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Post-Irradiation Test on‘Réactbr Vessel Material'Irradiated
in Surveillance Test Rig (II-06) | |

3. Creep Rupture Test on Reactor Vessel Material

Takao Kikuchi*, Yutaka Oka*, Satoshi Tani*,
‘Mikiya Ishihara** and Shunichi Yuhara*

Abstract

As one of the back4upvtests for the structural matefial,
surveillance program of the "JOYO" reactor vessel, creep
rupture tests at 500°C were performed on a SUS304 stalnless
steel plate material and its welded jOlnt, similar to ;he‘
reactor vessel material. , o

The specimens were irradiated in a fuel storage rack
(R11) of the "JOYO" for oné cycle at the power of 75MW.

The irradiation rig also contained stfessed spring
specimens of Inconel X-750 and Inconel 718 to examine
irradiation effects on the driving force of safety rods.

1. Creep rupture tests on the similar one to the "JOYO"
reactor vessel material.

Creep rupture strength of base metal decreased after
irradiation when the time to rupture was over 1400h. The
values of creep rupture elongation and reduction of area
for both irfadiated and unirradiated materials were more
than 16% at least even after creep rupture test of 5000h.

The influence of irradiation on the creep rupture
strength of welded jéint was similar to the effect for base
metal. While the fracture position of unirradiated weld
joint was located at the weld metal portion, that of
irradiated one was base metal. The rupture elongation of
weld joint, which decreased by irradiation, was smaller than
that of base metal.

The creep rupture strength obtained at 500°C was
slightly larger than the minimum stress intensity to rupture

* Materials Monltorlng Sectlon, Fuels and Materials Div151on,‘

OEC/PNC.
** Present Address, Ishlkawajima-Harlma Heavy. Industries
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values for SUS304 in deSign guide for the "JOYO".
2. Test results for spring

The length of Inconel X-750 sprlng were shortened by .
30% at most after irradiation, while that of Inconel 718

spring did not change. The spring constant of bath springs

did not changed by irradiation.
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Chemical Compositions and Mechanical Properties of SUS304 Stainless SteelfTested

Table 1
Chemical composition (w/0) Mechanical properties
Tensile Grain
n Hard-|size
C Si Mn P S Ni Cr Co B Elonga- ness |ASTM
¥YSs UTsS tion R.A. | (Hb) |No.
(kg/mm?) | (kg/mm?) %) %)
' 8.00j18.00
Spec. <0.08[<1.00/<2.00{=<0.04 {=0.03 ~ ~ <0.25 - 221.0 253.0 240.0 | - <187
10.50(20.00
Mill ) 0.06f 0.81] 1.54| 0.028] 0.005} 8.90)18.70] 0.15 - 5
analysis
23 - 59 65 72 145
Check | 4 06| 0.81| 1.51{ 0.027| 0.003| 8.98[18.72| 0.15|0.0004
analysis

* This material is the same as the one irradiated with irradiation rigs; TTJTO5, TTJIT06 and TTJTO7
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. Table 2 Welding Procedure

176NS ONd

Edge preparation Welding procedure
oo
R . o
. Welding Welding ?d Current {Voltage Wwelding geat L
Edge preparation material Passjdia. (a) W) speed input —
process (mm) (mm/min)| (J/cm) ot
Inner
Surface -4 Shielded 11800
metal arc |upr 308 1~2 |4.0 {150-160{ 25 [180-200| -
° 1 welding i 12600
Inner (6 7 (SMAW)
Surface _,1 Outer \9/ 8/,
’ Surface
w YN Submerged . , 26400
| 772 ¢ arc welding gig?%gii; 3-9 |4.0 |440-480| 32 2320 | -
Outer /( SRVS\ (saw) 28500
Surface ]
40 1~2 Pass Shielded metal
arc welding
1
3~9 Pass Submerged Chemical
arc welding composition| C Si Mn P S Ni Cr Co Mo |Cu B
of weld - -
Inner pass temperature }metal 0.0610.69|1.89|0028|0010{1007 |2061{9.23 - - { 00004
< 180°C (w/0)

e A e e o e £ S et e e i
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Table 3 Irradiation Temperature of Surveillance Back-up
Test Rig (II-06)

Distance from Core Center Specimen No. | Observed temperature
526mm (H.H. side)* 40BK72 471°C
48mm (E.N. side)* 40BK82 423°C
288mm (E.N. side)* 40BK92 - 451°cC
*{H.H : Handling Head
‘'E.N. : Entrance Nozzle




Table 4 Creep Properties of Irradiated SUS304 Base Metal and It's Welded Joints

TPest Fluence | Irrad. [Stress |Time to|Elonga-]|Reduc~ |Minimum Strain at{Time toc [Ruptured
Material | temp. Specimen temp. rupt. tion tion creep rate onseF of |tertiary|position
(°C) No. ) ) _ of area tertiary |creep
(n/em®) | (°C) |(kg/mm®)| (Hr) (%) (%) (%/Hr) |creep (%) (Hr)
Z80OOR 36.0 199.4 | 27.9 44 3.8x1072 23.3 120 B
Dasel 500 | Z8000s 32.0 | 683.6 | 24.3 37 |1.0x107? 17.0 400 B
Z8000T - - 27.0 |4827.8 | 23.8 28 1.7x103 - - B
780014 35.0 281.5 | 17.7 37 2.4x1072 - - |a@.M0*
?siiid 500 | z80015 31.0 |1136.5 | 14.8 28 |[5.6x1073 - - |Aa(W.M.)
780016 28.0 {4645.5 8.3 18 6.0x10~" - - A(W.M.)
| - 40005L 1.o~1.519 34.0 567.3 | 25.3 30.6 7.43x10‘z 19.3 410 .
= motal 500 | 40005M x10 31.0 [1049.3 | 19.1 23.1 {5.05%10" 17.1 760 B**
! 40005N | (E>0.1MeV) 28.0 |2545.8 | 17.1 18.4 |1.67x10"3 13.8 1740 Br*
40005K 420-470] 26.0 [4351.3 [ 17.3 19.6 |9.20x10™" 12.0 3280 A
400077 |5.8x10%® 34.0 642.9 8.3 26.9 [6.93x1073 9.4 440 B**
?siiid 500 | 400078 | (E<0.4Mev) 31.0 |1264.7 | 8.0 17.5 |2.72x10"? 6.1 960 Br*
400079 28.0 |2681.5 7.2 21.7 {1.00x1073 4.3 2150 B

* W.M.; Weld metal

**Fractured at the gage

>

mark put before test

ITP6NS ONd
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(a) Actual operational history

8/21 shipment

6/19 7/1 7/2 7/26 7/28 8/3
75MW 75MW T5MW I\ 8/4
6/1 65Mf | g/5
/ 5 /
| |
)
|
|
[
13 days 25 days 6 days Cooling for 16 days

(b) Modified operational history used for calculation

75MWx44.4 days

shipment

L

Fig. 4

Cooling for 16 days

Operational History of the JOYO in Cycle 5
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FLUENCE (x10'®n/cm?,>0.1MeV)

85-163
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Fig. 5 Fast Neutron Fluence Distribution in Rig (II-06)
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Metal




(%)

RUPTURE ELONGATION

30

20

10

llllll | IllllTlll'l'

o R L

II-06 Base metal .

SUS 304
| 500°C | |
- -
= ®) -
— -
= o -
. ° o
- -
= o _
_ ® o ]
: 7]
__' O Unirrad. —_
— ® Irrad. —
[~ ] -1t i1 I ] ] | T I A | I W ] l } i 1 ] | T l—1

Fig.

9

102 10%

TIME TO RUPTURE (h)

Creep-Rupture Elongation for Base Metal

ITP6NS ONd

£91—¢68




ITI-06 Base metal
SUS 304

1

500°C

N T (R I B T T T T T 11

§1 0
gls O ]
o] ~
S f-t
ale
HID

o - —
; 0.8 o |

< ~ O

M 9,

Z

= 0.6}— —
[

M

T

=z

o

a

0.4— -

£

m

D Sy, =
E‘ N

o

=

5 Loyl Lot 1taald N S N 1

102 103

Fig.

10

TIME TO RUPTURE (h)

Relationship between Time to Rupture and Rupture Elongation
Ratio of Irradiated to Unirradiated SUS304 Base Metal

[P6NS ONd

€91-68




—0 7

REDUCTION OF AREA (%)

50 IIIIII I ] ] lllllll I 1 1 LI R

I1-06 Base metal

SUS 304

Q 500°cC
\\
40 ™~
\\\
O~
~
~
~
~
\\
30— ® \\\\ ]
\Q
®
20— —
® o
O———-0 Unirrad.
®—@ Irrad.

10— —
0 Lol 1 1 1 Lol ! 1 ] I N I B B
' 102 10° 10*

TIME TO RUPTURE (h)

Fig. 11 Reduction of Area for Base Metal

IV6NS ONdJ

£91~68




"LZ"‘

Fig.

Irrad.

)

Unirrad.

REDUCTION OF AREA RATIO (

12

t i I T I T ] T T T 11 l I T 1 | I
II-06 Base metal
1.01— SUS304 |
) 500°C
Oo8r—- 0 J—
- O —
O

0.6}]— O ]
0.4 — —
Lol 1 1 1 L1 1 LL[ 1 ] 1 I B R T A |

10° 10° 10"

TIME TO RUPTURE (h)

Relationship between Time to Rupture and Reduction of Area Ratio

of

Irradiated to Unirradiated SUS304 Base Metal

IP6NS ONd

£91—68




TIME TO TERTIARY CREEP ONSET (h)

Fig.

—
o
w

s
o
[

13

U T T 11T T L L IIIIIII i ] T L I L I

II-06 Base metal _
L | SUS 304 _
| 1500°C _

T

L]

// O—--0O Unirrad.
- /‘Q e—@ Irrad. ]
] I I ] l } 1 | - i 11 1 11 I 1 i i i L1 11
102 10° 10"

TIME TO RUPTURE (h)
Relationship between Time to Tertiary Creep Onset and Time to Rupture

ITP6NS ONd

£€91—-68




STRESS (kgf/mm?)

40 ] i i I 1 | L lI ] i ] ] i ] [ ll[ ] ] i [] [] i | I ] ] [ ] [] 1 L L ]

n II-06 Welded joint {4
SUS 304
30— 500°C i
20— /N——-/\ Unirrad. ]
A—A Irrad.

15} .

10 Loty 1yl N B A N R S T A SR M R S NI 8 AU W T W S RN N I N
10t 102 103 10%

Fiqg.

TIME TO RUPTURE (h)

14 Creep Rupture Strength for Welded Joint

ONd

ITVENS

£91—-68




—08‘—

STRESS (kgf/mmz)

40 I i i { 1 | L D ) I 1 ] ] ] [ LR L I ] [] [] T 10 i ] | L LI ] T 1 [] ] [} T ¥ 11
| I1-06 Welded joint |_
SUS 304
500°C
30— -
20— _
15k -
N——-/\ Unirrad.
A—4A Irrad. ,
10 1 ] 1 1 1 1 1 1t 1 1 1 1 1 1 i 1 111 l 1 ] 1 1 i ] 1 11 II ] ] 1 ] 1 1 1. 111
107" 1073 1072 107!

Fig.

MINIMUM CREEP RATE (%/h)

15 Minimum Creep Rate for Welded Joint

I1V6NS ONd

£91—~68




PNC SN941 85—~163

10%
B | II|]1|| 1 I T | L Il] i L L R AL R
N II-06 Welded joint |
» SUS 304 ]

500°C
e \ -
O
103

Xllr

TIME TO RUPTURE (h)
I T T B IL

102 ool oo ol SO T T N I I |
107° 1072
MINIMUM CREEP RATE

Fig. 16 Relationship between Minimum Creep Rate and Time to
Rupture of Irradiated and Unirradiated SUS304 Welded
Joints




—3€—

(%)

RUPTURE ELONGATION

20

10

A i
/A Unirrad. \‘\A\‘\

A Irrac. 4

lllll ¥ llllllllllll ] LI L L L]

TVB8NS ONd

ITI-06 Welded joint o
SUS 304 ] C;’
~ 500°C 2

~ .
NN @

N
Ne -
~
\\\A |
™~
~
~ 4
\\\
\\ ]
\\

Lllll 1 lllllllll!ll 1 g 4 ¢ 10t 1 1§11

10° 103 10
TIME TO RUPTURE (h)

Fig. 17 Rupture Elonga{:ion for Welded Joint




—ge—
REDUCTION OF AREA (%)

1V6ENS DNd

ENI—98

50 1 ] 1 T 11 | 1 I 1] [ H 1 T I ] ¥ I T T 7 1 T T 1T 1

II-06 Welded joint

SUS 304

500°C
40— il

\zk\
N RA=-15.91log tf+76.5
~N ,////
SN
A \A\
~N
~N
~N
\\
20— AUnirrad. ‘\\\ _
~
Alrrad. A ~
10— —
0 L1yl 1 L1 EEEEEE 1 S SN S S NN WO T N A |
102 103 10"

TIME TO RUPTURE (h)

Fig. 18 Reduction of Area for Welded Joint




e

N OwNU41T Bh—T1064

Base metal Weld joint

40005M

31.0kgf/mm?; tr=1049. 3h 31.0kgf/mm?;tr=1264.7h

'j;;\;_ SAREE o
40005N 400079
28.0kgf/mm?; tr=2545. 8h 28.0kgf/mm?; tr=2681.5h

{% 10mn'

n

it

40005K

26.0kgf/mm?;tr=4351,3h
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Near fracture surface ‘ ' 5mm below fracture surface

Fig. 22 Optical Micrographs of Longitudinal Sect%ons of the Creep-ruptured Base Metal
after Irradiation at 500°C and 34 kgf/mm (40005L) 1II1-06
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Table S-1 Compressed Spring Length during Irradiation

Length Stress

INCONEL 718 | INCONEL %-759 (kgEf/mm”)
32 mm 31.8 mm 31.5
29  mm 28.9 mm 35.0
26.6 mm 26.4 mm 38.0
25.4 mm 25.2 mm 42.0

Table S-2 Test Results of Spring Specimens

Con- Spring ILength Spring Constant
, ] stricted {mm) (kg/cm)
, Spring|Wire
Specimen Materiall|Dia- Dia- Stress set
Number € ot neter before Befo;e After Before After
meter Irradia- Irradia~|Irradia-|Irradia-|Irradia~-
tion tion tion tion tion
(kg /mm?)

40011a |T2EO08L | 1o | slo1] 42,0 39.5 | 27.4 | 0.97 1.07
012a " 12.7 " 38.0 39.8 33.7 0.94 1.00
013a " 12.6 " 35.0 40.0 34.2 1.00 1.00
021a " 12.8 " 42.0 39.8 32.¢€ 0.91 0.89
022a " " " 38.0 39.8 32.4 0.91 1.07
024a " " " 31.5 39.8 32.6 0.94 0.99
033a " 12.7 " 35.0 39.8 36.2 0.97 1.07
034Aa " " " 31.5 39.6 36.5 0.94 1.00
400118 I“?fgel 12.3 | 1.01] 42.0 40.1 39.3 0.94 0.99
022B " " " 38.0 40.1 39.3 0.91 0.89
033B " " " 35.0 40.2 39.7 1.03 0.9%96
034B " " " 31.5 40.2 39.8 0.97 L, 0.89
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