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Analytical Evaluation of the Environment Effect on Creep Rupture Strength

*
Manabu TAMURA , Yutaka OGAWA, Yuji KURATA and Tatsuo KONDO
Division of Nuclear Fuel Research, Tokai Research Establishment, JAERI

(Received March 25, 1982)

An analytical approach was made in evaluating semi-quantitatively the
effect of environment on rupture strength of materials. In the analysis
the zone formed in the material by reaction with the environment was assumed
to bear the applied load as one of the strength members. In calculations
a law of mixtures of creep strength and the Tinear damage rule were applied.
In the modeiing of. the load bearing by the composite structure of the
environment-affected and intact zones,both parallel and series models were
considered to formulate the equations.

The equation for the parallel-loaded model was properly adopted in
explaining semi-quantitatively the case of Incoloy alloy 800 crept in air,
which was strengthened with the layer formed by nitrization. The equation
for the serially loaded model was more successfully adopted to the evalua-
tion of the rupture strength of dissimilar weld joints. The latter was
also considered to be potentially adoptable to the problems of the effect
of specimen size and shape on rupture strength, which had been often taken
into account in evaluating the environment effect.

For application of the developed method, examination was made to the
possible decrease in rupture strength of Hastelloy alloy XR in Tong term
tests by the formation of Cr depleted zone due to oxidation in HTGR impure
helium,and the results were compared with the values obtained by experiments.

Key words: Environment Effect, Creep Strength, Evaluation, Law of Mixtures
Linear Damage Rule, Dissimilar Weld Joint, Size Effect,
Alloy 800, Hastelloy XR, Impure Helium, Nitrization

* On leave from Nippon Kokan K.K.
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Table 1 Calculation of & based on the experimental data. (Sato et al 1979}
No. | el/d d L t t/t ¢ 8
(mm} () (h) 2 {n=5.4} {n=5}
1 0.2 15 80 132 9.43 0.084 0.092
2 0.3 10 &0 56 4.00 G.070 0.080
3 0.4 7.5 60 41 2.90 0.089 3.096
4 6.5 ] &0 34 2.43 0.108 0.117
5 1.0 3 60 17 i.21 0.074 0.080
L | tav)] o.085 0.093
l >~]uL]‘ .
EB welding + 1120°C solution annealing
a¢ Crept at 700°C 17 kg/mm?
sUs 316 t= 14 b t/tp - 42.85
Hastelloy X t,= 600 h
Tabie 2 Chemical compasition of test materials. (wt%}
Alloy ¢ 51 Mn Cr Mo W Fe Ni Co AT Ti
Incoloy BOO* 0.043 0.33 0.79 19.7 - - Bal. 30.4 - 0.20 0.30

Hastelloy XR¥**

0.07 0.27 o0.88 21.%0 %.13 0.4

18.23 Bal. 0.4 Q.03 -

* Hot rolled and solution treated plate.
** Sojution treated bar, XR-518 :

20mm in thickness. For creep test in air.
16 mm in diameter for notch creep test in JAERI type B.helium

and solution treated tube, XR-51T : 58.5mm in outer diameter and 40.5mm in tnner diameter
for the size effect test on creep strength in JAERI type B helium.
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3 Time to rupture in air of Alloy 800 with different dimensions in

gauge portion and average volume fraction of environment affected zone

Table 4

800°C Skg/mm? 1000°C 1.2 kg/mm®

Dimmension | R/vS t* [p{t*}/1.5 a¥ t* [p{t*}/T1.5 a*

{own) (h) (mm) (%) (h} {mm) (%}
E.D: 6.8 891 0.29 18.4 1207 1.69 81.1
5.U¢ 3.4 121 0.34 zl.4 1056 1.62 78.8
E.0¢ 9.4 1473 0.37 23.1 474 1.07 58.5
4.2¢ 9.7 1810 0.4 35.2 310 0.86 65.1
3.0 131.5 3.44 0.54 59.0 1095 1.62 ~100
5.3 x 5.3 7.8 1513 0.38 26.6 1450 1.86 9t.1
3.8Bx 1.5 7.9 1317 0.35 26.0 975 1.83 B8.5
it x9.2 7.8 963 0.30 24.6 1467 1.87 ~100
2.4 x11.9 8.6 1807 0.41 38.7 470 1.06 G0.4

1/¥/S: Gauge length/ root cross section

t*: Time to rupture

p(t*}/1.5: Average depth of nitrization (calculation)
@ Average volume fraction of EA zone

Effect of specimen diameter on creep properties of Hastelloy-XR(5T,Tube)
fn JAERI type B Helium,
Specimen; 6¢ x 30 G.L., 3¢ x 30 G.L.

Stress | Time to Rupture Rupture Elongation|Reduction of Area | Secondary Creep Rate
Kg/mn? hr b4 % t/hr

64 34 64 3 64 39 64 34
7.0 28.6 24.5 35 28.2 30.6 25.5 | 4.9 x 1071 6.5 x 101
6.0 49.3 47.6 25.8 16.8 22.7 14.2 | 3.2 x 1071 2.0 x 1971
5.0 128.2 132.8 17.3 12.7 15.2 10.4 [ 9.0 x 107" 6.7 x 1072
4.0 383.1 370.1 13.7 11.0 11.0 10.0 | 2.3 x 1077 4.8 x 1072
3.4 B22.8 760.6 16.0 6.5 19.2 7.6 | 8.7 x 1073
2.7 2205.¢9 2030* 8.3 8.2 3.3 x 1073
2.5 2679.5 8.7 5.3

Interpolated value from the rupture 1ifes under the stress of 3.4 and 2.5 kg/m’ng
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Table § The calculated ratic of rupture %tifes in JAERI type
B helium and in inert gas of Hastelloy XR, t*/t;.

Rupture
1ife s
in Temperature Wall thickness (mm)
inert gas 2 4 8 16
(h) (°c)
800 0.92 0.96 0.98 0.99
10% 900 0.85 0.92 0.96 0.98
1000 g.71 0.83 0.91 0.985
800 0.78 0.88 0.94 0.97
10% 300 0.65 0.78 0.88 0.94
1000 0.54 0.62 0.75 0.86

Follows were assumed in the calculations of egs. (12) and (13).
1) Tubes were imagined and the outer and inner surfaces were

exposued to JAERI type B helium.
2) The chromium depletion zones were formed on the surface

layers of the tube.

3} ta/ty = V10

4) n=5

5) o* = 28/t / 1.5T, where T is wall thickness.

6) B8,: Parabollic rate constant of the formation of Cr

depletion zone

go= 3.3 x 1075 mm/yR 1000°C
Be= 1.4 X 10'3 m/ vk 900°C
8,= 0.69x 107° m//h 800°C
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Schematic drawing of the parallel-loaded model

Fig.2 Serially loaded model
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Fig. 3 Relationship between volume fraction of environment
affected zone, o , and rupture time ratio, t/t, , for
the series and parallel loaded model. Examples of
calculation of Egs. (4) ~ {6) and (9).
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0 02 0.4 06 08 10
Average volume fraction of EA zone, o

Fig. 4 Relationship between average volume fraction of
environment affected zone, a* , and rupture time ratio,
t*/t1 , for the series and parallel loaded model.
Examples of calculation of Eqs, (12) and (14).
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Fig. 5 Strengthening effect of pre-nitrization on rupture
strength of Incoloy 800.
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Fig. 6 Strengthening effect of nitrization during creep in
air on creep rupture strength of Incoloy 800.



JAERI-M 82-036

5} Hastelioy - XR - : ]
« /Culcuiared n=5, §=0.04
(3 ar (mm} N

- 8% 6?

o]
2 © 900°C, 5.1 kg/mm?
a 3 . 4
2 - e 8007, 9.9 kg/mm?
2
£er .
k=]
2 1k 4
E . 1

Q.1 i G

Gouge length / digmeter

Fig. 7 The effect of specimen size and shape on creep rupture
1ife of Hastelloy XR. Theoretical curves is calculated

from Eq. {9).
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Fig. 8 Theoretical prediction curve of decrease in rupture
strength of Hastelloy XR by the formation of Cr depleted
zone due to oxidation in HTGR impure helium. Experimental
data on ratio of time to rupture of two different type
specimens with 3 and 6 mm in diameter were shown.
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Photo. 1 Views of longitudinal section of specimen of
Incoloy 800 which was ruptured at 1000°C in air

under 1.2 kg/mm?.



