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Progress of Design Criteria at Elevated Temperature and Some Approach
on Super Elevated Temperature Design

Kiyokazu Kobatake ™! and Hisayuki Yamaura™'

A lot of equipment and many types of machines such as gas turbines, diesel engines, and
fossil fuel and nuclear power plants are used at an elevated temperature, where the creep effect
is remarkable. Not only the knowledge of the material strength and stress analyses but also de-
sign criteria are needed for the elevated temperature components design and the remaining life
predictions. The elevated temperature Code Case of ASME Boiler and the Pressure Vessel Code
has been instructive in many countries. As the code case has been revised and enlarged repe-
atedly in the past 30 years, the distinguished progress of the code case is reviewed. Then, from
the author’s research and development of the super temperature components at 750 to 1,000 T
, which are much higher than those in the ASME Code Case, some design methods are extracted
to support the establishment of the super elevated temperature design criteria.
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Table 1 Definitions of Allowable Stress Intensity Values
Allowable Mechanical Properties Establishing Method of Allowable
Values Values for Austenitic Matenials
Se The maximum allowable value of general primary— The lowest value of the following,
membrane stress intensity to be used as a reference for 2) 144 of the specified minimum tensile strength at room temp.
stress calculations under Design Loadings. b) 1/4 of the mean tensile strength at working temp.
c) 273 of the specified minimum yield strength at room temp.
d) 273 (or 90 % ) of the mean yield streagth at working temp.
€) 100 % of the mean stress of 0.01 % ./ 1,000hr strain speed
1) 67 % of the mean rupture stress at 10 * hr
2 80 % of the minimum rupture stress at 10 * hr
Sat The allowable limit of general primary—membrane
stress intensity to be used as a reference for stress Lower of two stress intensity values,
calculations for the actual service life and under the S (time~independent) and S (ime—dependent).
Level A and B Service Loadings.
Sa The lowest stress intensity value at 3 given temperatur The lowest value of the fellowing,
g the time —independent strength quantities. 2) 1/3 of the specified minimum tensile strength at room temp.
b) 1/3 of the mean tensile streagth at working temp.
¢) 2/3 of the specified minimum yield strength at room temp.
d) 2/3 (or 90 % ) of the mean yield strength at working temp.
S A temperature and time—~dependent stress intensity The lowest value of the following,
limit ) the minimum stress required to obtain a total (elastic, plastic,
primary and secondary creep) strain of 1 %%
b) 80 % of the stress to cause initiation of tertiary creep
¢) 23 of the stress to cause rupture
S, The yield strength of a material at a given temperature. The minimum yield strength at strain speed of 0.005 / min.
Table 2 Time-independent buckling factors
Load Strain
Factor® Factor® — 7,
Design Loadings 3.0 1.67 = = + } 1£ + 2 g l
Service Loadings 3.0
Level A ? 3.0 1.67 l_%, l
Level B 3.0 1.67 > 1
Level C 2.5 1.4 2%
Level O 1.5 1.1 5%
Test 2.25 1.67
Fig. 2 Schematic drawing of strain limits
1 Ceause nptamt nstabitiy at | _ | Oesin o1 ex
I;:::io:sgam! the design {or :cl:luallZerf f:::i:,'“d

vice) temperature.

Changes in configuration induced by service need not be consid-
ered in calculating the buckling load.
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Fig. 3 Flow diagram for elevated temperature analyses
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Table 3 Comparison of load-controlled stress limits between C.C.1592 and N-47-29 {Revised items are shown in shadow)

Cc.C.1592

LOAD-CONTROLLED STRESS LIMITS

DESIGN
LIMITS

LEVELS
AANDB
SERVICE

LIMITS

- ——— " - - - — o - - o

LEVELC
SERVICE ¢+
LIMITS

LEVEL D
SERVICE
LIMITS

{NON-MANDATORY)

N-47-29

LOAD-CONTROLLED STRESS LIMITS

w D@
& L}
P @
S N T S 277

R S DU S

(Non-mandatory]
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Table 4 Satisfaction of Strain Limits Using Simplified Methods

c.C.1592
Test General Requirement Using_Elastic _Analysis & Simpliied [nelastic Analysis
No. Criteria_of Rules = S
Where creep effects are not The strain limits are considered | 1)S. < 35a.
No.4 | presumed significant through the whole to have been satisfied if the limits of where, 35 = 1554 + S.u
service cycles. ( The operation at the the shakedown and the raicheting of or
creep lemperature is short. ) Sec. 1 NB are met. /e =S +S.e
() !'::—‘,; <el 2) Ratchet limits of Sec. @ NB.
() }l: §<0.2%
Where the average wall lemperature The allowable regime is X+Ys1
No.2 | at one of the stress extremes defining restricted to the elastic region. where, ’
each secondary stress range, Qn , is 1'-(",. -f-) - *Sr
below the creep regime. o
(0 msn
Y @ ————
sl'
The temperature of the creep regime In regime, S1,S 1, 2nd P, the Be evaluated by Fig.T-1324
No.J | is defined as that at which S« equals S+ | limits restrict the amount of inelastic | (O'Donnel & Porowski).
for 10* hr. strain that can be sccumulated over The dimensionless expressions
the service life of the component so for the effective creep stress (0. )
that the strain limits are not 2805, ae:
exceeded. Z=X-Y
in regimes Sz and P, and
Z = Y+1- {20-X)¥
inregime S 1.
No.l Where creep effects are presumed The limits prevent ratcheling

significant duning service loadings.

and creep enhancement due to X+YS S.5.
thermal cycling.

N-47-29
Using Elastic Analysis Using Simplified Inelastic Analysis
Test No._ Rules Test No., Rules
A-3 Same to Test No.d. l//r
Same to Test No3.
A-2 Sa equals Sy for10°* hr

is given in Table T-1323.

In regimes E, S1, S 1, and P, this can be used only for

(1) axisymmetric structures subjected to axisymmetric loadings
and away from local structural discontinuities, or

(2) general structures in which the peak through—the-wall
thermal stress is negligible.

This is more conservative than Test No.B—~1 and 2pplicable to
any structure and loading.

This may be used for cycles in regimes R+ and Ra. This
procedure may also be applied to cycles in the S+, 51, and P regimes.
The total inelastic strains accumulated in the lifetime of the component
are given by:

Ze oaZv +Zn + L8

Same to Test No.l

—
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Table 5 Creep-Fatigue

C.C. 1592
Damage Equation Use of Inelastic Analysis Method Use of Elastic Analysis Hethod
Fatigue Damages The maxizum equivalent stain range | The increased strain due to inelastic
calculated as the range of strain behavior is calculated as
Strain Range to | (E1=Eeeviverent) is used to enter s

L /a enter a Design | the fatigue curves. 6 = '§-') K'e. +Kee +Kr e,
E (Tu Fatigue Curve

i1 vhere

€15the derived naxisus total equivalent
strain for the loading cycle.

K=the theoretical elastic stess concen
tration or the fatigue strength redu-
ction factor.

Resisting Force The design fatigue curves were det- | The desizn fatigue curves include the
of Raterials erained from cocpletely-reversed effect of hold tices and slov strain
loading conditions at strain rates rates and are used for e)astic analysis.
greater than,or equal to those noted
on the curves.

Creep Danages Stress Values to | The appropriate stress neasure is The stress intensity S¢ is used.
enter 3 Design the effective stress Gers. The tiee duration is deternined by the
Stress-to-Ruptur | The time duration is determined at | stress value Su/K’. (K£0.9)

e Curve the stress valve of ¢ or1/K’,
(), (x’=0.9)
sy Creep-rupture dasage say also be
calculated by using the integral
fora.
¢ dt
LT,
Resisting Force | T« is deternined by stress-to- Sacc to Te of the inelastic analysis.
of Naterials rupture curves for a given stress

and the paxicus tecperature.

D shal) not excecd the creep-fatigue | D=}

daoage envelope.

Z G T

1= aey
Wefests, MLOV BOOW

° oz Y os o8 [
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Table 5 Creep-Fatigue

C. C. N—-47-29

Use of Inelastic Analysis Method

Use of Elastic Analysis Nethod

The fatigue dapage term is evalu-
ated at the strain rangeg:.

The strain range£ is defined as
€130fesns VhereAt oes is the value
calculated in either T-1413 or T-
1414,

1 of the ratchetting rules be less than,
or equal to 1.0.

The tota] strain range€: is calculated
as

¢ ® Kbe, + Kbg

vhere
B¢ =the podified nazimsus equivalent
strain range.
Kv=the multiaxzial plasticity and Poissen
ratio adjusteent factor.

Sane to C.C.1592,except the design
fatigue curves are revised.

The design fatigue curves for the inela-
stic analysis is used.

The folloving equivalent stress
quantity should be used:

erelet-)

vhere Leooase,

PR AR AR )

1
ol 7;’“" RS LR R P oy

Creep-rupture dasage may also be
calculated by using the integral
fora. ¢ dt

/-To

The stress intensity Se is used.
The tiee duration is deterpoined by the
stress value Su/K’. (K'=0.67)

The allovable tine duration (Te)e
is obtaincd fron the expected mini-
oud stress-to-rupture curve.

Sane to T¢ of the inclastic analysis.

D shall not exceed the crecp-fatigue dasage envelope.
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Table 7 Test conditions

TEMPERATURE 200°C 750°C
TEST MOOE ale]c| e c
MOVEMENT IN |10
COMPRESSION ¢
() sls|s |¢ '
<
3
EXTERNAL
PRES SURE ] 1.5
(kgf/mn?)
INTERNAL k
PRESSURE 1 “9/en?| 0.5 *9/en2
(xgf/mm?)
ATMOSPHERE He GAS PURITY #9.99%
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