
0 0,5 1 1,5 2 2,5
£, []
£, A
‘]C)’I o T TTTT T T 1T LERERALL L TTITNY T T TITTIY JoIlI"I" I lllllj
; SUS 316-B, 700 °C :
:‘\\ 0,=389 N/mm®  b=-0,0822 I
N g'= 0,2971 c=-05505 |l
~°°¢ 6 exp. results
10° £ ‘K g
10" £ B oS N S .
N \\\ ————————— R e
L ‘\\ ]
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PSWT [N/mm?]
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SUS 316—-B, 700 C X
L 6 exp. results 1
~\
~
~
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r T .
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- Seo .
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\| 3 4 S ] 7 8
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N
Material : SUS 316-B, 700°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I ea] | [MPa] | %] ] |
| 1.0000 | 225.1 | 0.0 | 1.0250 | 307.0
| 2.0000 | 241.3 | 0.0 | 0.9950 | 314.0
I 3.0000 | 210.4 | 0.0 | 0.7800 | 488.0
| 4.0000 | 203.6 | 0.0 |  0.5200 | 1185.0
| 5.0000 | 211.4 | 0.0 | 0.5150 | 1402.0
| 6.0000 | 188.8 | 0.0 | 0.3650 | 2896.0
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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
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

Mopotonic -properties

E = 175500  N/mm? voo= -

LI 155 N/ma? K= N/mm?

R, = 319 N/mm? a = -

As = 61 % o = 630  N/mm?

z = 68 % eg = -

C¥clic properties

Rio.z = 207 N/ma? K = 818 N/mm?

og = 99 N/om? 2 = 0.221 -

g - 0.064 % o'y = 586  N/mm?

Np = 13253  cycles 'y = 0.205 -

Ty o= 1.092 - b = -0.117 -

T, = 1.879 - e =  -0.521 -

Incremental step test K' = N/mm2
at = -

Failure criterion
o/e—values valid for

Remarks

25% decrease in the max. tensile load of N/2

: half 1ife until complete spec. rupture

: Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, ® 10 mm
in rolling direction

50 mm

total strain control, R=-1

cylindrical, @ 6 mm

: mechanically polished

in rolling directijon
13 mm

servohydraulic, max. 50 kN

6 (%/min)

triangular

44
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O'a [N/mm®]
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-
—————

rmmm—-——
-
howe ==

300 e

L /e/q:_

200 | SUS 316—HP, 700 °C
E=175500 N/mm® —— = cyclic

100

K'=818 N/mm® —-— = incremental
n'= 0,221 —— = monotonic
0 i 1 L 2 T L 2 1 1 L L N N " 1 I . IR | 1 A
0 a,s 1 1,5 2 2,5
g, 7]
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. SUS 316—HP, 700 °C d
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LNy £= 0,2046 =—0,5214 |
RN 7 exp. results
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PSWT [N/mm']

T TTTTITT T TTTTIIm T T TTTHT T T TTETHN T T TTTITI T T TTTITT | R NTE]]
- SUS 316—HP, 700 °C H

L 7 exp. results
10— |
C N ]
- .
- O |
- \\\??~~\ .
102 ; L1 Liiin Lt 1 1a1el P . L1 1 L1l . 11 Illlll\;ﬂxl IRERIY ; L L 1riual
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N

Material : SUS 316-HP, 700°C

Spec. no. | Stress

| | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I (mpal | [MPa] | %] | |
I 1.0000 | 278.5 | 0.0 | 1.0000 | 225.0 |
|  2.0000 | 273.0 | 0.0 | o0.8800 | 377.0 |
I 3.0000 | 251.5 | 0.0 I o.5100 | 764.0 |
I 4.0000 | 217.5 | 0.0 | 0.3550 | 2767.0 |
| 6.0000 | 180.5 | 0.0 I o0.2200 | 8340.0 |
| s5.0000 | 183.5 | 0.0 I o0.2500 | 14715.0 |
| 7.0000 | 161.0 | 0.0 ' o.1500 | 24042.0 |

-




X 5 CrNiMo 18 10

1.4401 SUS 316~HP

Heat treatment

Test temperature
Semifinished material
Reference
Year

Chemical composition

C Si Mo P s

0.05 0.70 1.10 0.034 0.0

Monotonic properties

E = 175500 N/mn?
Rpol2 = 155 N/mm?
R, = 319 N/mm?
Ay = 61 %

= 68 %

Cyclic properties

Rip.2 - 184 N/mn?
g = 108 N/mm?
gy = 0.072 %

Np = 20635 cycles
TU = 1.025 -

Tep = 1.354 -

Incremental step test

Failure criterion : 25% decrease in the max. tensile load of N/2
o/e-values valid for : half life until complete spec. rupture
Remarks : Young’s modulus estimated

hot rolled, 1100°C/30' water
+700°C

plate, 24x2300x5600 mm

[4.2]

1979

Ni Cr Mo Cu

03 12.60 17.05 2.24 0.31

K =
o =
og = 630
eg =
X’ = 550
2 = 0.177
o'f = 395
e’y = 0.148
b = -0.086
c = -0.479
K’ =
n' =

Ti Nb+Ta

0.03 0.001

N/mm?

N/mm?

N/mm2

N/mm?
N/mn?

Hardness

Microstructure

Monotonjc test

Loading condition

Specimen

Specimen location :

Gaunge length
Testing machine

Strain rate

Cyelic test

Loading condition

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

+ cylindrical, @ 10 mm
in rolling direction

50 mm

total strain control,
cylindrical, § 6 mm

: mechanically polished
in rolling direction
13 mm

servohydraunlic, max.

0.6 (%/min)

triangular

R =
€

50 kN

-1

LEg
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o, N/mm?]
300
//0————-—
200 P
100
SUS 316—HP, 700 °C
t E=175500 N/mm® —— = cyclic
K'=550 N/mm®* —-— = incremental
n'= 0,177 —— = monotonic
0 1 2 L n 1 PRSI 1 L 1 ) L i ) ) I 1 N N
0 0,5 1 15 2 25
g,
g, A
101 F T T T rrirmrT T 1 TTT1I T T ITTIIY T T TTITTT 1 Iolllllll H lllllf
. SUS 316—HP, 700 °C ]
' 0,/=395 N/mm®  b=-0,0856 I
NG £/= 0,480 =—0,4793 |
100 “Yeag 6 exp. results
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PSWT [N/mm?]
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LELULLLLL LLLLLLL T 177117 T TTITY LT TTHIO 1 IOJll]lll T TTTIT
o SUS 316—HP, 700 °C
f -
| 6 exp. results i
ML

~

\\

L AN J
- L 4
L . B
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L d
I \\\\ J

1L 1111kl 11 LIl 11 il Lo b IR N r\l\lﬁiul 1 1 111l
] 2 3 4 S 6 7

10 10 10 10 10 10 10 10
N

Material : SUS 316-HP, 700°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| | ampl itude | | amplitude | failure |

| I mpal | [MPa] | [%] | |

| 1.0000 | 235.5 | 0.0 | 1.0950 | 202.0

| 2.0000 | 225.5 | 0.0 | o0.7000 | 388.0

| 3.0000 | 208.5 | 0.0 | 0.4850 | 799.0 |

| 4.0000 | 187.5 | 0.0 | 0.3350 | 3350.0

1 5.0000 | 177.0 | 0.0 I o0.2600 | 6608.0

I 6.0000 | 158.5 | 0.0 | o0.1850 | 19700.0
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X 5 CrNiMo 18 10 1.4401 SUS 316-HP

Heat treatment : hot rolled, 1100°C/30' water

Test temperature 1 +700°C

Semifinished material : plate, 2422300x5600 mm
Reference : [4.2]

Year 1 1979

Chemical composition
C Si Mn P s Ni Cr Mo Cu

0.05 0.70 1.10 0.034 0.003 12.60 17.05 2.24 0.31

Monotonic properties

E = 175500 N/mm? Vo=
- 2 -
RPO.2 = . 155  N/mm K =
R, = 319 N/mm? n =
Ay = 61 % oy = 630
z = 68 % £f =
Cyclic properties
- 2 . =
RﬁO.Z = 159 N/mm K’ = 395
op = 80  N/mm? 2 = 0.147
6 = 0.048 % o'y = 355
Np = 7200 cycles 'y = 0.512
T, = 1.068 - b = -0.098
T = 1.225 - ¢ = -0.676
Incremental step test : K’ =
n’ =

Failure criterion

o/e-values valid for : half life until complete spec. rupture

Remarks : Young's modulus estimated

Ti Nb+Ta

0.03 0.001

N/mm

N/mm?

N/mm?
N/mm?
N/mm?

25% decrease in the max. tensile load of N/2

Hardness

Microstructure

Momotonic 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

Remarks

cylindrical, @ 10 mm

in rolling direction

50 mm

total strain control, R _=

cylindrical, § 6 mm

mechanically polished

in rolling direction

13 mm

servohydraulic, max.

0.06 (%/min)

triangular

3

50 kN

-1

0¥¢



a, N/mm?]
300
200 /e ---------
100 H
SUS 316—HP, 700 °C
E=175500 N/mm® —— = cyclic
I K'=395 N/mm’ —-— = incremental
n'= 0,147 —— = monotonic
o L L ) ) 1 1 L — 1 PR 1 FE. ' PR
0 0,5 1 1,5 2 2,5
g, A
£, 7]
101 - T TTTI LELLBULLLL T VT TTTTI 1T T TTIIT T T TTITI T lolllllll I I'TTT 3
A, SUS 316—HP, 700 "C u
F N, =355 N/mm? ~ b=—-0,0978 ]
L, £)= 05125 =—06757 ]
L)
0 i\\\\ 3 exp. results
10 E 3
: N ;
e i, - e \\\ \~\‘\
1 M D e ]
- \ TRty
L: \\ .‘m"""“‘-- A
n \\\ \
L \\\ 4
10_2 1 1t 1 1 104l 1.1 111t L 11 Sebeddiiyl bl L L b b L LLL
10 10° 10 10° 10° 1¢° 10 10°

241



242

PSWT IN/mm?]
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- SUS 316—HP, 700 °C H
r
| 3 exp. results |
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\
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3 N
10 C ~ g
= \ -~
- M A
\
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~
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~
-~
§~~~
..
102 1 )it L it i1 111t 11 b L1kl T‘L_[lllll L1 a1 1 L. t11iy
‘] 2 3 4 5 (] 7 8
10 10 10 10 10 10 10 10
N
Material : SUS 316-HP, 700°C
| Spec. no. | Stress | Mean stress | Strain Cycles to |
| | amplitude | | amplitude failure |
| [MPal | [MPa] | [%] |
I 1.0000 | 196.5 | 0.0 I 0.9350 235.0 |
I 2.0000 | 173.5 | 0.0 | 0.4900 619.0 |
I 3.0000 0.0 I 0.3550 1314.0 |

1 166.5 |




X 5 CrNiMo 18 10

1.4401 SUS 316-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

c Si Mn P

0.075 0.77 1.4% 0.030 0.00% 10.02 16.45

Monotonic properties

1075°C/30" water, 1100°C/1h water
1 +800°C

: bar, § 22 mm
[4.11
1977
s Ni Cr Mo Cu Ti Nb+Ta

E = 123600 N/mp? voo= _

Ry, N/mn? E = N/nm?

R, = N/mmz n = -

Ay = % of = N/mn?

zZ = % £g = -

Cyclic properties

Rig g = 163  N/mm? ' = 567  N/mm?

op = 64  N/mm? = 0.200 -

5, = 0.053 % o's = 540 N/mm?

NT = 5128 cycles ey = 0.800 -

T, = 1.066 - b = -0.141 -

T, = 1.168 - ¢ = -0.705 -

Incremental step test : K’ = N/mm?
n o= _

Failure criterion
c/e-values valid for

Remarks

: complete rupture
: half failure life

: Young’s modulus estimated

2.09 0.18 0.040 0.098

Hardness

Microstructure

Monotonic test

Loading condition :
Specimen
Specimen location :
Gauge length
Testing machine

Strain rate :

Cyclic test

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

Waveform

Remarks

: ¢ylindrical, @ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, RE= -1

: cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

: 39 (%/min)

triangular

£¥¢



244
g, [N/mm?]

300

_________
----
_____
=T
-
-

-
-
be

200 o1

L
100 5 -
SUS 316-8, 800 C
E=123600 N/mm* —— = cyclic
K'=567 N/mm’ —-— = incremental
n'= 0,200 —— = monotonic
O ) 1 I PR | P n 3 1 I N 2 I I P N N 1 N n N
0 0,5 1 15 2 2.5
g, 1A
£, I
1d Py T T TTTTT T TTTTTT T T TTTIT I T TTTITY T TTTTTIf IOTII[IIH I lllllf
:‘\ SUS 316—-B, 800 C ]
- ’\ 0,=540 N/mm®  b=—0,1407 i
| “\\i\ £'= 0,8001 c=-0,7046 i
. 4 exp. results
(] N\
10 & ‘\g\w\\ =
[T mm—— o L R\\ ~~~.~ i
10" i T
E M. "‘-::::zga —— 3
- \\\ 4
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- SUS 316—8, 800 C
- -
N 4 exp. results _

Ay
N
A Y
N
N
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N
- ‘\ -
N
N N i
N
L . i
N\
L \\ 4
L x _4
~
~
~
- \\N -
\\\
\~~~
~
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10 10 10 10 10 10 10 10
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Material : SUS 316-B, 800°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| | ampl itude | | amplitude | failure |

| | [Mpal | [HPal | [%] | |

| 1.0000 | 213.4 | 0.0 | o0.9850 | 328.0 |

I 2.0000 | 207.5 | 0.0 | 0.7500 | 555.0 |

| 3.0000 | 181.5 | 0.0 I 0.5050 | 1170.0 |

1 4.0000 | 176.1 | 0.0 | 0.4300 | 1361.0 |
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X 5 CrNiMo 18 10

1.4401 SUS 316-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Si Mn P

0.075 0.77 1.49 0.030 0.009 10.02 16.45 2.09 0,18 0.040 0.098

Monotonic properties

1075°C/30" water, 1100°C/1h water

: +800°¢C
: bar, 9 22 mm
: [4.1]
1977
S Ni Cr Mo Cua

E = 123600 N/mm? voo=
2 -
p0.2 N/mm K -
R, = N/mn? n =
As = % of =
Z = % eg =
Cyclic properties
Rig.a = 132 N/om? g = 187
o = 100 N/mm? a2 = 0.056
6y = 0.082 % o'y = 182
N = 3695 cycles e’y = 0.869
T, = 1.123 - b= —0.040
T, = 1.069 - ¢ = -0.756
Incremental step test : K’ =
n’ =

Failure criterion
c/e-values valid for

Remarks

: complete rupture
: half failure life

: Young’s modulus estimated

Ti Nb+Ta

N/mm?

N/mm

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

¢ylindrical, @ 6 mm

: mechanically polished

in rolling direction

: 15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

9¥%
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g, [N/mm*]

300

200

K‘l‘(f"’——_—‘j
100

SUS 316—B, 800 °C
E=123600 N/mm® —— = cyclic
I K'=187 N/mm?* —-— = incremental
n'= 0,056 —— = monotonic
o " " s . T 1 n 3 n 1 N 1 2 n I M n n 1 1 n L n n
0 0,5 1 15 2 2,5
£, 7]
g, 7]
10’ k T TTTTHT T TTTIm IR RALLL T T TITITI T T 11T lol T T T T 11171
Y =
o SUS 316—B, 800 "C o
- ‘\‘ o,=182 N/mm®  b=—-0,0397 H
L £'= 08689 = ¢=-0,7556 i
“
100 k\\\ 4 exp. results
L \\:\‘\\ 4
107 T “9""*9'---\3—\ \"Z:::_-h, .
L . 4
10-2 N ot Ll 11 1 ll:l\N LJJ 1L et LA d4itL
10 10° 10 10" 10° 10° 10 10°
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PSWT N/mm?]

T ririm IR ALIL T T 1117 T ITTIII0 T T TITITNT lorlllllﬂ T T 17T
" SuUS 316—B, 800 C H
L 4 exp. results B
3 \\

10 ¢ . .
SN ]

L B

102 RNl 1L L ELlll 1t 1 1{uy L1 171-11:——-1-1‘1'11" L1 111181 111y
10 10° 10 10* 10° 10° 10 10

N

Material : SUS 316-B, 800°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure !
| | mral | [MPa] | [%] | |
| 1.0000 | 140.3 | 0.0 | 0.9700 | 221.0 |
I 2.0000 | 147.1 | 0.0 1 o0.7450 | 356.0 |
| 3.0000 | 132.4 | 0.0 | o0.4900 | 645.0 |
I 40000 [ 137.3 | 0.0 I o0.4150 | 891.0 |




X 6 CrNi 9 19

AISY 304

Heat treatment : solution treated, 1066°C, 1149°C, 1177°C, water
Test temperature : +22°C

Semifinished material

Reference : [4.18]

Year : 1981

Chemical composition
C Ni Mn Cr Mo

0.06 9.38 0.91 18.50 0.05

Monotonic properties

E = 210000 N/mn? voo=
- 2 -
Rp0.2 = N/mm K =
R, = N/mm? n =
5 = % o =
zZ = % es =
Cyclic properties
- 2 =
RI”O 2= 225 N/om K’ =
.
o = 42 N/mn? 2 =
g = 0.055 % o' =
Np = cycles ey =
T, = 1.109 - b=
Tep = 1.48 - c =
Incremental step test : K’ =
n’ =
Failure criterion
o/e-values valid for : half failure life

Remarks

6693
0.546
5813
0.194
-0.324
-0.416

Hardness

Microstructure

Monotonic test

Loading condition
Specimen

Specimen location :
Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition : total strain contro1l?, R=-1
Specimen : hourglass shaped, § 3.2 mm
Surface

Specimen location

Gauge length

Testing machine : MIS, electrohydraulic

Frequency : max. 40 Hz

Strain rate : 24 (%/min) for low cycle fatigue tests

Waveform : sinusoidal

Remarks : 1) tests beyond 105 cycles were done in load control

6V¢
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g, IN/mm*]

900

800 —3

o L

700 PeLI

600
L

500 L /D/'

400
| 0

300 3
! Type 304

200 F=210000 N/mm® —— = cyclic H

100 I K'=6693 N/mm’®  —-— = incremental
L n'= 0,546 —— = monotonic

o I i ' L . n n 1 n 1
0 0,5 1,5 2 2,5
€, A

€ [

101 o LB RALAL T T TTTT Trrrrm T TTTITO I TTTITOL T T ITTTT7 T FIIH_
£ Type 304 .
RN 0,=5813 N/mm® b=-0,3240 i
RN £,= 0,1940 =—0,4160

N 15 exp. results
0

10 B~ -
o S~al Y b
: } \S\W’ o ]
I %\ & o eé':

N o

107 - P e \t_\\: - @1:
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PSWT [N/mm?]

NOELERLLL T T T1Iw IBLARRLIL D N 06 A 9 1 S D WO W N 1| | S N AN W W AR )

N

L -
. Type 304
N
L N =
N
\\
N
N " 15 exp. results ]
N
O
10° + \
L .
- <
Q 4
r a
o {© o
. -
\\
~
N
\\
102 1 AR} 11l L Liiau 111N L1l il
10 10° 10 10" 10° 10 10 10
Material Type 304
B et e i e m R +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] {MPa] [%]

R e i e R et R e T +
1.0000 727.3 0.0 1.7370 386.1
2.0000 611.5 0.0 1.4740 450.1
3.0000 476.3 0.0 1.0000 1000.0
4.0000 368.3 0.0 0.7630 2291.0
5.0000 266.2 0.0 0.5000 7356.0
7.0000 234.5 0.0 0.3500 10000.0
8.0000 231.9 0.0 0.3250 13918.0
9.0000 234.5 Q.0 0.3500 17013.0
10.0000 225.5 0.0 0.3250 36437.0
11.0000 225.3 0.0 0.3250 41246.0
6.0000 221.6 0.0 0.2630 53293.0

12.0000 215.1 0.0 0.2800 162277.0
14.0000 208.5 0.0 0.2500 >66933112.0
15.0000 215.1 0.0 0.2800 PR
13.0000 212.6 0.0 0.2500 >55410204.0
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X 6 CrNi 9 19

AISI 304

Heat treatment

solution treated, 1066°C, 1149%¢, 1177°C, water

Test temperature +427%¢
Semifinished material
Reference [4.18]
Year 1981
Chemical composition
c Ni Mn Cr Mo
0.06 9.38 0.91 18.50 0.05
Monotonic properties
E = 179000 N/mm? voo=
= 2 -
Ro0.2 = N/mm k=
R, = N/mm? n =
Ag = % o =
Z = % L3 =
Cyclic properties
. - 2 [
Rp0.2 = 187 N/mm K' =
o = 66 N/m.m2 n =
g = 0.071 % o'y =
Np = cycles ey =
Ty = 1.263 - b =
T, = 2,131 - ¢ =
Incremental step test K’ =
n' =

Failure criterion
o/e-values valid for
Remarks

control

: half failure life

2795
0.435
1942
0.1352
—0.222
—0.394

N/mm2

N/mm

N/mm?

Hardness

Microstructure

Monotonic 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

Remarks

stress controll), RU= -1

hourglass shaped, § 3.2 mm

: MIS, electrohydraulic
: max. 40 Hz

24 (%/min) for low cycle fatigue tests

sinusoidal

1) tests beyond g,= 3.0 % were done in total

strain
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G, N/mm®]

600

500 ezt

400 S
L /o"/

300 //

200 H

Type 304, 427 °C
E=179000 N/mm® —— = cyclic
100 K=2795 N/mm'  —-— = incremental]|
I n= 0,435 —— = monotonic
o PR . — L i A . 1 A i 2 . 1 Y 1
0 0,5 1 1,5 2 2,5
g, 7]

g,

101 - T T TTIT T T 1T T T1T T T TTTINY T T [rnmo T T JTITIN T 1 111 =
- Type 304, 427 °C .
s, 0,=1942 N/mm®  b=-0,2220 X
NN £= 0,1352 c=—0,3940

100 ! “:;:\ 9\\ 22 exp. results l
: ~~\\\‘~ N) J':

S~ o 7
- )

10 E O b ~\~\ T‘E
E “s.\ ~~~\\~\ :
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10 10° 10 10" 10° 10° 10 10

N

253



254

PSWT N/mm"]

IRRLLL T LR
[
g Type 304, 427 °C
L 1
Y
~
\\
N 22 exp. results i
\\
~
~
N
~
~
~
10 -
- ~
L NJe
N
- -
I -
L 0 e J
N &
L \o |
2 A S
10 1l [ EEETI ARSIt 113111 Los ERENTIN AR SR
1 4 S (] vi
10 10" 10 10 10 10 10 10°
Material Type 304, 427°C
—————————————————————— B i e o it
Spec. no Stress Mean stress Strain Cycles to
amplitude ampl.tude failure
[MPa] [MPa] [%]
—————————————————————— B e e R
1.0000 374.8 0.0 1.1070 1275.0
2.0000 258.3 0.e 0.5720 4583.0
3.0000 212.2 0.0 0.3930 12115.0
6.0000 177.8 0.0 0.2860 12515.0
7.0000 170.0 0.0 0.2820 20070.0
8.0000 164.0 0.0 0.2320 20070.0
9.0000 172 .4 0.0 0.2860 26025.0
10.0000 164.0 0.0 0.2320 26025.0
11.0000 158.9 0.0 0.2110 26025.0
4.0000 194.2 0.0 0.3070 31221.0
5.0000 194.2 0.0 0.3000 35938.0
12.0000 152.4 0.0 0.2320 70170.0
13.0000 147 .8 0.0 0.1790 70170.0
14.0000 152.4 0.0 0.2320 83768 .0
15.0000 164.0 0.0 0.2500 98826.0
16.0000 147 .8 0.0 0.2110 125893.0
17 .0000 144 .4 0.0 0.1790 125883.0
18.0000 136.7 0.0 0.1790 181090.0
19.0000 141.1 0.0 0.1790 545559.0
20.0000 152 .4 0.0 0.2140 >41246264.0
21.0000 164.0 0.0 0.2400 >51014344.0
22.0000 141.1 0.0 0.1790 pREXX XS wa s




X 6 CcNi 9 19

AIST 304

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Ni Mn Cr

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

+538°C

(4.18]
1981

Mo

0.06 9.38 0.91 18.50 0.05

Monotonic properties

E = 193000 N/mm? voo=
2 =
0.2 N/ ma £ o=
Ry = N/mn? n =
As = % o =
zZ = % g¢ =
Cyclic properties
' 2 v -
50,2 234 N/mm K =
% = 78 N/ma? n =
g = 0.046 % o' =
Np = 1123750 cycles 'y =
Ty = 1.52 - b =
Tsp = 6.205 - c =
Incremental step test K’ =
at =

Failure criterion
o/e-values valid for

Remarks

: half failpre life

954
0.226
1315
1.0389
-0.186
~0.650

N/mm?

N/mm

Hardness

Microstructure

Monotonic test

Loading condition
Specimen

Specimen location :
Gauge length
Testing machine

Strain rate

Cyvclic test

Loading condition : total strain controll), Rs= -1
Specimen : hourglass shaped, # 3.2 mm
Surface

Specimen location :

Gauge length

Testing machine : MTS, electrohydraulic

Frequency : max. 40 Hz

Strain rate : 24 (%/min) for low cycle fatigue tests

Waveform : sinusoidal

Remarks : 1) tests beyond 4'103 cycles were done in load control
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g, Nmm']
600
500
L
400  —
o/'
do/
]
300 ——
200 n/D‘ 4
ogc | Type 304,538 °C
[ E=193000 N/mm’ —— = cyclic
100 K'=954 N/mm’ —-— = incremental[|
n'= 0,226 —— = monotonic
o n A " N 1 PR e | n a1 — a4 I PR
0 0,5 1 1,5 2 2,5
g, 7
€, 7
101 o “IIIIHI T T TTITT T T TTTHT T T ITIINON T llll["ror 1§ T T Tlrff_
E, Type 304, 538 °C :
- ‘\\ 0,=1315 N/mm*  b=—0,1860 i
L S g,= 10389 c=-0,6500 L
| 15 exp. results
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PSWT [N/mm®]

rrromy v rrrnm 11

10° \

iy __1T_T TTIITIY T 1 T I1ITI]

Tt FITTO7 T

Type 304, 538 °C

15 exp. resuits

10°

L D
o
I ° A
< 4
\Q
2 \\\\
10 [N Lot LLiann rrrrnd @ 1§ L1l
10 10 10 10" 10° 10° 10
N
Material : Type 304, 538°C
o= m e, R i mmmmmm e o e e +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] (%]
e mm e m R et Hmmmmmm i m R e +
1.0000 417.3 0.0 2.0000 223.0
2.0000 374.1 0.0 1.4650 400.0
3.0000 353.2 0.0 1.0000 739.0
4.0000 344.6 0.0 0.9750 877.0
5.0000 264.8 0.0 0.4750 3000.0
6.0000 215.8 0.0 0.5000 4000.0
7.0000 203.6 0.0 0.3150 11220.0
8.0000 174.8 0.0 0.2200 32442.0
11.0000 179.5 0.0 0.1390 74438.0
9.0000 161.9 0.0 0.1050 80000.0
12.0000 179.5 0.0 0.0610 191448 .0
10.0000 97.1 0.0 0.0600 200000.0
14.0000 157.3 0.0 0.0900 >16237767.0
15.0000 175.0 0.0 0.1390 >23126110.0
13.0000 172.3 0.0 0.1390 >10608184.0
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X 6 CrNi 9 19

AISI 304

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition
c Ni Mn Cr M

0.06 9.38 0.91 18.50 0.

Monotonic properties

171000  N/mm?

E =
2

Rp0.2 N/ mm
R, = N/mn?
AS = %
A = %
Cyclic properties

v - 2
Rig.2 = 199 N/mm
S = 139 N/mm?
L = 0.125 %
Np = 92310 cycles
T, = 1.507 -
Tp = 4.699 -

Incremental step test

Failure criterion :
o/e~values valid for : ha

Remarks

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

[4.181
1981

o

05

E = N/mm?
n = _
o = N/mm?
ef = -
k' = 797 N/mm?
a = 0.223 -
o'y = 360 N/mm?
e’y = 0.023 -
b = -0.063 ~
c = -0.261 -
K = N/mm?
n' = -

1f failure life

Hardness

Microstructure

Monotonic test

Loading condition :
Specimen

Specimen location :
Gauge length
Testing machine H

Strain rate

Cyclic test

Loading condition :
Specimen

Surface H
Specimen location ;
Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

total strain controll), Re= -1

hourglass shaped, @ 3.2 mm

: MTS, electrohydraulic
: max. 40 Hz

24 (%/min} for low cycle fatigue tests

sinusoidal

1) tests beyond 104 cycles were done in load control

895
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g, [N/mm*]
600
500
L
400
300 T == meee=n =2
8 Gb -------
o
200 £ 5
g Type 304, 593 °C
I E=171000 N/mm® —— = cyclic
100 | K'=797 N/mm’ —-— = incremental
n'= 0,223 —— = monotonic
O P 1 1 1 PR 3 ) 1 PR i 2 L i P 1 P N
0 0,5 1 1,5 2 2,5
£, A
£,
101 - T TTTT T T T LB ALLLL T T ITITOY T l'1'llllll0 T YT ITTIVT T T TTTT
t Type 304, 383 °C u
- H
- 0,=360 N/mm®  b=-0,0627 i
A £,/= 0,0233 c=—-0,2607 |
o b~ 29 exp. results
10 == =
u \‘~:‘~\ (s} 1
C ht T P o ]
: e ) :
L 4 0 \% _4
N b Udg [ 4] 5\0 o a &
10_1 ‘_'% D‘i- d’
: ‘é:)\nln-g-;
C o Doo \D of -
L N~ 7]
L_ \\\\\_4
10_2 111 14 L1 11t L 1011 Lo L1 31810t
10 100 10 10* 10° 10° 10’ 10°

N
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PSWT [N/mm?]

- Type 304, 593 °C H
L 29 exp. results 1
10° | .
— “~~~‘~ OOO -
o -\\\\\S\fi 4
L -
o
i ® ° |
o ooob\'o\c’.o §
102 ; 1 11Ul [N EEINTi L1 11111} L1 11t ; L1 118} L rieenl LU il
10 10° 10 10" 10 1¢° 10 10°

N

Material : Type 304, 593°C

| Spec., no, | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I [Mpal | [MPa] | [%1 ] |
| 1.0000 | 290.6 | 0.0 | o0.7630 | 1668.0 |
| 2.0000 | 266.9 | 0.0 | o.5000 | 1945.0 |
| 3.0000 | 259.7 | 0.0 | o0.5270 | 2783.0 |
|  4.0000 | 238.9 | 0.0 | o0.5270 | 3640.0 |
| 5.0000 | 223.0 | 0.0 | o0.4210 | 4701.0 |
| 6.0000 | 202.9 | 0.0 | o0.4210 | 7943.0 |
| 7.0000 | 195.0 | 0.0 | o0.2630 | 16681.0 |
| s8.0000 | 182.7 | 0.0 | o0.2900 | 18012.0 |
| 9.0000 | 173.4 | 0.0 | 0.2%00 | 21000.0 |
| 13.0000 | 158.5 | 0.0 | o0.2110 | 25768.0 |
| 14.0000 | 151.3 | 0.0 Il o.1250 | 25768.0 |
| 15.0000 | 149.5 | 0.0 | o.1610 | 25768.0 |
| 10.0000 | 159.0 | 0.0 | o.2110 | 26438.0 |
| 16.0000 | 144.8 | 0.0 | o0.1250 | 46416.0 |
| 11.0000 | 159.0 | 0.0 | 0.2630 | 46714.0 |
| 17.0000 | 162.3 | 0.0 | o.1820 | 56068.0 |
| 18.0000 | 151.3 | 0.0 | o0.1820 | 58780.0 |
| 19.0000 | 144.8 | 0.0 | o0.1250 | 63845.0 |
| 21.0000 | 144.8 | 0.0 I o.1250 | 83768.0 |
| 12.0000 | 151.1 | 0.0 | o0.2110 | 97474.0 |
| 20.0000 | 172.5 | 0.0 1 o0.1820 | 111213.0 |
| 22.0000 | 169.8 | 0.0 | o0.1820 | 693467.0 |
| 23.0000 | 158.5 | 0.0 | o.1610 | 2205920.0 |

cont inued
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| Spec. no. | Stress | Mean stress | Strain | Cycles to |}
| | amplitude | | amplitude | failure |
| I MPal | [MPa] | (%] l |
+ + + + t +
| 24.0000 | 158.5 | 0.0 | o.1610 | 8781925.0 |
| 25.0000 | 141.5 | 0.0 | 0.1250 | 11319993.0 |
l 26.0000 | 151.3 | 0.0 | o0.1610 | »42733576.0 |
I 27.0000 | 149.5 | 0.0 | o0.1250 | »>42733576.0 |
| 28.0000 | 141.5 | 0.0 | 0.1250 ] ssenexresns |
[ 29.0000 | 134.9 | 0.0 | 0.1040 | yssssssiasix |




X 6 CrNi 18 11

Heat treatment

Test temperature : +600°C
Semifinished material :
Reference : [4.10]
Year i 1984

Chemical composition

Monotonic properties

E = 143200 N/mm? v o= -

Rpo.2 = N/mm? £ = N/mn?

Ry = N/mm? n = -

As = % g = N/mm2

z = % e = -

Cvclic properties

LIS 148 N/mm? ' = 1074  N/mn?

o = 73 N/mm? n = 0.319 -

oy = 0.073 % o'y = 677 N/mn?

Np = 129398 cycles ey = 0.234 -

T, = 1.062 - » = -0.146 -~

T, = 1.234 - ¢ = -0.459 -

Incremental step test : K’ = N/mm2
a = _

Failure criterion
o/e-values valid for : half failure life

Remarks

692

Hardness H

Microstructure

Monotonic test

Loading condition :
Specimen H
Specimen location :
Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition : total strain control, Re=_1
Specimen

Surface

Specimen location :

Gauge length

Testing machine H

Frequency

Strain rate

Waveform

Remarks



263

g, [N/mm™]

600

500

400

s0 b p—————— L eeeeoeTT
N N e

—e"
200 i . |
XBCrNi1811, 600 °C
E=143200 N/mm* —— = cydlic

100 K'=1074 N/mm’ —-— = incrementai ]

[ n'= 0,319 —— = monotonic
0 " n A PR " N 1 A 1 PR E— 1 " Iy PR | — I
0 0,5 1 15 2 2,5
g =

g, [

101 F T T TTITIT T TTTTI LELLRLELL T T T3ITINT T TTTITIY o] T TTTIA] T ]llll-l
E X6CrNi1811, 600 "C H
ey u
- *\ 0,=677 N/mm®  b=—-0,1464 H
i ‘::\\ €= 0,2342 =—0,4595 i

N 6 exp. results

10 E % 3
- -l
L ™~~~ \\\\\ ‘\~~~\ -

10" i o WU
- “‘*‘J~ S 3
- !: ~~~~~~ ‘~_~~ 1
C N Bt SN e ]
L \L\ ~~Ixd

10—2 JoLyjrin L1 1111 [ NERST] L1 18318 1 !lll i lll\l\l L1 1 J1tatl)

10 10° 10 10* 10° 10° 10 10°
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PSWT [N/mm®]

R LELLLALL R B R LU ILARALL T lllllll'l T T T 01 10 0 0 S S N N

- X6CrNi1811, 600 °C I

L 6 exp. results I
10° + "N -

L L )
102 , L1 1 |||||||3| |||un‘| IllllllsLllTﬁusl :1111117| 1111111!

10 1¢° 10 10 10 10 10 10

N

Material : X6CrNil1811, 600°cC

o mmm - e R e e mm e m e mm— +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]

e Femmemmm e —m R i P e e e R +
1.0000 460.1 0.0 1.5550 500.0
2.0000 364.4 0.0 1.0050 1692.0
3.0000 264.9 0.0 0.4900 6700.0
4.0000 260.5 0.0 0.4050 8700.0



X 6 CrNi 19 11 AISI 304

Heat treatment

Test temperature : +23%
Semifinished material H
Reference : [4.16]
Year : 1986

Chemical composition
c Si Ma Cr Ni P s

0.057 0.40 1.6 19.2 10.8 <0.01 0.023

Monotonic proverties

E = 183000 N/mm? voo= -

00,2 325 N/mm? £ - 1210 N/mm?

R, = 650  N/mm? n = 0.193 -

Ay = 3 o = 1400 N/mm?

z = 80 % ey = 1.61 -

Cyelic properties

R = 267 N/mn? K- 1628 N/mn?

oy 166  N/mm? a2 = 0.291 -

ey = 0.130 % o'y = 986 N/mm?

Np = 104581 cycles e’y = 0.170 -

T, = 1.253 - b = -0.117 -

Tpp = 1.232 - ¢ = -0.399 -

Incremental step test : K’ = N/mm2
n' = -

Failure criterion

o/e-values valid for : half failure life

Remarks

Hardness

Microstructure

Monotonic test

Loading condition :
Specimen

Specimen location :
Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition : total strain control, Re= -1
Specimen

Surface

Specimen location :

Gauge length

Testing machine

Frequency

Strain rate

Waveform

Remarks

92
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g, [N/mm*]

600

500

400

300

200

100

£, 7

10

10

107

10

10

-
-
-
——"

SAN

E=183000 N/mm®
K'=1628 N/mm?*

incrementall|

2,5

T TTTIT

0,=985 N/mm*

LB AL
L §

10 exp. results
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-
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PSWT N/mm®]

T TTTI T T TTIT T T 177U T T TITI T T TTTITIOT T T TITIIY T T 1711
- AlS| 304 n
~\
L ™. 10 exp. results i
3
10 | N ]
- B
- -4
- \ 7
- M\ J
S
L h‘\ .
']Oz 1111 | E T i A Latl P4y Lkl [ EETED N EEEEI LIllll:
] 4 S 6 7 8
10 1¢° 10 10 10 10 10 10
N

Material : AISI 304

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| | amplitude | | amplitude | failure |

| | [MPal | [MPa] | [%] | |

| 3.0000 | 383.0 | 2.0 |  1.0000 | 1070.0 |

| 9.0000 | 426.0 | ~-1.4 |  1.0000 | 1167.0 |

| 6.0000 | 379.0 | -21.9 | 0.6000 | 6080.0 |

| 6.0000 | 279.0 | 0.0 |  o0.4600 | 10300.0 |

I 11.0000 | 266.0 | 8.4 |  o0.3500 | 29000.0 |

| 1.0000 | 261.0 | 5.8 | 0.3500 | 30700.0 |

| 10.0000 | 258.0 | -9.1 |  0.3500 | 33530.0 |

| 15.0000 | 240.0 | -2.2 | 0.3500 | 38500.0 |

| 12.0000 | 230.0 | 16.5 | 0.2000 | 286400.0 |

| 2.0000 | 206.0 | 2.9 I o0.2000 | 333100.0 |

267



X 6 CrNi 19 11 AISI 304

Heat treatment :

Test temperature : +23%

Semifinished material

Reference [4.21]

Year

Chemical composition

[ Si Mn Cr Ni P s

0.057 0.40 1.6 19.2 10.8 <0.01 0.023

Monotonic properties

E = 185000 N/mm? v o= -

R,z = N/mm? E = N/mm?

R, = N/mm? n = -

Ay = % o = N/mm?

z = % ef = -

Cyclic proverties

Rig.z = 274 N/mm? k' = 1675 N/mm?

o = 170 N/mu? 2 = 0.291 -

g, = 0.131 % o'y = 1008 N/mm?

Np = 98108 cycles g'y = 0.171 -

Tu = 1.229 - b = =0.117 -

Tep = 1.192 - c = -0.400 -

Incremental step test K’ = N/mmz
o= -

Failure criterion
o/e~values valid for

Remarks

: half failure life

Hardness

Microstructure

Monotonic_test

Loading condition :

Specimen

Specimen location :

Gaunge length
Testing machine

Strain rate

Cyclic test

Loading condition :

Specimen

Surface

Specimen location

Gaunge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

total strain control,

R,= -1

89¢



g, Nmm®]
600
500 SESEL sl
L et
400 -
)
300 =
L
200 =
AlSI 304
E=185000 N/mm® —— = cyclic
100 K'=1675 N/mm® —-— = incremental [
n'= 0,291 —— = monotonic
O P 1 N N T L P
0 0,5 1,5 2 2,5
€,
e, M
101 E T TTTTI IR R BALL T T 77T T T TTIITIOY T T ITITIT T T ITTITN 1 lllll_
E AlSI 304 =
SR 0,=1008 N/mm® b=—0,1173 -
L S3s N
L RN g'= 01713 c=-0,4002 L
0 \:::\ 8 exp. results
10 E L“ 3
R Nk\& |
10" A St e
E W | T -3
10_2 11 1L £ 111 1 1 il L1 1ilil [ AT L1 1Lt 1 I\T$Ill
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N
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PSWT [N/mm?]

T T T T T 1o T T T ) I 12 D 0 ) O N 0 B 30 i 6
- -
AlSI 304
. -
‘\
\\
LN 8 exp. results i
\\\
\i
~
~
~
~
3 S
10° | S .
=3 =
- -
- -
- -
\%\\\
—]OZ Lo iy Loy liin Lty 111 Ja Ll 14 L
10 10° 10 10" 10° 10 1 10°
Material : AISI 304
o B mmmmmmmmmm—— e i o m +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] {MPa] [%]
o mmmmm - o mmmmmm— - o —mm e mm e mm o B e -
3.0000 383.0 2.0 1.0000 1070.0
9.0000 426.0 -1.4 1.0000 1167.0
6.0000 379.0 -21.9 0.6000 6080.0
11.0000 266.0 8.4 0.3500 29000.0
1.0000 261.0 5.8 0.3500 30700.0
10.0000 258.0 -9.1 0.3500 33530.0
12.0000 230.0 16.5 0.2000 286400.0 :
2.0000 206.0 2.9 0.2000 333100.0 |
tmmmmm e m e pmmm e mmmm— B T R it o m e mmmmmm +



X 10 CrNi 18 8

Remanit 1880

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Si Mn P

0.04 0.47 1.55 0.032

Monotonic properties

as received

+23%C

rolled bar, 25 x 12 mm
(4.51

1971

s Ni Cr

0.016 10.45 18.65

E = 204000 N/mm? vooo=
_ 2 _
Rog.2 = 245  N/mm K =
R, = 635 N/mmZ n =
As = 75 0% af =
z = 79 0% e =
Cyclic properties
0.2 = 307 N/mn? S
o = 126  N/mn® 2 -
€g = 0.102 % o'y =
Np = 1769843 cycles e’y =
T, = 1.168 - b =
Tp = 1.844 - c =
Incremental step test K’ =
n’ =

Failure criterion
o/e~values valid for

Remarks

rupture

half failure life

1416
0.362
1908
1.563

2397
0.331
2032
0.3249
-0.183
—0.441

Hardness

Microstructure

Monotonic 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

Remarks

displacement control
hourglass shaped, § 6 mm
in rolling direction
diametral

Schenck, PVIO with special equipment

plast. strain control, Rep= -1

hourglass shaped, @ 6 mm

: mechanically polished

in rolling direction

diametral

Schenck, PVIO with special equipment
0.08 - 2.5 Bz

triangular

for monotonic and very low cycle fatigue tests

hydraul ic was managed manually

1LE
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g, IN/mm?®]
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w00 /
L {/ 8 R

300 : TS 2

r%f— X10CrNi188
200 // E=204000 N/mm? —— = cyclic -
100 I / K'=2397 N/mm®  —-— =incremental|
n= 0,331 —— = monotonic
O 1 " " N PR | X ol N H 1
0 0,5 1 15 2 2,5
g, [

g, [
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F X10CrNi188 E
C 0,'=2032 N/mm® b=-0,1830 I

g'= 0,3249 © e=—0,4410 )
34 exp. results
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PSWT [N/mm?]

\@ X10CrNi188 u
L 34 exp. results
10° AN .
- k ]
L 1
I ]
L o8 |o° o i
L J
102 ) 111l " i 111 ] i1 il " 11t L)L) : L1 L1l R 1 1 11Lill ; 1 1 11l .
10 10 10 10 10 10 10 10

N

Material : X 10 CrNi 18 8

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I MPal | [MPa) | %] | |
|  2.1100 | 1217.0 | 0.0 | 15.5966 | 4.9 |
| 2.8000 | 1210.0 | 0.0 | 15.5931 | 5.8 |
I 2.1400 | 1060.0 | 0.0 | 8.0196 | 23.0 |
| 1.4000 | 1052.0 | 0.0 | 7.5157 | 23.0 |
| 2.1000 | 1061.0 | 0.0 | 8.0201 | 26.0
| 1.1200 | 867.0 | 0.0 | 3.9250 | 62.0
| 1.1400 | 867.0 | 0.0 I 3.9250 | 67.0
| 2.3000 | 89%0.5 | 0.0 | 3.9363 | 78.0
| 1.3000 | 589.5 | 0.0 | 1.5390 | 456.0 |
I 1.1300 | 547.5 | 0.0 | 1.5184 | 470.0 |
| 2.1500 | 582.0 | 0.0 | 1.5353 | 501.0 |
I 1.2000 | 373.5 | 0.0 |  o0.6831 | 2554.0
| 2.1700 | 375.0 | 0.0 |  o0.6838 | 3333.0
| 1.6000 | 358.5 | 0.0 | o0.6757 | 3525.0 |
| 3.1700 | 309.0 | 0.0 | o0.4015 | 17300.0 |
| 3.1900 | 302.0 | 0.0 |  0.3980 | 19672.0
Il 3.1000 | 307.5 | 0.0 l  0.4007 | 22920.0 |
I 3.2000 | 29.0 | 0.0 | o0.3922 | 24318.0
|  2.1300 | 239.0 | 0.0 | o0.2672 | 104000.0 |
| 1.1600 | 247.0 | 0.0 | o0.2711 | 105000.0 |
|  3.1200 { 262.0 | 0.0 | 0.2784 | 105000.0 |
| 2.1000 | 250.5 | 0.0 |  o0.2728 | 124000.0 |
| 3.1400 | 268.5 | 0.0 | 0.2816 | 140619.0 |

+

continued
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| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I [pal | [MPa] | [%] | |
| 1.5000 | 255.0 | 0.0 | 0.2750 | 155000.0 |
| 3.9000 | 254.0 | 0.6 | 0.2245 | 245500.0 |
I 2.6000 | 242.0 | 0.0 | o0.2186 | 306000.0 |
I 2.1900 | 242.0 | 0.0 | o0.2186 | 333500.0 |
| 1.1500 | 254.0 | 0.0 | 0.2245 | 396500.0 |
|  3.1500 | 255.0 | 0.0 | o0.2100 | 436000.0 |
| 3.4000 | 265.5 | 0.0 I o0.2301 | 446000.0 |
|  t1.1100 | 253.5 | 0.0 | 0.2243 | 1329140.0 |
I 1.7000 | 269.5 | 0.0 | o0.2321 | 1688000.0 |
| 2.9000 | 278.0 | 0.0 | 0.2013 | 7202000.0 |
| 3.1600 | 271.0 | 0.0 | 0.1978 | > 4727000.0 |



X 10 CrNiMo 16 4 2

AM 350

Heat treatment
Test temperature
Semifinished material

cold drawn 25-35% reduction by supplier
+23°C

: blanks, @ 19 mm

Reference {4.12]
Year 1963
Chemical composition

c Mn Si Cr Ni Mo N

0.10 0.75 0.35 16.50 4.

Monotonic properties

E = 179530 N/mm?

_ 2

Rog.2 = 1864 N/mm

R, = 1906  N/mm?
s = %
z = 20 %

Cyclic properties

Rig.2 = 1635 N/mm’
o = 553 N/mm?
5 = 0.308 %

NT = 18 cycles
T, = 1.366 -

T, = 5.511 -

Incremental step test

Failure criterion
o/e-values valid for : ha

Remarks

25 2.75 0.10

voo= 0.30 -
kK = 2318 N/mm?
n = 0.047 -
o = 2265 N/mm?
&g = 0.23 -
K = 3072 N/mm?
2= 0.101 -
o'y = 2947 N/mn?
g'p = 0.176 -
v =  -0.110 -
< = -0.767 -
k' = N/mm2
n’ = -

complete rupture

1f failure life

Hardness

Microstructure

Mogotonic 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

Remarks

: Rockwell C-50 to 52

cylindical, @ 6.35 mm
in rolling direction

38.1 mm

: Rhiele, universal testing machine

total diametral strain coatrol, Rg4= -1
hourglass shaped, @ 6.35 mm

: machined

in rolling direction
diametral

self designed

SLe
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g, [N/mm*]
2000 —
1800 G 5 °
/1o
1600 /}{/ﬁ,
1400 4
! /
1200 /
1000
"1
800
600 /A AM 350 i
400 I / E=179530 N/mm® —— = cyclic
: / K'=3072 N/mm’ —-— = incremental
200 n'= 0,101 —— = monotonic ||
0 I PR N I 1 }
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£ M
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. AM 350 ]
u 0,'=2947 N/mm® b=-0,1100 -
N o g/= 0,1764 "¢=—-0,7670
21 exp. results
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PSWT N/mm?]

T T LUBLBLEALLL LA ALLL M O SO 6 94 1) VOO O A9 B B 0
L o
AM 350
° og
L Q © 21 exp. results
103 _ D\\ ]
: Cbo oo Q\CD :
- \~~~ 1
= -
~~~~~
- ‘~~~~
= -
1cf 111 L L1 L i1 RN L1 AN BRI 113l
\] 2 4 S & 7 8
10 10 10 10 10 10 10 10
Material : AM 350
e o= Frm e ea s i R it +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] {%]
+———— Aalniuiiatd e — - B e B R e ettt +
1.0000 1998.7 0.0 3.3790 3.0
2.0000 1957 .3 0.0 2.2630 14.0
3.0000 1850.3 0.0 1.9200 46.0
4.0000 1812.3 0.0 1.7070 71.0
5.0000 1805.4 0.0 1.4030 85.0
6.0000 1808.8 0.0 1.7060 90.0
7 .0000 1684 .6 0.0 1.0570 169.0
8.0000 1801.9 0.0 1.4020 176.0
9.0000 1608 .6 0.0 0.%680 190.0
10.0000 1505.1 0.0 0.8870 450.0
11.0000 1090.8 0.0 0.6260 5971.0
12.0000 G38.9 0.0 0.5260 11500.0
13.0000 818.1 0.0 0.4580 13920.0
14.0000 776.7 0.0 0.4340 16300.0
15.0000 831.9 0.0 0.4640 23200.0
16.0000 735.3 0.0 0.4100 35940.0
17.0000 807.8 0.0 0.4550 40050.0
18.0000 759.4 0.0 0.4240 56600.0
19.0000 769.8 0.0 0.4320 133000.0
20.0000 756.0 0.0 0.4210 159000.0
21.0000 783.6 0.0 0.4360 1010000.0




X 10 CrNiMo 16 4 2

AM 350

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Mn Si Cr

hot rolled, pickled
+23°

: blanks, @ 19 mm
{4,121
1963

Ni Mo N

0.10 0.75 0.35 16.50 4.25 2.75 0.10

Monotonic properties

E = 193340 N/mm? voo=
- 2 _
Roo.p = 442 N/mm K =
R, = 1319 N/mm? n =
A5 = % ag =
z = 52 % gp =
Cyclic properties
LI 1063  N/mn? LI
.
"g = 346 N/mmZ n =
ey = 0.196 % o'y =
Np = 0 cycles e'pg =
T, = 1.264 - b =
T, = 5.089 - ¢ =
Incremental step test X’ =
n’ =

Failure criterion
o/e-values valid for

Remarks

complete rupture

: half failure life

and annealed by supplier

0.32
906
0.136
2341
0.74

11825
0.388
2777
0.014
=0.137
-0.287

N/mm?

N/mm?

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen location :

Gauge length
Testing machine

Strain rate

Cvclic test

Loading condition :

Specimen

Surface

Specimen location

Gauge length
Testing machine
Freguency
Strain rate

Waveform

Remarks

cylindical, @ 6.35 mm
in rolling direction

38.1 mm

Rhiele, universal testing machine

total diametral strain control,
: hourglass shaped, @ 6.35 mm

: machined

in rolling direction
diametral

self designed

RE

a= 1

8LG
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2400
2200 =
2000 /r
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1600 ©-
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1200 //
1000 U/
800 o
. j AM 350
600 L
| £_ E=193340 N/mm® —— = eyclic H
400 + /" K'=11825 N/mm®  —-.— = incrementall]
200 n'= 0,388 —— = monotonic
0 T " N n N 1 T
0 0,5 1,5 2 2,5
£, 7]
£, 7]
101 - IS ALAALL T TTTI7 LR LLL T T TTTI0O7 I T TTITIIT T TTTITOY 1T
: AM 350 H
- 0,'=2777 N/mm® .b=-0,1370 I
- o g'= 0,0138 c=-0,2875 |
o 12 exp. results
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PSWT N/mm']

T 117 "H LB RLLL L LEREL 11 TTTTIT | EEi] L T TTIT T TTIILT
- AM 350

\Q\ 12 exp. results

L o \o\ .-J
L 0\\ d
2 L ity 1 1 1100l L4 L1l L1 31018 Lot 1aiil L L 1 1Lt | EEETT}
10 1 2 3 4 S5 & 7 8
10 10 10 10 10 10 10 10
N

Femmmmm oo e BT B T Fmmm e R +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]

o m - e B T R T Hommmmmmm——— o o mm o — oo +
1.0000 1722.6 0.0 2.6050 7.0
2.0000 1729.4 0.0 1.8070 18.0
3.0000 1594 .8 0.0 1.2600 34.0
4.0000 1456.7 0.0 0.9120 125.0
5.0000 1266.9 0.0 0.7450 228.0
6.0000 994 .2 0.0 0.5900 1134.0
7.0000 807.8 0.0 0.4840 3220.0
8.0000 666.2 0.0 0.4050 15410.0
9.0000 486.7 0.0 0.3010 42700.0
11.0000 548.9 0.0 0.3420 137000.0
12.0000 462.6 0.0 0.2920 170000.0
13.0000 403.9 0.0 0.2420 1020000.0



X 10 CrNiTi 18 9 1.4541

Heat treatment : as received
Test temperature : +23°C
Semifinished material

Reference : 14,71

Year : 1983

Chemical composition
C Si Mn P S Cr Ni Ti

0.073 0.41 1.32 0.024 0.011 17.1 10.2 O0.46

Monotonic properties

E = 200000 N/mm? voo= -
Ryo.2 = 265  N/mn? kK = 1174 N/mm?
R, = N/mn? n = 0.257 -

Ay = % o = N/mm?
z = % &g = -
Cyclic properties

Rig.p = 343 N/mm? k' = 1170 N/mm?
o = 191 N/mm? 2’ = o201 -

g = 0.129 % o'y = 1019 N/mm?
Np = 1732816 cycles ely = 0.1325 -

T, = 1.168 - b =  -0.110 -

T, = 1.366 - ¢ = -0.394 -
Incremental step test X' = N/mm2

Failure criterion crack initiation, 0.5 mm crack length
g/e-values valid for : half failure life

Remarks

Hardness

Microstructure

Monotonic 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

Remarks

displacement control

hourglass shaped, ¢ 6 mm

in rolling direction

diametral

Schenck, servohydraulic, max., 60 kN

0.42 (%/min)

total strain control, Re= -1

bhourglass shaped, @ 6 mm

: mechanically polished

in rolling direction
4 mm
Schenck, servohydraulic, max. 60 kN

0.1 - 11 Hz

sinusoidal

182
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T, [Nfmm?]

600

500

400

300

200 f p—

L X10CrNiTI189
E=200000 N/mm' —— = cyclic
100 K'=1170 N/mm’ —-— = incremental{]|
n'= 0,201 —— = monotonic
O n i - i T L N i 1 PSSR | i n " M 1 i i A n
0 0,5 1 1,5 2 2,5
g,

g, )

10’ : LA T TTTTI LR SLARAL T TTYITIT T T ITTITIT T TTTIIIT T lllll_
- X10CrNiTI189 .
M2 0,'=1019 N/mm’ =-0,1100 I
NN £/= 0,1325 c=—0,3940
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SN 22 exp. results
) ~e

10k ‘?Q s
: \m\% ]
LR . P ]

— o ]
L o ‘M -
—1 w \\‘~_~

1 E oo —--"‘:::::_-_.:_:
C S :
- \\‘\\ 4

10—2 L1 ]t 1111 l:ll_L i1 11311 L=l Leity L1 1i1en \l\’\llllll

10 10° 10 10" 10° 10° 10 10°



283
PSWT [N/mm']

T T rirm T TTTITm T TTTTIY T T TYTTOT T T TTTINY L T T T TTIIT
- X10CrNiTiN89
L i
_\~\ 22 exp. results |
~
10 ~J ]
of J

1T

T

: 1
_ %\Q\“w ]

L ~~~~“~~~ -
102 ; 1 L4 ; I VAT (R EN R J 1 1141¢ p oL il R 1t i 3111t ; L4t .
10 10 10 10 10 10 10 10
N

i

Material : X 10 CrNiTi 18 9

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I mweay | [MPa] ! [%] ! 1
| 11,0000 | 495.7 | -4.2 ] 1.2000 | 471.0 |
| 12.0000 | 474.7 | -3.1 ! 1.2000 | 500.0 |
| 13.0000 | 401.2 | 0.7 I o0.7000 1 1666.0 |
| 2.4200 | 408.4 | 0.0 | 0.7000 | 2100.0 |
| 3.3700 | 393.9 | -2.5 I o0.7000 | 2200.0 }
| 3.3600 | 352.2 | 2.6 | 0.5000 | 5150.0 |
| 3.3800 | 351.9 | 0.0 I 0.5000 | 5709.0 |
I 3.3900 | 351.9 | 0.0 I o0.5000 1 6324.0 |
| 1.1200 | 337.0 | 0.0 | 0.4000 | 12990.0 |
| 1.2100 | 338.0 | 0.0 | 0.4000 | 16000.0 |
| 1.1100 | 310.5 | 0.0 | 0.3000 | 41500.0 |
I 1.2200 | 3108 | 0.0 | 0.3000 | 54000.0 |
I 1.3200 | 300.0 | 2.0 | 0.2500 | 89000.0 |
| 2.5200 | 2010 | 0.0 |  0.2500 | 89600.0 |
I 1.1240 |} 285.0 | 10.6 | 0.2300 | 110000.0 |
| 2.9300 | 289.8 | 5.0 | o0.2300 | 114000.0 |
I 2.9400 | 286.7 | 3.0 | 0.2300 | 132000.0 |
] 1.1210 | 280.3 | 7.8 | 0.2200 | 325000.0 |
I 2.1120 | 282.0 | -1.4 | 0.2200 | 335000.0 |
I 8.0000 | 284.2 | 4.3 ! 0.2200 | 420000.0 |
| 2.1040 | 336.0 | 9.3 | 0.2200 | » 4940000.0 ]
| 2.6200 | 350.0 | 0.0 I 0.2200 | > 5300000.0 |




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%
: bar, @ 25 mm
: [4.3]
1 1978
s Ni €c Ti

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28

Monotonic properties

E = 210000 N/mm? v o=
Ryp.2 = 211 N/mm? k=
R, = 677  N/mm? n =
Ay = 51 % o =
z - 69 % e =

Cyclic properties

Rlo.2 = 496  N/mn? K = 3647
o0y = 242 N/om? a = 0.321
e = 0.014 % o'y = 1968
Np = 7940 cycles e'y = 0.110
Tq = 1.198 -~ b = -0.138
Tep = 1.499 - c = ~0.393
Incremental step test : K’ =

n' -

Failure criterion
o/e-values valid for

Remarks

: complete rupture
: half failore life

: Young's modulus estimated

N/mm2

N/mm

N/mm2

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen location :

Gauge length
Testing wmachine

Strain rate

Cyclic test

Loading condition :

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

: JIS G 0551 grain size: 9

: cylindrical, ¢ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R=-1

: cylindrical, @ 6 mm
: mechanically polished

in rolling direction

15 mm

: servohydraulic, max. 50 kN

: 39 (%/min)

: triangular

¥8¢



O"I N/mm?]
1200
1000 T
A N I -
800 b
[e)
o /
o/
600 /
/,
400 H
L SUS 321-B
E=210000 N/mm® —— = cyclic
200 K'=3647 N/mm’ —-— = incrementai ||
n'= 0,321 —— = monotonic
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PSWT [N/mm']

T T 11T T Voo T FTTIm) T ryony € T 1 TTT1T]
L

SUS 321-B

| N 5 exp. results

-

: N

102 ; 11 L1inil " L1 1i11iy . L1 Lty " L)y . 111111 . 1 L1iiil ; L1 IIuLJ
10 10 10 10 10 10 10 10
N

Material : SUS 321-B

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| I amplitude | | ampl itude | failure |
| 1 [Mpal | [MPa] | [%] | |
| 1.0000 | 791.2 | 0.0 I 1.5050 | 238.0 |
| 2.0000 | 7725 | 0.0 | 1.0700 | 506.0 |
| 3.0000 | 721.5 | 0.0 | o0.8750 | 862.0 |
|  4.0000 | 651.9 | 0.0 | 0.6400 | 2639.0 |
| 5.0000 | 469.9 | 0.0 | o0.4800 | 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, 9 25 mm
1 [4.3]
: 1978
S Ni Cr Ti

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28

Monotonic properties

E = 210000
Roo. = 211
R, = 671
Ag = 51
z = 67

Cyclic properties

RﬁO.Z = 455
% = 273
£y = 0.200
N = 27223
T, = 1.187
Tep = 1.424

Incremental step test :

Failure criterion

of/e-values valid for

Remarks

N/mm? v =
N/mm?2 K =
N/mm2 n =
% L3 =
% eg =
N/om? ' = 8384
N/om? PA- 0.469
% o'y = 2046
cycles e'p = 0.046
- b = -0.133
- ¢ = =0.276
& =
n' =

: complete rupture
: half failure life

: Young’s modulus estimated

N/mm

N/mm?2

Hardness

Microstructure

Monotonic test

Loading condition

Specimen

Specimen location :

Gauge length
Testing machine

Strain rate

Cyclic_test

Loading condition

Specimen

Surface

: HV 10 : 163

: JIS G 0551 grain size: 9

cylindrical, ¢ 10 mm
in rolling direction
50 mm

0.3 and 7.5 (%/min)

total strain control, RE= -1

cylindrical, @ 6 mm

: mechanically polished

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

in rolling direction
15 mm

servohydraulic, max. 50 kN

4.0 (%/min)

triangular

L8%
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1400
1 .-
1200 e
1000 e
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L
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I / E=210000 N/mm?® —— = cyclic
200 K'=8384 N/mm®  —-— = incrementall[|
n= 0,469 —— = monotonic
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0 0.5 1 15 2 2,5
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- SUS321-B H

T

L S~ 5 exp. results

10 el il

10 10° 10 10

|SUET] B 1 113 et 11101

10 10 10

Material : SUS 321-B

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure

| 1 mPa1 | [MPal | [%1 | |
| 1.0000 | 824.0 | 0.0 | 1.2400 | 431.0 |
| 2.0000 | 792.7 | 0.0 I 1.0050 | 560.0 |
| 3.0000 | 700.4 | 0.0 | 0.7500 | 1819.0 |
| 4.0000 | 545.4 | 0.0 | o.5100 | 20634.0 |
I s5.0000 | 401.2 | 0.0 |1 o0.3800 | 64300.0 |




X 10 CrNiTi 18 9

1.4541

SUS 321-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

[ Si Mn P

<0.05 0.54 1.08 0.041 0.

Monotonic properties

E = 210000 N/mm?
0.2 182 N/mn?
R, = 668  N/mn?
Ay = 56 %
z = 68 %

Cyclic_properties

Rig.p = 414 N/mn?
o = 224 N/mm?
eg = 0.152 %
Np = 27027 cycles
T, = 1.319 -
Ty = 1,304 -

Incremental step test

Failure criterion

1050°C/30° water, 1100°C/1h water

+23°C

[4.3)
1978

s

: bar, @ 25 mm

Ti

018 8.52 16.50 0.28

ot
ef

complete rupture

o/e-values valid for : half failure life

N/mm?

N/mm?

6179 N/mm?
0.435 -

1998 N/mn?
0.081 -
-0.144 -
-0.341 -
N/mm2

Remarks : Young's modulus estimated

Hardness : AV 10 : 135

Microstructure : JIS G 0551 grain size: 3.1

Monotonic test

Loading condition :

Specimen : cylindrical, ¢ 10 mm
Fpecimen 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, Ra= -1
Specimen : eylindrical, @ 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 : trianguvlar

Remarks

068
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Material : SUS 321-B

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| | amplitude | | amplitude | failure |

| | [pral | [MPa] | %] | |

| t.0000 | 760.8 | 0.0 | 1.2550 | 403.0 |

| 2.0000 | 710.7 | 0.0 | o0.9600 | 937.0 |

| 3.0000 | 567.5 | 0.0 | ©.7900 | 1189.0 |

| 4.0000 | 658.7 | 0.0 | 0.7550 | 3016.0 |

| 5.0000 | s517.0 | 0.0 1 o0.5400 | 6042.0 |

| 6.0000 | 444.4 | 0.0 1 0.5000 | 12071.0 |




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, 1100°C/1h water
: +23°C
: bar, @ 25 mm

[4.3]

1978

S Ni Cr Ti

<0.05 ©0.54 1.08 0.041 0.018 8.52 16.50 0.28

Monotomnic properties

E = 210000 N/mm’ vooo= -
Ryp.2 = 182 N/mm? E = N/mm?
R, - 668  N/mm’ n = -
Ay = 56 % o = N/mn?
= 68 % L = -
Cyclic properties
Rig o = 376  N/om? o= 17743 N/mm?
0.2 mm
o = 185  N/mm? = 0.620 -
gg = 0.149 o'y = 3005 N/mn?
Np = 87287 cycles e'g = 0.061 -
T, = 1.419 - b = ~0.183 -
T, = 1.133 - c = -0.304 -
Incremental step test K’ = N/mm2
n' = -

Failure criterion
o/e-values valid for

Remarks

complete rupture

half failure life

: Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

: BV 10 : 135

: JIS G 0551 grain size:- 3.1

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

totel strain control, R.=-1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

4.0 (%/min)

triangular

£62
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ag, [N/mm*]
1400 s
1200 et
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[ ~Sus 321-8 !

L ~ 5 exp. resuits i
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N

Material : SUS 321-B

+

| Spec, no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I (pal | [MPa] ] [%] ! ]
| 1.0000 | 844.2 | 0.0 | 1.2000 | 414.0 |
| 2.0000 | 738.7 | 0.0 I 1.0050 | 916.0 |
! 3.0000 | 740.2 | 0.0 | o0.7800 1 2785.0 |
| 4.,0000 | 41,9 | 0.0 I o0.5200 | 8182.0 |
I 5.0000 | 423.8 | 0.0 | 0.4400 | 25263.0 |




X 10 CrNiTi 18 9 1.4541 SUS 321-B
Heat treatment : 1050°C water, 1200°C/30’ water
Test temperature : +23°C
Semifinished material : bar, 9 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

Monotonic properties

E = 210000 N/mm? voo= -
Ryo.2 = 177 N/om? K = N/mm?
R, = 516 N/mm? n = -
As = 70 % oy = N/mm?
= 74 % ey = -
Cyclic properties
Rig.z = 220 N/mm? K= 2264  N/mn?
o - 83 N/mm? 2’ = 0.375 -
&g = 0.055 % o' = 1969 N/mm?
Np = 131441 cycles el = 0.652 -~
T, = 1.099 - b = -0.208 -
Tp = 1.526 -~ c = -0.548 -
Incremental step test : K' = N/mm?
n’ = -
Failure criterion : complete rupture
o/e-values valid for : half failure life

Remarks : Young’s modulus estimated

Hardness

Microstructure

Mopotonic 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

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R.=-1

cylindrical, ¢ 6 mm

: mechanically polished

in rolling direction
15 nm

servohydraulic, max. 50 kN

40 (%/min)

+ triangular

96%
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Material : SUS 321-B
+: + + + + —————
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | ampl itude | | amplitude | failure 1
I [ [pa) | [MPa) | [%) ! !
+ + + + + +
I 1.0000 | 460.1 | 0.0 | 1.5550 | 500.0 |
| 2.0000 | 364.4 | 0.0 | 1.0050 | 1992.0 |
Il 3.0000 | 264.9 | 0.0 | 0.4%0 | 6700.0 |
I 4.0000 | 260.5 | 0.0 I o0.4050 | 8700.0 |




X 10 CrNiTi 18 9

1.4541 SUS 321-B

Heat treatment
Test temperature
Semifinished material

Reference
Year
Che: al _composition

Cc Si Mn P

1050°C water, 1200°C/30’ water
: +23°C
: bar, § 22 om
: [4.3]

1978

s Ni Cr Ti

<0.05 0.60 1,84 0,024 0,014 10.00 18.95 0.45

Monotonic propertigs

E = 210000 N/mm? v o= -

Ryo.2 = 177 N/mm? | N/mn?

R, = 516 N/mm? a = -

Ay = 70 % op = N/mm?

z = 74 % &g = -

Cyclic properties

Rig. = 250  N/mm? k' = 1535 N/mm?

o = 96  N/mm’ 2 = 0.292 -

g = 0.053 % o'y = 1806  N/mm?

NT = 43095 cycles e’f = 1.720 -

T, = 1.260 - b = -0.193 -

T = 1.316 - ¢ = -0,659 -

Incremental step test K' = N/mm2
A = _

Failure criterion
o/e-values valid for

Remarks

complete rupture

: half failure life

: Young's modulus estimated

Hardness : BV 10 : 108

Microstructure : JIS G 0551 grain size: 0.9

Monotonic test

Loading condition

Specimen : ¢ylindrical, ¢ 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, Re: -1
Specimen : cylindrical, @ 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)

Vaveform : triangular

Remarks

663
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£=210000 N/mm® —— = cyclic
100 K'=1535 N/mm® —-— = incrementadl
n'= 0,292 —— = monotonic
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10‘ -. T lr‘”" LILLBLLLLL LI ALAALL T T TTTTII T _TTTIIIY T T TTTITY I TT1T
E Y 0
o | SUS 321-B N
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Material : SUS 321-B

B it pmmm— - B T tmmmmmmmm—— - B e T +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] %]

B it e tommmmm - Fomm e mmm—m— o o mm e B e e +
1.0000 462.5 0.0 1.5100 750.0
2.0000 363.0 0.0 1.0100 1936.0
3.0000 275.2 0.0 0.5050 5078.0
4.0000 236.9 0.0 0.2500 24813.0



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, 900°C/1h air

: +23°C
: bar, 9 22 mm
: [4.3]
1978
s Ni Cr Ti

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45

Monotonic properties

E = 210000 N/mm? v o=

_ 2 _
R,y * 177 N/mm £ =
R, = 535 N/mn? a =
A = 70 % o =
z - 77 0% ep =

Cyclic properties

Rog.p = 220 N/mm® k' = 3080
.

o, = 66  N/mm? 2’ = 0.424

L = 0.043 % G'f = 3079

Np = 114425 cycles ely = 0.976

Ta = 1.062 - b = -0.253

&p = 1.265 - c = -0.593
Incremental step test X' =
n' =

Failure criterion
o/e-values valid for

Remarks

complete rupture
half failure life

Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

: BV 10 : 122

: JIS G 0551 grain size : 0.9

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R.=-1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

%08
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PSWT [N/mm']
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Material : SUS 321-B

| Spec. no. | Stress | Mean stress | Strain | Cycles to I
| | ampl itude | | amplitude | failure |
| I Mpay | [MPa] | [%] | |
| 1.0000 | 487.1 | 0.0 | 1.4950 | 698.0

| 2.0000 | 399.3 | 0.0 | 0.9950 | 1783.0 |
| 3.0000 | 269.8 | 0.0 | 0.4900 | 7153.0

| 4.0000 | 236.4 | 0.0 ' 0.3300 | 13105.0 |




X 10 CrNiTi 18 9

1.4541 SUS 321-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition
C 8i Mn P

1 +23°C
: bar, 22 mm
4.3}
1978
s Ni Cr Ti

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45

Monotonic properties

E < 210000 N/mm? v o= -

LI 177 N/mm? k- N/mm?

R, = 535 N/mm? n = -

Ag = 70 % o = N/mm?

z = 7 % e = -

Cyclic properties

Rig.a = 241 N/mm? K = 2097 N/mn?

oy = 98  N/mn? = 0.348 -

5, = 0.060 % o'y = 1868 N/mm?

Ny = 78878 cycles 'y = 0.803 -

T, = 1.497 - b = -0.194 -

T, = 1.184 - ¢ = -0.570 -

Incremental step test : K’ = N/mm2
n' = -

Failure criterion
o/e—values valid for

Remarks

: complete rupture
: half failure life

: Young'’s modulus estimated

1050°C water, 1200°C/30’ water, 900°C/1h air

Hardness

Microstructure

Monotonic 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

Remarks

: HV 10 : 122

: JIS G 0551 grain size : 0.9

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

: cylindrical, @ 6 am
: mechanically polished

in rolling direction
15 mm

servohydranlic, max. 50 kN

1 4.0 (%/min)

triangular

S0¢
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n'= 0,348 —— = monotonic
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Material : SUS 321-B
| Spec. mo. | Stress | Mean stress | Strain | Cycles to |
! | amplitude | | amplitude | failure |
! | [Pal | [MPal | o] | |
| 1.0000 | s501.8 | 0.0 ! 1.4950 | 761.0 |
! 2.0000 | 375.7 | 0.0 | 0.9900 | 1643.0 |
! 3.0000 | 261.9 | 0.0 | o0.5000 | 5314.0 |
1 4.0000 | 230.0 | 0.0 ! o0.2450 | 38763.0 |

10°
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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, 750°C/24h air

: +23°C
: bar, @ 22 mm
: [4.3]
1 1978
s Ni Cr Ti

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45

Monotonic properties

E = 210000 N/mm vooo=
Ryp.2 = 214 N/mm? k=
R, = 529  N/mm? n =
Ay = 63 % op =
z = T4 % gy =

Cyclic properties

Rig 3 = 228 N/mn? k' = 2086
o = 90 N/mm? = 0.357
o = 0.057 % o'y = 1858
Np = 103906 cycles e'y = 0.713
Tq = 1.081 - b = -0.199
Tep = 1.110 - < = -0.558
Incremental step test : K’ =

n' =

Failure criterion
o/e-values valid for

Remarks

: complete rupture
: half failure life

: Young's modulus estimated

N /mm?

N/mm

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen location :

Gauge length
Testing machine

Strain rate

Cvelic test

Loading condition

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

: BV 10 : 122

: JIS G 0551 grain size : 0.9

: c¢ylindrical, ¢ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R.=-1

: cylindrical, ¢ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

: triangular

808
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Material : SUS 321-B
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | ampl itude | | amplitude l failure |
| | mPal | [MPa] | [%] | !
| 1.0000 | 454.2 | 0.0 | 1.5050 | 628.0 |
| 2.0000 | 369.4 | 0.0 ! 1.0100 | 1561.0 |
| 3.0000 | 275.2 | 0.0 | 0.5050 | 6229.0 |
| 4.0000 | 249.2 | 0.0 I 0.3550 | 13410.0 |




X 10 CrNiTi 18 9

1.4541 SUS 321-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

[ Si Mn P

1050°C water, 1200°C/30' water, 750°C/24h air

: +23%
: bar, § 22 mm
: [4.3])
1978
s Ni Cr Ti

<0.05 0.60 1.84 0.024 0.014 10,00 18.95 0.45

Monotonig¢ properties

E = 210000 N/mm2 v =

- 2 ,
Ryo.2 = 214 N/mm K =
R, = 529 N/mm? n =
Ay = 63 % op =
z = 74 % ep =

Cyclic properties

Rig.2 = 251  N/mm? K- 1682
o = 103 N/mm? n = 0.306
gy = 0.060 % o'y = 1740
Ny = 57117 cycles o'y = 1.136
T, = 1.200 - b = -0.186
T, = 1.124 - ¢ = -0.608
Incremental step test K’ =

n' =

Failure criterion
o/¢-values valid for

Remarks

complete rupture

: half failure life

: Young's modulus estimated

N/mm?

N/mm

N/mm2

N/mm?

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen location :

Gauge length
Testing machine

Strain rate

Cyelic test

Loading condition :

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

: HV 10 @ 122

: JIS G 0551 grain size : 0.9

: ¢ylindrical, ¢ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R.=-1
cylindrical, @ 6 mm
mechanically polished

in rolling direction

15 mm

servohydraulic, max. 50 kN

4.0 (%/min)

triangular

11¢



312

O'u N/mm*]
600
500 N TS
S
400 //
o}
300 <
L
200 a
SUS 321-B
o
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Material : SUS 321-B
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure {
| | [MPal | [MPa} | [%]1 | |
I 1.0000 | 472.4 | 0.0 1 1.5200 | 803.0 |
| 2.0000 | 368.4 | 0.0 | 1.0100 | 1504.0 |
| 3.0000 | 289.9 | 0.0 1 o0.5100 | 6518.0 |
1 4.0000 | 230.5 | 0.0 1 o0.2450 | 31241.0 |



X 10 CrNiTi 18 9 1.4541 SUS 321-B

Heat treatment 1050°C/30" water
Test temperature +450°C
Semifinished material bar, @ 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 B8.52 16.50 0.28

Monotonic properties
2

E = 194000 N/mm v =
Ryg.3 = 135 N/om? k-
R, = 416  N/mn? =
Ay = I W of =
zZ = 62 % e =

Cyclic properties

Rig.2 = 189 N/mm? - 2329
oy = 104 N/om? 2= 0.404
ey = 0.100 % a’f = 917
Np = 982321 cycles e’y = 0.097
Ty = 1.090 - b = ~0.143
Tep = 1.156 - c = -0.351
Incremental step test @ K’ =

n' =
Failure criterion : complete rupture
o/e—values valid for : half failure life

Remarks : Young's modulus estimated

N/mm?

N/mm?

Hardness

Microstructure

Mopotonic test
Loading condition :
Specimen : cylindrical, ¢ 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, Re= -1
Specimen : cylindrical, @ 6 mm
Surface : mechanically polished

Specimen location : in rollinmg direction

Gauge length : 15 mm

Testing machine : servohydraulic, max. 50 kN
Frequency

Strain rate : 40 (%/min)

Waveform : triangular

Remarks

485
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Material : SUS 321-B, 450°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | [mpal | [MPa] | [%] | |
| 1.0000 | 346.8 | 0.0 I 1.1050 | 457.0 |
| 2.0000 | 330.1 | 0.0 | 1.0150 | 497.0 |
| 3.0000 | 317.4 | 0.0 | 0.7900 | 973.0 |
| 4.0000 | 289.9 | 0.0 | 0.6950 | 1949.0 |
I s5.0000 | 235.9 | 0.0 I o0.4900 | 5560.0 |




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
1 +450°C
bar, § 25 mm
14.31
1978

S Ni Cr Ti

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28

Monotonic properties

E = 194000 N/mm? voo= -
Ryg.p = 135 N/mm? E = N/mm?
R, = 416 N/ma? a = -
Ay = 39 % o = N/zm?
= 62 % g¢ = -
Cyclic properties
LIS 220 N/mm? S 2211 N/me?
oy = 86  N/mm? 2’ = o3m -
e, = 0.061 % o'y = 1140 N/mm®
Np = 62155 cycles ey = 0.160 -
T, = 1.059 - b = -0.170 -
T, = 1.350 - ¢ = -0.452 -~
Incremental step test K’ = N/mm?
n' = -

Failure criterion
o/e-values valid for

Remarks

: complete rupture

half failure life

Young's modulus estimated

Hardness

Microstructure

Monotonic test

Loading condition
Specimen

Specimen location
Gauge length
Testing machine B

Strain rate

Cyclic test

Loading condition
Specimen
Surface
Specimen location :
Gauge length
Testing machine
Frequency

Strain rate

Waveform

Remarks

cylindrical, § 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

c¢ylindrical, # 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.41 (%/min)

triangular

JARS
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g, N/mm?*]

600

500

-
-
-

400

300

200

i

100

SUS 321—8, 450 °C
£=194000 N/mm®

K'=2211 N/mm®

= cyclic

= incremental|]

n'= 0,371 -—— = monotonic
0 1 1 ' . 1 ' L M N 1 M o . i 1 1 1 i
0 0.5 1 1,5 2 2,5
€, 7]
€, [
1C)‘ : T Trirmam LS4 LILBLRLLALLL 0
- SUS 321-8, 450 °C u
My 0,/=140 N/mm®  b=—0,1699 I
N £/= 0,1600 c=—-0,4516 1
100 2 ~:::\Q\Q\J 5 exp. results
S \\\i ]
L s S~ n
N S \‘\
-1 \O\N“ \\\\ “N\
10 =~ IR 3
C AN Nt .
- . B R
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PSWT [N/mm']
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SELLEULLLLL B LR 1)) LICRLLLLL T T 177 T T TTII] ollllllll | i)
- SUS 321—-B 450 °C H
= -4
[~ 5-e It
>~ Xp. results
\\\
~
~
~
N
N
\\
- ~\\\ B
\\\
L N} ]
\\\\
\\\
\\
] ||||I L1l 1 L itint L L L1t L L L AbLL) \\L Illl||l LLiiii
\] 2 ) (] 7 8
10 10 10 10 10° 10 10 10
N
Material : SUS 321-B, 450°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
! I [pa] | [MPa] ] [%] | |
| 1.0000 | 375.2 ! 0.0 | 1.0350 | 345.0 |
| 2.0000 | 339.9 | 0.0 ! o0.8050 | 700.0 |
| 3.0000 | 281.5 | 0.0 | o0.5200 | 1567.0 |
| 4.0000 | 240.4 | 0.0 | 0.4150 | 4884.0 |
| s5.0000 | 222.2 | 0.0 I o0.3050 | 7883.0 |

319



X 10 CrNiTi 18 9

1.4541 SUS 321-B

Heat treatment

Test temperature
Semifinished materia
Reference

Year

Chemical composition
C Si Mn

<0.05 0.54 1.08 0.

Monotonic properties

E = 201250
Roo.2 = 117
R, = 404
Ag = 42

= 66

Cyclic properties

Réo‘z = 166
% = 68
€ = 0.071
Np = 3069923
T, = 1.134
Tep = 1.306

Incremental step tes

Failure criterion
o/e~values valid for

Remarks

1050°C/30" water, 1100°C/1h water

+450°C
1 : bar, @ 25 mm
: [4.31
1978
P S Ni Cr Ti

041 0.018 8.52 16.50 0.28

2

N/mm' v =
N/mm? k=
N/mm? n =
% o =
% gg =
N/mm? k' =
N/mm? 2" = o.523
% o'y = 1713
cycles e’y = 0.172
- b = -0.212
- < - -0.404
to: K’ =

n’ =

complete rupture
: half failure life

: Young’s modulus estimated

4290

Hardness

Microstructure

Monotonic 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

Remarks

c¢ylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain coantrol, Re= -1
cylindrical, @ 6 mm
mechanically polished

in rolling direction

15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

02¢



g, Nmm']

600

i el
500 e
400 ez
300 P/Er

!
200

t SUS 321-B, 450 °C

£=201250 N/mm® —— = cyclic

100 K'=4290 N/mm?  —-— = incremental

| n'= 0,523 —— = monotonic
O . PN S — 1 _— N a2 | 2 I M " .
0 0,5 1 1,5 2 2,5
€,

€, @

101 - T 11710 LR SLELLRLL T T TTTHI o T 1 711} -
. SUS 321-B, 480 C -
F N 0,=1713 N/mm®  b=—0,2122 :
X TR £'= 0,1717 =—0,4044 i

IS 6 exp. results
0 ~>o

10 E < c
o 3
- o ] .
L ~~"‘~_~ ‘\\‘~\ .
L Tl RRNE -

10-1 : %Meu - \\\::\\ L !
o .‘¢““:~~ \\‘\~‘ -
L AN U

10‘1_LI_I.LLLII];II|““ L1 L LILLLud_n__LLuuu_;T_u.uu

10

10°

10
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PSWT [N/mm']

T rrrmy 1 T rrm LB AARLL 5
- SUS 321-B, 450 °C I
. H
AN 6 exp. results i
\\\\
.} S

10° ¢ -
- Ny
- o .
- -
= AN -
L ANy 4

\\‘\
\\\
102 y NIt BRI Lol [N REIT Lorvaaid Sapoe el oy sl

1 4 S 6 7
10 10° 10 10 10 10 10 10
N

Material : SUS 321-B, 450°C

| Spec, no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
] | [@eal | [MPa] | [%] | |
| t1.0000 | 345.8 | 0.0 | o0.9850 | 1165.0 |
| 2.0000 | 315.4 | 0.0 | o.8150 | 1454.0 |
I 4.0000 | 267.3 | 0.0 | o0.6300 | 2131.0 |
| 3.0000 | 273.7 | .0 | o0.6850 | 3009.0 |
! s.0000 | 260.0 | 0.0 | o.6050 | 3878.0 |
|  6.0000 | 231.5 | 0.0 | o0.4850 | 6688.0 |



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, 1100°C/1h water

1 +450°C
: bar, @ 25 mm
: {4.3]

1978

S Ni Cr Ti

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28

Monotonic properties

E = 201250 N/mm? voo=
Ryo.2 = 117 N/mn? £ =
R, = 404 N/mm? a =
As = a2 % of =
¥4 = 66 % £g =

Cyclic properties

Ryg.s = 218 N/mm? K = 2917
,

o = 50 N/mm? a2 = 0.417
5, = 0.031 % o'y = 2763
Np = ‘42126 cycles ' = 0.844
T, = 1.090 - b = -0.263
T, = 1.344 - ¢ = -0.626
Incremental step test X’ =

n' =

Failure criterion
o/g—values valid for

Remarks

complete rupture

half failure life

: Young's modulus estimated

Hardness

Microstructure

Momotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R5= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

49
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g, IN/mm?]

600 —

500 L

) /'/

300 7

200 / .

SUS 321-B, 450 °C
N
E=201250 N/mm* —— = cyclic
100 K'=2917 N/mm?* —-— = incrementall|
I n'= 0,417 —— = monotonic
O I . 1 —_ a1 P S —
0 0.5 1 1,5 2 2,5
£, 1A

£, ]

101 :—‘q—r‘rrmn T T 111 LECEERARL] CTIIOn — T T TTy Iollllllll IR
E N SUS 321-8, 450 °C :
S| 0,/=2763 N/mm*® b=—0,2634 i
B Ma M
I £/= 0,8440 c=—0,6265 I

RN 5 exp. results

10° 3 -
- -
g 0 ]
L \~‘~0\%\\:\\ 4

107 E ey ;
s ™ T 3
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PSWT [N/mm?)
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\\
| b S exp. results L
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A Y
Y
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J 2 3 4 S 6 J 8
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N

Material : SUS 321-B, 450°C

+

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | a1 | [MPa] | %] ! [
| 2.0000 | 359.5 | 0.0 | o0.8400 | 777.0 |
I 1.0000 | 386.0 | 0.0 ' 0.9%00 | 848.0 |
I 3.0000 | 311.0 | 0.0 ! o0.5850 | 2178.0 |
| 4.0000 | 270.3 | 0.0 |  o0.4950 | 3702.0 |
! s.0000 1 250.6 | 0.0 I o0.4000 | 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 P

1050°C water, 1200°C/30' water
+450°C
: bar, 9 22 mm
[4.3]
1978

S Ni Cr Ti

<0.05 ©0.60 1.84 0.024 0.014 10.00 18.95 0.45

Monotonic Droperties

E = 168750 N/mm? vooo= -
Ryp.2 = 108 N/mm? £ - N/mm?
R, = 379 N/mm? n o= -
Ag = 46 % op = N/mm?
z = 72 % &g = -
Cyclic properties
R, = 188 N/mm® £ = 2223 N/mm?
p0.2
,

oy = 79 N/mm? a2 = 0.398 -
6 = 0.069 % o'y = 1219 N/mm?
Ny = 131338  cycles e’y = 0.227 -
T, = 1.185 - b =  -0.180 -
Ty = 1.410 - ¢ = -0.45¢ -~
Incremental step test K’ = N/mm2

n’ = -

Failure criterion
o/e-values valid for

Remarks

: complete rupture

half failure life

: Young’s modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

; HV 10 ; 108

: JIS G 0551 grain size : 0.9

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

95¢
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g o [N/mm?]

{ ]

600

500

-
-
-

-
-
-

400

=

300

L

200 / 5 -
L SUS 3218, 450 °C
E=168750 N/mm® —— = cyclic

100 K'=2223 N/mm?  —-— = incremental]]
I n'= 0,398 —— = monotonic
O " " " . 1 n 2 . n T n N N N H N n M N 1 M M M M
0 0.5 1 1,5 2 2,5
£, 1A

g, 7]

‘10’ E T TTTTI T TTT1IV T TTTHN LT TTIITY I T TTIIOY lollllllll ) O =
3 SUS 321-B, 450 °C -
N 0,=1219 N/mm®  b=-0,1801 i
I N £/= 0,2272 c=—0,4564 |

100 \8\n 6 exp. results

10 11ill
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PSWT [N/mm']

w IRRRLLY T T SUS‘ 321—8' 450 OC
._\‘\ 6 exp. results i

LI
| S}

T
1

\\
102 - L1 1111 ; L L1l . 1 1 1111t " L1 L1l . 11 IIlIIT\G\ [ EEEET . 1111 .
10 10 10 10 10 10 10 10

N

Material : SUS 321-B, 450°C

+

Stress | Mean stress | Strain

| Spec. no, | | Cycles to |
| | amplitude | | amplitude | failure {
| | [Pal | [MPa] | (%] | |
! 1.0000 | 383.1 | 0.0 | 1.5350 | 188.0 |
! 2.0000 | 365.4 | 0.0 | 1.2300 | 454.0 |
I 3.0000 | 335.5 | 0.0 | 1.0450 | 833.0 |
! 4.0000 | 338.5 | 0.0 ! 1.0200 | 866.0 |
! s5.0000 | 237.4 | 0.0 ! 0.5300 | 4731.0 |
! 6.0000 | 183.9 | 0.0 ! 0.2950 | 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°¢
: bar, § 22 mm
[4.3]
1978
s Ni Cc Ti

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45

Monotonic properties

E = 168750 N/mm? voo=
Ryg.z = 108 N/mm? E =
R, = 379 N/mm? n =
Ay = %6 % o =
z = 7 % eg =

C¥elic properties

v 2 =
p0.2 243 N/mm K: = 1419
o = 96  N/mm? = 0.284
6 - 0.065 % o'y = 1151
Np = 16019 cycles e'yg = 0.431
Ts = 1.109 - b = -0.163
Tsp = 1.318 - c = -0.563

Incremental step test : K’ =

n' =

Failure criterion
o/e~values valid for

Remarks

: complete rupture
: half failure life

: Young's modulus estimated

N/mm?

N/mm

Hardness

Microstructure

Monotonic test

Loading condition
Specimen
Specimen location
Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition
Specimen
Surface
Specimen location :
Gauge length B
Testing machine
Frequency H
Strain rate

Waveform

Remarks

: cylindrical, @ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, RE= -1

: ¢ylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.4 (%/min)

¢ triangular

(143
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g, [N/mm?]

600

500

400

300

200

A

100

SUS 321—B, 450 °C

£=168750 N/mm’

—— = cyclic

L K'=1419 N/mm’ —-— = incremental
n'= 0,284 —— = monotonic
o P 1 a1 P 1 5 s N 1 L 1
0 0,5 1 1,5 2 2,5
€, [

£, [

101 ; |>| TTTIT T TTTTTIT T TTTTI T T TTTINT T T TTITIOf Bl TITITI T rIrI‘l_
Cey SUS 321-B, 450 C »
FNy 0,151 Nmm?  b=—0,1632 i
i e £= 0,4307 c=—0,5627 |

o 4 exp. results
0 N

" : Q\\ E

- ~~~‘~~\.~ \D ~
- \\s .

10—1 \O\eiiv\\~~ ~ .\\\

r \\\\ RS :1:11\\ ]
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PSWT [N/mm']

LERIRERLIL T T 1 TTTHT T T TTIT0Y T T TTIIIIY T TTTTIY T TT17

SUS 321-8, 450 °C

L 4 exp. results I

10 ~

T T rrr
r ol

i N )
L i
102 ; o1t " 1131 3 L1 i N L1 1iiiel ; L1 llllll‘a‘i 111y ; Lo .
10 10 10 10 10 10 10 10
N

Material : SUS 321-B, 450°¢

dommmmm e o mm e m— e B e dmmm e — - e mmm e +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] {MPa] [%]

e m e Fomm - o m e e dmmmmmm—mm - R e +
1.0000 371.8 0.0 0.9950 579.0
2.0000 270.3 .0 0.5050 2918.0
3.0000 238.9 0.0 0.3650 6761.0
4.0000 225.6 0.0 0.2600 13370.0



X 10 CrNiTi 18 9

1.4541 SUS 321-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition
C 8i Mn P

<0.05 0.60 1.84 0.024 O.

Monotonic properties

E = 149700 N/mm?
- 2

Ryo.p = 116 N/mw

R, = 367 N/mn?

Ay = 0 %

z - 72 %

Cveclic properties

’ = 2
RpO-Z = 169 N/mm
% = 80 N/mm?
ey = 0.079 %

Np = 152205 cycles
Ty = L1711 -

Tep = 1.430 -
Incremental step test :
Failure criterion : co

o/e—values valid for : ha

Kemarks : Yo

1050°C water, 1200°C/30' water, 800°C/1k air
+450°C

bar, @ 22 mm

[4.3]

+ 1978

s Ni Cr Ti

014 10.00 18.95 0.45

v = -
K = N/mn?
a = -
op = N/mm?
Ef = -
K’ = 1710 N/mo?
a2 = 0.373 -
o'y = 946 N/mn?
g'f = 0.210 -
b =  -0.163 -

= -0.440 -
K = N/mm?
n’ = —

mplete rupture
1f failure life

ung’s moduius estimated

Hardness

Microstructure

Monotonic 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

Remarks

: cylindrical, @ 10 mm

in rolling direction

50 nm

: 0.3 and 7.5 (%/min)

total strain control, Re= -1

: cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 am
servohydraulic, max. 50 kN

i 40 (%/min)

triangular

(458
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g, Nmm']
600
500
400 ==
R
200 =
SUS 321-B, 450 °C
E=149700 N/mm® —— = cyclic
100 K'=1710 N/mm® —-— = incremental[]
n'= 0,373 —— = monotonic
0 I ) ) ) ) 1 s s i L 1 1 L
0 0,5 1 1.5 2 2,5
g, A
€, 7
101 = T T TTIm T TTTT T TTIT1T T TITITO] 1 TTTTI0T lollllllll T lllllf
- SUS 321-B, 450 'C ]
F Sy 0,'=946 N/mm®  b=—0,1630 i
- R £'= 0,2099 c=—0,4403 |
1° B\\ n 5 exp. results
[~ i ]
o b\\ \\\\ ‘\\‘\ -
10" = == :\‘\_ . S~ 3
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PSWT [N/mm?]
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- SUS 321-B, 450 °C H
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[~ 5 exp. results
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1 2 3 4 S 6 7
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N
Material : SUS 321-B, 450°C
| Spec. no, | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | [mpal | [MPa] | [%] | !
| 1.0000 | 334.5 | 0.0 | 1.5100 | 225.0 |
I 2.0000 | 290.9 | 0.0 | 1.0000 | 1220.0 |
| 3.0000 | 207.0 | 0.0 | o0.5000 | 5382.0 |
| 4.0000 | 204.1 | 0.0 | 0.4950 | 5416.0 |
| 5.0000 | 193.3 | 0.0 I 0.3950 | 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 P

1050°C water, 1200°C/30’ water, 900°C/1h air
+450°C

: bar, @ 22 mm
[4.3]
1978
s Ni Cr Ti

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45

Monotonic properties

2

E = 149700 N/mm v o= -
Rog.p = 116 N/mn? £ = N/mn?
R, = 367  N/mm? n - -
Ay = 40 % o = N/mn?
z = 72 W ep = -
Cyclic properties
0.2 209 N/mm? £ - 1474 N/mn?
o - 78 N/mm? n = 0.314 -
5, = 0.061 % a'p = 1096  N/mm?
Np = 18392  cycles 'y = 0.381 -
T, = 1.033 - b = -0.173 -
T, = 1.216 - ¢ = -0.549 -
Incremental step test K' = N/mm2
n’ = -

Failure criterion
of/e-values valid for

Remarks

: complete rupture

half failure 1life

: Young's modulus estimated

Hardness

Microstructure

Monotonig test

Loading condition
Specimen

Specimen location :
Gauge length H
Testing machine

Strain rate

Cyclic test

Loading condition
Specimen

Surface

Specimen location :
Gauge length B
Testing machine
Frequency

Strain rate

Waveform

Remarks A

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R.=-1
cylindrical, ¢ 6 mm
mechanically polished

in rolling direction

15 mm

servohydraulic, max, 50 kN

0.40 (%/min)

triangular

9ee
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0, Dmm']

600

500

400 =

-
-

/D’———

300 /

200

SUS 321—B, 450 °C
E=149700 N/mm® ——

100 / K'=1474 N/mm?® -

cyclic

incremental[]

I

n'= 0,314 —— = monotonic
0 1 " i i L i i - i 1 — 4 1 L PR | PR M 2
0 0,5 1 15 2 2,5
A
g, 7
101 - | LLRALAL T TTTT T TTTTTW MmN T T I TYTTO I0 T I TTIOT 1T 1717 3
B SUS 321-B, 450 °C -
N , 2 B
NG 0,/=1096 N/mm® b=-0,1735 i
! £/= 0,3806 c=—0,5493
o \‘:‘\\ 4 exp. results
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- SUS 321—RB, 450 'C ¥
N
L s, 4 exp. results _j
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1 2 3 4 S 6 7 8
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N
Material : SUS 321-B, 450°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I mpal | [MPa] | [%] ! |
| 1.0000 1 326.7 | 0.0 ! 1.0150 | 531.0 |
| 2.0000 | 245.3 | 0.0 | o0.5050 | 2962.0 |
! 3.0000 | 205.5 | 0.0 | 0.2450 | 7186.0 |
| 4.0000 | 185.4 | 0.0 | 0.2500 | 14496.0 |




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
1 +450°C
: bar, @ 22 mm
1 [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

Monotonic properties

E = 171000 N/mm? voo= -

Ryo.2 = 148 N/mm? k= N/mm?

R, - 375 N/mm? n = -

Ay = 7 % op = N/mm?

z - 68 % e = -

Cyclic properties

Rig.p = 184 N/mm? k' = 1636 N/mm?

o - 81  N/mm? = 0.352 -

5 = 0.067 % o's = 1054 N/mm?

Np = 110271 cycles ey = 0,293 -

T, = 1.167 - b = -0.169 -

T, - 1.480 - ¢ = -0.482 -

Incremental step test : K’ = N/mm?
= -

Failure criterion

o/e-values valid for

Remarks

: complete rupture
half failure life

: Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

: c¢ylindrical, @ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain comtrol, Re= -1

c¢ylindricel, @ 6 mm

: mechenically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

8€¢
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g, IN/mm?*]

600

500

oo b Ll et

-
300 /
200
SUS 321-B, 450 °C
=171000 N/mm® —— = cyclic

100 K'=1636 N/mm?’ —-— = incremental

f n'= 0,352 —— = monotonic
0 n " " A L " n " PR | —— I . 1 - . N N 1 ) " n N
0 0,5 1 15 2 2,5
g,

£, [

101 E I RALAL LR IR BLRLLLLS LS AL T T IO T TTTIIT - Iollllllll T TIIH_‘
By, SUS 321—-B, 450 C u
i S 0,=1054 N/mm® b=—0,1686 .
i Yo g,'= 0,2930 c=—0,4824

N\ 5 exp. results

10° k o g
E \\ 3
-_\“\-‘\“ E\\ -
L M\B\\ ‘\\ 4

10‘1 s . :‘\ \\‘\
F el el 3

10_2 311l L1 111kl L1 11l 111 M E 1 l\l\Ll Ll 11ld
10 10° 10 10" 10° 10° 10 10°
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PSWT [N/mm®]

T T 11T T T TTIT T T TTTT T T TITTII T T TTTI000 lollllllll I T ITITIT
o SUS 321-B,450 C J
‘\
\\
L~ 5 exp. results L
\\
~
~
~
~
3 N
10 .
- D\o .
- -
L RN i
\\
\\
- \\ -
‘\
\\
\\\\
\\
102 1 111l L1 141l L1yl I wEIIn (IR Al 11 11

1 2

10 10

3

10 10" 10° 100 10 10°

N

Material : SUS 321-B, 450°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | [mpal | [MPa] | [%] | |
| 1.0000 ! 353.6 | 0.0 | 1.5150 | 248.0 |
| 2.0000 | 3316 | 0.0 | 1.2350 | 476.0 |
| 3.000c | 306.6 | 0.0 | 1.0050 | 1277.0 |
I 4.0000 | 215.8 | 0.0 ! o0.4650 | 5347.0 |
| 5.0000 | 183.0 | 0.0 ! o0.2950 | 14665.0 |



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, 750°C/24h air

i +450°C
: bar, 9 22 mm
1 [4.3])

1978

S Ni Cr Ti

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45

Monotonic properties

E = 171000 N/mm? voo=
Roo.2 = 148 N/mm? K=
R, = 375 N/ma? 2 =
As = 37 % og =
YA = 68 % eg =

Cyclic properties

Rpo.2 = 210 N/mo? K = 1676
@ = 75 N/mm? n'o= 0.334
6 = 0.053 % o'y = 1344
Np = 31479 cycles ely = 0.510
T, = 1.070 - b = -0.190
T, = 1.315 - ¢ = -0.568
Incremental step test : K’ =

=

Failure criterion
o/e-values valid for

Remarks

: complete rupture
: half failure life

: Young’s modulus estimated

N/mm2

N/mm

N/mm2

Hardness

Microstructure

Monotonic test

Loading condition

Specimen
Specimen location :
Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition
Specimen
Surface
Specimen location :
Gauge length
Testing machine
Fregquency

Strain rate

Waveform H

Remarks

: cylindrical, @ 10 mm

in rolling direction

50 mm

: 0.3 and 7.5 (%/min)

total strain control, R2= -1

: cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

1843
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g, N/mm*]

600

500

-
-

-

300

-]
-

pd

200 5

L SUS 321-R8, 450 °C
E=171000 N/mm® —— = cyclic
100 K'=1676 N/mm®* —-— = incremental
; n'= 0,334 —— = monotonic
0 1 " P I N 2 ) 1 — )|
0 0,5 1 15 2 2,5
€, [#]

€, [#]

10‘ - T T-TTTTIT T TTTTTT T TTTThT T T TTTIIY L T TTTINY lo T TTTI] L T TT71 4
N SUS 321-B, 450 C .
R 0,=1344 N/mm’ b=-0,1902 N
L s £'= 0,5103 c=—0,5679 |

\‘\\‘\\ 4 exp. results

10° £ s g
: S\\\q ]
- \\§\~~\~\ B\ -
L ‘\e,_ A -

\o\eb\ \\\‘

107 E e .
L \\\\ ~¢¢¢¢‘:
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PSWT [N/mm?]

E SUS 321-B, 450 °C
L \\ 4 exp. results B
3 \\\
10 b < ]
C 8 ]
i o _
L \\‘\\ 4
2 | EEEN g Luint I L Ll 111ttt 1 I\ITT‘MI | EEN L1 11l
10 1 2 3 4 5 6 7 8
10 10 10 10 10 10 10 10
N

Material : SUS 321-B, 450°C

I Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude I failure |
| 1 mpeal | [MPa] | [%] | !
| 1.0000 | 337.5 | 0.0 I 0.9950 | 757.0 |
| 2.0000 | 250.6 | 0.0 1 0.5000 | 2971.0 |
| 2.0000 | 215.8 | 0.0 I 0.3550 | 8426.0 |
| 4.0000 | 195.2 | 0.0 | o0.2650 | 12339.0 |




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
+ +600°C
: bar, @ 25 mm
[4.3]
1978

S Ni Cr Ti

<0.05 0.54 1.08 0,041 0.018 8.52 16.50 0.28

Monotonic properties

E = 196200 N/mn? Vo=
- 2 -
Rp0.2 = 129 N/mm K =
R, = 349 N/mw? =
As = 39 % o =
= 66 % e =
Cyclic properties
Rig.2 = 207 N/mm? k' - 891
o - 119 N/mm? 2 = 0.235
gy = 0.080 % o'y = 587
Np = 67822 cycles e’y = 0.169
TU = 1.094 - b = -0.105
TEP = 1.150 - c = =0.446
Incremental step test K* =
n’ =

Failnre criterion
o/e~values valid for

Remarks

: complete rnptnre
: half failnre life

: Yonng’s modnlns estimated

N/mm?

N/mm2

Hardness

Microstrncture

Monotonic test

Loading condition :

Specimen

Specimen location :

Gange length
Testing machine

Strain rate

Cyclic test

Loading condition

Specimen

Surface

Specimen location
Gange length
Testing machine
Fregnency

Strain rate

Waveform

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Rz= -1

cylindrical, ¢ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydranlic, max, 50 kN

40 (%/min)

triangular

4%
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g, [N/mm*]

600

500

400

107 J) A S Lt

g

200 SUS 321-8, 600 °C I
[ F=196200 N/mm® —— = cyclic

100

K'=891 N/mm® —-— = incremental|]
n'= 0,235 —— = monotonic
0 " U S S | M 2 L 2 I N n 2 I M It N n 1 M n 1 M
0 0,5 1 1,5 2 2,5
g, 1A
£, 1A
101 F T T TTTI LELELAARLL L1 TTTAN T T TIIT00Y rol IS | ||ll-‘
E SUS 321-B, 600 C u
Py 0,=587 N/mm®  b=-0,1051 i
L Sy £'= 01687 c=—0,4462 i
RS 6 exp. results
0 ~
10 E ﬁ‘% :
C ]
L SN ]
) -\"M*M R
10 E T :“:--_ TR E
10-2 L1 ’|||||| 1 L il 1 L1l 1 111 A1 idl L_i l\L\LH L1 aill

10 100 10 10* 10° 10° 10 10°
N
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PSWT [N/mm']

LLRARLL LBBSLIBLILICLLLj PR S 5 ) ) S S 0 4 O 0 B 1) O D W B 0 1
I SUS 321-B, 600 °C

I

L 6 exp. results

I 1

10° <

E N
: ",

2 Sl
10 1§ 11114 i1 111) IR L1 LiislL 1 1131 Lol Ly~ 1

L1 )1

10° 10° 10" 10° 10° 10
N

Material : SUS 321-B, 600°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| 1 ampl itude | | ampl itude | failure |
| I pal | [MPal | [%] | !
|  1.0000 1| 295.8 | 0.0 I 1.1450 | 281.0 |
| 2.0000 | 286.9 | 0.0 } 1.0200 | 420.0 |
| 3.0000 | 283.5 | 0.0 | o0.8500 | 576.0 |
| 4.0000 | 264.9 | 0.0 I o0.6050 | 1358.0 |
! 5.0000 | 242.8 | 0.0 | 0.5000 | 2957.0 |
| 6.0000 | 215.3 | 0.0 I 0.3900 | 4563.0 |



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
: +600°C
: bar, @ 25 mm
: [4.31

1978

S Ni Cr Ti

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28

Monotonic properties

2 =

E = 196200 N/mm v = -

Ry0.2 = 129 N/mm? k= N/mn?

R, - 349  N/mm? n = -

Ay - 39 % o = N/mm?

Z = 66 % eg = -

Cyclic properties

Rig.a = 204  N/mm? K= 804  N/mm?

op = 124 N/m? = 0.221 -

6 = 0.084 % o'y = 486  N/mm?

Ny = 60618 cycles ey = 0.104 -

T, = 1.087 - b = -0.090 -

T, = 1.242 - ¢ = -0.410 -

Incremental step test K’ = N/mm?
n' = -

Failure criterion
o/e-values valid for

Remarks

: complete rupture
: half failure life

: Young's modulus estimated

Hardness

Microstructure

Monotonic test

Loading condition

Specimen

Specimen location :

Gauge length
Testing machine

Strain rate

Cyclic_test

Loading conditiom :

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

: cylindrical, @ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

: cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

L¥E
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a, N/mm®]

600

500

300 ===

200 o]

L SUS 321-B, 600 °C
E=196200 N/mm® —— = cyclic

100 K'=804 N/mm* —-— = incremental][]
I n'= 0,221 —— = monotonic
0 " " e 2 1 — . 1 " Y . 1 PN 1 2 1 a 2 1 s
0 0,5 1 15 2 2.5
€, [7]
g, [7]
101 F :Dmmmm;:%:mnnm
: SUS 321-B, 600 °C £
r 0,'=486 N/mm’  b=-0,0902 i
b 4
RN £'= 0,1044 c=—0,4096 |
0 \:3::“ 5 exp. results
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PSWT [N/mm?]

| LLILILLLLL IR I R A AL T lnlll-__Ll_Lu.L[[l’_l_l_l_Lum_lil_l_Lw.u_l_n_n_n_n.n.-
- SUS 321-B, 600 °C 1
| S exp. results i

10° =
| ™ i
L \T)\\\\Q\ 4

‘Ioz 11 llllul Lo ii4iu L1 L Lllm L1 1 11 \~\\~[‘L
10 10° 10 10" 10° 10° 10 10°
N

Material : SUS 321-B, 600°C

| Spec. no. Mean stress | Strain 1 Cycles to

| Stress | |
| | amplitude | | amplitude | failure |
| | [Pal | [MPa] | %] | |
| 1.0000 | 282.0 | 0.0 | 1.0200 | 266.0
] 2.0000 | 267.8 | 0.0 | o0.8050 | 381.0
| 3.0000 | 245.7 | 0.0 | o0.6200 | 720.0 |
1 4.0000 | 233.5 | 0.0 | 0.4800 | 1620.0 |
1 s5.0000 | 211.4 | 0.0 | 0.3450 1| |

5935.0




X 10 CrNiTi 18 9 1.4541 SUS 321-B
Hest treatment ; 1050°C/30° water, 1100°C/1h water
Test temperature 1 +600°C
Semifinished material : bar, @ 25 mm
Reference [4.3]
Year 1 1978
Chemical composition
C Si Ma P s Ni Cr Ti

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28

Monotonic properties

E = 207850 N/mm® voo= _
Rop.2 = 113 N/mm? | N/mm?
R, = 353 N/mm? a = -
Ay = 2 0% o = N/mm?
z = 6 % ep = -
Cyclic properties

. 207 N/mm? k' = 1203 N/mm?
p0.2

.

o = 95 N/mm? o= 0.295 -

g = 0.059 % o'y = 893 N/mn?
Np = 68110 cycles e’ = 0.309 -
T, = 1.104 - b = -0.147 ~
T, = 1.182 - c = -0.509 -
Incremental step test : K’ = N/mm2

n' = -

Failure criterion : complete rupture
of/e-values valid for : half failure life

Remarks : Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, RS= -1

cylindrical, ¢ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

05¢
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g, [N/mm?]
600
S00
9
00 bt aeenettT
300 //a——
200 /é
| SUS 321-B, 600 °C
E=207850 N/mm® —— = cyclic
100 K'=1293 N/mm’ —-— = incremental
n'= 0,295 -—— = monotonic
o — A 2 I Y i a1 e 1 n 2 e
0 0,5 1 1,5 2 2,5
£, 1A
£, 1A
101 o ISR LALLL LELBLILLLLL T T TT1THT 111y T T UTTTI 101|||ll|l T T 1117
., SUS 321-B, 600 °C
My .
F T 0,=893 N/mm®  b=-0,1474 i
. e £/= 0,3089 c=—0,5089 i
. N 6 exp. results
100k R 3
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PSWT [N/mm?]

FriTir T TTTTI T TT1TITm 1

- SUS 321-B, 600 °C H
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AN 6 exp. results L
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Material : SUS 321-B, 600°C

] Spec. no. ] Stress | Mean stress ] Strain | Cycles to |

| | amplitude | | amplitude | failure |

| I mpal | [MPa] | (%1 |

| 1.0000 | 311.5 | 0.0 | o0.9600 | 573.0 |

| 2.0000 | 299.7 | 0.0 | o0.8050 | 1123.0 |

I 2.0000 | 274.2 | 0.0 I 0.7050 | 1200.0 |

| 4.0000 | 256.5 | 0.0 | o0.5000 | 3104.0 |

| 5.0000 | 243.8 | 0.0 | 0.4800 | 3253.0 |

| 6.0000 | 223.7 | 0.0 I 0.3750 | 4995,0 |



X 10 CrNiTi 18 9

1.4541 sUs 321-B

Heat treatment

Test temperature

Semifinished material

Reference

Year

Chemical composition
[ Si Mn P

<0.05 0.54 1.08 0.041 0.

Monotonic properties

E = 207850 N/mm?
= 2

Rpo;z = 113 N/mm’

R, = 353 N/mm?

A = 2 %

z = 6 %

Cyclic properties

- 2
Réo.z = 233  N/mm
LA = 151 N/mm?
ey = 0.093 %
Np = 37004 cycles
T, = 1112 -
Tsp = 1.237 -

Incremental step test

Failure criterion : col
o/e-values valid for : ha

Remarks : Yo

1050°C/30' water, 1100°C/1h water
+600°C

; bar, @ 25 mm
: [4.3)
1978
s Ni Cr Ti

018 8.52 16.50 0.28

v = -
k= N/mm?
n = -
6p = N/mm?
Ef = -
o= 776 N/um?
= 0.194 -
o'y = 471 N/mn?
e'y = 0.081 -
b = -0.075 -
¢ = -0.394 -
' = N/mm?
n’ = -

mplete rupture
1f failure life

ung’s modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

¢ylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

€498
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g, [N/mm*]
600
500
400
) /2/‘3/ e
200
L SUS 321—B, 600 °C
E=207850 N/mm® —— = cyclic
100 K'=776 N/mm’ —-— = incremental]]
n'= 0,194 —— = monotonic
O PU i a L A 2 L Pl 1 N - Iy " 1 A i n 2 1 . i . i
0 0.5 1 1.5 2 2,5
£, 7
£, 7
101 - LELBLEAL T TTTIT T T TTTMm BN EER]] 1T F U0V T 1 1 TTT01Y 1 1 1311
3 T - 8
. SuUS 321-8, 600 "C .
- 0,=471 N/mm’ =—0,0747 ¥
RN £'= 0,0814 c=—-0,3941 1
g L \::\\ 6 exp. results !
b \\\\ 4
10_1 I "H\%\e___‘:\ - -"‘~~\~ _
o \l —---—""-~:::::::: ____ 3
- ~\\ .J
10_2 1Ll L1 iienil L1 11111} 14 111 1 01111 1 l_ll\lTl I~ L 1L
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PSWT fN/mm?]
T 1T TTTTT LR R AL LI RALLL 1T 11110 T T TITT31 Lol ITTIIF 1 T 711 1
- SUS 321--B, 600 C n
| 6 exp. results i
100 b .
C *Q\\\t>\\ ]
- .
102 11t L1l L1l L1 1eli i1 i I 1L 1 llll‘l~

10 10° 10° 10* 10° 10° 10 10°
N

Material : SUS 321-B, 600°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I [MPal | [MPa] | [%] | |
+ t t t + +
! 1.0000 | 306.6 | 0.0 | 1.0350 | 168.0 |
| 2.0000 | 279.1 | 0.0 | 0.6400 | 477.0 |
| 3.0000 | 268.3 | 0.0 | 0.5050 | 1227.0 |
| 4.0000 | 270.8 | 0.0 | 0.4%00 | 1481.0 |
| 5.0000 | 239.9 | 0.0 | 0.4100 | 1766.0 |
| 6.0000 | 232.0 | 0.0 | o0.3100 | 7349.0 |




X 10 CrNiTi 18 9 1.4541 SUS 321-B
Heat treatment : 1050°C water, 1200°C/30' water
Test temperature : +600°C
Semifinished material : bar, ¢ 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

Monotonic properties

E = 167800 N/mm? v o= -
Ryg.2 = 97  N/mm? k= N/mm
R, = 333 N/mn? n o= -
Ag = 43 % of = N/mm
z = 71 0% e = -
Cyclic proverties

0.2 = 208 N/mm? g = 1116 N/um
o = 95  N/mm? 2 = 0.270 -

&g = 0.067 % o'y = 784 N/mm
Np = 24178 cycles e’y = 0.285 -
Ty = 1.167 - b = -0.139 -

e = 1.527 - ¢ = -0.520 ~
Incremental step test : K’ = N/mm

n' = -

Failure criterion : complete rupture

c/e-values valid for : half failure life

Remarks : Young’s modulus estimated

Hardness

Microstructure

Monotonic test

Loading condition
Specimen

Specimen location
Gauge length
Testing machine

Strain rate

Cyclic _test

Loading condition

Specimen

Surface
Specimen location :
Gauge length
Testing machine
Freguency H
Strain rate

Waveform

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max, 50 kN

40 (%/min)

triangular

9¢¢
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a, IN/mm?]

600

500

400

300

.

oo SUS 321—8, 600 °C
E=167800 N/mm® —— = cyclic

100 K'=1116 N/mm® —-— = incremental
n'= 0,270 —— = monotonic
0 i 1 1 L 1 n 1 " X 1 N s 1 N T 1 X 3 1 1 2 2 n i
0 0,5 1 1,5 2 2,5
£,

g, [#]

10‘ o LILLILALLLL Frrrrm LILBLILLALL T T TTIINY T T TTITI rol_[]_LT[II T lllll.l
3 SUS 321-8, 600 °C g
N 0
AN 0,=784 N/mm® b=-0,1388 i
N £'= 0,2847 c=—0,5198 |

4 exp. results
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PSWT IN/mm?)
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Material : SUS 321 -B, 600°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| | amplitude | | amplitude | failure |

| | (MPa] | (MPa] | (%] | |

| 1.0000 | 344.8 | 0.0 I 1.5350 | 148.0 |

I 2.0000 | 304.1 | 0.0 | 1.0000 | 573.0

[ 3.0000 | 252.6 | 0.0 ! 0.5300 | 2541.0 |

I 4.0000 | 201.1 | 0.0 | 0.3050 | 6355.0 |




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
+600°C
: bar, @ 22 mm
[4.31
1978

s Ni Cr Ti

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45

Monotonic properties

E = 167800 N/mm? vooo= -

Ryo.p = 97  N/mm? k= N/mn?

R, = 333 N/mn? no= -

Ay = 43 % oy = N/mn?

z = 1% ef = -

Cyclic properties

Rpo.2 = 265 N/mn? k' = 630 N/mm?

o = 147 N/mm? n = 0.140 -

T 0.091 & o'y = 522 N/mm?

Np = 2749 cycles ey = 0.263 -

T, = 1.072 - b =  -0.083 -

T, = 1141 - ¢ = -0.598 -

Incremental step test K’ = N/mm2
n’ = -

Failure criterion
ofe—values valid for

Remarks

complete rupture

half failure life

: Young’s modulus estimated

Rardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Rs= -1

c¢ylindrical, @ 6 mm

. mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

69€
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O'n [N/mm?*]

600

500

400

SE

300 o

200 |
L SUS 321-B, 600 °C

E=167800 N/mm® —— = cyclic
100 | K'=630 N/mm? —-— = incremental]]
n'= 0,140 —— = monotonic
0 1 ) n N N L ) M PR 1 i 1 1 e A
0 0,5 1 15 2 25
g, A

€, [

101 : T TTTIIrmn T TTTTI1T T T TITHT T T TTTIY T T TTIITIY fOIIIlllll T IIII]'-‘
- SUS 321-B, 600 °C H
AN 0,'=522 N/mm® =—0,0834 A
Ly £= 0,2626 =-0,5984 |

ol 7 exp. results
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PSWT [N/mm®]

[ SUS 321-B, 600 °C H
I n
L 7 exp. results 1
10—
C ]
L ]
L \Q J
el
102 ) 1 L1 tiey " L1 ia1in . | NIl " Lo 1l . L. L3 titll . | EEEIT] 7 1.1 |TTm .
10 10 10 10 10 10 10 10

N

Material : SUS 321-B, 600°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | ampl itude | | amplitude | failure |
| | mpal | [MPa] | %] | |
| 1.0000 | 332.6 | 0.0 | 1.0100 | 156.0 |
| 2.0000 | 319.3 | 0.0 I 1.0050 | 170.0 |
| 3.0000 | 305.1 | 0.0 | o0.7800 | 318.0 |
| 4.0000 | 285.5 | 0.0 | o0.5150 | 663.0 |
| 5.0000 | 280.6 | 0.0 I 0.5050 | 698.0 |
| 6.0000 | 256.5 | 0.0 Il 0.3500 | 1645.0 |
[ 7.0000 | 252.1 | 0.0 | 0.2650 | 4659.0 |




X 10 CrNiTi 18 9

1.4541 SUS 321-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

c Si Mn P

<0.05 0.60 1.84 0.024 0.

Monotonic properties

E = 151700 N/mmz
- 2

Roo.2 = 101 N/mm

R, = 312 N/mm?

Ag = 40 %

¥4 = 72 0%

Cyclic_properties

Rio.2 = 181 N/mm?
oy = 75 N/mm?
6y = 0.060 %
Np = 29956 cycles
T, = 1.103 -
T, = 1.255 -

Incremental step test

Failure criterion 1 co
o/e-values valid for : ha

Remarks ¢ Yo

1050°C water, 1200°C/30’ water, 900°C/1h air
+600°C

: bar, @ 22 om

[4.31
1978

S Ni Cr Ti

014 10.00 18.95 0.45

v = _
X = N/mm?
n = _
op = N/mm?
L = -
g = 1171 N/mm?
2= 0.301 -
o'y = 817 N/m?
ely = 0.307 -
b = -0.157 -
c = -0.525 -
X’ = N/mo?
n' = -

mplete rupture
1f failure life

ung’s modulus estimated

Hardness

Microstructure

Momotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R£= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max, 50 kN

40 (%/min)

triangular

G9¢
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g, N/mm™]
600
500

L
400

e
300
"
/q/
200 B
SUS 321-B, 600 °C
E=151700 N/mm® —— = cyclic
100 K'=1171 N/mm® —-— = incrementall]
n'= 0,301 —— = monotonic
0 L n P | PR N 1 1 1 ) | N 2 N 1 | " L n L
0 0,5 1 1,5 2 2,5
£, 7]

g,
101 o T riian T TTTIT T T TTIITm T T TTTII T T 11117 Iollllllll T Illlllt

- SUS 321-B, 600 "C

SN 0,/=817 N/mm®  b=-0,1571

- 2

i 3 £,= 0,3073 c=—0,5246

4 exp. results
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PSWT [N/mm?]
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Material : SUS 321-B, 600°C

| Spec. mo. | Stress | Mean stress | Strain | Cycles to |

| | amplitude | | amplitude | failure |

i 1 Pal | [MPa] | (%] | |

| 1.0000 | 315.9 | 0.0 | 1.5200 | 194.0 |

| 2.0000 | 279.1 | 0.0 | 1.0150 | 485.0 |

| 3.0000 | 217.8 | 0.0 | o0.5000 | 2953.0 |

[ 4.0000 | 172.7 | 0.0 1 0.2%0 | 8212.0 |



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, 900°C/1h air
: +600°C
: bar, @ 22 mm

[4.31

1978

s Ni Cr Ti

<0,05 0.60 1.84 0,024 0.014 10.00 18.95 0.45

Monotonic properties

E = 151700 N/mm? v o= -

Ryo.o = 101 N/mm? K= N/mm2

R, = 312 N/mm? n o= -

Ay = 40 % op = N/mm?

z - 72 % eg = -

Cyclic properties

Rig.y = 212 N/mm? K = 533 N/mm?

o = 135 N/mm? = 0.148 -

5, = 0.098 % o'y = 384 N/mn®

N = 6695 ocycles ety = 0.122 -

T, = 1.166 - b = -0.069 -

Ty = 1.551 - ¢ =  -0.476 ~

Incremental step test ) 44 = N/mm2
n' = -

Failure criterion
o/g-values valid for

Remarks

complete rupture

: half failure life

: Young's modulus estimated

Hardness

Microstructure

Mongtonic test

Loading condition

Specimen

Spécimcn location :

Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

cylindrical, § 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min}

total strain control, Re: -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangnlar

S9¢
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g, N/mm*]

600

500

400

300

/(‘5/,49 --------

200 "
SUS 321~B, 600 °C

| E=151700 N/mm® —— = cyclic

100 K'=533 N/mm? —-— = incremental[|

n'= 0,148 —— = monotonic
0 1 —— i N 1 — n " T L 1 e 2
0 0,5 1 1,5 2 2,5
g, 1

£, 4

101 = T TTTTIT T TTTT T T TTTTT T T TTTIT T TTTTTY [ol CITTITY T 17171 f
E SUS 321-B, 600 'C u
r 0,=384 N/mm* b=-0,0687 i
3 ml
LN g'= 01217 c=—0,4761 i

AN 4 exp. results
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- SUS 321-B, 600 °C -
’
- =
L 4 exp. results L
\
I \Q\§\~ ]
Lo i L1 ot Lt 11E181 L1 118N 1L 11l 1 1 11l I\\l-l\ln
1 2 3 4 5 6 7
10 10 10 10 10 10 10 10
N
Material : SUS 321-B, 600°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I [MPal | [MPa]l | (%] | |
| 1.0000 | 268.3 | 0.0 | 1.0100 | 191.0 |
| 2.0000 | 229.6 | 0.0 | o0.5050 | 656.0 |
| 3.0000 | 207.0 | 0.0 1 0.3550 | 1828.0 |
| 4.0000 | 186.9 | 0.0 1 o0.1950 | 28776.0 |
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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, 750°C/24h air

+600°C

: bar, @ 22 mm
[4.3]
1978

s Ni Cr Ti

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45

Monotonic properties

E = 158000 N/mm? vooo=
Ryo.2 = 127 N/mm? £ =
R, = 319 N/mm? n =
Ay = 0 % op =
z = 73 % g =

Cyclic_properties

Rig.2 = 193 N/mn? £ - 1041
o = 86 N/mn? 2 = 0.271
5, = 0.065 % o'y = 763
NT = 25660 cycles 'y = 0.327
T, = 1.119 - b = -0.143
Tep = 1.205 - c = -0.532
Incremental step test : K’ =

n' =

Failure criterion
o/g-values valid for

Remarks

: complete rupture

balf failure life

: Young’s modulus estimated

Hardness

Microstructure

Monotonic test

Loading condition
Specimen

Specimen location :
Gaunge length
Testing machine

Strain rate

Cyclic test

Loading condition :
Specimen
Surface
Specimen location @
Gauge length
Testing machine
Frequency

Strain rate

Waveform

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R£= -1

: cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

89¢
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o, Wmm]

500

500

400 .

300 e
.

200 SUS 321-B, 600 °C I
i E=158000 N/mm® —— = cyclic
100

K'=1041 N/mm?* —-— = incremental|]
n'= 0,271 —— = monotonic
o " i A i 1 . n " — I N " . Iy L n ) i n 1 n N i M
0 0.5 1 1,5 2 2,5
£, Al
£, 4
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PSWT N/mm?]

10
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- SUS 321-B, 600 °C H
1

[~ 4 exp. results K
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Material : SUS 321-B, 600°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| | ampl itude | | amplitude | failure |

| | [MPay | [MPa} | (%] | |

| 1.0000 | 316.9 | 0.0 | 1.5050 | 195.0 |

| 2.0000 | 284.5 | 0.0 |  1.0050 | 542.0 |

| 3.0000 | 229.6 | 0.0 ] 0.4900 | 2914.0 !

| 4.0000 | 182.5 | 0.0 | o0.2900 | 8447.0 |




X 10 CrNiTi 18 9

1.4541

SUS 321-B

Heat treatment

Test temperature +600°C
Semifinished material : bar, § 22 mm
Reference [4.3]
Year 1978
Chemica]l composition

C Si Mn P S Ni Cr

1050°C water, 1200°C/30' water, 750°C/24h air

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45

Monotonic properties

E = 158000 N/mn? v
_ 2
R, = 127 N/mm K
R, = 319 N/mm? n
AS = 40 % ag
Z = 73 % £g
Cyclic properties
- 2
Rog .y = 218 N/mm K’
,
o = 126 N/mm? n
6g = 0.087 % o'y
Np = 7203 cycles ey
T, = 1.106 - b
T, = 1.116 - c
Incremental step test : K’
ot

Failure criterion

o/e~values valid for

Remerks

complete rupture
half failure 1if

: Young's modulus

= 610
= 0.166
= 453
= 0.168

~0.084
= -0.509

3

estimated

N/mm?

N/mm

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control,

cylindrical, @ 6 mm

: mechanically polished

in rolling direction

15 mm

servohydraulic, max,

0.40 (%/min)

triangular

R =
€

50 kN

-1

>

1L
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a, IN/mm*]

600

500

300

e

200
SUS 321—B, 600 °C
L
E=158000 N/mm®' —— = cyclic
100 K'=610 N/mm® —-~ = incremental
n'= 0,166 —— = monotonic
O — i 1 P L 1 )| L n n 1 L e 1 1
0 0.5 1 1,5 2 2,5
g, 7]
g, [
101 - T T 1117 T T TTTT1T T T TTTTIN T T TTHT LT T TIIOr Iollllllll T IIIII_‘
o SUS 321—-8, 600 °C H
e 0,/=453 N/mm® =—0,0842 I
N £'= 01677  * c=—0,5090
¢ . 6 exp. results
10 E > !
T M‘ \Q‘\~ T
10‘1 ;\Q"--: ~~~~~
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PSWT [N/mm"
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- SUS 321-8, 600 C I
L L
R 6 exp. results d
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N

Material : SUS 321-B, 600°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| 1 amplitude | | amplitude | failure |

| 1 [MPal | [MPa] ] [%] | |

| 1.0000 | 283.0 | 0.0 I 1.0050 | 166.0

| 2.0000 | 279.1 | 0.0 | 1.0200 | 197.0

| 3.0000 | 260.5 | 0.0 | 0.7450 | 389.0

| 4.0000 | 235.4 | 0.0 |  o0.5050 | 954.0

| 5.0000 | 208.9 | 0.0 | 0.3500 | 2426.0

|  6.0000 | 189.8 | 0.0 |  o0.1%00 | 24183.0
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X 10 CxNiTi 18 9 1.4541 SUS 321-B

Heat treatment 1050°C/30* water

Test temperature +700°C

Semifinished material : bar, § 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

Monotonic properties

E = 198900 N/mn? vooo= -

Ryg.p = 120 N/mm? k= N/mm?

R, = 261 N/om? n o= -

Ay - 50 % op = N/mm?

Z = 80 % &g = -

Cyclic properties

Ro0.2 = 180 N/om? K= 496  N/mm?

oy = 121 N/mo? 2 = 0.163 -

g = 0.077 % o'y = 360 N/mm?

Np = 62705 cycles ey = 0.151 -

TU = 1.156 - b = -0.072 -

T:p = 1,122 - c = -0.448 -

Incremental step test K’ = N/mm2
n' = -

Failure criterion

o/e~values velid for

Remarks

: co

: ha

mplete rupture
1f failure life

: Young’s modulus estimated

Hardness

Microstructure

Monotonic test

Loading condition

Specimen

Specimen location

Gange length
Testing machine

Strain rate

Cyclic test

Loading condition

Specimen

Surface

Specimen location

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R:= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 om

servohydraulic, max. 50 kN

40 (%/min)

triangular

yLE
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g, [N/mm?*]
300
A N AR
O o emen
/
[s]
200 Q
100 i
SUS 321-B, 700 °C
E=198900 N/mm® —— = cyclic
K'=496 N/mm?* —-— = incremental
n'= 0,163 —— = monotonic
0 " ) " 1 1 M N M i 1 PR 1 M 2 M 2 1 M L i .
0 0,5 1 1,5 2 25
€,
€, [
101 F T T TTHIT: T TTTTT] IR RLAL T TTTTIN T T TV lol TTINNT | EEEI
- SUS 321-B, 700 'C &
" 0,=360 N/mm®  b=-0,0718 i
~ . bd
L T, £,= 0,1509 =—0,4485 i
Q'\‘\s 5 exp. results
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PSWT [N/mm"]

T T 11110 LB T T TIvT T T Ty T_L LI Iollllum::I_LJJlL
- SUS 321-B, 700 'C
L 5 exp. results i
103 \\\

/
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10 10° 10 10t 10° 100 10 10°
N

Material : SUS 321-B, 700°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
] | amplitude | | amplitude | failure |
| | [Pa] | [MPal | [%] | |
| 1.0000 1 242.3 | 0.0 | 1.1050 | 218.0 |
| 2.0000 | 203.6 | 0.0 |  0.7%900 | 486.0 |
! 3.0000 1 219.3 | 0.0 I o0.6650 | 879.0 |
| 4.0000 | 200.6 | 0.0 |  0.4%00 | 1535.0 |
1 5.0000 | 193.3 | 0.0 |  0.3%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

€<0.05 0.54 1.08 0.041

Mopotonic properties

1050°C/30" water

700°C
¢ bar, @ 25 mm
: [4.3]
: 1978
S Ni Cr Ti

0.018 8.52 16.50 0.28

E = 198900 N/mm? v o= -

Ry = 120 N/mm? K = N/mm?

R, = 261 N/mm? n = -

Ay = 50 % o = N/mm?
= 80 % eg = -

Cyclic properties

Rig.p = 172 N/mn? K= 368 N/mm?

o = 115 N/mm? 2 = 0.122 -

&g = 0.067 % o'y = 297 N/m?

Np = 25082 cycles e'y = 0.143 -

T, = 1.058 - b = -0.062 -

Ty = 1.348 -~ ¢ = -0.483 -

Incremental step test : K' = N/mm2

Failure criterion
o/e-values valid for

Remarks

: complete rupture

: half failure life

: Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1
cylindrical, @ 6 mm
mechanically polished

in rolling direction

15 mm

servohydraulic, max. 50 kN

0.41 (%/min)

triangular

LLE
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g, N/mm?]

300

—mm—f———

200 o
>

100 SUS 321-B, 700 °C
E=198900 N/mm® —— = cyclic
I K'=368 N/mm® —-— = incremental
n'= 0,122 —— = monotonic
0 — a2 L 2 S | PR — . I n 2 n 2 T . " e
0 0,5 1 1,5 2 2,5
E, 7]
£, 17
10 grrrmmy ey
SUS 321-B, 700 °C
E\ 0,=297 N/mm’ b=-0,0623 i
L £= 0,1427 c=—0,4835 I
o \\\\‘ - 6 exp. results
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PSWT [N/mm’]

10

T TTT1IT T T TTTIm LI BLALLLIL 11 1 VVVEE) T _T 1T Iollllllll I 1I1Tm
u SuUS 321-B, 700 "C H
. o
L 6 exp. resuits B
Fo ]
L N 4
L .
L Ssa _

L1 11f 14 1 11 1t 11 L1 1 LLLy L l::ﬁﬁ“‘i AN

J 2 ] (] 7
10 10 10 10 10 10 10
N

Material : SUS 321-B, 700°C

| Spec. no. | Stress | Mean stress I Strain I Cycles to i

| | amplitude | | amplitude | failure |

| I [upal | [MPal | [%1 | |

I 1.0000 | 205.0 | 0.0 | 1.0400 | 162.0 |

I 3.0000 | 198.6 | 0.0 | 0.5150 | 513.0 |

I 2.0000 | 194.7 | 0.0 I o0.6100 ! 591.0 |

! 4.0000 1 185.9 | 0.0 ! o.5100 | 676.0 |

| s5.0000 | 178.5 | 0.0 | 0.4050 | 1431.0 |

' 6.0000 | 171.2 | 0.0 | o0.2850 | 3697.0 |

10°

379



X 10 CrNiTi 18 9

1.4541 SUS 321-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

[ Si Mn P

1050°C/30' water, 1100°C/1h water

1 +700°C
: bar, 9 25 mm
: [4.3]

1978

S Ni Cr Ti

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28

Monotonic properties

2 =

E = 202050 N/mm v =

2 -
p0.2 115 N/mm K =
R, = 267 N/mm? n =
As = 53 % 9 =
z = 72 0% e =

Cyclic_properties

Rlo.2 184 N/ma? K- 508
,

o = 115 N/mm? 2 = 0.155
&g = 0.066 % o'y = 440
NT = 31076 cycles el = 0,311
TU = 1.123 - b = -0.088
Tsp = 1.160 - c = ~0.538
Incremental step test : K’ =

n' =

Failure criterion
o/e-values valid for

Remarks

: complete rupture

: half failure life

: Young's modulus estimated

N/mm

N/mm?

N/mm

Hardness

Microstructure

Monotonic test

Loading condition :
Specimen

Specimen location :
Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition :
Specimen
Surface
Specimen location :
Gauge length H
Testing machine
Frequency

Strain rate

Waveform :

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain coatrol, R=-1

cylindrical, ® 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max., 50 kN

40 (%/min)

triangular

08¢



g, N/mm?*]
300
e
Cyo/
200 {,6
100
SUS 321-B, 700 °C
£=202050 N/mm*® —— = cyclic
K'=508 N/mm’* —-— = incremental
n'= 0,155 —— = monotonic
O . e 1 e L n n 1 L n P A " T n n 2
0 0.5 1 15 2 2.5
g, 7
g, [7]
10‘ : rrrrmmn LR LLL LU LLALL 0 B
3 SUS 321-B, 700 °C .
N 5
R 0, =440 N/mm’ =-0,0881 n
L N €= 0,313 c=—0,5377 I
- \\‘\\%n 6 exp. results
: %ESK\:. e ]
107 B = -SOR N VU y
[ ]
L i
10—2 L1 1 1tals oL J1da) 41 iall L tiiy 1 1-1 llll:\\.l RN LA 111l
10 10° 10° 10* 10° 10° 10 10°

N
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PSWT ﬂﬂﬁﬂrnq

T T 1T mTrrmm LR ERLI

- SUS 321-B, 700 °C

-

M. 6 exp. results
10

11 t.1

‘]Oz X L1t " L1 )bt 3 1 ) L1l 1oL 111t IR L1 Ll 23 L1 1111
10 10 10 10" 10° 10° 10
N

Material : SUS 321-B, 700°C

Spec. no. | Stress | Mean stress

| | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I wpal | [MPa] ] [%] | |
| 1.0000 | 241.8 | 0.0 | 1.0200 | 378.0 |
1 2.0000 | 230.5 | 0.0 | 0.7850 | 608.0 |
I 3.0000 | 229.1 | 0.0 ! o.6100 | 1163.0 |
| 4.0000 1| 231.5 | 0.0 | 0.4900 | 15438.0 |
| s.0000 | 207.0 | 0.0 I 0.4650 | 2124.0 |
I 6.0000 | 197.2 | 0.0 | o0.4050 | 2804.0 |




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, 1100°C/1h water
+700°C
: bar, @ 25 mm
[4.31
1978

s Ni Cr Ti

<0.05 0.54 1.08 0.041 0.018 8.52 16.50 0.28

Mopotonic properties

E = 202050 N/mm? Vo= _

Ryg.2 = 115 N/mm? k= N/mm?

R, = 267 N/mn? = -

Ay = 53 % ap = N/mn?

¥4 = 72 0% L = -

Cyclic_properties

0.2 185 N/mm? k' = 523 N/mm?

o - 105 N/mn? = 0.168 -

eg = 0,060 % oty = 369 N/mn?

Np = 16030 cycles s'f = 0.109 -

T, = 1.136 -~ b =  -0.083 -~

Tp = 1.225 - c = -0.477 -

Incremental step test K’ = N/mm?
n’ = -

Failure criterion
o/e-values valid for

Remarks

complete rupture

half failure life

: Young’s modulus estimated

Hardness

Microstructure

Monotonic 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

Wave form

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R = -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm
servohydraulic, max. 50 kN

0.40(%/min)

triangular

€88
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g, [N/mm?*]
300
(/3
o
200 1
]
100
SUS 321-B, 700 °C
£=202050 N/mm® — = cyclic
K'=523 N/mm’ —-— = incremental
n'= 0,168 —— = monotonic
o R e o1 L M I P SR S ) I T A
0 0,5 1 15 2 2,5
g, ]
£, 7]
101 - U1 T T TTTT LR AL T 1T 11110 L L RTTNy Iollllllll 1 lIll_
a SuS 321-B, 700 °C "
B 0,'=369 N/mm?* b=-0,0829 N
>, €= 0,1092 © c=—0,4772 |
\\‘:\ 6 exp. results
100 . N :
- ]
- \“\Q\ ]
o \\_‘ |
107 b—— e L -
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PSWT [N/mm?]

L SUS 321-B, 700 °C

- |

L 6 exp. results N
10 e

L ‘\‘*~\\ J
‘Ioz ; L1111 " L1 1 . | Ryt R L1 Ll . L1131 6~~I~Pl~l_llll ; 11 1111 .

10 10 10 10 10 10 10 10
N

Material : SUS 321-B, 700°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I [pal | [MPa] | [%] | |
1 1.0000 | 228.1 | 0.0 ! 1.0050 | 115.0 |
! 2.0000 | 220.7 | 0.0 | o0.5000 | 473.0
! s.0000 | 202.1 | 0.0 1 0.4950 | 479.0 |
I 4.0000 | 209.4 | 0.0 1 o0.3800 | 945.0
I 5.0000 | 179.0 | 0.0 I o0.3000 | 2085.0
I 6.0000 | 169.2 | 0.0 I 0.2250 | 5136.0




X 10 CrNiTi 18 9 1.4541 SUS 321-B
Heat treatment : 1050°C water, 1200°C/30' water
Test temperature : +700°C
Semifinished material : bar, ® 22 om
Reference [4.3]

Year 1 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

Monotonic properties

E = 170900 N/mm? vooo= -
Ryo.2 = 94  N/mm? K = N/man?
R, = 250 N/mn® n = -
Ay = 28 % o = N/mm?
z - 32 % ep = -

Cyclic properties

LI 195 N/mn? K = 609  N/mm’
'

a = 96  N/mm? = 0.184 -

5, = 0.060 % o'y = 510 N/mn?

NT = 10200 cycles E’f = 0.377 -

Tu = 1.013 - b = -0.110 -

Tep = 1.053 - c = -0.597 -

Incremental step test 3 ) & = N/mm2
n’ = -

Failure criterion : complete rupture

o/e~values valid for : half failure life

Remarks : Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re: -1

cylindrical, ® 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

98¢
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g, [N/mm?*]
600
500
L
400
0 - ==
[FR——
200
SUS 321-B, 700 °C
| =170900 N/mm® —— = cyclic
100 K'=609 N/mm® —-— = incremental
n'= 0,184 —— = monotonic
O N " N . T L s ) L 1 L PRI | P 2 1 n 1 i
0 0,5 1 1,5 2 2,5
g, 7
£, 7
10‘ o T T TTTTm LILLLRLLL T T TTTTW Ty L T TTI7T9 lollllllll T T TTIJT
3 SUS 321-B, 700 °C
N N
i \\ 0,;=510 N/mm’  b=-0,1098 )
AN £'= 0,3767 c=—0,5974 I
& L \\‘}&\ 4 exp. results 1
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PSWT [N/mm?®]

10

LB LU BLALELL T TTTTIT T 1Ty T 1T TIO0 lollllllll T TT11
SUS 321-B, 700 °C n
L 4 exp. results I
\\
N
N
Y
N
Y
N
N
~
r ~
N ]
. .
- -
\\
Ly L L1111 IR NN 11 1t I\ IlLLTIT‘~J L. LLL) L IMENIV]
1 2 3 4 S5 & 7 8
10 10 10 10 10 10 10 10
N
Haterial : SUS 321-B, 700°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
! I mpay] | [lPa] ! [%] ] ]
| 1.0000 | 259.0 | 0.0 ! 1.0800 | 245.0
| 2.0000 | 215.3 | 0.0 |  0.4900 | 1221.0
' 3.0000 | 209.4 | 0.0 | o0.4150 | 1649.0
I 4.0000 | 190.3 | 0.0 | o0.2850 | 4083.0




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
+700°C
: bar, § 22 mm
[4.3]
1978

S Ni Cr Ti

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45

Monotonic properties

= 170900 N/mm?

Ryo.p = 94 N/mm? kK = N/mm?
R, = 250 N/mm? n o= -
Ay = 28 % o = N/mm?
= 32 % eg = -
Cyclic_properties
RO = 185 N/mm? K = 421 N/mm?
0.2 :
oy = 104 N/mm? 2= 0.133 -
oy = 0.064 % o'y = 312 N/mm?
Np = 2970 cycles s'f = 0.092 -
T, = 1.086 ~ b = -0.072 -
T, = 1.324 - ¢ = -0.523 -
Incremental step test K’ = N/mm2
n’ = -

Failure criterion
o/e~values valid for

Remarks

complete rupture

half failure life

: Young’s modulus estimated

Hardness

Microstructure

Mopotonpic test

Loading condition :

Specimen : ¢ylindrical, @ 10 mm
Specimen location : in rolling direction
Gange length ¢ 50 mm

Testing machine

Strain rate : 0.3 and 7.5 (%/min)

Cyclic test

Loading condition : total strain control, Re= -1

Specimen

cylindrical, @ 6 mm
Surface : mechanically polished

Specimen location : in rolling direction

Gauge length 15 mm

Testing machine : servohydraulic, max. 50 kN
Frequency

Strain rate 1 0.40 (%/min)

Waveform : triangular

Remarks

68¢
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g, [N/mm*]
300
/;—_
200 o
L
1wo .
SUS 321-B, 700 °C
=170900 N/mm*® —— = cyclic
K'=421 N/mm* —-— = incremental
n'= 0,133 —— = monotonic
0 " 1 " ' 1 " N M N T M N N N 1 P 1 N N " n
0 0,5 1 1,5 2 2,5
£,
&, 7
10‘ : LILLRARAL IELLRRALL T TTET T T 1T T T TTITHY Iol TITTY L TTT1T
g SUS 321-B, 700 °C :
: 0,=312 N/mm? b=—0,0722 :
L €= 0,0923 c=—0,5235 I
- Q‘:\\ 5 exp. results
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PSWT N/mm*]

LR ELALLEL T FTTIT T T TTTTT T T TTTIY T T TTTII0 TOT TTTTIIT T T TTTIqT

- SUS 321-B, 700 °C n

L 5 exp. results 1

3

10 - ]

AN ]

- |

L \Q\ J

- -

L \S\\\ ]

102 Lot L4ty L1 tlilil [ 11 Il-lsllsl-\T“hLLllll Lo Lt 11l
10 10° 10 10* 10 1¢° 10 10°

N

Material : SUS 321-B, 700°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
] | [pral ] [HPal | %] i !
| 1.0000 | 215.8 | 0.0 | 1.0050 | 54.0 |
| 2.0000 | 208.9 | 0.0 | 0.5050 | 190.0 |
| 3.0000 | 196.7 | 0.0 |  o0.3500 | 444 .0 |
| 4.0000 | 183.4 | 0.0 | o0.3000 | 838.0 |
| s.0000 | 161.9 | 0.0 | 0.1950 | 3259.0 |



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, 900°C/1h air

+700°C

: bar, § 22 mm
[4.3]
1978

S Ni Cr Ti

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45

Monotonic properties

E = 168500 N/mm? Vo=

_ 2 _
Ryo.2 = 109 N/mm E =
R, = 247 N/mm? n =
As = 46 % o =
z - 59 g &g =

Cyclic properties

’ = 2 v
Rp0.2 = 180 N/mm K. = 665
o = 80  N/mm? n = 0.210
£y = 0.052 % o'y = 577
Np = 14483 cycles ey = 0.493
T, = 1.016 - b = -0.130
Tep = 1.215 - c = -0.614

Incremental step test : K’ =

n' =

Failure criterion
o/e-values valid for

Remarks

complete rupture

: half failure life

: Young's modulus estimated

N/mm?

N/mm

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Rz= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

%68
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g, N/mm?*]
600
500
400
300 b——fF—— ===
I E
200
SUS 321-B, 700 °C
=168500 N/mm® — = cyclic
100 K'=665 N/mm?* —-— = incremental
n'= 0,210 -—— = monotonic
0 L L N 1 s n PR | 1 i N n T 1 1 2 s | 5 2 N n
0 0,5 1 1,5 2 2,5
£, 7]
£, A
10‘ - LILLLALLLL T TTTII T T 11T T T TTTIII0 T T TITIIY ‘IB]]]'ITI" T lllll_‘
. SUS 321-8, 700 °C E
AN n
- ‘\ '0,'=577 N/mm®  b=-0,1301 I
i R £/= 0,4933 c=—0,6138 |
1 Oo “™n 4 exp. results
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PSWT [N/mm?]
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N
Material : SUS 321-B, 700°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude ] | amplitude | failure |
! I meal | [MPa] | [%} ! !
| 1.0000 | 249.2 | 0.0 | 1.0150 | 329.0 |
| 2.0000 | 220.2 | 0.0 | 0.7000 | 821.0 |
| 3.0000 | 203.6 | 0.0 I o0.4950 | 1443.0 |
I 4.0000 | 178.5 | 0.0 | 0.2900 | 4291.0 |

+



X 10 CrNiTi 18 9

1.4541 SUS 321-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

c 8i Mn P

<0.05 0.60 1.84 0.024

Monotonic properties

E = 168500 N/mm
Rp0.2 = 109 N/ mm
Ry = 247 N/mm
Ag = 46 %

Z = 59 %
Cyclic properties

Rﬁo.z = 169 N/mm
9 = 92  N/mm
£y = 0.058 %

Np = 4303 cycl
Tq = 1.095 -
T, 1.593  ~
Incremental step test

Failure criterion
o/e~values valid for

Remarks

1050°C water, 1200°C/30' water, 900°C/1h air
+700°¢C
: bar, @ 22 mm
[4.3]
1978

S Ni Cr Ti

0.014 10.00 18.95 0.45

2 v = -
2 K = N/mm2
2 X - _
ap = N/mm?
eg = -
2 K = 423 N/mm?
2 PR 0.148 -
o'y = 306 N/ma?
es 'y = 0.106 -
b = -0.079 -
¢ = -0.528 -
K = N/mm?
nt = -

complete rupture

half failure life

: Young’s modulus estimated

Hardness

Microstructure

Momotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R = -1

cylindrical, ® 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.41 (%/min)

triangular

g6¢
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g, [N/mm?)
300
L
e -
200
0
100 M
SUS 321-B, 700 °C
L E=168500 N/mm® —— = cyclic
K'=423 N/mm® —-— = incremental
n'= 0,148 —— = monotonic
0 " 2 " PR | PR S | — — 1 1 . I 1 ). 4
0 0,5 1 1,5 2 2,5
g, =]
€, [
1()1 F T T TTTm T T T TTI0 T T 1TV | - T TTI7I0] lolrllllll I lllllf
- SUS 3218, 700 "C u
. 0,=306 N/mm®  b=-0,0794 I
ke g= 0,1057 =—0,5276 j
QQQ\ 4 exp. results
10° ¢ Y 2
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P Bl 5 N ‘N\‘~\
10 ! o N‘Q_J__N.:_ ~.~~\- 3
10-2 L1 L1 14 b1 i1ein L1 1 Liill \1\LLLILI L1 i Ll
10 10° 10 10* 10° 1¢° 10 10°

N



397
PSWT [N/mm?']
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L 4 exp. results
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3
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N

Material : SUS 321-B, 700°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | i amplitude | failure |
| I [pal | [MPa] | [%] | |
| 1.0000 | 214.4 | 0.0 | 1.0300 | 62.0 |
|  2.0000 [ 178.1 | 0.0 | o0.5000 | 283.0 |
1 3.0000 | 181.5 | 0.0 l  o0.3600 | 392.0 |
1 4.0000 | 150.1 | 0.0 | o0.1800 | 4771.0 |




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, 750°C/24h air
+700°C
: bar, @ 22 mm
[4.31
1978

8 Ni Cr Ti

<0.05 0.60 1,84 0,024 0,014 10.00 18.95 0.45

Monotonic properties

E = 174000 N/mm? vooo= -
Rog.3 = 129 N/mm? kK = N/mm?
R, = 255 N/mm? n = -
Ag - 48 & o - N/mm?
VA = 55 % £g = -

Cyclic properties

Rlg.y = 182 N/mm? k' = 636 N/mn?

o, = 85  N/mm? n = 0.202 -

g = 0.053 % o'y = 545  N/mm2

Np = 15314  cycles e'y = 0.466 -

T, = 1.031 - b =  -0,122 -

T, = 1.155 - c = -0.606 -

Incremental step test K = N/mm?
n' = -

Failure criterion
o/e-values valid for

Remarks

: complete rupture
: balf failure life

: Young's modulus estimated

Hardness

Microstructure

Mopotonic 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

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7,5 (%/min)

total strain control, Re= -1

cylindrical, ¢ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

86¢
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g, [N/mm?]

300

-

-
-
-

/V
A

200

100
SUS 321-8B, 700 °C

E=174000 N/mm® —— = cyclic
K'=636 N/mm® —-— = incremental
n'= 0,202 —— = monotonic

0 i h— 1 " n i n 1 N . N N 1 N n N a1l PR N n

0 0,5 1 1,5 2 2,5
£, =

€ [

101 F AL LILLRALLL [LRARLL T T TTTIY T T TTTIOOT lol 11T T ll[Llf
R, SUS 321-B, 700 °C :
- =545 N/mm*  b=—0,1224 i
L N £,'= 0,4657 c=—0,6065

L N 4 exp. results l

107 \\NN\* \\‘\

[ ~ " \ ~ *"--.._.__....‘—:
L ]
10_2 Lol i L1 1t L1 111t L L1 | l\l\hl.l Lo L L1l Ll L1l
10 10° 10 10* 10° 10 10 10°
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PSWT [N/mm?]

T T TI1THT LILLELRLLL LELLRLALL T T ITITOY T TTTITIV IoI[lLL[Ll LI TITI
- SUS 321—-B, 700 °C I
= .
e 4 exp. results
\\
AY
Y
AY
Y
3 \‘
\]
10 N ]
AY
o N J
- .
L d
- -
AY
102 Lo b L1 11l 1 1 Pl I ERii 1 I\I\ITHI 11t L1 11
J 2 3 4+ S 6 v
10 10 10 10 10 10 10 10
N
Material : SUS 321-B, 700°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I mpal | [MPa] | [%] | |
| 1.0000 | 242.8 | 0.0 1 0.9950 | 345.0 |
I 2.0000 | 224.6 | 0.0 ! 0.7050 | 779.0 |
| 3.0000 | 208.9 | 0.0 I o0.5050 | 1298.0 |
| 4.0000 | 178.5 | 0.0 | 0.2900 | 4410.0 |

+



X 10 CsNiTi 18 9 1.4541 SUS 321-B

Heat treatment 1 1050°C water, 1200°C/30' water, 750°C/24h air Hardness :
Test temperature : +700°C
Semifinished material : bar, @ 22 mm
Reference : [4.3]
Year 1 1978
Chemical composition Microstructure
C Si Mn P S Ni Cr Ti

<0.05 0.60 1.84 0.024 0.014 10.00 18.95 0.45

Monotonic Properties Monotonic test
E = 174000 N/mm? voo= - Loading condition :
Ryo.2 = 129 N/mm? K = N/mm? Specimen : cylindrical, @ 10 mm
Ry = 255 N/mln2 n = - Specimen location : in rolling direction
As = 48 % of = N/mm2 Gauge length : 50 mm
¥4 = 55 % ef = - Testing machine
Strain rate : 0.3 and 7.5 (%/min)
Cyclic_properties Cyclic test
Rig.2 = 165 N/um? k' = 355 N/mm? Loading condition : total strain comtrol, R = -1
% = 98 N/lrun2 5 = 0.123 - Specimen : ¢ylindrical, @ 6 mm
g = 0.059 % a'y = 300 N/mm2 Surface : mechanically polished
Np = 6930 cycles 'y = 0.252 - Specimen location : in rolling direction
T, = 1.051 - b = -0.074 - Gauge length : 15 mm
TEp = 1.602 - c = -0.596 - Testing machine : servohydraulic, max. 50 kN
Incremental step test : K’ = N/mm? Frequency
n' = - Strain rate : 0.40 (%/min)
Waveform : triangular
Failure criterion : complete rupture
o/e—values valid for : half failure life
Remarks : Young’s modulus estimated Remarks

0¥
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O'u [N/mm?]
300
PYo [ A R WL L il S
100
SUS 321-B, 700 °C
| E=174000 N/mm? —— = cyclic
K'=355 N/mm?’ —-— = incremental
n'= 0,123 —— = monotonic
0 P SR T 1 | o i N n 1 N N M PN | 1 X " i "
0 0,5 1 1,5 2 2,5
g, 7
£, [7]
101 t.l Trrmm T TIrr LR LRLLLL T 1T 11T O0Y T T LTITI0Y lollllllll r[nn_{
: SUS 321-B, 700 °C o
M 0,/=300 N/mm® b=-0,0736 1
XX 1
AN €= 0,2520 c=—0,5961
KN 4 exp. results
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o [T - P Q‘s
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PSWT [N/mm®]
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- SUS 321-B, 700 C K
| 4 exp. results
‘\
\\
_ . N
C . N
L AN 4
= N\, -
| J
L i
I i
L Q. i
1 L1 1 1)l | E il Lol 1l L L\\‘ b i1 1 111111
1 2 3 4 S 6 7 8
10 10 10 10 10 10 10 10
N
Material : SUS 321-B, 700°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | [MPal | [MPa] | %] I I
| 1.0000 | 198.6 | 0.0 | 1.0050 | 175.0 |
| 2.0000 | 179.0 | 0.0 | 0.5100 | 438.0 |
| 3.0000 | 168.7 | 0.0 | 0.3050 | 1191.0 |
| 4.0000 | 143.7 | 0.0 | o0.1500 | 12203.0 |

403



X 10 CrNiNb 18 9

1.4550

SUS 347-B

Heat treatment
Test temperature
Semifinished material

1050°C/50* water, 1100°C/1h water

+23°C

: bar, § 22 mm

Reference [4.3)
Year 1978
Chemical composition
C Si Mn P s Ni Cr

0.066 06.62 1.39 0.026 O.

Monotonic properties

012 9.68 17.22

Mo Cu  Nb+Ta

0.19 0.12 0.70

E = 210000 N/mm? v o= -

Ryg.g = 237 N/mm? Xk = N/mm?

R, = 615 N/mn? n = -

Ay = 52 % op = N/mn?

VA = 72 % e = -

Cyclic properties

R .= 271 N/mm? k= 1967  N/mm?

0.2 mm

o = 160  N/mm? o = 0.310 -

e = 0.113 % o'y = 1005 N/mm?

NT = 128639 cycles e’ = 0.127 -

T, = 1.121 - b o= -0.121 -

Ty = 1.178 - ¢ = -0.384 -

Incremental step test X' = N/mm2
nt = -~

Failure criterion

o/e—-values valid for

Remarks

complete rupture

half failure life

: Young’'s modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

JIS G 0551 grain size: 9 (70%) + 5 (30%)

c¢ylindrical, ® 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Rs= -1
cylindrical, ® ¢ mm
mechanically polished

in rolling direction

15 mm

servohydraulic, max. 50 kN

39 (%/min)

triangular

yov
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O'u N/mm?]

600

-
-
-
-
-
-
-
-

-
-
-

500 —

300 A

200 SUS 347—B I

£=210000 N/mm® —— = cyclic

100

K'=1967 N/mm?* —.— = incremental|]
n'= 0,319 —— = monotonic
o e A ) Iy 1 — - . 1 e e . e P | — n a
0 0,5 1 15 2 2,5
g, A
g, [
10‘ o LILILLRLLL LIBLBLILLLLLI LB ALALLLI 11 1T1I0Y T TTTTTHf T TTTII 11 ||||-l
E SUS 347-B N
FRe L 0,'=1005 N/mm® b=-0,1208 I
RN £/= 0,1269 c=-0,3839 |
. \3::\ 4 exp. results
10 F ~q 3
T < \g\\\\\\‘\\\\ J
) 7\0_*~ e
10 F “\ ==l = ==d. E
i ]
| \\\\ A
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PSWT [N/mm*]

T 111 LB A ALLL LR ELERALL 1 ) O O 0 5O A I A 1) W e m a1 |
- SUS 347-8 x
- -
M
| S~ 4 exp. results N
3 Sso
100 b < .
- -
- \Q\ -1
- \\\ -]
L
- ‘\\ -
102 L3 111l L1 1311l 11 111 i1t L 111l L1 11118 | lll‘
1 2 3 4 5 6 7
10 10 10 10 10 10 10 10
N
Material : SUS 347-B
+ + + + + +
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| 1 amplitude | | amplitude 1 failure |
I | Pal | [MPa] | [%] | |
[ 1.0000 | 422.8 | 0.0 | o0.9550 | 911.0 |
! 2.0000 | 384.1 | 0.0 | o.8150 | 1086.0 |
| 3.0000 | 314.4 | 0.0 | 0.4800 | 6117.0 |
I 4.0000 | 291.9 | 0.0 1  o0.3800 | 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/1h water Hardness
1 +23°C
: bar, @ 22 mm
[4.31
1978
Microstructure
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

Monotonic properties

Monotonic test

E = 210000 N/mm v = Loading condition

Ryg.g = 237 N/mn? E = N/mm? Specimen

R, = 615 N/mm2 n = - Specimen location

Ay = 52 % oy = N/mn? Gauge length

z = 72 % gp = - Testing machine
Strain rate

Cyclic properties Cyclic test

Rlg.y = 276 N/mn? K = 1667  N/mm? Loading condition

% = 164 N/mm2 n' = 0.289 - Specimen

6 = 0.109 % o' = 1060 N/mm? Surface

Np = 99111 cycles g’y = 0.230 - Specimen location

Ty = 1.164 - b = -0.123 - Gauge length H

Tsp = 1.221 - c = -0.436 - Testing machine :

Incremental step test K' = N/mm? Frequency

n’ = - Strain rate

Vaveform

Failure criterion complete rupture

c/eg-values valid for half failure life

Remarks : Young's modulus estimated Remarks

AV 10 : 150

: JIS G 0551 grain size: 9 (70%) + 5 (30%)

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

4,1 (%/min)

triangular

LOY
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g, N/mm®]

600

500 S L i

/O/—"——‘

400 ]

300 Ve

200 —
| SUS 347-8

£=210000 N/mm*® —— = cyclic
100 K'=1667 N/mm?  —.— = incremental[]
n'= 0,289 —— = monotonic
0 PR 1 > . — . L M L — L — e
0 0,5 1,5 2 2,5
£, I

g, ]

10‘ o LILLRALLL T TTTITII LREBLRELLL 1 1 1 TTIITI} LT ITIII 11 7 VIV | I} llll_
. SUS 347-B :
Ty, 0,=1060 N/mm' b=-0,1227 i
i N £= 02305 c=—0,4360 ||

RN 5 -exp.

100 N -exp. results
E i =
I N‘%"e\oo. S [T ’

107 E S Rty 5
C ]
| .J
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PSWT [N/mm?]
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N
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L s 5 exp. results H
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Material : SUS 347-B

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I [(MPal | [MPal | [%] | |
| 1.0000 | 459.1 | 0.0 | 1.2500 680.0 |
| 2.0000 | 391.4 | 0.0 ! 1.0150 | 984.0 |
| 3.0000 | 387.5 | 0.0 | 0.7850 | 1868.0 |
! 4.0000 | 3546 | 0.0 | 0.6050 |1 5570.0 |
| 5.0000 | 318.3 | 0.0 1 o0.4950 | 6842.0 |




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/1h water
+450°C

bar, @ 22 mm

[4.3]

1978

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

Monotonic properties

E = 172000 N/mm? voo= -
- 2 _ 2
RpO.Z = 157 N/mm K = N/mm
R, = 449 N/mm? n = -
A5 = 37 % ag = N/mm2
z = 63 % ey = -
Cyclic properties
RIg 5 = 202 N/mm? k' = 3151 N/mm®
p0.2 ,
oy = 93 N/mm? PO 0.442 -
g, = 0.089 % o'y = 1189 N/mn?
Np = 255872 cycles e’y = 0.110 -
T, = 1,073 - b = -0.168 -
T,p = 1.204 - ¢ = -0.378 -
Incremental step test K’ = N/mm?
n' = -

Failure criterion
o/e-values valid for

Remarks

complete rupture

balf failure life

: Young's modulus estimated

Hardness

Microstructure

Monotomic 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

Remarks

cylindricel, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, RS= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

39 (%/min)

triangular

01y
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g, N/mm®]

600
L e

500 S

400 et
L /

300 /

o |

SUS 347-B, 450 °C
E=172000 N/mm® —— = cyclic

100 K'=3151 N/mm’ —-— = incremental|]

! n'= 0,442 —— = monotonic
0 P o " i I M o i o 1 2 n N i 1 n 1 M a1 L A 5 M
0 0.5 1 15 2 2,5
g, =

g, [

101 - T TTTTTT T T TTTITiT T T 11T T T ITTTIMY T T TTITHT Iol TTY I TTT f
r SUS 347—8, 450 °C u
. T,=N89 N/mm'  b=—0,1676 i
AN £= 0,1097 c=-0,3778 |

o ‘:::~\ 5 exp. results
10 E = \‘gq 3

—1 ~a 4 e
10 E = < P =
o \-\“‘2\-_ T 3
C RO I D S~al ]
L ~. ~~~-__ S d
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- s 4
.
<
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PSWT [N/mm?]
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- SUS 347-B, 450 °C H
P 5 exp. results "
10
[ ]
= \\\\ J
‘]Oz ) L0t " L1 4 L1183 ; 1L i1t " L1 sl . L1 4} 1108 ; l‘l‘#lllll ; (AR
10 10 10 10 10 10 10 10
N

Material : SUS 347-B, 450°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
l | amplitude | | amplitude | failure |
| | [wpal | [MPa] ! %] | !
| 1.0000 | 364.9 | 0.0 ! 0.9600 | 573.0 |
| 2.0000 | 330.1 | 0.0 ! o0.8000 | 1089.0 |
I 3.0000 | 272.2 | 0.0 | 0.5700 | 3865.0 |
| 4.0000 | 250.6 | 0.0 ! o0.4800 | 4343.0 |
I s.0000 | 227.6 | 0.0 ! o0.3850 | 10221.0 |




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/1h water

+450°C

: bar, 9 22 mm
[4.3]

1978

S Ni Cr Mo Cu

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12

Monotonic properties

E = 172000 N/mm? vooo=
Ryo.2 = 157 N/mm? £ -
R, = 449 N/um? a =
Ay = 37 % o =

= 63 % e =

Cyclic properties

Rig.p = 249 N/mm? K = 2155
o = 110 N/mm? n o= 0.347
T 0.084 % sty = 1158
Ny = 33381 cycles e = 0.159
T, = 1.036 - b= -0.155
TEP = 1.211 - c = -0.439
Incremental step test : K’ =

n’ =

Failure criterion
o/e-values valid for

Remarks

: complete rupture
: half failure life

: Young’s modulus estimated

Nb+Ta

0.70

N/mm2

N/mm

Hardness

Microstructure

Monotonic 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

¥aveform

Remarks

: ecylindrical, ¢ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R6= -1

: cylindrical, @ 6 mm

{ mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

84



414

o, [N/mm*]
600
500 e
400 e’
(s]
300
200 5 .
SUS 347—-B, 450 "C
E=172000 N/mm® — = cyclic
100 K'=2155 N/mm?* —-— = incrementai|]
n'= 0,347 —— = monotonic
0 I 1 s ) . 2 o | P 1
0 0.5 1 1,5 2 2,5
g, ]
£, (A
10’ - T TTTTI T TTTTTT T TTIThT T T TTTINL I B AR loi|ll|ll! T TTTT 4
. SUS 347—-B, 450 "C .
i 0,=1158 N/mm®  b=-0,1549 -
RN, £'= 0,1589 c=—0,4394 |
o ::::\ 5 -exp. results
LT %\;\\;_NN ~~~~~\ b
107 | R .
i ™~ ]
10-2 AN | AR L1t [ EEIT] 14 ) L1l j II\I\IN e L L L
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PSWT [N/mm®]

LBLILAALY B LR T T TITOOnmy 1 110y lollllhﬂ Ty
- SUS 347-8, 450 °C 1
RN 5" exp. results i
\\q\
10° | ]

L \\\ g
‘]oz - 1S 1 111s : Iy 3 1 1 1111 " i : 1 1 L1kt . 1 :PNJII ; 1 4 it .
10 10 10 10 10 10 10 10
N

Material : SUS 347-B, 450°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | [Pal | [MPal | %1 | |
I 1.0000 | 390.9 | 0.0 | 1.0200 | 552.0 |
| 2.0000 | 374.3 | 0.0 | 0.7950 | 760.0 |
| 3.0000 | 320.3 | 0.0 1 0.5950 | 2108.0 |
| 4.0000 | 291.4 | 0.0 I o0.5000 | 3276.0 |
I 5.0000 | 271.7 | 0.0 | o0.4150 | 6238.0 |




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/1h water

: +600°C

: bar, § 22 mm
[4.3]
1978

s Ni Cr Mo Cu

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.1% 0.12

Monotonic properties

E = 169400 N/mm® vooo=
_ 2 -
Ryo.p = 155 N/mm K =
R, = 409 N/mn? a =
Ag = 36 % oy =
z = 63 % gp =
Cyclic properties
10,2 = 235 N/mm? K = 1547
,
o = 117 N/mm? 2 = 0.303
5, = 0.088 % o'y = 863
Ny o= 30450 cycles sy = 0.155
T, = 1.144 - b= =0.131
T, = 1.058 - ¢ = -0.441
Incremental step test K’ =
' =

Failure criterion
o/s~values valid for

Remarks

complete rupture

half failure life

: Young’s modulus estimated

Nb+Ta

0.70

N/mm?

nardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

: cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

91¥
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200

SUS 347-B, 600 °C
E=169400 N/mm® —— = cyclic
100 K'=1547 N/mm® —-— = incremental{]
f n'= 0,303 —— = monotonic
0 ) " " N 1 1 N I I 1 N . L — n i 1 i A e
0 0.5 1 1,5 2 2,5
£, 7]
£, A
101 o LB RLRALLI L LA RAL LELLRLALLLL 1 _TTT1I00O7 T 1 T IRNNI) rol IREEIN T ¢ 1111
c SUS 347-B, 600 "C u
By 0,=863 N/mm'  b=-0,1315 ]
L £/= 0,1548 c=—0,4413 |
. N 5 exp. results
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PSWT [N/mm?]
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- SUS 347-B, 600 C

N 5 exp. results
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N

Material : SUS 347-B, 600°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | faijlure |
1 | [Mpal |} [MPa] | [%] | |
| 1.0000 } 347.3 | 0.0 | 1.0100 | 391.0 |
| 2.0000 | 329.6 | 0.0 |  0.7650 | 924.0 |
! 3.0000 | 303.1 | 0.0 | 0.5850 | 1945.0 |
1 4.0000 | 275.7 | 0.0 I o0.4700 | 3717.0 |
| 5.0000 | 242.8 | 0.0 ! 0.4050 | 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/1k water
+600°C
: bar, § 22 mm
[4.3]
1978

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

Monotonic properties

E = 196400 N/mm? v o= -

Royg.g = 155 N/mm? k= N/am?

R, = 409  N/mm? n = -

Ag = 36 % g = N/um?

2 = 63 % e = -

Cvclic properties

Rpo.o = 256 N/mm? | G 1028 N/mm?

oy = 176  N/mm? n = 0.224 -

&, = 0.125 % a'p = 559 N/mm?

Np = 65849 cycles e'p = 0.069 -

T, = 1.170 - b = -0.076 -

Tep = 1.790 - c = -0.347 -

Incremental step test | & = N/mm2
a' = -

Failure criterion
o/e~values valid for

Remarks

complete rupture

half failure life

: Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, § 10 mm
in rolling direction

50 nm

0.3 and 7.5 (%/min)

total strain control, R.=-1
cylindrical, § 6 mm
mechanically polished

in rolling direction

15 mm

servohydraulic, max, 50 kN

4.0 (%/min)

triangular

6%
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g, [N/mm*]

600

500

————

400 Bk

| L—]
300 /

-
L /
200

L / SUS 347—B, 600 °C

E=196400 N/mm' — = cyclic

100 K'=1028 N/mm® —-— = incremental ]|
n'= 0,224 —— = monotonic
o P S ' 1 A A 2 A L A A n 1 A A I L A o re A
0 0,5 1 1,5 2 2,5
g, 7]
g, [
1d ml IBRALLL UBLBLRARLL 5 u
. SUS 347—B, 600 'C H
r 0,=559 N/mm'  b=-0,0761 I
RN €= 0,0692 c=-0,3466 |
RN 5 exp. results
TN :
C R ]
:-- S N~~ 1
F T o1 I~up |-
-1 oo > - M S ena
10 E m=—=F===is R T 3
- ~\\\~\ J
10"2__LL_1_1_|J_|11 Lol L oL 1aai AR Lo L1 ity |\1\|\|1
10 10° 10 10" 10° 10° 10 10°
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PSWT [N/mm"]
s | [sus 347-B, 600 °C :
- 2
L 5 exp. results
10—

L ON

11 L.i

L h d
~—
L Tl §
102 L1 III_Lui L L b Lbilg L i1itll L1 1p1dsy LU L1l oLy alll L1 Ll
] 2 4 S 8 7 3
10 10 10 10 10 10 10 10
N
Material : SUS 347-B, 600°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
1 1 [MpPal | [MPa] | [%] | |
I 1.0000 | 374.3 | 0.0 |  1.2550 | 145.0 |
| 2.0000 | 353.6 | 0.0 | 1.0050 | 317.0 |
| 3.0000 | 285.5 | 0.0 ]l  o0.5000 | 1849.0 |
| 4.0000 | 270.8 | 0.0 |  o0.3950 | 3002.0 |
1 5.0000 | 248.2 | 0.0 | o0.2900 | 43068.0 |
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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/1h water

+600°C
: bar, 9 22 mm
: [4.3]

1978

S Ni Cr

0.066 0.62 1.39 0.026 0.012 9.68 17.22

Monotonic properties

E = 196400  N/mm? v -
Ryo.2 = 155 N/mm? k=
R, = 409 N/mm? n =
A5 = 36 % ap =
z = 63 ® ep =

Cyclic properties

R,z = 262 N/mm? K =
'

o = 167 N/mm? n =
L = 0.103 % q’f =
Np = 16165  cycles gl =
T, = 1.051 - b =
Tep 1.172 - ¢ =
Incremental step test K’ =

n' =

Failure criterion
c/e—values valid for

Remarks

: complete rupture

: half failure life

Mo Cu

0.19 0.12

820
0.184
508
0.071

=0.073

=0.392

: Young’s modulus estimated

Nb+Ta

0.70

N/mm?

N/mm?

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen location :

Gauge length
Testing machine

Strain rate

Cvelic test

Loading condition :

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

cylindrical, # 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

(444
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g, [N/mm?]

600

500

400 o
/e/b-
300

5
| /zo/
200 SUS 347—8, 600 °C
E=196400 N/mm’ —— = cyclic

100

K'=820 N/mm’ —-— = incremental||
n'= 0,184 —— = monotonic
0 i o " il 1 i i i I 1 1 P 1 1 1 n n
0 0,5 1 15 2 2,5
g, A
€, [
101 E T TTTTT T TTTITT mrTrTm T T TTIIT T T TTITIII lol TTTITIT I 1 Illl_‘
C SUS 347-B, 600 °C :
r 0,'=508 N/mm®  b=—-0,0731 i
Els g'= 0,0710 c=—0,3921 i
\:::\ S exp. results
i I -
RS (I NN S I ’
10" B i~ W ==
; 1
10_2 1N Ll L 111) 1Ly L L1 l\l\lﬁu Ll
10 10° 10 10* 10° 1¢° 10 10°
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PSWT [N/mmY

DILBLLLLLL LIRRRAILL LEBLIRBLALLLL T T TTIO0 1T TITT T TTTTY T TT1TIT

SUS 347—B, 600 °C

| 5 exp. results

10 <

L Q\ﬁb.\

I~
-

~
Sea
-
-~

102 1 L1t iy L L11dl NI L1111 11 1118l Pl LIl

10 10° 10° 10" 10° 10 10
N

Material : SUS 347-B, 600°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
! I IMpal | [MPa] | [%] ! !
! 1.0000 | 345.8 | 0.0 | 1.0100 | 110.0 |
I 2.0000 | 313.9 | 0.0 ' 0.7250 | 318.0 |
| 3.0000 | 284.0 | 0.0 | o.5150 | 1179.0 |
| 4.0000 | 278.1 | 0.0 | 0.3800 | 2672.0 |
| s5.0000 | 263.9 | 0.0 ! o0.3500 | 3390.0 |




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/1h water
+700°C

: bar, 9 22 mm
: 4,31
1978
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

Monotonic properties

E = 168750 N/ma? voo= -

Ryo.2 = 160  N/mm? k= N/mn?

R, = 319 N/mm? 2 = ~

Ay = 48 % o = N/mm?

z = 61 % ep = -

Cyclic properties

Roo.2 = 233 N/mm? X' = 593 N/mm?

oy = 157  N/mn? a = 0.151 -

&, =  0.108 % o'y = 440 N/mn?

Ny = 16514 cycles ey = 0.135 -~

T, = 1111 - b = -0.068 -

T, = 1.249 - ¢ = -0.447 -

Incremental step test X’ = N/mm?
W = -

Failure criterion
o/e-values valid for

Remarks

: complete rupture
: half failure life

: Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1
cylindrical, ® 6 mm
mechanically polished

in rolling direction

15 om

servohydraulic, max. 50 kN

40 (%/min)

trisngular

144
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(o) o [N/mm*]

600

500

400

300

aanll

200
SUS 347-B, 700 °C
I £=168750 N/mm’ — = cyclic
100 K'=593 N/mm’ —-— = incremental
n'= 0,151 —— = monotonic
0 L . PR — | RS Y 1 P a— o 1 PE A,
0 0.5 1 1,5 2 2,5
g, A
£, 7]
101 : LR ALLL LU ALLLL LR ALLALL 1 Y 1TV I 1 LYIYHE) lolllll -
c SUS 347-B,700 °C .
N 0,/=440 N/mm®  b=-0,0679 i
NG £'= 01352 =—0,4473 I
NN 5 exp. results
0 o~
10 - \‘% -t
----------- He—‘HZZ}L\‘** “““‘*~-~ )
10—1 E \\“-“-“ -:::_-—::=:==-~ E
10-2 1 ll,l.u.l.u L L4 L L L LLiLL | . I L Liitl I\\I\dllll oL 1l
10 10° 10 10* 10° 10° 10 10°



PSWT [N/mm"]

10

i lll"m rrrm LLLLARLLI| 1 5
SUS 347-8, 700 C
N 5 ‘exp. results
e
~
- ‘\\
i \s\q
\\

L S .o

L1 11k 1L L 1alty L1 1Al 1L iy Lt 1 itili 1 ] II||[ L1 i ikl
J 2 3 4 S 7
10 10 10 10 10 10 10
N

Material : SUS 347-B, 700°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I MPa] | [MPa] ] (%] | |
| 1.0000 | 296.3 | 0.0 ] o0.9800 | 303.0 |
I 2.0000 | 268.3 | 0.0 1 o0.7550 | 570.0 |
| 3.0000 | 263.9 | 0.0 | o0.6100 | 745.0 |
| 4.0000 | 241.8 | 0.0 | 0.5000 | 1925.0 |
| s5.0000 | 245.3 | 0.0 I 0.3700 | 4762.0 |
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X 10 CrNiNb 18 9

1.4550 SUS 347-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition
[ Si Mn P

0.066 0.62 1.39 0.026

Monotonic properties

E = 168750 N/mo
Rpg.2 = 160 N/mn
Ry = 319 N/mm
Ay = 3 %
z = 61 %

Cyclic properties

R2o.2 218 N/mo
og = 141 . N/mn
sg = 0.104 %
Ny = 21881 cyel
T, = 1071 -
Tep = 1.656  ~

Incremental step test :

Failure criterion
o/e~values valid for

Remarks

: 1050°C/50' water, 1100°C/1h water

: +700°C

: bar, 9 22 mm
: [4.31

: 1978

S Ni Cr Mo Cu

0.012 9.68 17.22 0.19 0.12

2 v =
2 =
2 I
Ur =
er =
2 k' = 704
2 = 0.189
o'p = 428
es elp = 0.070
b = -0.073
4] = -0.384
K’ =
n’ =

: complete rupture
: half failure life

: Young’s modulus estimated

N/mm?

N/mm?

Hardness

Microstructure

Monotonic test

Loading condition :

: cylindrical, ¢ 10 mm

Specimen

Specimen location

Gauge length
Testing machine

Strain rate

Cvelic test

Loading condition :

Specimen

Surface

Specimen location
Gauge length
Testing machine
Frequency

Strain rate

Waveform

Remarks

in rolling direction
50 mm

: 0.3 and 7.5 (%/min)

total strain control, Ra= -1

: cylindrical, ¢ 6 mm
: mechanically polished
: in rolling direction

15 mm

: servohydraulic, max. 50 kN

: 4.0 (%/min)
+ triangular
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o, N/mm*]
600
500
S
400
300 P, ittt
{ /
200
SUS 347-B, 700 °C
[ E=168750 N/mm® —— = cyclic
100 | K'=704 N/mm® —-— = incremental{]
n'= 0,189 —— = monotonic
o P A i L ) n A A L e A . S S n M. 1 —l, . A
0 0.5 1 15 2 2,5
€, [
€, [
10‘ - T TTITIT T Trrrmm T T TTTI ) =
- SUS 347-B, 700 "C A
r 0,'=428 N/mm'  b=-0,0732 I
N £'= 0,0701 c=—0,3836 |
\::::\ 5 exp. résults
10° E R 3
C \ ]
N Z
- Tr——g [Tl
i ]
10_2 RN | 131y 1L L1118t 1 l‘llllll |l lll\l\l [N
10 10° 10 10* 10° 10° 10 10°
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PSWT N/mm?®]

T LENLLLRLLL T T TTITI

- SUS 347—B, 700 °C

5 exp. results

10 o

5 \\

102 1 1113 L1 11l L1 1Bl [N EITi L1 1iil)s L1y L1 1411
1 2 3 4 5 (3 7
10 10 10 10 10 10 10
N
Material : SUS 347-B, 700°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | [Mpal | [MPa] | (%] | |
I 1.0000 | 284.5 | 0.0 | 1.0150 | 191.0 |
| 2.0000 | 242.8 | 0.0 | o0.5000 | 843.0 |
I 3.0000 | 222.2 | 0.0 | 0.3400 | 2707.0 |
| 4.0000 | 212.9 | 0.0 l  o0.2950 | 9160.0 |
| s5.0000 | 198.6 1 0.0 I 0.2550 | 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, 1100°C/1h water
+700°C
: bar, 9 22 mm
[4.3]
1978

Hardness

Microstructure

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

Monotonic properties

Monotonic test

: cylindrical, @ 10 mm

E = 168750 N/mm? M = - Loading condition :

Roo.2 = 160 N/mm? kR = N/mn? Specimen

Ry, = 319 N/mm2 n = - Specimen location

Ay = 8 % o = N/mn? Gauge length

zZ = 61 % ep = - Testing machine
Strain rate

Cvclic properties Cyclic test

Rig.g = 200 N/mm? k' = 676  N/mm? Loading condition

o = 116  N/mm? o= 0.196 - Spec imen

&g = 0.082 % o'y = 412 N/mm? Surface

Np = 14921 cycles e'g = 0.073 - Specimen location

T, = 1.088 - b = -0.083 - Gauge length

Tep = 1.684 - c = -0.414 - Testing machine

Incremental step test ; X' = N/mm2 Frequency

n' = - Strain rate

Waveform

Failure criterion : complete rupture

o/e-values valid for half failure life

Remarks : Young's modulus estimated Remarks

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R.= -1
cylindrical, @ 6 mm
mechanically polished

in rolling direction

15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

1€y
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g, [N/mm*]

600

500

400

00 ———m———p—————————————— == SEEss =

P

200

| SUS 347-B, 700 °C
E=168750 N/mm® —— = cydlic
100 { K'=676 N/mm® —-— = incremental]]
n'= 0,196 —— = monotonic
o [ At F i e i ) | e . L n L Y n N i 1 L e r
0 0,5 1 15 2 2,5
€, 7l

€, 7l

101 E T TTTIT LELBALL T TT1TTI 5
E SUS 347-B, 700 °C o
. 0,/=412 N/mm® =-0,0834 I
S £'= 0,0734 c=—0,4136 1

\23:\ 5 exp. results
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PSWT [N/mm*]

T TTTTIA T TTTTIm T T 11T | I | TITY T 1 T UITIY 1 |||||l|| T 1 FTTEA

- SUS 347-B, 700 °C J

| 5 exp. results i

100 P ]
- ]

L i

.

B d
L J

-~
-
~~

2 Y
10 L 1i1in AR [N EEET L1 11t Lo Lo iUt~y 111l

10 10° 10° 10" 10° 10° 10 10°

Material : SUS 347-B, 700°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I MPal | [MPa] | [%] | |
| 1.0000 | 264.9 | 0.0 | 1.0150 | 130.0 |
I 2.0000 | 243.3 | 0.0 I 0.6450 | 340.0 |
| 3.0000 | 220.7 | 0.0 | o.5150 | 519.0 |
| 4.0000 | 218.8 | 0.0 ! o0.3850 | 911.0 |
I 5.0000 | 191.3 | 0.0 I 0.290 | 6084.0 |




X 10 CrNiNb 18 9

1.4550 SUS 347-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Si Mn )4

1050°C/50' water, 1100°C/1lh water

+800°C

: bar, @ 22 mm
[4.3]
1978

S Ni Cr Mo Cu

0.066 0.62 1.39 0.026 0.012 9.68 17.22 0.19 0.12

Monotonic properties

E = 169350  N/mm? voo=

- 2 -
L 127 N/mw k-
R, = 216  N/mn? n =
Ay = 49 % o =
z - 53 % T

Cyclic properties

Rig.p = 168 N/mm? k' = 423
,

o = 95  N/mm? 2 = 0.149
Eg = 0.060 % a'f = 354
Ny = 9569 cycles 'y = 0.352
Ty = 1.095 - b = -0.086
T, = 1.210 - ¢ = -0.606
Incremental step test K’ =

n' =

Failure criterion
ag/e-values valid for

Remarks

complete rupture

s half failure life

: Young’s modulus estimated

Nb+Ta

0.70

N/mm

N/mm?

Hardness

Microstructure

Monmotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R = -1

¢ylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

244
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g, [N/mm?*]

300

-----

100
SUS 347-B, 800 °C
£=169350 N/mm® —— = cyclic
K'=423 N/mm? —-— = incremental
n'= 0,149 —— = monotonic
0 " i A oL It n 2 i ) SR i N I 3 - L L P n
0 0,5 1 1,5 2 2,5
£, [A
g, [
101 o LI |||l|T1 T TTTTI LILLLRALLI T 3 LTIIN) T T TTTTI ror TYTTIN T 11010 4
C SUS 347—B, 800 C B
N 1
m N, 0,=354 N/mm®  b=-0,0865 i
RN g'= 0,3516 =-06063 |l
i
Sy 3 exp. results
0 D\
10 | . =
i N ]
L \\\ \\s\ -
10— - = SN lR 4= =
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PSWT [N/nm']

10

T TTTTIm L L T 1 1ol T 1T I T X T ITII) lollllJ_LI.L | S]]
- SUS 347-B, 800 "C x
L 3 exp. results I
.\

~
A Y
A Y
~
\s
- S .
- \‘ -
L ~ i
— -
.
L ~ §
.

L W\\ .l

L1 v iilil L L Liarll Ll il 1114 L1 TrIT [~ 111111y 1 1 111

1 2 4 5 6 7
10 10 10° 10 10 10 10 10
N

Material : SUS 347-B, 800°C

| Spec. no. | Stress | Mean stress | Strain Cycles to |

| | amplitude | | amplitude failure |

| | [Mpa1 | [MPa] | %] |

| 1.0000 | 207.5 | 0.0 | 1.0050 208.0 |

| 2.0000 | 202.6 | 0.0 | 0.7300 442.0 |

I 3.0000 | 183.9 | 0.0 | 0.4950 808.0 |

4




X 10 CrNiNb 18 9

1.4550

SUS 347-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

c Si Mn P

0.066 0.62 1.39 0.026 0.012

Monotonic properties

E = 169350 N/mm v = - Loading condition
Rpo.2 = 127 N/mm? k= N/mm? Specimen
R, = 216 N/mm2 n = - Specimen location
Ag = 48 % o = N/mm2 Gauge length
= 61 % eg = - Testing machine
Strain rate
Cyclic properties Cyclic test
Rig.p = 108 N/om? k' = 290 N/mn? Loading condition
op = 55 N/mm? 2= 0.159 - Specimen
. 0.035 % o'y = 237 N/mm? Sur face
Np = 16152 cycles e'y = 0.272 - Specimen location
T, = 1.004 - b = -0.096 - Gauge length
Tep = 1.108 - ¢ = -0.604 - Testing machine
Incremental step test K’ = N/mm2 Frequency
n' = - Strain rate
¥aveform
Failure criterion complete rupture
o/e~values valid for : half failure life
Remarks : Young’s modulus estimated Remarks

1050°C/ 50 water, 1100°C/1h water

1 +800°C

: bar, § 22 mm
[4.3]
1978

S Ni Cr

Hardness

Microstructure

Mo Cu  Nb+Ta

9.68 17.22 0.19 0,12 0.70

Monotonic test

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Rs= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.41 (%/min)

triangular

LEY
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a, [N/mm*]
300

200

e -

100

v ——

SUS 347—B, 800 °C
E=169350 N/mm?

K'=290 N/mm’ —

cyclic

= incremental

n'= 0,159 —— = monotonic
o R SR S S { i A i A 1 A . PR | — i i 2 A
0 0,5 1 1,5 2 2,5
£, A
£, I
101 F T TTTIT T T TTHI LLLBLILILALI T 1T TTTI T FTTTITT Iol LT | SR
- SUS 347-B, 800 °C .
'\ 0,=237 N/mm®  b=-0,0965 M
L, £'= 0,2724 c=—0,6041 I
»
o *a 3 exp. results
10 \ :
| . -
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PSWT [N/mm"]

LSRR LAL LI RALL T TTTThT L I TTTIO} | I AT T TTTT) | . | 1
- SUS 347-B, 800 °C i
L 3 exp. results

10 P ]

- < -

I ]
102 - L1 i1l " L L L1l . Ly " I\W\IIIIII . L L1l - Lt Lililil ; L1 i) .
10 10 10 10 10 10 10 10

N

Material : SUS 347-B, 800°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
1 | amplitude | | amplitude | failure |
! I pal | [MPa] ! %] | I
I 1.0000 | 138.8 | 0.0 | 1.0150 | 129.0 |
I 2.0000 | 131.4 | 0.0 | 0.7850 | 222.0 |
' 3.0000 | 122.6 | 0.0 I o0.5050 | 465.0 |




X 15 Cr 13

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

c Si Mn P

0.11 0.27 0.41 0.018 O.

Monotonic properties

E = 210000 N/mm?
Ryp.s = 598  N/mn?
R, = 736 N/mn?
Ay = 21 %
VA = 70 %

Cyclic properties

L 497 N/mm?
o = 308 N/mm?
tg = 0.149 %

NT = 2536 cycles
Ty = 1.047 -
Tp = 1.413 -

Incremental step test

Failure criterion

950°C
+23°C

1 bar,

[4.4]
1978

s

019

SUS 403-B
., quenched, 730°C, water
9 22 mm
Ni Cr Mo Cuo Nb+Ta

0.21 12.77 <0.05 <0.05 0.0106

k= N/mm?
o = -
op = N/mm2
Ef = -
k' = 987  N/mm*
= 0.110 -
o'y = 962 N/mn?
ey = 0.798 -
b = -0.075 -
¢ = -0.680 -
' = N/mm?
n’ = -

: complete rupture

o/e-values valid for : half failure life

Remarks ¢ Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

: HV 10 : 238

: JIS G 0551 grain size: 9.1

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R.=-1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

ovvy



g, [N/mm*]
900
800
700
O [ I P
600 L o —pe=st
500
L
400 /
300
. / SUS 403—B
200 E=210000 N/mm® —— = cyclic H
100 i K'=987 N/nm’ —-— = incremental| |
n= 0,110 —— = monotonic
0 e 1T A A i - 1 A A A A L A . L 2 )|
0 0,5 1 15 2 2,5
£, 1A
£, Al
101 F‘ T TTTTHT T TTT7Im LLBLBLALALL 1 T ETTHIT 1 1 T TII 1 LTI 1 IlLLl_
L SUS 403-B :
FoN 0,'=962 N/mm®  b=-0,0749 H
. £'= 0,7982 c=—0,6797 |
h 6 exp. results
0 k‘ P
10 g g\g E
] - \%\s\\ ]
B ---=l13 Rt T ’
=1 “‘\‘\
10 - L 3
10-: P 1 11811l | AT L1 J 11l L1l priait \'\I\J_lllll Lol L1l J b 1141
10 10° 10° 10* 10° 10° 10 10°
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PSWT [N/mm?]

T ¥ TTTTT LI ELRALLL T 1T roin T T TTTI T T FTTTTY T TTTTTO7 1 1 PTET
N, SuUS 403-8B
— \\
Y
Y
\\
n N 6 exp. results
\\\
Y
; b\m
10 I N
102 bt [ EEeili L1l NI Lo Lt L.t 1iJ4
1 2 3 4 5 6 7
10 10 10 10 10 10 10
N

Material : SUS 403-B

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| 1 a1 | [MPa] | [%] | |
| 1.0000 | 604.3 | 0.0 ' 1.4550 | 201.0 |
1 2.0000 | 574.9 | 0.0 I 0.9950 | 551.0 |
I 3.0000 | s574.9 | 0.0 1 0.9600 | 640.0 |
1 4.0000 | 501.3 | 0.0 1 0.49%0 | 2969.,0 |
1 5.0000 | 482.2 | 0.0 1 o0.3950 | 3875.0 |
1 6.0000 } 457.6 | 0.0 1 0.3000 | 11287.0 |




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

: +23°%
: bar, © 22 mm
: [4.4]
1978
S Ni Cr Mo Cu

0.11 0.27 0.41 0.018 0.019 0.21 12.77 <0.05 <0.05

Monotonic properties

E = 210000 N/ma? voo=
- 2 N
RPO-Z = 598 N/ mm K =
R, = 736 N/mm? n =
Ay = 21 % ap =
= 70 % g =
Cyclic properties
Rig.o = 475 N/mn? K= 1056
o = 301 N/mm? 2= 0.128
5, = 0.145 % ol = 932
Ny = 3368 cycles ey = 0.380
T, = 1.033 - b = -0.074
Ty = 1.248 - c = -0.579
Incremental step test K’ =
n' =

Failure criterion
o/eg-values valid for

Remarks

: complete rupture
: half failure life

: Young's modulus estimated

Nb+Ta

0.010

N/mm?

N/mm

N/mm?

Hardness

Microstructure

Monotonic 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

Remarks

: HV 10 : 238

JIS G 0551 grain size: 9.1

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, ¢ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

4.0 (%/min)

triangular

544
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g, N/mm?]

200

800

700
e e Y R S

600 b—— 1 leme==mTTTTTL
L b=~

500

400 /

300
L / SUS 403—-B

200 £=210000 N/mm® —— = cyclic H
|

100 K'=1056 N/mm® —-— = incremental ||

n'= 0,128 —— = monotonic
0 e A 4 i ) Y A n n 1 I PR 2 I N I L - i A
0 0,5 1 1,5 2 2,5
£, [

€ [A]

101 o LR LR LA LR LLL LSLLLLALL 1 1 TFUI0] Lt 3 ITITI) J_1 T ITINY 1 11 »
X SUS 403-B :
N M
N 0,/=932 N/mm’ =-0,0743 i
i “e\\\ €= 0,3801 c=-0,5791 i

100 \‘\\‘:\\ 5 exp. results
E ________ — g\b\ﬁ ~~~~~ :
L '9—____::::: ____ -

-‘~1-‘~‘"“-\-.
107" = B—
10-2 L1 11l 1 1111 1 L1l P L Ll L1 |\|\Nu 1L L 1Ll L L LLILL

10 10° 10 10* 10° 1¢° 10 10°
N


http://_I_I_IJ.U1
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PSWT N/mm?]

T TTTT T TTTIT LBLLELLRLL T JITTII) 1T 110700 I 1 YITITN 1 1 T
- SUS 403—-B 2
L \‘\\ S exp. results 1

3 "

R A ]
I o ]
L R S J
L B R 4
- -

102 Ll L1 L1l L1 14111 L1 ¢ L1 1131l L 11 11l

10 10° 10° 10" 10° 10° 10 10°

N

Material : SUS 403-B

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I mral | [MPa] ] [%] | |
| 1.0000 | 565.5 | 0.0 |  o0.9850 | 481.0 |
| 2.0000 | 530.2 | 0.0 I o0.7550 | 1050.0 |
| 3.0000 | 524.3 | 0.0 | o0.6750 | 1069.0 |
| 4.0000 | 493.9 | 0.0 | o0.5150 | 2079.0 |
| s5.0000 | 441.9 | 0.0 | 0.3200 ! 12813.0 |




X 15 Ccr 13

SUS 403-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Si Mn P

950°C, quenched, 730°C, water
: 400°C
: bar, 22 mm
1 [4.4]

1978

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

Monotonic properties

E = 185200 N/mm? v = -

Ryo.2 = 488 N/mn? k= N/mm?

R, = 585 N/mm? 2 = -

Ay = 5 % o = N/mm?

Z = 69 % Eg = -

Cyclic_properties

Rpo.2 = 379 N/m® K = 691 N/mm?

0 = 244 N/om? 2 = 0.097 -

6 = 0.134 % o'y = 668  N/m?

Np = 2535 cycles ey = 0.701 -

T, = 1,062 - b = -0.066 -

T, = 1.070 - ¢ = -0.684 -

Incremental step test K’ = N/mm2
= _

Failure criterion
o/e-values valid for

Remarks

complete rupture

: half failure life

: Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, ® 10 mm
in rolling direction

50 mm

0.3 2nd 7.5 (%/min)

total strain control, Rs= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

o147
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o) . [N/mm?®]

600

500

400 "

5
| //
300

200
SUS 403-B, 400 °C
E=185200 N/mm® —— = cyclic
100 K'=691 N/mm?* —-— = incrementall]
n'= 0,097 —— = monotonic
0 Al . P N PE . PR | . e 't L rel I PR ' P "
0 0,5 1 1,5 2 25
£, I
£, A
10‘ r‘ LILBLLLLLLI LR BLLLLLL T T VTTIm 0 -
SUS 403-B, 400 °C :
SN 0
C \\\\ o,/=668 N/mm® =-0,0661 I
. %) g'= 0,7007 c=-0,6838 |
) 5 exp. results
[T o] [Tveee ]
. Sttt S
10°E R E
i ]
10—2 L1 13111 1l L r 1t Lain 11 111 \\LJJJLILI I RENTT Ll 11
10 10° 10° 10° 10° 1¢° 10 10°
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PSWT [N/mm™]

LI BLRLLL LB ARLAL L LULLLLL LU VIIRY 1 T LIIVIN L1 1yl 1 1 111}

- SUS 403-B, 400 °C

L, 5 exp. resuilts

10° AN

N
I

102 \ b L LELN [ b1 L1148 L L LLILL Ly b ilil L 1111 11111

L0 11

10 10° 10 10* 10° 10° 10
N

Material : SUS 403-B, 400°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
[ I Pal | [MPa] | %] | [
| 1.0000 | 462.5 | 0.0 | 1.5050 | 183.0 |
| 2.0000 | 425.3 | 0.0 | o0.9800 | 366.0 |
| 3.0000 | 385.5 | 0.0 | o0.5050 | 1484.0 |
| 4.0000 | 371.8 | 0.0 | o0.3800 | 3218.0 |
I 5.0000 | 362.0 | 0.0 I o0.2950 | 7107.0 |




X 15 Cr 13

SUS 403-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C $i Mn P

950°cC, quenched, 730°C, water

: 400°C
: bar, 9 22 mm
: [4.4]
1978
S Ni Cr Mo Cu

0.11 0.27 0.41 0.018 0.019 0.21 12.77 <0.05 <0.05

Mopotonic properties

E = 185200 N/mn® Vo=

- 2 -
Ryp.y = 488 N/mn k=
R, = 585 N/mm? n =
Ag = 15 % oy =
z = 69 % ep =

Cyclic properties

Rig.2 = 393 N/wn? ' = 641
oy = 290 N/mm? a = 0.079
€y = 0.161 % o'y = 585
NT =. 2526 cycles ey = 0.339
Ty = 1.112 - b = -0.046
Tep = 1.482 - c = -0.594
Incremental step test K’ =

n’ =

Failure criterion
6/e-values valid for

Remarks

complete rupture

: half failure life

: Young’s modulus estimated

Nb+Ta

0.010

N/mm?

N/mm?

Hardness

Microstructure

Monotonic_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

FWaveform

Remarks

¢ylindrical, 9 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strainm control, Re= -1
cylindrical, § 6 mm
mechanically polished

in rolling direction

15 mm

servohydraulic, max, 50 kN

0.40 (%/min)

triangular

(5144
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O'o [N/mm?]
600

500

_____

400 /Q,g/ 5
300

/
200

SUS 403—B, 400 °C
F=185200 N/mm® —— = cyclic

100 K'=641 N/mm® —-— = incremental{]
n'= 0,079 —— = monotonic
0 e d i a1 PR 1 L "y 1 " 1 e A P 1 "
0 0,5 1 1,5 2 2,5
g, [
£, [
101 = T TTTIT T TTTTI ILBLRAALL T 1 1 FTIY I 1 L 1ITH 1 OIIIIII'“ 1] lllll-
E SUS 403—B, 400 °C =
F 0,=585 N/mm®  b=-0,0463 i
LN €,/= 0,3389 c=—0,5944 i
1 - NN 5 exp. results !
: N ;
C E\ :
AR R o | o -
““"1-'—%1%\
10—1 E N 3
i ]
[ . ]
10—2 o b L) 4ill L4111 11 t1e1ee | BT L\I\NLIJJ g L. 1tit] 1111
1d 10° 10° 10° 10° 10 10 10°
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PSWT N/mm]

- SUS 403-B, 400 °C H

L\\ 5 exp. results |

10 L ]

- \ ]

- \ -

" R e N 4

- .
‘]oz : L1 1 t1in . vl " Lt Lty R Lot tibill : L1114t . L J il ; 1 111 .
10 10 10 10 10 10 10 10

N

Material : SUS 403-B, 400°¢

. no. | Stress

| Spec | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I a1 | [MPal | %] | |
| 1.0000 | 443.4 | 0.0 ! 0.9900 | 246.0 !
! 2.0000 | 427.7 | 0.0 ! o0.7050 | 953.0 |
| 3.0000 | 383.6 | 0.0 | o0.5150 | 1368.0 |
! 4.0000 | 390.9 | 0.0 ! 0.4000 | 2840.0 |
! 5.0000 1 385.5 | 0.0 ! 0.3250 | 6452.0 |




X 15 Cr 13

SUS 403-B

Heat treatment

Test temperature
Semifinished materia
Reference

Year

1

Chemical composition

C Si Mn

P

950°C, quenched, 730°C, water
500°C

: bar, @ 22 mm
: [4.4]
1978
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

Monotonic properties

E = 197250
Ryg.p = 404
R, - 492
Ay = 17
z = 76

Cyclic properties

Réo'z = 318
% = 195
&g = 0.103
Np = 4972
T, = 1.126
Tep = 1.435

Incremental step tes

Failure criterion
o/e-values valid for

Remarks

N/mm?
N/mn?
N/mm

N/mm?
N/mn?
%

cycles

t o

t co
: ha
: Yo

Vo= -
K = N/mm?
n = -
o = N/mm?
e = -
K = 715 N/mm?
= 0.131 -
o'y = 624 N/mm?
ey = 0.412 -
» = -0.077 -
c = -0.605 -
K’ = N/mm?
n' = -

mplete rupture
1f failure life

ung ‘s modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Rs= -1

cylindrical, § 6 mm
mechanically polished
in rolling direction
15 mm

servohydraulic, max.

40 (%/min)

triangular

50 kN

414



453

o, N/mm?*]
600
500
400 [« I e
L /n
300 VQA
L
200
L SUS 403-B, 500 °C
=197250 N/mm’ —— = eyclic
100 K'=715 N/mm’ —-— = incremental[]
n'= 0,131 —— = monotonic
0 n i 1 . o 2 L 1 1 . 2 1 1 n n N A L PR L n
0 0,5 1 15 2 2,5
€, 7
g, A
10‘| o T lllllm LB RRALL LILBLLLLLL SRR T T ITTIUE T 6lllllll T lllllj
N SUS 403—B, 500 "C u
Y =624 Nfmm'  b=-0,0766 ]
I KN £,'= 0,4124 c=—0,6055 i
o L \‘8\:\ S exp. results 1
C \, .
i o ]
107k R ———Tores i —
i ]
10—2 J_ L L Ll 11 1111l 1411 L1 1ri ‘I \l\}LU FEE BN oL Ll
10 10" 10 10* 10° 10° 10 10°
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PSWT [N/mm?]

10

10

T TTT LILBLBALLLL LILLLALLLL 1T T ITVI0f IAL]_TII"! ] 6ll||lll | N
B SUS 403-8, 500 'C H
L |
N
N 5 exp. results i

\\\
N
\\J
N
0

- \°\ ]
L O\U\Q i
- b ~— .4

L1 11senl IS EEEET 1 411t 11 11 J 1 1)1 L1 1111k i 1 11311

1 2 3 4 S5 6 7
10 10 10 10 10 10 10 10
N

Material : SUS 403-B, 500°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |

| | amplitude | | amplitude | failure |

| I MPal | [MPa} | %1 ! !

| 1.0000 | 413.0 | 0.0 | 1.4050 | 210.0 |

| 2.0000 | 371.8 | 0.0 | 0.9850 | 320.0 |

| 3.0000 | 330.6 | 0.0 | o.5050 | 1019.0 |

| 4.0000 | 325.2 | 0.0 I 0.3950 | 2825.0 |

' s5.0000 | 308.0 | 0.0 | 0.2950 | 6772.0 |




X 15 Cr 13

SUS 403-B

Heat treatment

Test temperature
Semifinished materia
Reference

Year

Chemical composition

C Si Mn

950°C, quenched, 730°C, water
+500°C

: bar, @ 22 mm

1
[4.4]
1978
P N Ni Cr Mo Cu  Nb+Te

0.11 0.27 0.41 0,018 0,019 0.21 12.77 <0.05 <0.05 0.010

Monotonic properties

E = 197250
Ry0.2 = 404
R, = 492
Ay = 17

- 76

Cyclic properties

Rig.2 = 278
oy = 197
6y = 0.106
Ny = 9002
T, = 1.030
Ty = 1,457

Incremental step tes

Failure criterion
o/¢~values valid for

Remarks

N/mn? N _

N/mm? K= N/mm?

N/mm2 n = -

% o = N/mm?

% LY = -

N/mm? k' = 507  N/mm?

N/mm? n = 0,097 -

% o'y = 466 N/mm?

cycles ely = 0.418 -

- b = -0.056 -

- ¢ = -0.585 -

t k' = N/mm?
= _

complete rupture
: half failure life

: Young’s modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

597
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g, [N/mm?]

600
I

500

400

300 S
| /B/B/E’

200 .

SUS 403—8, 500 °C
[ E=197250 N/mm® —— = cyclic
100 K'=507 N/mm’ —-— = incrementall]
n'= 0,097 —— = monotonic
o P S . 1 L i L o I n — I T L . ) A
0 0.5 1 15 2 2.5
£, A

g,

101 = T T TTTIIT LS LLLLEL T T TTTI T T TTTTH] T T I rOITl—[lTI'r T llll-
N SUS 403—-B, 500 "C .
N, 0,=466 N/mm®  b=—0,0565 :
L . i
I I £,= 0,4181 c=—0,5847 1

““\\ 5 exp. results

10 3 “% ;
F .
- -
- .
R Seeel i

TTTTeor—ee—QL = _\ ______

107" E g R -—--~-.-~_3-
- ]
L \\ .4

10—2 L L4 114810t L1 1t1l i1 4Ll il l‘l}“ Ll Lliall L L i ihlll

10 10° 10° 10" 10° 10° 10 10°



PSWT [N/mm?]

10

T T TTT0 T TTTT T T 1711 1T ITTITIIY T TTTTT 1 DIIIIIIII T TTII
SUS 403—-B, 500 °C 1
L n
D\\ 5 exp. results L
~
\\
~
‘\
hY
~= N
~
C ‘x ]
L i
- ~
L
e
- \‘~~ 4
L Lt tLtl) L1 It 111t WALl 1 1 111l 1 1 L1114) | 1111
1 2 3 4 S 5 7 B
10 10 10 10 10 10 10 10

Material :

N

SUS 403-B, 500°C

| Spec. no.

Stress | Mean stress | Strainm | Cycles to |

| amplitude | | amplitude | failure |

| I mral | [MPa] ! [%] | |
| 1.0000 | 318.3 | 0.0 |  1.0150 | 487.0 |
| 2.0000 | 307.0 | 0.0 1 o0.6600 | 794.0 |
| 3.0000 | 293.3 | 0.0 1 o0.4950 | 1884.0 |
| 4.0000 | 284.0 | 0.0 | 0.3950 | 2441.0 |
| 5.0000 | 272.2 | 0.0 |  o0.3000 | 7975.0 |

457



X 15 Cr 13

SUS 403-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical compgsition

c 23 Kn P

0.11 0.27 0.41 0.018 0.019 0.21 12.77 <0.05 <0.05

Monotopic properties

= 173500  N/mm?

950°C, quenched, 730°C, water

: +600°C

: bar, @ 22 mm
[4.4]
1978

S Ni Cr Yo

Cu

v =
- 2 -
R0 = 232 N/mm K =
R, = 342 N/mn? o=
As = 5 % o =
z = 89 % ep =
Cyclic properties
Rio.g = 221 N/mm? g = 453
'

o - 136 N/om? s = 0.116
¢y = 0.082 % o'y = 451
Np = 9270 cycles ey = 0.923
Ty = 1.036 - b = -0.079
Ty = 1.419 - ¢ = -0.676
Incremental step test K’ =

n' =

Failure criterion
o/s-values valid for

Remarks

complete rupture

: half failure life

: Young's modulus estimated

Nb+Ta

0.010

N/mm?

N/mm?

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re: -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

8G¥



G'u N/mm?]

300

200

100

P

SUS 403-B, 600 °C

£=173500 N/mm* —— = cyclic

K'=453 N/mm’

incremental

n'= 0,116 —— = monotonic
0 o 1 P 2 M i 1 i i A i 1 A ruNEN . N n i A i
0 0,5 1 15 2 2,5
£, [
£, [7]
10’ = \l TTTITT T T TTTT T TTTTiT T T ITTO00 LI T1TI1T T DITIIII“ | ] Illlf
F SUS 403—8, 600 °C £
FN, 0 ,'=451 N/mm? =—0,0789 :
i T, £'= 0,9231 c=—0,6762 |
6 exp. results
° %\n
0 F A 3
o TS
10-2 L1 | RN /RN L 4 LLgLL] I:\hllll L 1 11t o 1)l
10 10° 10° 10" 10° 10° 10 10°
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PSWT [N/mm?]

T TTTHN T TTTT T T I 1 TTTIIY T T T ETTTN I&lllllll I T aITIT0
- SUS 403-B, 600 C n
\\
LS 6 exp. results J
\\
~
~
~
\h
3 ~
10 > .
L 4
o \\ -
.
- \\shs -
102 1 L1l L1 LiEi 11 11tiy 1111t L1 111l Lt 11841 ~l-~l~l~L1-l
1 2 3 4 5 6 7
10 10 10 10 10 10 10 10

N

Material : SUS 403-B, 600°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| I [MPa] | [MPa] | (%] | |
I 1.0000 | 277.6 | 0.0 l  1.5100 | 238.0 |
[ 2.0000 | 265.4 | 0.0 I 1.0650 | 527.0 |
I 3.0000 | 249.2 | 0.0 | 0.8200 | 857.0 |
| 4.0000 | 235.9 | 0.0 l  o0.5050 | 1510.0 |
Il s5.0000 | 233.0 | 0.0 1 0.4000 | 2266.0 |
I 6.0000 | 215.8 | 0.0 l  0.2950 | 6456.0 |




X 15 Cr 13

SUS 403-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

c 81 Mn P

0.11 0.27 0.41 0.018 0.019

Monotonic properties

E = 173500 N/mm? vooo=

- 2 =
Roo.2 = 232 N/om K =
R, = 342 N/mm2 n =
A5 = 25 % L =
A = 89 % eg =

Cyclic properties

Rg.2 = 178 N/mn? k' =
.

% = 139 N/mm? n =
ey = 0.086 % o'y =
Np. = 14710 cycles 'y =
Tc = 1.073 - b =
TEp = 1.272 - c =
Incremental step test K’ =

n' =

Failure criterion
o/e-valucs valid for

Remarks

950°C, quenched, 730°C, water

+600°C

bar, 9 22 mm
[4.4)

1978

s Ni Cr

complete rupture

half failure life

Cu

0.21 12.77 <0.05 <0.05

275

0.070

255

0.356
~0.040
-0.573

: Young's modulus estimated

Nb+Ta

0.010

N/mn?

N/mm

Hardness

Microstructure

Monotonic 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

Remarks

¢ cylindrical, @ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strainm control,

cylindrical, ® 6 mm

: mechanically polished

in rolling direction

15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

19%
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g, [N/mm*)

300

200 l/""—;ﬁ -----

e SUS 403-8, 600 °C I
E=173500 N/mm® —— = cyclic
K'=275 N/mm® —-— = incremental
n'= 0,070 —— = monotonic
ol v e
0 0.5 1 15 2 2,5
g,
€, A
10‘ o T T 1T LR BLALALAALY LB RLLL < g
5\ SUS 403-B, 600 C 5
T 0,'=255 N/mm®  b=-0,0400 i
L N €= 0,3560 =—0,5733 i
100 1\\\\“ 5 exp. results
C \ ]

T
U
L

______

10—\ - s - - ‘1\ _____ .::::___:_—:__:__:--.- 5
L \\\ 4
10‘2 : 1 - B BRI - L L1l " NN : L) IT?H - (IR - L
10 10 10 10 10 10 10 10

N
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PSWT [N/mm?]

LR LAL rrrrmmm T TTITm T _TTTITITIY TTITHN I TTTHOY T L LI

SUS 403—B, 600 °C g

N S exp. resuits

10—

T
¢
) W S |

L
I}

b
-
~—a
——

‘]OZ L1114l " L L liisn ; L1l " L1 11l . 1 11111l . 1Ll ; L1 1L
10 10 10 10 10 10 10
N

Material : SUS 403-B, 600°C

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| ] amplitude ] | amplitude | failure |
| | [pal | [MPa] 1 %] ! |
| 1.0000 | 198.6 | 0.0 | 1.0200 | 317.0 |
| 2.0000 | 190.8 | 0.0 | 0.4950 | 1279.0 |
| 3.0000 | 176.6 | 0.0 | 0.3950 | 1905.0 |
| 4.0000 | 177.1 | 0.0 | 0.3000 | 5350.0 |
I s5.0000 | 174.6 | 0.0 I o0.2250 | 8783.0 |




X 15 CrNiSi 25 20 1.4841 SUH 310-B

Heat treatment 1050°C/50", water

Test temperature : +23°C
Semifinished material : bar, @ 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

Monotonic properties

E = 210000 N/mn? voo= -

= 2 = 2
RpO.Z = 271 N/mm K = N/mm
R, = 630  N/mm? n = -
Ag = 45 % o = N/mm?
z = 69 % ep = -
Cyclic properties
Rig.2 = 289 N/mm? k- 2302 N/mn?
o = 147 N/mm? a = 0.334 -
6 = 0.096 % o'y = 1512 N/mm?
Np = 78145 cycles e'p = 0.301 -
T, = 1171 - b = -0.153 -
Tp = 1.438 - ¢ = -0.465 -
Incremental step test : K’ = N/mm?

n’ = -

Failure criterion ¢ complete rupture
o/e-values valid for : half failure life

Remarks : Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

: JIS G 0551 grain size: 10 (40%), 6 (60%)

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R = -1

cylindrical, ¢ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

39 (®%/min)
triangflar

¥o¥
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0, N/mm']
900
800
700
T A N S
500 —F
400
L
300 “
[ 7| sus0-8
200 £=210000 N/mm* —— = cyclic
100 I K'=2302 N/mm’ —-— = incremental
n'= 0,334 —— = monotonic
0 i " L . | — i — 1 'y ol i Fuliv — h— e 1 - Iy P A
0 0,5 1 1,5 2 2,5
£, 7]
£, 1A
10‘ - LIS l|||"r T TTTITNn LELBLRAL] I 1 TYTINY T 1 1IN0 1 7§ YOI | NS
e SUH 310-B :
- Sy 0,/=1512 N/mm®  b=-0,1532 I
i IR €= 0,30 c=—0,4654 I
. :&\\\,—. 5 exp. results
: \\\\\\\\\\\ k Q\‘ ]
- \‘~\\ <
| M\&:I“ ‘\\\\
107 £ T e =
10"2 ;J_u_u_uJ Lt L i Lt lnuﬂ [ [ 111:11‘-_1 JRTET

10 10° 10 10" 10° 10 10 10°
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PSWT [N/mm']

T '"1 T 1rrim T R O .0 N 1 D 0 W 10 | O NS AN W @ 0§ |}
- AN 1l
N
N
N
\\
R L S exp. results i
\\
A Y
N
N
N
10 N
- -
= -t
- -t
- o .
- \Q -
L - i
\\
N
- ‘\\ 4
\\
\\
I s
N -
\\
\\
\\
\\
298
102 1 lllllu,L Lo L1 1 il 11 [ CNaliliy
10 10° 10 10* 10° 10 10 10°
Material SUH 310-B
Fommm e — o B et R D et R e +
Spec. nc Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] %]

Fmmmm e - e R it T Hmmmm e mmm - B et +
1.0000 527.8 0.0 1.4550 582.0
2.0000 456.2 0.0 1.0000 1541.0
3.0000 405.1 0.0 0.7350 2048.0
4.0000 332.6 0.0 0.4900 6320.0
5.0000 310.0 0.0 0.:800 21915.0

Fom——mmmmm——— i e it B e e +



X 15 CrNiSi 25 20

1.4841 SUH 310-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C 8i Mn P

0.13 1.00 1.85 0.025 0.009 20.01 24.70

Monotonic proverties

1050°C/50*, water

: +23%
: bar, 9 22 mm
[4.8]
1978
s Ni Cr Mo Cu

E = 210000 N/mm? v o=
0.2 271 N/mn? K =
R, = 630  N/mn? n =
AS = 45 % ag =
z = 69 % ep =

Cyclic properties

LI 284 N/mn? K= 2242
o - 149 N/mm? 2 = 0.332
. 0.100 % o'y = 1492
NT = 103820 cycles 'y = 0.289
T, = 1.074 - b = -0.152
Tp = 1.339 - ¢ = -0.454
Incremental step test : K’ =

n’ =

Failure criterion
o/e~values valid for

Remarks

complete rupture

half failure life

: Young's modulus estimated

N

0.26 0.11 0.0516

N/mm?

N/mm

Hardness

Microstructure

Monotonic 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

Remarks

: HV 10 : 155

JIS G 0551 grain size: 10 (40%), 6 (60%)

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, ¢ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

4.0 (%/min)

triangular

L9V
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g, N/mm?]
900
800
700
600 [
500 ot~
L /
400 o]
| /
300 H
| SUS 310-B
200 L F=210000 N/mm® — = cyclic M
100 / K'=2242 N/mm® —-— = incremental
n= 0,332 —— = monotonic
o — 2 i T L a2 P B SR A S | v T a1 .
0 0,5 1 1.5 2 2,5
£ [
€, [#]
101 T T TTTT

T
‘v
’

- T T TTTm LEILLE AL 11 131 1 1 ST T 1T UVTIO
x
e SUS 3108

:

0,'=1492 N/mm?* =—0,1516
= 0,2893 c=—0,4543

o \ﬁg\\ S exp. results

T T 1T T1T

1

10 Q %
: N‘g\\\ ]
b D <
- i LR S~ 4
L \e\.e\e\o\\g\ el ]
\&:\\ \\\\\\
—1 ey N
107 E —— — =
- s T - TN 3
= ~ el T ik -
- ‘\ ~~~~~~~ -~
- ~d ey
\\
\\
- Se -
10_2_ Loy a1 L L 1 0L At 1) llllllll\\ﬂ_lllll
] 3 4 5 (] 7 .}
10 10° 10 10 10 10 10 10
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PSWT [N/mm"]

Trvrin T TTITmIm LILBLRAA T T T ITRO7 T TTTITII0 T T TTTIMY I 1T
SUS 310-B 1
= \\ =

~
N
\\
| “\ 5 exp. results i
\\\
\\
3 \G\
10 "R

LS

~o e
~\
S
~
~l
u.L =
102 11t 1111l L1 [ENEEETIT] b £ IR CSUETI
1 2 3 4 S5 6 7 8
10 10 10 10 10 10 10 10
Material : SUS 310-~B
R Hmmm i — - o m - m e - R +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPal [%]
R it N D ettt R B e +
1.0000 514.0 0.0 1.4650 504.0
2.0000 458.6 0.0 1.0450 1327.0
3.0000 398.3 0.0 0.7500 3736.0
4.0000 348.3 0.0 0.5100 6161.0
5.0000 296.3 0.0 0.3800 21025.0




X 15 CrNiSi 25 20

1.4841 SUB 310-B

Heat treatment

1050°C/50', water

Test temperature +4500¢C
Semifinished material : bar, 9 22 mm
Reference : [4.8]
Year 1978
Chemical composition
C Si Mn P s Ni Cr Mo

0.13 1.00 1.85 0.025 0.009 20.01 24.70

Monotonic properties

Cu

E = 165650 N/mn’ voo=
= 2 =
Ro.2 = 178 N/mm k=
R, = 521  N/mm? a =
As = 42 % op =
z = 60 % 6 =
Cyclic properties
- 2 _
Réo.z = 274  N/mm K: = 1754
% = 137 N/mm? n = 0.299
g, = 0.105 % o'y = 1235
Np = 33317  cycles ey = 0.272
Ta = 1.051 - b = ~0.144
Tep = 1.426 - c = -0.468
Incremental step test : K’ =
n’ =

Failure criterion

o/e-values valid for

Remarks

: complete rupture
half failure life

: Young’s modulus estimated

N

0.26 0.11 0.0516

N/mm

N/mn?

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R=-1
cylindrical, @ 6 mm

: mechanically polished

in rolling direction

15 mm

servohydraulic, max. 50 kN

39 (%/min)

s triangular

0L¥



O'u [N/mm*]

600

500 s
L /D

300 A
|

200 H
{ SUH 310-B, 450 °C

E=165650 N/mm® — = cyclic
100 K'=1754 N/mm® —-— = incrementall[]
I n'= 0,299 —— = monotonic
0 PREEIT SR SR U { L 1 . 1 L i . M. L L i P B L > 1
0 0.5 1 15 2 2,5
g, 7

£, [

101 : T T TTIT 1T T TTTIM T TTITIm T 1T 1TVITHT 1 1 T TITIY lal TTITNT T T I11I11
Fxy SUH 310-B, 450 C o
RN 0,=1235 N/mm® b=—0,1445 8
I RN £,/= 0,2720 c=—0,4682 I

A 5 exp. results
(]

Rl: N E
C. o ]
Foom~—al b\ -
: “e\g\wé\\\ “\_~~\ :

-~\- -ﬂ- \‘~\\

107 & :
L \\ :

10-2 Lt 111l L L Lilsnt L1 L1 111 P11 L I_Ll\l\ A1 1Ll

10 10° 10° 10* 10° 10° 10 10°

N
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PSWT [N/mm?)

i LB ERLLL LELALLAL I S ) D 605 O I 0 1
~ []
L SUH 310—-B, 450 °C
b »
N
~
\\
LN 5 exp. results ]
\\
\\
~
~
\o\

- 4
- b\\ -
.

L AN .

‘\
~ o
-102 [ESEEEI) b1 (IR BT JEEEBEIT Lasrnnl Ty
1 2 4 S 6 7 L
10 10 10 10 10 10 10 10
Material : SUH 310-B, 450°C
R R e B mmmmm e P T P e T +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPal [%]
B it Fommm - Fmmmmmmmmmm - B Fommmmm e - — = +
, 1.0000 492.0 0.0 1.4850 326.0
2.0000 393.9 0.0 0.9600 1255.0
3.0000 343.4 0.0 0.7400 3226.0
4.0000 311.0 0.0 0.5100 6598.0
5.0000 289.9 0.0 0.3800 13191.0




X 15 CrNiSi 25 20

1.4841 SUH 310-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

[ Si Mo P

1050°C/50', water

450°C
: bar, § 22 mm
: [4.8])
1 1978
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

onotonic Properties

E = 165650 N/mm? v -
Ryg.2 = 178 N/mm? £ =
R, = 521 N/mm? a =
AS = 42 % ag =
z = 60 % eg =

Cyclic properties

2

R£0.2 = 353 N/mm K: = 1627
o = 177 N/mm? = 0.246
gy = 0.118 % o'y = 1130
Np = 5597 cycles e’y = 0.251
Ty = 1.135 - b = -0.122
Tep = 1.544 - c = -0.509
Incremental step test : K’ =

n' =

Failure criterion
o/e-values valid for

Remarks

: complete rupture

: half failure life

: Young’s modulus estimated

Hardness

Microstructure

Monotonic test
Loading condition :
Specimen
Specimen location :
Gauge length H
Testing machine

Strain rate

Cyclic test

Loading condition :
Specimen
Surface
Specimen location !
Gauge length H
Testing machine
Frequency

Strain rate

Waveform

Remarks

: ¢ylindrical, 9 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, RE= -1

: cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

: triangular

Ly
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g, [N/mm?*]

900
|

800

700

oo pb—m——p— R -

500 | ecmtT

400

300 -
L / SUH 310-B, 450 °C

200 E=165650 N/mm® —— = cyclic H

100 / K'=1627 N/mm?* —-— = incremental |
I n'= 0,246 —— = monotonic

O U TR SR | I L s 2 1 ) L n o 1 n n n 1 1 1 1 ) 2
0 0,5 1 1,9 2 2,5
€, 7

€, A

10‘ : LBLBLRLLL LILLBLILLAL) T TTTTIm 11 1111y 1T 11110 Iollllllll I 1 llll-
& SUH 310-B, 450 C "
[y 0,=1130 N/mm®  b=-0,1222 i
RN £'= 02510 =-0,5088 |

RN 5 exp. results

‘]Oo N \\ c
. 3 f
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Ny
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J
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PSWT N/mm*]

- SUH 310—B, 450 °C
o

I
L~ 5 exp. results L
\\
N
N
N
N
N
\\
10 s
C o :
3
- E
L o 4
L d. i
— Se -
\\
\\
b \\~\ -
e
S
- -,\\ -
~-e.
1.
\_§\§
1()2 AR L1 1)) L_L LIl [ENEERt poratun Lt 1
10 10° 10 10" 10° 100 10 10°
Material : SUH 310-B, 450°C
mmm - Fmm e ] B B T +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]
tmmm e B dmmmmmmmmmm— tmmmmm - - Fmm e m e +
1.0000 471.9 3.0 0.9800 778.0
2.0000 443 .4 0.0 0.7450 867.0
3.0000 404 .2 0.0 0.5850 2173.0
4.0000 388.0 0.0 0.50C0 5086.0
5.0000 345.3 i 0.0 0.4100 5436 .0




X 15 CrNiSi 25 20

1.4841 SUH 310-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C §i Mn P

0.13 1.00 1.85 0.025 0.

Monotonic properties

1058°C/50', water
c

: 600
: bar, @ 22 mm
[4.8]
1978
s Ni Cr Mo Cu

E = 163550 N/mm? v o=
Ry0.2 = 161 N/mn? X =
R, = 456  N/mm? a =
Ay = 0 % op =
z = 54w ep =

Cyclic properties

- 2 -
ﬁo'z 305 N/mm K’ = 1404
oy = 160 N/mm? 2 = 0.246
ey = 0.111 % o'y = 945
NT = 9106 cycles s'f = 0.223
T, = 1.236 - b = -0.117
Typ = 1311 - ¢ = -0.489

Incremental step test X' =

n' =

Failure criterion
o/e-values valid for

Remarks

complete rupture

half failure life

: Young'’s modulus estimated

N

009 20.01 24.70 0.26 0.11 0.0516

N/mm2

N/mm?

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, ¢ 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, Rg= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

Ly
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g, [N/mm*]

600

————
-

500 b—————rdo — L e==7]
[ c/ o]

R

400

200 .
SUH 310-B, 600 °C
[ E=163550 N/mm® —— = cyclic
100 t K'=1404 N/mm® —-— = incrementall|
n'= 0,246 —— = monotonic
0 PR St L 1 M ) I | . . 1 P S S 1 N N i .
0 0.5 1 15 2 2,5
£, )

€, 7]

101 : T T TTITH T TTTTI T TTTI T T 1 TTIf T T LITINY rol 1T IYINT T IT11
- SUH 310-B, 600 "C 3
A 0,'=945 N/mm’ =—0,1167 I
RN = 02226 c=—0,4889 i

O° \\\E\ 5 exp. results

10° E g |
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PSWT [N/mm?]

T I rrrromm LSRR AL Ty T lorlnlm CIIn
L — N
SUH 310-B, 600 °C
.\
AN 5 exp. results i
\\
~
~
~
~
~
N
103 \O\
- o s
- -t
= ‘N -
~N
‘\
- \N\ .
‘N
N~\\
= “N\.P J
~
N\\\~~
-~ el
102 IR BRI BN Rt IR L1 BRI T
10 10° 10° 10* 10° 10° 10 10°
Material SUH 310-B, 600°C
tmmom - R e itttk B e o +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]
B it B i Rkttt o mm o R it R +
1.0000 452.2 0.0 1.5450 181.0
2.0000 457 .6 0.0 0.9950 680.0
3.0000 377.2 0.0 0.7300 872.0
4.0000 340.4 0.0 0.5100 3643.0
5.0000 303.1 0.0 0.4050 627%.0
o — B i tmm e R +



X 15 CrNiSi 25 20

1.4841 SUH 310-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Si Mn P

1050°C/50*, water
+600°C

bar, @ 22 mm
[4.8]

1978

s Ni Cr Mo Cu

N

0.13 1,06 1.85 0.025 0.009 20.01 24,70 0.26 0.11 0.0516

Monotonic properties

E = 163550 N/mm? Vo=
- 2 _
Ryg.2 = 161 N/mm K =
R, - 456  N/mm? n =
AS = 40 % of =
z = 54 % ep =
Cyelic properties
Rfo.o = 342 N/mm? R = 1026
oy = 170 N/mm? n = 0.177
g, = 0.108 % o'y = 792
NT = 1844 cycles 'y = 0.236
T, = 1.052 - b = -0.101
Tep 1.079  ~ ¢ = -0.575
Incremental step test K’ =
n' =

Failure criterion
o/e~values valid for

Remarks

complete rupture

half failure life

: Young'’s modulus estimated

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen : ¢ylindrical, ¢ 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, Re= -1
Specimen : cylindrical, @ 6 mm
Surface : mechanically polished

Specimen location : in rolling direction

Gauge length 015 mm

Testing machine : servohydraulic, max., 50 kN
Frequency

Strain rate 1 0,40 (%/min)

Waveform : triangular

Remarks H

6LV



480
g, N/mm?]

600

500

———
-

400 7
ol ]

/
200

| SUH 310-B, 600 °C I
E=163550 N/mm® — = cyclic
100 K'=1026 N/mm® —-— = incremental|]|
n'= 0,177 —— = monotonic
0 i " " " L n i i 1 T i L N PR | N i N | n A n
0 0.5 1 15 2 2,5
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PSWT [N/mm?]

LB ALLL T T LIBREARALL S 0.1 M N A 0 ) (O SO 5 54 ) I O S M A 4 |
- SUH 310-B, 600 °C
b
L 5 exp. results il
\\
~
~
~
~
~
103 S
L 5’\ i
F 4
\\
L )
s
~
I
e
\N~ -
-~~\~~
-~d..
Sen
102 IR [EREEEIT [EREERA [ EeIT| 111 [EEENETIT RETIT
J 2 3 4 5 6 7 8
10 10 10 10 10 10 10 10
Material : SUH 310-B, 600°C
R o mmm e e o e T e tommmmm— e R b +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] (%]

R ittt R i tommm e m - e ikt +
1.0000 426.2 0.0 1.0600 198 .0
2.0000 391.9 0.0 0.6650 568.0
3.0000 365.9 0.0 0.5100 1107.0
4.0000 345.3 0.0 0.4050 2195.0
5.0000 306.1 0.0 0.3050 4838.0




X 15 CrNiSi 25 20

1.4841 SUH 310-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

c Si Mn P

1050°C/50’, water
1 +700°C
: bar, @ 22 mm
[4.81
1978

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

Monotoni¢ properties

= 164000 N/mm? vooo=
Ry p = 156 N/mm? k=
R, = 357  N/mm? n =
A5 = 44 % op =
z = 58 % ep =

Cyclic properties

’ - 2 -
RpO.Z = 243 N/ mm K: = 700
op = 154 N/mm? n = 0.171
£y = 0.107 % o'y = 527
Np = 15381  cycles 'y = 0.194
TG = 1.069 - b = ~0.081
Ty = 1.134 - ¢ = -0.478

Incremental step test K' =

n’ =

Failure criterion
o/e-values valid for

Remarks

complete rupture

: half failure life

: Young's modulus estimated

N/mm?

N/mm2

Hardness

Microstructure

Monotonic 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

VWaveform

Remarks

: cylindrical, @ 10 mm

in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R.= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

87
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g, [N/mm*]

600

500

L
300 —

L //

/ SUH 310—B, 700 °C

£=164000 N/mm? — = cydclic
100 K'=700 N/mm’ —-— = incrementai|]
f n'= 0,171 —— = monotonic
0 1 " 1 n I n N N N I N N 1 I T N 1 1 N 1 1 I
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Material : SUH 310-B, 700°C
Fommmmm - o mm e B e m——— Fmmm e mmmm e +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude fajilure
[MPa] {MPa] [%]

B Fomm e - Fmmmmmm e — - Femmmm - B e R +
1.0000 327.6 0.0 1.4950 133.0
2.0000 315.4 0.0 1.0050 441.0
3.0000 281.5 0.0 0.6250 1256.0
4.0000 262.4 0.0 0.4950 2528.0
5.0000 249.7 0.0 0.3950 4591.0




X 15 CrNiSi 25 20

1.4841 SUH 310-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition
c Si Mn P

0.13 1.00 1.85 0.025

Monotonic properties

E = 164000 N/mm
Ryg.p = 156 N/mm
Ry = 357  N/mm
A5 = 44 %
z = 58 %

Cyclic properties

RéO.Z = 180 N/mm
o = 113 N/mm
g = 0.088 %
NT = 41248 eyel
Ta = 1.064 he
sz = 1.213 -

Incremental step test

Failure criterion
o/e-values valid for

Remarks

1050°C/ 50", water
+700°C

: bar, 9 22 mm
[4.8]
1978

S Ni Cr Mo Cu

N

0.009 20.01 24.70 0.26 0.11 0.0516

2 M
2 K =
2 . =
Gf =
Ef =
2 & = 617
2 U 0.199
o'y = 386
es e'f = 0.095
b =  -0.081
c = -0.408
=
n' =

complete rupture

half failure life

: Young’s modulus estimated

N/mm?

N/mm?

N/mm?

Hardness

Microstructure

Monptonic test

Loading condition :

Specimen

Specimen location :

Gauge length
Testing machine

Strain rate

Cvclic _test

Loading condition

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

cylindrical, 9 10 mm
in rolling direction

50 mm

0.3 and 7.5 (%/min)

total strain control, R.=-1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

0.41 (%/min)

triangular

14
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o, [N/mm?]
300 _——
N = o
/9——
200
|
160 0
SUH 310-B, 700 °C
£=164000 N/mm*® — = cyclic
K'=617 N/mm?* —-— = incremental
n'= 0,199 —— = monotonic
o i 1 L " L PR n 1 “ i 1 L o N 1 i 1 n i
0 a,5 1 1,5 2 2,5
£, ]
£, I
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o SUH 310-B, 700 °C .
N 0,'=386 N/mm*  b=-0,0809 7
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AN g'= 0,0955 c=—-0,4079 i
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PSWT [N/mm']
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SUH 310—-B, 700 °C H
L 5 exp. results 1
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Material : SUH 310-B, 700°¢C

o - tomm - Fmm o R et fmmmmmm e +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]

Fomm o - - - o mmm e m e m B B Fommmmmmmmm e +
1.0000 241.3 0.0 1.0300 203.0
2.0000 208.0 0.0 0.35150 1088.0
3.0000 191.8 0.0 0.4050 2260.0
4.0000 177.6 0.0 0.3200 5887.0
5.0000 169.2 0.0 0.2400 18855.0




X 20 CrMo 12 1 1.4935 SUH 616-B
Heat treatment : 1052°C/80', quenched, 640°C/100', air
Test temperature : +23°%C
Semifinished material : bar, 9 50 mm
Reference : [4.4]
Year 1 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

Monotonic_properties

E = 210000 N/mn? v - _

Ro0.2 = 795 N/mm? K = N/mm?

R, = 1013 N/mm? n = -

Ay = 15 % o = N/mn?

z = 47 % ey = -

Cyelic properties

Rig.o = 730 N/mm? K = 1301 N/mm?

o = 476 Njmm? o = 0.093 -

I 0.229 % o'y = 1216 N/mn®

Np = 793 cycles ely = 0.490 -

T, = 1.034 - b = ~0.062 -

T, = 1.341 - c = -0.664 -

Incremental step test : K’ = N/mm2
n’ = -

Failure criterion : complete rupture

o/e-values valid for : half failure life

Remarks : Young's modulus estimated

Hardness : HV 10 : 317

Microstructure : JIS G 0551 grain size: 5.9

Monotonic test

Loading condition :

Specimen : cylindrical, @ 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, Re= -1

Specimen cylindrical, 9 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

Remarks H
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g, [N/mm?}

1200

1000

800 2

_ ral
600 /a)

400 /

SUH 616—B I
[ E=210000 N/mm® —— = cyclic

200 K'=1301 N/mm® —-— = incremental|]
i n'= 0,093 —— = monotonic
0 n i n i 1 " L X n | X " n 1 " " n " I > I A n
0 0,5 1 15 2 25
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PSWT [N/mm’]

LR LBLRAAL IR EEILL IR T l[[llll! T T TTITIT T T TIIT0T T TTTI1T
3 SUH 616—8
L \\\ 5 exp. results
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N

Material : SUH 616-B

| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| | amplitude | | amplitude | failure |
| | MPal | [MPa] | [%] ! |
I 1.0000 | 816.7 | 0.0 [ 1.0300 | 373.0 |
| 2.0000 | 782.3 | 0.0 | o0.8200 | 489.0 |
I 3.0000 | 750.5 | 0.0 | o0.6400 | 1429.0 |
| 4.0000 | 711.7 | 0.0 | 0.4750 | 3250.0 |
I 5.0000 | 665.1 | 0.0 | 0.3950 | 8188.0 |




X 20 CrMo 12 1

1.4935 SUH 616-B

Heat treatment

1052°C/80', quenched, 640°C/100', air

Test temperature : +23°%
Semifinished material : bar, § 50 mm
Reference : [4.4]
Year 1978
Chemical composition
[ 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

Monotonic properties

E = 210000 N/mm? voo= -

Roo.p = 795 N/mm? k= N/mm?

R, = 1013 N/mm? n = -

Ay = 15 % g = N/mm2

Z = 47 % ep = -

Cyclic properties

Bpo.2 = 716 N/mn? | S 1325 N/mm?

o = 461 N/mm? o= 0.099 -

&g = 0222 & o'y = 1249 N/mm?

Ny = 982 cycles el = 0.556 -

T, = 1.037 - b =  -0.066 -

T, = 1.499 - ¢ = -0.664 -

Incremental step test : K’ = N/mm?
n' = -

Failure criterion

og/e-values valid for

Remarks

: complete rupture
: half failnre life

: Yonng's modulus estimated

Hardness

Microstructure

Mopotonic 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

Remarks

HV 10 : 317

: JIS G 0551 grain size: 5.9

cylindrical, @ 6 mm
in rolling direction

30 mm

0.3 and 7.5 (%/min)

total strain control, Re= -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

4.1 (%/min)

triangular

6%
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g, [N/mm?]
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L
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N S U
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400 u
SUH 616—-B
E=210000 N/mm® —— = cyclic
200 K'=1325 N/mm® —-— = incremental[]
n'= 0,099 —— = monotonic
0 T IR | " X " " 1 1
0 0,5 1 1,5 2 2,5
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Y 0,'=1249 N/mm*  b=—0,0656 i
AN £'= 0,5561 ¢=—0,6640 I
100 \:\x 5 exp. results
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PSWT [N/mm']
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SUH 616—B H
S exp. results i
~
<
<
10° 5 E\G\ \{S\D\
L e ]
L d
102 L1 L L L1l (Rl 1t 1t 11111 i1 1 L1 Ll
10 10° 10° 10° 10° 10° 10 10
N
Material : SUH 616-B
mm e e i tahalaiad fmmmmmm e — B T T +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] {%1]
R T e tommmm——— - - B +
1.0000 809.8 0.0 1.0250 382.0
2.0000 768.6 0.0 0.8000 699 .0
3.0000 736.2 0.0 0.6150 2141.0
4.0000 701.4 0.0 0.5100 3141.0
5.0000 675.9 0.0 0.4250 5164.0
Fmmm e —— B e e B e m e +
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X 20 CrMo 12 1 1.4935 SUH 616-B
Heat treatment : 1052°C/80’, quenched, 640°C/100', air
Test temperature 1 +400°C
Semifinished material : bar, § 50 mm
Reference : [4.4]
Year : 1978

Chemical composition
C 8i 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

Monotonic_properties

= 191800 N/mm? v = -
Ry0.2 647  N/mm? K = N/mm?
R, = 816  N/mm? n o= -
Ay = 12 5 op = N/mm2
z = 49 5 . -

Cyclic properties

Rig.y - 589 N/mm? K= 1096 N/mm?

o = 319 M/mm? P 0.100 -

6g = 0.167 % oty = 1193 N/mm?

Np = 985 cycles ely = 1.891 -

TU = 1.031 - b = -0.087 -

'1"3p = 1.417 - [ = -0.840 -

Incremental step test : K' = N/mm?Z
n’* = -

Failure criterion ; complete rupture

o/e-values valid for : half failure life

Remarks : Young's modulus estimated

Hardness

Microstructure

Monotonic test
Loading condition :

Specimen cylindrical, 9 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.= -1
Specimen : c¢ylindrical, ® 6 mm

Surface : mechanically polished
Specimen location : in rolling direction

Gauge length ¢ 15 mm

Testing machine : servohydraulic, maz. 50 kN
Frequency

Strain rate 1 40 (%/min)

Waveform : triangular

Remarks

y6¥
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O-d [N/mm’]

900
L

800

SO A N R N S
! o

600 /

500

400

300
/ SUH 616—B, 400 °C
200 £=191800 N/mm® —— = cyclic
100 / K'=1096 N/mm® —-— = incremental
n'= 0,100 -—— = monotonic
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0 0,5 1 1,5 2 25
£, 7
£, 7
101 o ‘rrllllll T T TTTTm T TTITId T T TTTIIY [ TTTITIN |ollllnll T T 1177
EN SUH 616—B, 400 "C ]
N .
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PSWT [N/mm?]

SUH 616—B, 400 °C :
- \\\ o
L AN 5 exp. results L
10° \\ 1
L x\\~~~§ 4
102 X L1 1LaEail " 11131l . Lt Liaigl N 1 L1l " L1111 " 111110l ; 31 Ll
10 10 10 10 10 10 10 10

N

Material : SUH 616-B, 400°C

Mean stress | Strain

| Spec. no, | Stress | | Cycles to |
| | amplitude ! | amplitude | failure |
| I [pal | [MPa] | %1 ! !
| 1.0000 | 676.9 |1 0.0 | 1.0250 | 368.0 |
| 2.0000 | 642.1 | 0.0 | o0.8100 | 623.0 |
| 3.0000 | 596.9 | 0.0 | o0.6000 | 1359.0 |
| 4.0000 | 571.9 | 0.0 | 0.4800 | 2081.0 |
| s5.0000 | 563.1 | 0.0 | 0.3950 | 3348.0 |




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', air
+400°C

: bar, @ 50 mm
: [4.4)
1978
s Ni Cr Mo W v

0.25 0.40 0.80 0.016 0.005 0.68 11.40 0.9%90 0.99 0.28

Monotonic properties

E = 191800
LI 647
R, = 816
Ay = 12
z = 49

Cyclic properties

0.2 694
9% = 382
L = 0.200
Np = 857
1, = 1.039
Tep = 1.588

N/mm? voo= -
N/mn? K = N/mm?
N/mn? n = -
% o = N/mn2
% e = -
N/mm? K = 1034 N/mm?
N/mm? PU- 0.084 -~
% o'y = 1049 N/mm?
cycles el = 1.259 -
- b =  -0.066 -
- ¢ = -0.791 -

k' = N/mm?

Incremental step test

Failure criterion

o/e-values valid for

Remarks

: complete rupture
: half failure life

: Young's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, § 6 mm
in rolling direction

30 mm

0.3 and 7.5 (%/min)

total strain control, R:= -1
cylindrical, @ 6 mm
mechenically polished

in rolling direction

15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

L6¥
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o, IN/mm?]
900
800
700 3=
600 //
500 /
400 /
300
_ / SUH 616—B, 400 °C
200 E=191800 N/mm’ —— = ¢yclic
100 [ K'=1034 N/mm® —-— = incremental
/ n'= 0,084 —— = monotonic
O PR T S S | 1 2 N n T N 1 L N T 1 PR P
0 0,5 1 1,5 2 2,5
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R 0,=1049 N/mm® b=-0,0664 i
| ‘::\ g'= 1,2595 c=—0,7968 il
" \\“\3})\ 5 exp. results
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PSWT [N/mm?]
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X SUH 616—B, 400 C N
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N
Material : SUH 616-B, 400°C
| Spec. no. | Stress | Mean stress | Strain | Cycles to |
| 1 ampl itude | 1 amplitude | failure |
| I (MPa1 | [MPa] | [%] | |
| 1.0000 | 682.8 | 0.0 | 1.0100 | 353.0
| 2.0000 | 648.0 | 0.0 | o0.7600 | 556.0
| 3.0000 | 623.9 | 0.0 I 0.5900 | 1527.0
| 4.0000 | 608.2 | 0.0 | 0.4950 | 2064.0
| 5.0000 | 574.9 | 0.0 I 0.3900 | 3634.0
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X 20 CrMo 12 1

1.4935 SUH 616-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition
[ 8i Mn P

0.25 0.40 0.80 0.016 0.

Monotonic properties

E = 185850 N/mm?
R,z = 538 N/mm?
R, = 700  N/mm?
Ay = 22 0%
z = 71 %

Cyclic properties

Rig.2 = 507 N/mm?
oy = 270 N/mm?
ey = 0.148 %
NT = 1311 cycles
T, = 1.054 -
Top = 2.548 -

Incremental step test

Failure criterion
o/e-values valid for : ha

Remarks : Yo

1052°C/80’, quenched, 640°C/100’, air
+500°C

bar, @ 50 mm

[4.4]
1978

s Ni Cr Mo v v

005 0.68 11.40 0.90 0.99 0.28

v . _
K = N/mm?
a = -
oy = N/mm?
Ef = -
K = 1151 N/mm?
2 = 0.132 -
o'y = 1103 N/mm?
e’y = 0.468 -
b = -0.083 -
¢ = -0.647 -
o= N/mn?
b - -

complete rupture

1f failure life

ung's modulns estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 6 mm
in rolling direction

30 mm

0.3 and 7.5 (%/min)

total strain control, RE= -1

cylindrical, @ 6 mm

1 mechanically polished

in rolling direction
15 mm

servohydraul ic, max. 50 kN

40 (%/min)

triangular

009
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g, [N/mm?]
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_____

600 b1l eeemmTTT
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500 //
400

-/
300

b / SUH 616—B, 500 °C I

200 E=185850 N/mm® —— = eyclic M

100 / K'=1151 N/mm® —-— = incremental

n'= 0,132 —— = monotonic
O N " " " T PR N N 1 N N N " )| N 2 N I T n 1 2 5
0 0,5 1 1,5 2 2,5
€, =
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5 SUH 616—B, 500 "C -
N, 0,/=1103 N/mm®  b=—0,0926 .

“\\ -1
NN £'= 04684 c=—0,6475 |
0 \\“\ 5 exp. results
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PSWT [N/mm?]

T T T T TTTIm T T TTTTI0 I 0 N S O 5 1 04 ) OO B 0 R 81
- SUH 616—B, 500 °C -
y
3
=~
“ -
\\
| ~ 5 exp. results i
\\
N
~
N
N
N
\\
10 =
= \ -
- (] ]
I -
- [s) i
i a i
- §~\s -
| 1 ~~e] i
~~~\~~\
L ~~e_]
102 L 11y AN eI IS [EEEII Ltaiin Lt
10 10° 10 10° 10 10 10 10°
Material : SUH 616-B, 500°C
o mm e e B o m e e o B o mm e +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] {MPa ] (%]
R o mm e m tmmmm e m e R ettt R e R +
1.0000 582.2 0.0 0.9850 406.0
2.0000 550.3 0.0 0.6950 1192.0
3.0000 531.7 0.0 0.5150 1493.0
4.0000 500.8 0.0 0.3950 2256.0
5.0000 425.8 0.0 0.3100 13611.0




X 20 CrMo 12 1

1.4935 SUH 616-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

[ Si Mn P

1052°C/80°, quenched, 640°C/100', air

+500°C

bar, @ 50 mm
[4.41

1978

S Ni Cr Mo v

0.25 0.40 0.80 0.016 0.005 0.68 11,40 0.90 0.99

Monotonic properties

E = 185850 N/mm® voo=
_ 2 _
Ryo.9 = 538 N/mm E =
R, = 700 N/mm® a =
Ag = 2 % o =
Z = rat % eg =
Cyclic properties
Rip.p = 465 N/mn? £ = 910
o = 292 N/mm? no= 0.108
o = 0.160 % o' = 855
Np = 1903 cycles ey = 0.576
T, = 1.044 - b = -0.071
T, 1.204 - ¢ = ~0.657
Incremental step test K’ =
n’ =

Failure criterion
o/e-values valid for

Remarks

complete rupture

half failure life

: Young’'s modulus estimated

0.28

N/mm?

N/mm?

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, @ 6 mm
in rolling direction

30 om

0.3 and 7.5 (%/min)

total strain control, RE: -1

cylindrical, § 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraul ic, max., 50 kN

0.40 (%/min)

triangular

£0g
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g, [N/mm?]

900

800

700

&0 b+
D
500 o1

[ //
400 /
300 .

| / SUH 616—-B, 500 °C
200 E=185850 N/mm® —— = eyclic -
100 / K'=910 N/mm’ —-— = incremental
n'= 0,108 —— = monotonic
0 . " " M T ) " n n 1 P i n | P | — N
0 0,5 1 15 2 2,5
e, A
R A
101 ; LI LR A 4L L ELLELAL T ririm T T TTIIIJ T T TITINT lollll[lll T 117171 »
P SUH 616—B, 500 "C -
- *§ f=d
RN 0,=855 N/mm®  b=-0,0708 i
I R £/= 0,5765 c=—0,6566 |
RN 5 exp. results
100 = > :f\ 3
[T == -~—_.e s ': ~~~~~ -
- e PA-L 2 S -
S
-1 M\\
10k Oy :
: :
]O_z L1 iy ey L Lo L 131l \\I}Jllll L1 11LLl L Ll
10 10° 10° 10° 10° 10° 10 10°

N



PSWT [N/mm®]

LILLRRLLU T 1111 v rrrrar T T TTT7 T T 11710 L _TTTITI0

I

- SUH 616—B, 500 °C

N S exp. results

10 ﬂ\&

L .
[ \Q\ ]
L “+u -
~.o
- BTN - e
102 [N Lo L1 Lt 11l 1110l [
10 10° 10 10° 10° 10 of 10
N
Material : SUH 616-B, 500°C
D R ittt B B A — +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
{MpPa) {MPa] (%]
e m e R et T e B it o mmm e o +
1.0000 527.3 0.0 1.0050 411.0
2.0000 512.6 0.0 0.7050 831.0
3.0000 478.2 0.0 0.5000 2176.0
4.0000 448.3 0.0 0.4000 3448.0
5.0000 445 .4 0.0 0.3750 5584.0
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X 20 CrMo 12 1

1.4935 SUH 616-B

Heat treatment

Test temperature
Semifinished material
Reference

Year

Chemical composition

C Si Mn P

0.25 0.40 0,80 0.016 0,

Mongtonic properties

E = 166950 N/mm?
2

Ryo.2 356 N/mm

R, = 492 N/mm?

Ay = 36 %

z = 92 %

Cyclic properties

Rlg.p = 369 N/mm?
o, = 198 N/mm?
5, = 0.120 %
Np = 2460 cycles
T, = 1.031 -
T, = 1.234 -

Incremental step test

Failure criterion
o/e-values valid for : ha

Remarks ¢ Yo

1052°C/80°, quenched, 640°C/100', air
+600°C

bar, ¢ 50 mm

[4.4]
1978

S Ni Cr Mo W v

005 0.68 11.40 0.90 0.99 0,28

v = _
X = N/mm?
n = _
o = N/mm2
Ef = -
K= 859  N/mm?
= 0.136 -
o'y = 844 N/mm2
ey = 0.823 -
b = -0.096 -
] = -0.694 -
) S N/mn?
Bt = _

complete rupture

1f failure life

ung's modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

cylindrical, # 6 mm
in rolling direction

30 mm

0.3 and 7.5 (%/min)

total strain control, Re: -1

cylindrical, @ 6 mm

: mechanically polished

in rolling direction
15 mm

servohydraulic, max. 50 kN

40 (%/min)

triangular

906



g, [N/mm*]

600

507

soo bt — 1] SRR L
/o/tf—_——
300 /

200 H
SUH 616—B, 600 °C
| =166950 N/mm® —— = cyclic
100 K'=859 N/mm’ —-— = incremental|]
L n'= 0,136 —— = monotonic
O ‘ P T - I n A 1 N N N 1 I ) 1
0 0,5 1 1,5 2 2.5
£, 7]

g,

‘IO’ Y T Tyrmn T TT1T T TTTTTm T T TTTITY T ITTT1TY0] lollllllll T J1T177
SUH 616—8, 600 °C £
Y 0,'=844 N/mm®  b=-0,0956 H
i N £'= 0,8229 c=—0,6945 |

\:I\ 5 exp. results

10° & RN c

C \\ ]
0 Y e N & 111\—1"""\"

10 E hat o——
A ]

“IO_2 1 1L il L1 11801 I AN L L 1ilel \\1\ IS ENE] Jo L Ll IS NEETH

10 10° 10 10" 10° 10° 10 10°
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PSWT [N/mm']

T T T LB ELEALL T TTTT T I T T T T I T Ty
L 0
SUH 616—B, 600 "C I
KN 1
A Y
A Y
\\
LN 5 exp. results 1
\\
A Y
A Y
A Y
A Y
10 =
- 4
= -4
= -t
L | i
I
102 Lo £llinn L1l Lt AT Loprann L1y
10 10° 10° 10* 10° 10° 10 10°
Material : SUH 616-B, 600°C
B ittt ittt R et Fommmmmmm— R +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]
B Femmm - e R T B mmmm e — - +
1.0000 433.1 c.0 1.0050 482.0
2.0000 415.9 0.0 0.7000 864.0
3.0000 396.3 0.0 0.5100 1597.0
4.0000 358.6 0.0 0.3850 3948.0
5.0000 332.6 0.0 0.3000 7977.0




X 20 CrMo 12 1 1.4935 SUH 616-B

Heat treatment H 1052°C/80’, quenched, 640°C/100', air
Test temperature : +600°C

Semifinished material : bar, @ 50 mm

Reference : [4.4]

Year : 1978

Chemical composition
[} Si Mn P s Ni Cr Mo v v

0.25 0.40 0.80 0.016 0.005 0.68 11.40 0.90 0.99 0.28

Monotonic properties

E = 166950 N/mm? vooo= -
Ryg.2 = 356 N/mn? k= N/mn?
R, = 492 N/mm? n = -
Ag = 36 % o = N/mm?
Z = 92 % L = -
Cyelic properties
Ry, = 280  N/om? k' = 355 N/mm?
p0.2
,
o, = 236 N/mm? a = 0.038 -
T 0.144 % o'y = 356 N/mm?
Np = 4921 cycles el = 0.888 -
Tc = 1.046 - b = —0.927 -
_— 1.267 - ¢ =  -0.683 -
Incremental step test K' = N/mmZ
n' = -
Failure criterion : complete rupture
o/e-values valid for : half failure life
Remarks : Young's modulus estimated

Hardness

Microstructure

Momotonic 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

Remarks

cylindrical, @ 6 mm

in rolling direction

30 mm

0.3 and 7.5 (%/min)

total strain control, Re: ~1
cylindrical, ¢ 6 mm

: mechanically polished

in rolling direction

15 mm

servohydraulic, max. 50 kN

0.40 (%/min)

triangular

609
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O'u N/mm®*]

600

500

400

300

—

200
SUH 616—B, 600 °C

E=166950 N/mm® —— = cyclic

100 K'=355 N/mm? —-— = incremental
n'= 0,038 —— = monotonic

0 PR i 1 i T " N 1 L 1 1
0 0.5 1 1,5 2 2,5
g, 7

£, )

101 :\r LBLLALLL T TTTTTm LR BLRALLI T_T TTTI0] T T ITTIT] lollllllll rlllllf
E L SUH 616—B, 600 "C 8
- 0,=356 N/mm®  b=-0,0271 T
i S £/'= 0,8876 c=—0,6829

100 ! ﬁ S exp. results
i - ]
I ~ DR

T e \-------::::::::..—_\..u.\,_ 1
—1 N B

10k N 3
r N ]
C . ]
- \\\ -

']O-z B vtk L1l S EN L1 1))kt \l\ﬂ 1 11t1) 1 JUNTT} L iy

10 10° 10 10" 10 10° 10 10°



PSWT [N/mm?]

10

10

T T TITTm T T YT T T TTT0T T T T T OO T TN T 11 T
0

- SUH 616—B, 600 "C
L i
~
RN S exp. results L

\\

~
~
~
~
~
~
[
M.
Ay
- ~ -
_ \\ ]
\\

- \\‘~~\ =

EEEEI Lo A SRR MRS Ll o

10 10° 10 10" 10° 10 10 10°

Material SUH 616-B, 600°cC

B e B Fo o B e +

Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa ] {MPa] [%]

o mme - —— = B i e S ittt dmmmmm - R +
1.0000 298.2 0.0 1.3550 328.0
2.0000 303.1 0.0 1.0100 3%6.0
3.0000 285.0 0.0 0.7150 863.0
4.0000 286.0 0.0 0.5000 1824.0
5.0000 280.6 0.0 0.3500 4407 .0

e B i e B dmmmmm e — +
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X25 CrNiMn 25 20

AISI 310

Heat treatment

Test temperature : +23°C

Semifinished material : blanks, @ 19 mm

Reference (3.27]

Year 1963

Chemical composition

C Mn Si Cr Ni

0.25 2.00 1.50 25.0 20.5

Mopotonic properties

E = 193340  N/mm? Vo=
= 2 -

Rz = 220 N/mmw k=

R, = 642 N/mm? n =

A5 = % o =
= 63 % eg =

Cyclic properties

Rig.2 = 421 N/ma? L S

,

o = 158 N/mm? 2=

€y = 0.087 % a'f =

Np = 2780 cycles 'y =

T, = 1.140 - b =

Tep = 1.474 - e =

Incremental step test : X’ =

n’ =

Failure criterion
a/e-values valid for

Remarks

hot rolled, pickled and annealed by supplier

complete rupture

half failure life

0.30 -
754 N/mm?
0.228 -
1360  N/mm?
1.0 -
2267  N/mm?
0.271 -
1646  N/mn?
0.302 -
-0.154 -
-0.568 -
N/mm2

Hardness

Microstructure

Monotonic test

Loading condition

Specimen

Specimen location :

Gange length
Testing machine

Strain rate

Cyclic test

Loading condition :

Specimen

Surface

Specimen location

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

: Rockwell B-75 to 81

hourglass shaped, @ 6,35 mm

in rolling direction

diametral

: Rhiele, universal testing machine

total diametral strain control, R
hourglass shaped, @ 6,35 mm

¢ machined

in rolling direction
diametral

self designed

&

a= 1

o1§



g, [N/mm*]
900
L
800
L e
700
L
600
500 /
L //(
400
300 u
&f AlS| 310
200 — F=193340 N/mm® —— = cyclic -
100 I // K'=2267 N/fmm®  —-— = incremental||
n'= 0,271 —— = monotonic
0 3 PO | 3 ) L . T . n L 1 N P B
0 0.5 1 1,5 2 2,5
£, 7]
€, =
101 T TTTTHT T TTEITm T T TTIIT T TTTII0Y T T TTITIOT T T TTTTIY T T 17171 4
AlS] 310 i
C 0,/=1646 N/mm® b=-0,1542 i
L g'= 0,3018 c=-0,5680 ||
100 \ 15 exp. results l
10_1 I N\:%"‘~_‘~ ]
10_2 L1 1111 L4 1111 11 1l 1 In\l‘lll L1 t11itl L1 111l
10 10° 10 10" 10° 10° 10 10°

N
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PSWT [N/mm?]

11T IR RALL LURALLL T T TITII I 1 TTTII0 T T TTTIY L T TITIIT
- 11
| 15 exp. results
10
©
C ~N ]
- B
- p
o 4
b= -
L \Q%Q\ |
~L
~n
e
S
Sao
»]OZ oL Lt L1t L1 L1 )1 bl N NE RN
10 10° 10 10" 10° 10° 10 10°
Material : AISI 310
Fommmmmm P R T b Fmm e +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%}
tommmmm e — Hem e Bt domm e — - R +
1.0000 980.4 0.0 6.3560 12.0
2.0000 973.5 0.0 4.3520 23.0
3.0000 897.5 0.0 3.3250 32.0
4.0000 752.5 0.0 1.7720 91.0
5.0000 766.3 0.0 1.7780 95.0
6.0000 562.7 0.0 0.9030 335.0
7.0000 462.6 0.0 0.5670 1400.0
8.0000 369.4 0.0 0.3530 5120.0
9.0000 286.5 0.0 0.2040 30000.0
10.0000 272.7 0.0 0.1880 55200.0
11.0000 258.9 0.0 0.1740 61000.0
12.0000 241.6 0.0 0.1470 173000.0
13.0000 224 .4 0.0 0.1410 223000.0
14.0000 217.5 0.0 0.1290 274000.0
15.0000 220.9 0.0 0.1250 363000.0




X 40 CrMoV 20 5 H-11 Mod

Heat treatment hot worked, 700°C/3h, 650°C/2h, 1040°C/1h, air

Test temperature . +23%
Semifinished material : bar, 9 15,75 mm
Reference 1 [4.9]
Year : 1974

Chemical composition
[ Si Mn P S Ni Cr Mo Cu v

0.43 1,00 0,40 0.020 0,020 0.25 5.25 1.40 0.35 0.60

Monotonic properties

E = 213000 N/mo? vooo= 0.281 -

Ryo.2 = 2030 N/mn? S 4584 N/mn®

R, = 2576 N/mn® n = 0.133 -

Ag = % op = N/mm?
= 33 % gp = -

Cyclic properties

L 2536  N/mn? K = 4577 N/mn?

o = 1094  N/mn? 2’ = 0005 -

- 0.514 % o'y = 4569  N/mm?

Np = 26 cycles e'y = 0.426 -

T, = 1,180 - b = -0,094 -

Ty = 3.524 - ¢ = -0.844 -

Incremental step test K’ = N/mm2

n’ = -

Failure criterion :

o/e-values valid for

Remarks : chem. composition due to max. requirement in ASM 6487

Hardness : Rockwell C: 60

Microstructure

Monotonmic test

Loading condition :

Specimen t 9 5.8 mm
Specimen location :

Gauge length

Testing machine

Strain rate i

Cyclic_test

Loading condition : total strain control, R = -1
Specimen 9 5.8 mm

Surface

Specimen location :

Gauge length

Testing machine

Frequency

Strain rate H

Waveform

Remarks

q1g
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g, [N/mm?*]

3000
2800
2600
2400
2200
2000

1800

1600
1400

1200 |

1000

800

600

400 |
200

4

X40CrMoV205

£=213000 N/mm’
K'=4577 N/mm’

n'= 0,095

= cyclic

= incremental

= monotonic

1|

£, 7

J

10

10

10

-2

10

10

£, 1

15

2

2,5

LILRLALLL

e

LBLLRRLLL

LLBLELAAA

T

ISR

L T TYTIIOY

T TTTINY

X40CrMoV205
0,'=4569 N/mm®
£'= 04265

b=-0,0940
c=—0,8438

11 exp. results

|
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PSWT [N/mm?]

TTTTIT T rrrrm LR RAALL T T TTTTOT T TTTIIT T TTOTI T T TTEm
- X40CrMoV205 I
i \ |
)
i \o\e 11 exp. results J
ST
3 Seea
10° | B Soa—
- u
‘102 L11iin Ly L3 L1 il IRy Lol BRI
1 2 3 4 5 6 7 8
10 10 10 10 10 10 10 10
Material X40CrMoV205
Frmmmm— - e Fmmmmm e — - R Fomm e m o +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]
D R o mmmmmm e Fommmmmm - o e e +
1.0000 3065.1 0.0 3.2050 18.0
2.0000 2862.7 0.0 2.0970 63.0
3.0000 2709.4 0.0 1.5710 188.0
4.0000 2381.3 0.0 1.2090 1000.0
5.0000 2300.4 0.0 1.1450 1660.0
6.0000 2102.3 0.0 1.0000 2512.0
7.0000 1808 .4 0.0 0.8650 8790.0
8.0000 1491.0 0.0 0.7000 16284.0
9.0000 1491.0 0.0 0.7000 79792.0
10.0000 1384.5 0.0 0.6500 203236.0
11.0000 1284.4 0.0 0.6030 356451.0
domm - R i R il R e e +
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Cu

Heat treatment

Test temperature +23°C
Semifinished material
Reference [4.14]
Year 1982
Chemical composition
Cu
99.94 N
Monotonic_properties
E = 138000  N/mm’ Vo=
= 2 -
Rp0.2 = 115 N/mm K =
R, = N/mm? n =
As = % 6y =
z = % o =
Cyclic_properties
. - 2 v -
Rp0.2 84  N/mm K' =
LA 40 N/mm? n =
£y = 0.037 % 'y =
Np = 86962 cycles ey =
Ty = 1.187 - b =
T, = 2.295 - c =
Incremental step test K’ =
n’ =

Failure criterion
o/e—values valid for

Remarks

half failure life

321
0.217
257
0.250
-0.122
-0.528

850°C, water, 315°C/3h, 805°C/1h, argon

Hardness

Microstructure

Monotonic_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

Remarks

grain size: 12 pm

cylindrical @ 6.35 mm

15.5 mm

servohydraulic

total strain control, R,=-1
cylindrical, 6.35 mm

mech. and chem. polished
15.5 mm
servohydraulic

1)

sawtooth

1) product of frequency and strain was 0.00125 s~

1

814
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g, [N/mm?*]

300

200

//’-"'/ ______________
100 < a

I/ Cu
| =138000 N/mm® —— = cyclic

I K'=321 N/mm® —-— = incremental

n'= 0,217 —— = monotonic
O " " " s I . N N N | N N N 2 1 N N N N 1 N N n N
0 0,5 1 1,5 2 2,5
£, [

£, [

101 - T TTTTTT T TTTTI T TTTT T T TITITO T T TTTII0T I T TITIOY T TTTIIT
c Cu i
RN 0,=257 N/mm®  b=—0,1220 i
N |
I N} £= 0,2496 c=—0,5278 I

¥
%\\ 7 exp. results
10° s

107

T
‘.
’;
Z /m
L L) 11 i1t

N ‘*~~~
o g‘ ““““ :::::::~‘
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PSWT [N/mm?]

10°

T T 71T LB RLAL UL BLLRRLL NN 0 G 05 ) D O U 1 53 N I B B 1
Cu
Pae i
S [
- ~
r S~ O
- N 7 exp. results B
- ‘\ =
~
- Sso I
~
- \\\ i
h
L -
o
- R‘ m
C o N
L g_ i
- “s~~ B
~do
L b T N
~~]
44t 111 L1 LItH 1L IR BRI Lo titi [
10 10° 10 10" 10° 10 10 10°
Material : Cu
B Fommmm i m e o mm e — o tmmmmmmm - R e T +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]
o m e m— o Fmmmmmm e m— o o mmm e m o m— e m o mmmmm e mm +
1.0000 90.9 0.0 0.4940 1671.0
2.0000 85.8 0.0 0.2470 7667.0
3.0000 72.9 0.0 0.1230 18424.0
4.0000 64.8 0.0 0.0980 41246.0
5.0000 50.8 0.0 0.0620 157092.0
6.0000 46.1 0.0 0.0490 1162478.0
7.0000 41.3 0.0 0.0370 1162478.0
o — - B it et e T tomm e - Fommmmm—mmmmm +



Ca

Heat treatment
Test temperature

850°C, water,

: +23°C

Semifinished material

Reference
Year

Chemical composition

Cu

99.94

Monotonic properties

E = 138000
Rpo.2 = 70
Rﬂl =
Ay =
z =

Cyclic_properties

Rbo.2 = 81
LA = 35
g = 0.034
Np = 71001
TU = 1.222
Tgp = 2.093

N/mm?
N/mm?
N/mm

X}

2
2

N/man
N/mm
%

cycles

Incremental step test :

Failure criterion

o/e-values valid for

Remarks

[4,14]
1982

°f
ef

: half failure life

805°C/1h, srgon

235 N/mm?
0.150 -

N/om?

437 N/mm?
0.272 -

206 N/mm?
0.085 -
-0.116 -
-0.456 -

N/mm?

Hardness

Microstructure

Monotonic test

Loading condition
: c¢ylindrical @ 6.35 mm

Specimen

Specimen location :

Gange length
Testing machine

Strain rate

Cyclic test

Loading condition :

Specimen

Surface

Specimen location

Gange length
Testing machine
Freguency
Strain rate

Waveform

Remarks

: grain size: 120 pm

15.5 mm

servohydraunlic

total strain control, Re= -1

: cylindrical, 6.35 mm

: mech. and chem. polished

15.5 mm
servohydraunlic
1)

sawtooth

g

1) prodoct of frequency and strain was 0.00125 571
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0, [Nmm?']

300

200

/—“::::”——
100
_—-o1 Cu
/
{ =138000 N/mm® —— = cyclic
I K'=437 N/mm? —-— = incremental
n'= 0,272 —— = monotonic
0 " P 'Y I . n 2 " I 1 n n n 1 M n L N T 2 N L
0 0,5 1 1,5 2 2,5
£, [

£, A

101 : T TTTIT T TTTTI T TTTT T T TTITIIY T T ITTTI T T TTTOIT T lIlll_‘
s Cu .
B 0,=206 N/mm®  b=-0,1162 1
N g,'= 0,0847 c=—0,4562 i

o %::\ 8 exp. results

10 5T c
F AN 3
(- \:\ -
L AN i
- \\q -

9\0*

T T7TTTT
1

1

!

1

1

!

1

1]

!

!

1

!

1
V.|
V

P S
‘IO_2 X L1 L1l " Lo L) LAl Lo L LELia N L L L)l " 1 lllll“\s L L1t 7 L1 LiLiL B
10 10 10 10 10 10 10 10
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PSWT [N/mm?]

T T T T TTTrT LLLLLLLL T T TTTIAY T TTTTOn T TTITIT] L LTI
Cu
3
10 B H
Fae 8. exp. results N
- \\\ |
\\
- ~d 14
P~
- \\ -
.o
\\
- \. -
102 - ey -
- D \ -
i N j
-10’ i1 [T Ll 11 L1 il 1ot Lot
10 10° 10 10" 10° 10 10 10°
Material : Cu
B et R mmmmmmm—m o — e T B et +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]
R e mmm e —— T B et o — +
1.0000 89.7 0.0 0.3550 1093.0
2.0000 77.9 0.0 0.2480 3134.0
3.0000 70.5 0.0 0.1630 6422.0
5.0000 55.1 0.0 0.0900 11121.0
4.0000 62.2 0.0 0.1190 18424 .0
6.0000 46.0 0.0 0.0620 142510.0
7.0000 42.3 0.0 0.0480 542769.0
8.0000 38.2 0.0 0.0370 14764%90.0




Cu

Heat treatment : annealed 600°C/1h
Test temperature : +23°%C
Semifinished material
Reference [4.15]
Year 1 1974
Chemical composition

Cu
99.99
Monotonic properties
E = 140000 N/mm? v o= -
Rpg.2 = N/mmz K = N/mm?
Ry = 212 N/mm n = -
Ay = » op = 824 N/mo?
z = 81 % ep = 1.71 -
Cyelic properties

tog = 125 N/mm? K= 323 N/mm?

p0.2

,

P - 83 N/mm? n = 0.153 -

g = 0.064 % otp = 316 N/mm?
By = 127643  cycles el = 256.55 -
T, = 1.061 - b = -0.088 -
Tep = 1.000 - e = -1.023 -
Incremental step test K’ = N/mm2

nr o= -

Failure criterion
o/e-values valid for

Remarks

: half failure life

: Young's modulus estimated

Hardness

Microstructure

Monotonic¢ 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

Remarks

cylindrical, ¢ 4 mm

25 mm
Zwick, electronic
6 (%/min)

plastic strain control, Rap=_1

cylindrical, ¢ 4 mm

25 mm

: Amsler, modified electronics

80 Hz

$2s



g, N/mm*]
300
200
e
100 u
Cu
E=140000 N/mm® —— = cyclic
K'=322 N/mm?* —-— = incremental
n'= 0,153 —— = monotonic
0 i PR 1 P T . N 2 N 1
0 0,5 1 1,5 2 2,5
e, 7
£, 4
101 E LELSLBLLLLL T T TTTT N LRI LR 1) R 0 1 3 SO 0 U D D 4 | M S 0 0 5
C \\‘ CU »
: ‘\ \ 2 :
C \ 0,'=316 N/mm b=—0,0882 1
_ N || &= 256,5532 =—-1,0231 i
o “. 3 exp. results
1 = ~ =
: :
C ‘:\\\ ]
E ) \\ A T
10‘1 I Mt SN N “\\ J
E g ..--~___- E
10_2 L1111 Lo L b il 1 111 L1 1 Labid oL i1kl 11 111k 1 11
10 1¢° 10 10° 10° 10° 10 10

N
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PSWT N/mm]

LR IRALLL T ||l“{] T T TV T T TTITT T T TTITTO7 T T TTTI0Y T TTTY.T
N
. Cu
3 AN
10 F N H
r AN »
C . 3 exp. results ]
L N ]
- \\ -
N
\\
L . N
2 \
10 -
o \Q_\ ]
L A
']Ol BN N RN 11 1t L4 1i1li | Eeyi i1 b L1 I L4 11114l
1 2 5 7 8
10 10 10 10* 10 10° 10 10
N

Material : Cu

tmmmmm e t e m e mm Fmmmmmmmmmm o Fmmm o m dmmmmm o +

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

tmmmmm - e el R ittt Fommmmmmm——— - Fo e +
1.0000 106.5 0.0 0.1460 137382.0
2.0000 98.9 0.0 0.1140 219472.0
3.0000 78.8 0.0 0.0640 3619268.0



Cu

Heat treatment
Test temperature

Semifinished material

Reference
Year

Chemical composition

Cu

99.99

Monotonic properties

= 140000
Ry0.2 =
R, - 212
s =
= 81

Cyclic properties

RéO.Z = 115
% = 86
€y = 0.072
Np = 24856
Ty = 1.090
Tap = 1.000

Incremental step test

Failure criterion

annealed 600°C/1h

+23°C
14.15)
1974
N/mm2 =
N/mm? X =
N/mm? n =
% oy = 824
% ey = 1.71
N/mm? X' = 172
N/mm? n = 0.066
% o'y = 279
cycles a'f = 0.141
- b = -0.077
- c = -0.471
X' =
n’ =

o/e-values valid for

Remarks

half failure life

: Young's modulus estimated

N/mm?

N/mm?

N/mm?

Hardness

Microstructure

Monotonic 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

Remarks

: cylindrical, @ 4 mm

25 mm
Zwick, electronic

6 (%/min)

stress control, R = -1

cylindrical, @ 4 mm

25 mm

: Amsler, modified electronics

80 Hz

LeS
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g, N/mm*]

300
A

200

100 g2 .

Cu
E=140000 N/mm® —— = cyclic
I K'=172 N/mm® —-— = incremental
n= 0,066 —— = monotonic
0 I i |} N i i 2 1 ] |
0 0,5 1 1.5 2 2,5
£, 7]

€ [7]

101 : LIEBLRILLLL T T TTTm LILLLRRLLI T TTIf T T TIII07 T TTTHIT T T lll]_
E Cu &
k 0,=279 N/mm'  b=-0,0774 M
By i
N g'= 0,410 c=-0,4711 i

\“Q,-‘ 4 exp. results

10° E BN 3
- N ]
- ~ ‘\\\ .
| RN J

10—1 ----------- b oy ~.‘\ o \‘Q\
E  iiates. TS 3
- . — 3
. ‘\\ :h ==.-;
o \9\\ ]

10_2 L4 lIllm, | AT L L ALty 11 100 11 Illlll\l L1t Ll Lt

10 10° ¢ 10° 10° 10 10 10°

N
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PSWT [N/mm?]

T T 1T T 1 T T T TV TS S0 O 8 ) S N 31 O I 1 L N S A W 6
Cu
10 g
CSs. »
E e u
C ~d 4-exp. results N
- \\\ .
~
i ‘\\\ =4
L ‘x\\ .
Sw
- \‘-.~ 4
~~.
)
10°
C Fo~-al ]
10’ L Lt Lo1aan L1y IR L AR AN
1 2 4 S & 7 B8
10 10 10 10 10 10 10 10
Material : Cu
Fommmmmm e - B et tmm e — e — Fommmm e e o P T T +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
{MPa] {MPa] [%]
B dommm e — = R R R +
1.0000 103.0 0.0 0.1120 138950.0
2.0000 99.1 0.0 0.0920 489549 .0
3.0000 86.3 0.0 0.0690 2329952.0
4.0000 72.6 0.0 0.05350 14839818.0



Cu

Heat treatment H
Test temperature : +23°C
Semifinished material
Reference : [4.17]
Year : 1983
Chemical composition
Monotonic properties
E = 140000 N/mm’ Vo= -
Ryg. = N/mn? k= N/mm?
R, = N/mm? n = -
Ay = % op = N/mm?

= [} e = -
Cyclic_properties
Rig.2 = 181 N/mm? k' = 560 N/am?
o = 99 N/mn? 2 = 0.182 -
gy = 0.079 % o'y = 507 N/mm?
Ny = 18943 cycles el = 0.426 -
T6 = 1.167 - b = -0.108 -
Tep = 1.886 - c = -0.560 -
Incremental step test : K’ = N/mm?

n’ = -

Failure criterion : defined by back extrapolation technique
o/e-values valid for : half failure life

Remarks : Young’s modulus estimated

Hardness

Microstructure

Monotonic 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

Remarks

0gs
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ag, [N/mm?*}
300
o |
200
()
|
o
100 H
Cu
£=140000 N/mm® —— = cyclic
[ K'=559 N/mm® —-— = incremental
n'= 0,182 —— = monotonic
0 ) I N 1 L 1 " i n n 1 1
0 0,5 1 1,5 2 2,5
e =
€,
10‘ - LB LLLL ERLBLLLLLE roerrm T TTTTIOY T T TTTITIY 1 llJlllll T IIIIB
E~~ Cu H
: ~§ =
- " 0,=507 N/mm®  b=-0,1076 i
L e €= 0,426 c=-0,5597 |
‘\} 10 exp. results
10 - :
N \m ]
[Tl — m _
_ EE'\% e
107 Ne*% T v E
- “—~\_‘_-.~_~ 3
: n\\ T
10-2 L 11l L1 1] L 111 L Lt LIl 1 Illlll\l\ NNV L 1 L L1kl
10 10° 10° 10" 10° 10° 10 10°

N
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PSWT [N/mm?]

T TTT T T T T T 117 T TTIT T
I
Cu H
-
L. 10 exp. results
N
N
N
~
AXN
10 -
- ~
N B
- ~
N 4
- ~
-
o J
> 4
e
~.
2 S~
10 Lriiun voaapnd o1 [ETEETI RTINS Lty
10 10’ 10 10" 10° 10° 10 10
Material : Cu
fommm e m—— Femmm e mm— fmmm e P fmmmme +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPal (%]

P e frmmmmm——— frm e m e m B faemm e mmm i — +
35.0000 238.4 0.0 0.9300 508.0
26.0000 229.4 0.0 0.9300 672.0
17 .0000 226.7 0.0 0.9250 853.0
14.0000 191.6 0.0 0.3280 5836.0
27 .0000 185.4 0.0 0.3250 7806.0
16.0000 170.2 0.0 0.3250 12445.0
21.0000 152.3 0.0 0.1620 35698.0
29.0000 151.3 0.0 0.1650 63404.0
28.0000 151.9 0.0 0.1650 64654 .0
15.0000 123.0 0.0 0.1650 72676.0

fmmmmm i — = Fomm e Fommmm e m = B fommmmmm +




Cu

Heat treatment : Hardness

Test temperature : +23%

Semifinished material :

Reference : [4.17]

Year : 1983

Chemical composition Microstructure

Monotonic properties Monotonic _test

E = 140000 N/mm? v - - Loading condition :

Rpo.z = N/mm? K = N/mxu2 Specimen

Fﬁn = N/mm2 n = - Specimen location :

A5 = % o = N/lmn2 Gauge length

Z = % g¢ = - Testing machine
Strain rate

Cyclic properties Cyclic test

R;’aO.Z = 187 N/mm2 K’ = 501 N/mm2 Loading condition : total strain control, RB= -1

LA = 103 N/mm? n = 0.158 - Specimen

gy = 0.078 % o'y = 456 N/ma? Surface

Np = 9407 cycles 'y = 0.548 - Specimen location :

T, = 1.016 - b = -0.098 - Gauge length

Tgp = 1.202 - c = -0.619 - Testing machine

Incremental step test : K’ = N/mxn2 Frequency

n’ = - Strain rate

Waveform

Failure criterion : defined by back extrapolation technique

o/e-values valid for : half failure life

Remarks : tests initially prestrained, Young's modulus estimated Remarks

£es
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g, N/mm?]

300

200 //E)—

L

100 : y
Cu prestrained
E=140000 N/mm* —— = cyclic
K'=501 N/mm?* —-— = incremental
n'= 0,158 —— = monotonic
0 L P i | USSR | PR | I
0 0,5 1 1,5 2 25
g,

€ [

101 R T l[l[’"r LB EALLL LILBRLRRLL T T 1T EITIIT T T TTITIY T T TTHIf 1 Lll[l-‘
2 Cu prestrained o
RN 0,=456 N/mm?  b=-0,0981 -
- ¥ L
! e £/= 0,5477 ©=—0,6188 I

RN 4 exp. results
0 AR

10 “s\ =
: \E\\ E
- ~

107 E e :
o R 3

10_2 1 lll“" A 1 111 L4 b 1iid) 31 & PIti Ll\\l‘llll 1 1001l L4 il

10 10° 10 10° 10° 10 10 10°

N



PSWT [N/mm?]

T IBEEAL T TTT7T S 5 ) ) D O O O SO S O S B S 6 1)
- Cu prestrained
- H
L 4 exp. results i
\\
hY
N
Ay
A
N
N
10 =
= A ]
\\ -
- .
~ -
- N
b \\ -
L 4
| \\\\\xk i
\“~
~ae
~~~N~
1cf 1813 IR A I EETI gl Seai it [E
\] "] 4 S ] 7 8
10 10° 10 10 10 10 10 10
Material : Cu prestrained
oo B et S i N +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
{MPa] [MPa] {%]
o m e B i B e T T +
4.0000 230.8 0.0 0.9150 500.0
32.0000 186.1 0.0 0.3230 5019.0
37.0000 151.6 0.0 0.1580 36550.0
36.0000 148.8 0.0 0.1560 44878.0
dommmm e oo B et B e TR +
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X CuZn 69 31

Heat treatment
Test temperature
Semifinished material

snnealed 600°C/1h
+23%

Reference (4.15]
Year 1974
Chemical composition
Cu Zn
68.9% 31.00
Monotonic properties
E = 140000  N/mn? I
- 2 -
Rp0.2 = N/mm’ K =
R, = 305 N/mm? n =
A5 = % oy =
z = 81 % 2g =
Cyclic properties
Rig.2 = 167 N/mm? K. =
'
o = 119 N/mm? n =
6 = 0,128 % o'y =
Np = 329248 cycles 'y =
T, = 1.034 - b
. 1.000 -~ c =
Incremental step test K’ =
n’ =

Failure criterion
o/e-values valid for

Remarks

half failure life

1030
1.69

811
.254
443
0.440
-0.087
-0.455

o

: Young’s modnlus estimated

N/mm

N/mm?

Hardness

Microstructure

Monotonic 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

¥aveform

Remarks

¢ylindrical, @ 4 mm

25 mm

: Zwick, electronic

6 (%/min)

plastic strain control, R

¢ylindrical, @ 4 mm

25 mm

: Amsler, modified electronics

80 Hz

9€9



G, [N/mm?]

600

500

400

o0 - oo __ _—

200 emt .

_-- XCuZnB931

i O/ad E=140000 N/mm® —— = cyclic

100 K'=810 N/mm* —-— = incremental{]

n'= 0,254 —— = monotonic
0 L PRI | — ¢ P 1 — L PR | — i
0 0,5 1 1,5 2 2,5
£, I

£, 7l

101 m T T 1 T T 1T 1T 1T T TTTIII T TITO0 T T 1117
E XCuZn6931 -

“ -
- £ 0,/=443 N/mm®  b=—0,0866 i
ol Q\ 4
- TSNl g'= 0,4400 c=—0,4550
\\\\ 3 exp. results
) R, b

10 = \‘1‘\\ E
R AR W ~ L\ N\ g

10_1 ~~~~~ ~~--"-\: \~_
: %Y\e"--:::‘:\i
I o

10"2_1__|__A_|_u.|.i (WA 11t 11110 111t 1 1111L|,|,J_|_M‘

10 10° 10

10* 10° 10°
N
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PSWT [N/mm?®]

T 7T LU Trirfrm T T 1711007 I TTTHIV T TTiTi0 T T ivinl
XCuZnB931
N
NS 3 exp. results
\\
~
~
~
\!
\\
103 \\\
L o A
- o -
~ -
- [~
~
- S -
~
- o -
~
~
~
L . 4
~
L ‘\\\ .J
\N
~
I \ |
\ON\\
102 L+ vaaeend b oapeas 111l 111l 111l PERERETIT Bk CYWRTTTT
1 4 S 6 J 8
10 10 10 10 10 10 10 10
Material : XCuZn6931
oo bmmmm e Fmmm e B e T Hmmmmm e +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa) (%]
tmmm e mm P e L P T P e +
1.0000 140.1 0.0 0.2000 323353.0
2.0000 130.5 0.0 0.1690 534557 .0
3.0000 114.0 g.0 0.0900 3281928.0

dommmm oo tmmmmmmmm - oo m o e ittt il +



X CuZn 69 31

Heat treatment
Test temperature

Semifinished material

Reference
Year

Chemical composition

Ca Zn

68.99 31.00

Monotonic properties

E = 140000
Ro0.2 =
R, = 305
-
= 81

Cyclic properties

RéO.Z = 159
% = 114
g = 0.091
Np = 31511
T, = 1.070
Tsp = 1.000

N/mm?
N/mm?
N/mm2
%

%

2
2

N/mm'
N/mm'
%

cycles

Incremental step test

Failure criterion

o/e-values valid for

Remarks

ha

annealed 600°C/1h

+23°C

[4.15]

1974
v - -
k= N/mm?
n = -
oy = 1030 N/mm?
e = 1.69 -
k' = 282 N/mm?
n = 0.092 -
o'y = 357 N/mm?
el = 0.672 -
b = -0.075 -
¢ = -0.579 -
X' = N/mm’
n' = -

1f failure 1ife

Hardness

Microstructure

Momotonic test

Loading condition :

Specimen

Specimen location :

Gauge length
Testing machine

Strain rate

Cyelic test

Loading condition :

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

cylindrical, ¢ 4 mm
25 mm

Zwick, electronic

6 (%/min)

stress control, R = -1

cylindrical, ¢ 4 mm

25 mm

: Amsler, modified electronics

80 Hz

6€9
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0, [N/mm®]

300

wh—

100 f N

XCuZnB931
L E=140000 N/mm® —— = cyclic
K'=282 N/mm® —-— = incremental
n'= 0,092 —— = monotonic
o L T M n n n 1 n ) L 1
0 0,5 1 1,5 2 2,5
g, [

€,

101 ?:l:‘l‘TTTnTF IBLERRLLLL TV TTTTm m
E XCuZnB931 :
ul -

- \,. 0,'=356 N/mm® =—0,0749 H
i e £'= 06717 =—0,5793 |
oy 4 exp. results
0 AN

10 E SR -

107" £ _““*:“ O >
F \\ R:: .._._-.5
L ]
L
L i

10_2 LIlIIIL L L1111 Lo L iiitl) I Al ) Illlll\l Lol L 1113
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P SWT [N /m m']

10

B EAALLL LR Rl T T T __J_L_I_l:um_l__l_LLLlIll_L_u_u_uu_l_l_Lu_IT
- XCuZnB931 x
Ny 4 exp. results 1
_ “ ]
- \\~~\ 4
1 1 ||||||J R b1 L1l 1 L1l L L1t 1 11Vt 1)
10 10° 10 10 10° 10° 10 10

N
Material : XCuZn6931
Frmm e ————— e = R el Fomm - R e i ieading +
Spec. no. Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] %1
Frmem e m - Frmmmm e m e Hmmmem == D R P +
1.0000 140.3 0.0 0.1510 122122.0
2.0000 131.4 0.0 0.1190 412187.0
3.0000 115.8 0.0 0.0910 1159180.0
4.0000 107.9 0.0 0.0780 4861748.0

D ittt R ittt B e T dommmememm - B -
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X CuNi 70 30

Heat treatment
Test temperature
Semifinished material

Reference

Year

Chemical composition

Cu

70.

Zn

Monotonic properties

E =

e

126500
170

Cyclic properties

Rpo.2
O'g =

g =

=
I

106
63
0.062
78651
1.285
1.711

N/mn?
N/mm2
N/mm2
%
%

N/mm?
N/mm2
%

cycles

Incremental step test

Failure criterion

o/s-values valid for

Remarks

ha

600°C/1h, 420°C/3h
+23%C

[4.14]
1982

LF3 =
g¢ =

1f failure life

217
0.072

N/mm?

N/mm

Hardness

Microstructure : grain size: 12 pm

Monotonic test

Loading condition :

Specimen : cylindrical @ 6.35 mm
Specimen locatiom :

Gauge length : 15,5 mm

Testing machine : servohydraulic

Strain rate

Cyclic test

Loading condition : total straim conmtrol, RE= -1
Specimen : ¢ylindrical, 6.35 om

Surface : mech. and chem. polished

Specimen location :

Gauge length : 15,5 mm
Testing machine : servohydraulic
Frequency 1)

Strain rate

Waveform . sawtooth

Remerks : 1) product of frequency and strain was 0.00125 s~

1

142Y



g, [N/mm?]

300

200

’_—"_‘___,———"—— ------------------------------
I )/—9"
100 P 4
70—230 Brass
E=126500 N/mm® —— = cyclic
I K'=269 N/mm® —-— = incremental
n'= 0,150 —— = monotonic
o , i PR S . — 1 e 1 1 1 1 . 1 z | A 1 i 2
0 0.5 1 15 2 2.5
€, 7
g, 7
101 B~ T T TTTI LR BLELLLAL T T TTIMY T T 1 LHIY T 1 I 3iar T TTTTINY T T TIIT
E 70—30 Brass .
- . 0,=288 N/mm’  b=-0,0996 1
i M, £'= 0,5289 c=—0,5548 |
L)
0 °‘\\ 8 exp. results
: N e
C \ 3
L \\j\\: A
10— *r\e\w\& -
E E&%:::_~ L E
- “-=::~_“‘_
L (=] =
10_2 Lt 1) 1 L1 il Ll iaink P T 1 Illllllx 11 Lol 4 LiLlk
10 10° 10 10* 10° 10° 10 10°

N

543



544

PSWT [N/mm?]

rrrrmm T Trrrmm UL BLLALAL T 1T TTTIHY T T YTITOYT T TTTHIT T TT1iT
S 70—30 Brass
3 o
10 F -~ u
s \\\ 8 exp. results [l
— \\ H
= ~N | 1
- 3 -
1Cf ~\\; o
F ~~u_ ]
- o k| - .
101 L1 b1l Ao L1t Lo N R L4 L1 til) SRR}
1 v 3 4 5 6 7
10 10 10 10 10 10 10 10

Material : 70-30 Brass

Stress
amplitude
[MPa]

N

Mean stress Strain
amplitude

failure

0
470682.0
1519911.0
1796989.0




X CuNi 70 30

Heat treatment
Test temperature
Semifinished material

Reference
Year

Chemical composition

Cu Zn

70. 30,
Monotonic_properties

E = 126500 N/mm?

- 2
Rp0.2 70 N/may
Ry = N/mm?
Ag = %
z = %
Cyclic properties
- 2

60_2 99  N/mm
% = 56 N/mm?
£y = 0.056 %
Np = 93972 cycles
Ty = 1.258 -
Tsp = 3.320 -
Incremental step test
Failure criterion
ofe~values valid for : ha

Remarks

600°C/1h, 620°C/1h
+23°¢C

[4.14]
1982

73 =

Ef =

1f failure life

139
0.080

284
0.170
304
0.509
-0.111
-0.551

N/mm?

N/mm?

N/mm?

Hardness

Microstructure

Monotonic 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

Remarks

grain size: 120 pm

cylindrical @ 6,35 mm

15.5 mm

servohydraulic

total strain control, R8= -1

cylindrical, 6,35 mm

: mech. and chem. polished

15.5 mm
servohydraulic
1)

sawtooth

1) product of frequency and strain was 0,00125 s

1

14
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g, [N/mm?*]

300

200

100

—+ 70—30 Brass
E=126500 N/mm® —— = cyclic
[ K'=284 N/mm? —-— = incremental
n'= 0,170 —— = monotonic
0 . " " n I n o N A | I N n 1 ) I N 2 T s s 1 A
0 0,5 1 15 2 2,5
g [

€, A

1d LLLLLLAL LILBLBLRALLL LLLLLLLL 1 1 1 TOT T T TTITIT T T TTIINY T T ITIL
N &
N 70—-30 Brass .
C s, u
R 0,=304 N/mm® b=-0,1107 i
I " £'= 0,5086 c=—0,5515 |

‘\\\ 10 exp. results
10° E = 3

L \ -
~~~~~~~~~~~ \ °
10—1 Bt \g\
eA

: o E

- [») \ -

C Eoar Tt ]

- B e -~~=:==‘--

I ) i

10—2 p ] IHLI 1 L0l AL L L il i Llllll\l 11 1El i L
10 10° 10 10" 10° 10 10 10

N



PSWT [N/mm?]
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LLLELLLLLI T TTTTI T T TTTITIT 1T T TTIOL T T TIUITIOT T T TIIIIN — 1T T Y00V
s 70—30 Brass
3 \\\
10 + ~C H
- \h L]
C . 10 exp. results i
L \\\}\s\ P
o]
2
10 b \8\ ]
: o \\\\\ _
" 0 T=~oll ]
- o ““‘~_-
- |
‘101 Lot Lot Lo L Libit 1L i 1 1 _Liiik) L U114 b 111l
1 2 4 5 (] 7
10 10 10° 10 10 10 10 10

Material : 70-30 Brass

Stress
amplitude
[MPa]

N

Strain
amplitude

(%]

Cycles to
failure

0
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

Chemical composition
c Mg Si Al

0.15 0.08 0.12 0.16

Monotonic properties

: vacunm hot-pressed QMV beryllium
: +23°%
: blanks, @ 19 mm

14.12]1

1963

Fe BeO Be

0.18 2.0 98.0

= 290010 N/mm? v = 0.024 -
Ry = 262 N/mn? K = 694  N/om2
R, - 324 N/mm? n = 0.156 -
_— % op = 329 N/mn?
= 2 % s = 0.017 -
Cyclic properties
Rig.2 = 373 N/mm? K = 1328 N/mo?
o = 126  N/mn? 2 = o0.208 -
eg = 0.044 % o'p = 508 N/mw?
NT = 50 cycles s'f = 0.009 -
T, = 1.223 - b = -0.0801 -
Ty = 2.790 - e =  -0.451 -
Incremental step test K’ = N/mm2
n' = -

Failure criterion
ag/e—values valid for

Remarks

complete rupture

half failure life

Hardness

Microstructure

Monotonic test

Loading condition :

Specimen

Specimen locatiom :

Gauge length
Testing machine

Strain rate

Cyclic test

Loading condition

Specimen

Surface

Specimen location :

Gauge length
Testing machine
Frequency
Strain rate

Waveform

Remarks

Rockwell B-75 to 90

cylindical, @ 6.35 mm
in rolling direction

38.1 mm

: Rhiele, nniversal testing machine

total diametral strain control, R.g4=-1

cylindrical, ¢ 6.35 mm

: machined

in rolling direction
diametral

self designed

8¥¢



g, N/mm?™]
900
800
L
700
600 S
T R
500 e
400 /,_.- .
300 ===
-1
| # _—~—1 Beryllium
200 // F=290010 N/mm® —— = cyclic
100 / K'=1328 N/mm?’ ~-— = incremental
n'= 0,204 —— = monotonic
O " PN Ir— | a4 M 1 N 2 " N | . - . PN 1
0 0,5 1 1,5 2 2,5
g,
e
101 - LELLRALLL LI LULLLL T T TTIIT L T TTTITIY T T I TTTHY T T IT1TIY I lllll—
C Beryllium §
- 0,=508 N/mm®  b=-0,0915 M
L E'= 0,0092 c=—0,4509 il
0 S exp. results
10 3
N §
-1 NM\
10 N S S =
F N 3
C a ‘~~===‘-“_‘-‘ ]
- o e _“““‘_
L \ ‘ 4
10_2 i |||||| 1 Lil} 1 1 l.LL\Ii)L N EEFIT Ll ISR} L L.l
10 10° 10° 10° 10° 10° 10 10°
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PSWT N/mm?Y]

LILELLLLLL [ILLLALLL L RLEALL T TTTTIT T TIT1THT T TTITIOY L T TITITOT
- Beryllium i
- H
L S exp. results L
10 | .
- 4
~ .
- (o] g
(o]
— x\l |
L Tmes -
~—e
102 L1 L1 AR WRIT) AR AR AR RN n ST
\| 3 4 5 (] 7 B
10 10° 10 10 10 10 10 10
Material : Beryllium
domm - B e R R it Hmm o mm e mm e o +
Spec. no Stress Mean stress Strain Cycles to
amplitude amplitude failure
[MPa] [MPa] [%]
B bt B Rttt Fmmmm e m— o mmmmmm e mm oo +
1.0000 403.9 0.0 0.4700 6.0
2.0000 355.6 0.0 0.2610 73.0
3.0000 283.1 0.0 0.1490 138.0
4.0000 272.7 0.0 0.1320 260.0
5.0000 227 .8 0.0 0.0990 4260.0
B T B B e +



