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The acceleration factor and inhibitor of the generation
and growth of the cavity in high temperature

Shoich MUKAI', Fumiyoshi UENO"

Abstracts

In order to clarify the factor that the relevance to the effect of the stress multiaxiality on the time to rupture
and the relevance between disposition characteristic of the deformation and restraint of the deformation of the grain
were examined by the SEM microscopy observation using SUS304 steel stressed uniaxiality and multiaxiality. As the
result, a following knowledge was obtained. '
(1) In comparison with the uniaxial test under the constant stress condition, time to rupture of the biaxial stress test is
lengthened on the relation between life and stress.
(2) The distribution is flattened on the angular distribution of the largest grain diameter with the decrease of the applied
stress in xy plane, when the uniaxial stress was taken. On the other hand, the case in which biaxial stress was taken, the
distribution remains flat in xy plane without depending on the applied stress. The distribution is flattened on the angular
distribution of the largest grain diameter with the decrease of the applied stress in 2x plane.
(3) The peak of the distribution of the aspect ratio of grain get closer to 1 the case in which the uniaxial stress was taken
on that with the decrease of the applied stress in xy plane. On the other hand, the case in which biaxial stress was taken
there is a peak of the distribution near 1 without depending on the applied stress. The peak of the distribution of the
aspect ratio of grain in zx plane get closer to 1 with the decrease of the applied stress.
(4) In comparison with the uniaxial stressing under the constant stress condition, it tends to accelerate the growth of the

cavity in biaxial stressing.

*  Structural Safety Group, Safety Engineering Division, Oharai Engineering Center
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Tablel Test conditions and results.

(a)uniaxial tests at 923K in Air

Stress(MPa) Time to Rupture(hr.) Min. creep strain rate(%/hr.)
176.4 26.0 1.08E-04
137.2** 2123 8.59E-04
117.6 1039.0 4.28E-03
107.8 1740.8 1.42E-02
98.0** 3884.8 3.20E-02
88.2 8454.2 1.45E-01
78.4%* 19809.2 1.18E+00

(b)biaxial tests at 923K in Air

Stress"(MPa) Rupture time(hr.) Min. creep strain rate'z(%/hr.)
196.0** 178.4 8.21E-02
166.6 554.0 1.56E-02
148.0 2598.0 6.83E-03
127.4%* 47200 8.00E-04

*] Mises’ equivalent stress
*2 Mises’ equivalent strain
** use for analysis

Table2 Chemical compositions of material tested.
(a)material for uniaxial test wt./%
C Si Mn P S Ni Cr

005 | 059 | 087 | 0.026 | 0.002 | 894 | 18.59 |
(b)material for biaxial test wt./%
C Si Mn P S Ni Cr
005 | 052 | 1.31 | 0280 002 | 844 | 18.31




JINC TN9400 99-076

Loading direction Loading direction

=
Loading direction

S

(a)uniaxial (b)biaxial

Fig.1 Definition of principal direction.

60 :Inclination of loading direction

Loading direction

(a)inclination of loadingdirection
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Fere diameter
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Loading direction

(b)aspect ratio of fere diameter

Fig.2 Definition of parameters.
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Max. principal stress Omax, MPa

SUS304 T=923K in Air
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Fig.3 Correlation of time to rupture with max. principal stress.

10°



JINC TN9400 99-076

(8)137.2MPa
40
20
oo°°°°°
60oog
°°°°°°°aoc
=20]
60 +
(b)98MPa
3
w 20 00 00 o ©
£ ooo°°°°
[ 8800000°°°°°° ]
') °g°°° J
-20} \?
60 t t 4
40l (©)78.4MPa
20+ R
o ©
000009°°
0o aa0888000o°°°°°°
-20}
0 25 50 75 100
Life ratio t/tr
Fig.4 Creep curves in uniaxial tests.
(2)196MPa p—
40 o y-direction
& z-direction
20
cooooooomMAB060
AAA
X | AAAAMAAAA
o —20F
60 + "
£ |
@ (b)127.4MPa
A - -
& 40‘
20} J;
i oo
orE BEB@ RERRERY 900°°
! AAAAAA%
-20} %

0

25
Life ratio tr

Fig.5 Creep curves in biaxial tests.



JNC TN9400 99-076

, (8)137.2MPa ' ’
B 28828388883888888838

107
_3] O x~direction

- 10 . © y-direction
i 10_‘F & 2-direction
. E 10—t : +

®

g g3
o °
%'"Bs1353328883888 838
£10

= 10

&

4

10 ¢ }
10 (¢)78.4MPa
10™
10
o 9
10 38333333388 gg88s®
107

-5
107 25 50

Life ratio ¥t
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Table3 Results of image analysis.

(a)aged material.

T.P. No. | Time to rupture(hr.) | Direction Number of grain Sm Am

A As received x-y 1145 44.54 1.24
B 212.3 Xx-y 1227 43.73 1.35
D 19809.2 Xx-y 1006 44.58 1.34

(b)uniaxial tests.

T.P. No. | Time to rupture(hr.) | Direction Number of grain Sm Am

B 212.3 x-y 317 16.81 3.11
C 3884.8 x-y 233 25.29 2.13
X- 287 .00 .
D 19809.2 24 2 1.60
X 1153 46.87 1.26
{c)biaxial tests.
e
T.P. No. | Time to rupture(hr.) | Direction Number of grain Sm Am
E 178.4 x-y 647 46.84 , 1.26
X 1143 31.07 1.74
2 14 48. 1.18
F 4720.0 ik > 8.86
X 1418 42.48 1.45

Sm: Standard deviation of distribution of gradient from loading direction
Am: Mean of aspect ratio
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Aged 19809 Hr. [l

Fig.8 Microstructure of aged materials.

a)137.2MPa {

Fig.S Microstructure of materials in uniaxial tests.

Fig.10 Microstructure of materials in biaxial tests.
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Fig.18 Morphology of cavities in uniaxial tests.
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Fig.19 Morphology of cavities in biaxial tests.
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Fig.20 Histogram of gradient of cavitated grain boundary from loading direction in uniaxial tests.
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Fig.21 Histogram of gradient of cavitated grain boundary from loading direction in biaxial tests.
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Fig.22 Relationship between time to rupture and areal density, areal fraction of cavity in each test.
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Fig.23 Relationship between max. principal stress and ratio of transgranular fracture.
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SUS304 T=923K in Air
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Fig.24 Relationship between max. principal stress and min. creep strain rate.
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