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The Back=up Tests for the "JOYO" Materials Surveillance Program.

3. High Temperature Fatigue and Creep Rupture Tests on the Reactor
Vessel Material and Its Welded Joint Irradiated in JMTR .

Mizuo Sakakibara¥*, Satoshi Tani*,

Kiyonori Alatani*, Masaya Kanikawa¥,
Hirofumi Kato*, Yasuhiro Abe#,
Mikiya Ishihara¥*, Sumio Sasaki*,
Seiich Seki*, Kazuhisa Suzulki*¥

and Toshikage Jkkai¥*

Abslract

To confirm the safety of fast experimental reactor "JOYO", the
material-surveillance tests are required. As the data of the surveillance
tests are too restrictive to judge the salety, it is evidently necessary to
analyze the numerous back up data for evaluating the results of the material-
surveillance tests. This report is one of the back-up tests. The test
specimens were laken from the same plate and its weldment used for Lhe
reactor vessel of "JOYO" and irradiated at 470 ~ 580°C to fast neutron
fluence of 3.1 ~ 5.45 X 10°%/cm? (> 0.1MeV) in the JMTR .

Fatigure and creep rupture tests at 500°C and 550°C, and metallurgical
tests were performed before and after irradiation. The results obtained

are surmmarized as [ollows,

*  Material Monitoring Section, Fuel and Material Division, O-arai
Engineering Center, PNC,
*% TFuel and Material Division, O-arai Engineering Center, PNC, in

Present.
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1.

Results of fatigue lest.

1)

1]
—

No effect of irradiation on fatigue life of base metal tested at
550°C is observed.

No effect of irradiation on fatigue life of welded joint under about
1000 cyeles tested at 500°C is vbserved. As the data tested at
550°C rather scattered, the irradiation effects on fatigue life

were nol observed .

Results of creep rupture test.

1)

Both of the creep rupture strength and rupture elongation of base
metal tested at 500°C and 550°C decreased after irradiation.

It seemed to think the long-term life satisfied the value of "JOYO"
guide line .

The long-term creep rupture strength of welded joint lested at
550°C increased after irradiation, but the creep rupture elonga-

tion decreased .
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Table 1 Mill sheet
Chemical composition (w/o) Tensile {oriaess
Elongation| R.A. | (viN)
Si Mn P S Ni Cr (%) (%)
Spee. <008 | <100 |<200[<004 (<003 [$09511800~1. >400 | — | <187
Mill analysis 0.65| 1.63| 0026 0004 | 901 |1834
67.8 728 134
Check analysis 0.64 1.68| 0026 | 0005 8871|1877

1-2 Pass shielded metal
arc welding

3~9 Pass submerged
arc welding

inter pass temperature

<180C

2]
=
a8
=
=
<
=
—
o)
7
—
S
o)
Table 2 Welding procedure
Edge preparation Welding procedure
- - e
Inner 60 Intier Welding Cur-  |Voltage “(ighng Ffeall.l
surface 2 surface process rentid) E;m«mm} IJ sem)
hielded tal
B INistded sels 150 150 |~15000
2 arc welding
=] d
i Submerged ~450 320 |~27,000
Outer 5R Outer arc welding
surface surface
40°

tion of weld
metal (wt%®)

Chemical composi=

o | Mo Cu

0012

946

19.95/0.25) 0.18 0.06((G.001
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Table 3 Low cycle fatiguc properties
luence i
Sk {xul*:;o:/d) Temperature (C) Strain range (%) Suiess g | Patigie: Vith
7 N
(>01MeV) Irrad Test Total Plastic | Elastic (kg /ud ) (N)
*
ZF9D02 (319) (271) | (098) (779) (14)
s 4.22 475 500
ZF9D04 (1.59) (110) (099) (788) (30}
Base metal | ZF9D05 317 273 044 692 150
4F9D06 467 570 154 L18 0.36 569 1317
550
1 ZF9D07 093 061 032 50.5 1654
A
(=]
! ZF9Do8 391 550 092 059 033 517 2416
*
ZF9D11 367 475 319 272 047 76.7 234
ZF9D15 325 500 1.55 1.16 0.39 624 988
= 500
Welded joint | ZF9D12 367 475 095 055 040 652 728
ZF9D16 325 500 095 057 0.38 621 909
ZF9D13 1.57 1.13 0.4 4 684 441
391 550 550
ZF9D14 095 057 038 597 437
* Abnormal specimen
Table 4 Creep and crecep ruplure properties
Fluence N . . ) fliadocti
Test Specimen (x10% 0 /&d) Irradiation | Stress | Minimum | Time to |Elongation | Feduction
Material | temperature L temperature | creep Rate| rupture (%) of area
(C) Ko >1MeV | >01MeV (c) L (%/ar) | (hr) (%)
A 2 1.67 502 36.0 44.2 181 25
7 | 1.67 502 320 2129 6.3 17
500 470
A 3 .67 | 502 29.0 167%107 65 6.4 14.0 13
-
Base A4 1.76 | 5.30 250 (4017)
| Mgdel A9 1.80 | 542 525 300 | 174x10" 604 16.5 30
? Al0 178 | 536 570 280 | 74 x107 1087 263 29
550 3 -
A B 1.80 542 525 26.0 328x10 - 2462 i 31
All 1.78 | 536 220 440%107 | 20992 182 23
570
Al2 1.78 | 536 200 20 »~107 | 40900 16.0 17
Ald 155 467 27.0 109 5.1 13
470 =
Welded A1S 155 | 467 240 | 160-10 1202 9.0 18
550 = -
Joint AlB 169 | 509 220 | 130+10 1366.2 6.6 14
580
AlT7 1.69 509 20.0 205107 18775 8.6 15

* Hun
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Fig 8 View of typical specimens after irradiation
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At applied stress: 30kg/md, rupture time : 604h o
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i D: ” P20 # - 118775h

A, B? base metal, C, Diwelded joint
Pig. 22 Micrograph of cross section of specimens alter creep rupture test at 550C
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. Fig. 30  Comparison of creep ruplure strength ratio between this work and others™ 11 a5 a function of neutron fluence
50 -
Z
a
40 =
<
=~
a
30 &
|
—_
i
w
20
=
3;
2
@
10 ]
1 Test .
= Temp (C) Base metal  |Welded joint
I
500 ®
550 FAY A
5—
~——— Design Guide Line for "JOYO"
— = — Design Curve of lase 1592
210'. " L ; AR A | I e
: 10 10 T v

I"ig. 31 Comparison of creep rupture strength among this work, the design guide for “JOYO" and design curwe or ASME
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