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Creep Test for FBR Fuel Cladding Tubes (XII)
Abstract

In regard to "Joyo" MK-II reload fuel cladding tubes,
56JK and 56JS, which were domestically produced on a large
scale with specifications set in fiscal year 1980, many kinds
of test such as tensile test, burst test, creep rupture test
under internal pressure, as well as metallurgical microstruc-

ture observation and hardness test, were conducted.

From these test data, the specifications for fuel clad-
ding tubes were evaluated and design data were obtained for
"Monju" initial core fuél cladding tubes. In addition, as for
"Monju" fuel cladding tube, 55MS, domestically trial-manufac-
tured in fiscal year 1980, high temperature characteristic
data were also obtained by conducting creep and creep rupture

test under uniaxial tension and internal creep test.
Results obtained are:

(1) There are little differences in tengile and burst test
results between 56JK and 56JS. They show almost same

strengths and elongations as 55MK and 55MS.

(2) There are little differences in creep rupture test results
under internal pressure between 56JK and 56JS. Compared
with cladding tube creep rupture test results under
internal pressure, which were performed in the first to
11th test, the results of this time have the same level
of creep rupture strength (650°C x 7,560h, 675°C %
17,760h) as both 54M and 55M. This result shows that
creep rupture strength under internal pressure of clad-
ding tubes in large scale production (56JK and 56J8) is
the highest as the one in trial-manufacturing (54M and

55M) .

(3) There is scattering of data in creep rupture test under
internal pressure among each one of the member insitu-

tions. But there is little difference between creep




(4)

(5)

curves obtained from continuous measurement of an outside
diameter and creep test method under uniaxial tension.

Thigs means that continuous measurement of an outside dia-
meter is better than off-and on-measurement of an outside

diameter.

Creep rupture strength under uniaxial tension at test
temperature 750°C is smaller than the one under internal

pressure.

As the result of creep test under uniaxial tension, there
are little differences in the minimum creep rate between
55MS and 55MK.

In regard to about 9,000 pieces of fuel cladding tubes

which were produced on a large scale with specifications
set in fiscal year 1980, high temperature characteristic
data have been obtained by conducting several tests such

as creep rupture under internal pressure.

These characteristic data show that the fuel cladding
tubes in large scale production are able to be supplied

in stable and high quality condition by manufacturers.
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2. 56MS DBRKTE & KT I O BB R
3. REEELIIEARILIOEFK(56JK, 5658)
4. FRBEEL 029%® 1 0BG (56JK, 56T 8)
5. REMRBELHEWOCEOEMK(56IK, 5648)
6. RBEEL - MENLOBRHK{56IK, 56J8)
7. RBEEL - 7-FENEDOBEKE(56JK, 56J8)
8 WE/ZV—7HEHERUIREZ ) —-7THBOERF R
o. BEhy ) —THMRUHEE 7 ) - THABRORRA R
100 WEZ ) —7HEERBRORRES L TR L OBM® (56JK, 564 8)
1. WH 7 ) —7#Ei %R0 7 — i h & s & OB/R (56 JK, 5678 )
12 7= 7N & TR & OB (56T K & 55MK, 55MS8 Lot )
13, 7= 7LD E R & 0% (56 J8 & 55MS, 55MK & D)
14@), ) AEZ7Y - 7TRBED 7 ) -7t (55M8)
15(), (b WEZ V-7 #igs Bd 7)) — B L O kE (55M8)
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B - RN EREEA T, BN ELREEERE (56 ROBERMF (b
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13) ~15)

EBFOITH o TE, MM EFERIED (AL | ABEET TR, CThoORICEE
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S4EERED [bALw ) BEBEETH TI O Nb OBBRMEALEIBOERICL-T,
E0BEN7 ) - THERENSEL N, BNTHEMSS EEFAED (AL ] HEEE TR
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E12KFERTRIEAES FERFORSMEREERL T, H9000F L5 KERESN
fz VBB MK-1 2 K REAFLCRBEETICOVT, ABROFMELESTIK (A0
MERAF LB BEETORIN T - 242830, ARFIEREBRRUAE 7V — 7HEHR
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7Y —TROBEE ) —THERER, RAEZ) - TRREERL o BBMER 5 EEAF
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BRENNEY)—TARTERBEATH S, FAREEBHBESRER, WFEMMA, &
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56JK BT 56J8 55MS
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7 2 4.8 0 mn 5.5 6 mn
BHOJE 0.3 5mm 0.4 7 an
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NTHEONFEHRTHD, 56JKTRTIH0.065%, NoH30.047%, 56J STETiAH 0.097
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TR
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Table 8 ICHREZ ) — FHBTREEHE S R To Fig 8RB OWR E~TEETT,
HEEE 12 56JK RU56JS TH oo REF, RBRERE, FRAGEORMI, [HEFR
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HYO, BRABRUBRRKEOCEZREB TRERETH S0
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Fig- 14 @QEUBIORERBERIE b0 2L S, EXRBEO T — 2 0 FIC KL ED
FHohbe gh—4ED 7)) —FTHBICONTHEF —4DELDFEFHEERC KT B
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LBV RNABELEHEHICHEL TELNA 7 ) — 7084 ( PNC—TOKAI PNC-0A
RATIC L 5 ) KO R&ELMB2T A,

WEZ Y —7THBEBICR~2 887 ) —THBREEBE LT, RBREE 650TIK D0
T Fig. 15{@)it, RBEE 700TCIK 2T Fig. 15 WITF T NBLEHRBIICHEIZE LTE
by ) —7difit (£, PNC-TOKAI, PNC—OARAT) @ &HREED TNET
NORBRIE N TORE ) — 7R (A8 LHEBHRO—HKERLTNS.

Fig. 16 i 7—-7IaNERANIV-THELOBRETRT . ABRTHEBICHIE LIs
f—7HMBLORNI N -TEEEZRHAERXD, 7Y —THEBBELS TR WD
HEEThH 7o Lo TRIREANBERBEEZELL ~THRONALT —FDEETT

BEIOENRARTREARENSEL, OTHEEBIZIIFELIVOTAOHEHSE
BTHol v ELBLEDNEIBERBBOoNE Dol TTCTSHEOEIZRABKRTIERA
BENES Ll Uhl, NENGRAIEETRZLLEDhIBERBBONL DI o7
AEHBEACIKLANE ) —7TRHBRICEIMESS 5 LHIKBD 3, Pig. 17 @ R T
bHC N TNAERIRE 650°C KU 700CIKBIF 255 MK (11 KEAK ), 55MS DA
FE7) -7l T4,

4.3 BH#s ) —-SENRCEEHs Y - THBER
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WTEF & DB Fig. 18IRT o MBI HED/KLDHEEMSOREY ) —7THETRHRRE
UESMK DBES ) — THEHER LR Uiz, MELD 55MSOBEHH 7 ) — 7HERRICK
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Tivbo
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AR EFERENE? ) —7OFROFARICRT, BEMEHES ) -7 RARICED
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55MS D7 ) —7 %A 55MK Oh0& il T, RBEE 650 CIC 20 TR Fig. 20 (a)
I, RBMEE 700TCIEDO T Fig, 200IC, ABEE 750TIC>0 T Fig, 20K
ENEFNRFT. T Fig.20 @iz, Fig. 200 0MBOEHMBAFEHR LA DETT 5
MD55MS D7 ) — FH#IC DO TR, HEREBE 650°CD 7 ) — 7R ( Fig. 20{a) &, &
EREEE T00°CO 7 ) — 7l ( Pig. 20 0)) ROWTRELEIWM 7 ) — 7 ORHBERED S
N, F7, Fig. 20O T 10.0kgf /mmrd 1 4.0k f /e R ZT N EhBERBE ORI S
2ETODI ) —THEFRETEE, 7)) -TOTAHRERETENBRON D,

55MS® 7 ) — 7% 55 MK D £ &y 5 &, SABRIBE 650°C TN 14.0kgf/
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1 REZ Y — FREE
E1~11K27 Y —7HBTT -7 LFERRIC, EFNMT - JE2fET 50, 77
7 & WEMTRF ] & DA Larson -Miller Y7 4 — 4 (LMP)
LMP=T (C+ log i )
fot L T @ HEEE (K)
C /%7 4 —4FH
tg + GEETEERS (h)
THEHE Lz, 7— 7In N & BERRE & O EBERICG LT, 2RI LIEBOHTH
DEREHFIECLID T ot B8, N7 4 - SEHCOBRIEAELIEZTEOEREFDN
MBHENCEBEIBLOEEAL, o, FENERRBEET RGO F#HE (£HR
FE5P%)RUBEEELDRBR U,
7—FEAE LMP BRI LTRRS N AAMBREES 2T 4 —- 2 @HIIKT 5
OURFEEFE 958 2R HEEMAE, 56JKIC20TETig. 21T, 56J5 (T2
TR Fig, 22 ENFNAT, Boh 7 - 7HNEBIFHN L ORRIROLEDTH

Do

56JK : T (15.860 +log tg ) X 10 °=51.039 —71.392 log0
+54,673 (1og6)? —14.710 (log0)®
56J8 1 T (17.140 +log g ) X 10 °= 42.280 — 46.963 log 0

+35.557 (log0)® —98.141 ( log 0)°

95 Bz MR R LR OBEDICCOEYT+D FmEd 5L EDBONSE,
COEREHTH, DIEIEKAXTEHELZON %o
D=0C, + C,logd + C,(loga)* + Cy (loga)®
+ ¢, Clogo)*+ Cy {1og0)® + Cg (loga)®

56K, 56JSICHTAAERINNELNTH bo




56JK 56J8

COE 031339383 029601931

Co 047556894 x 10* 0.19267320 x 10*
Ci —021412325 x 10° —090015936 x 10*
Ce 040028838 x 10° 0.17441842 x 10°
Cs —0.39768098 X 107 —0.17938336 x 10°
Cy 022145060 x 10° 0.10327341 x 10°
Cs —0685537576 % 10* —031556435 % 10*
Ca 080536031 x10°? 039984484 x 103

INSOAEFANT, 650Cx 7560h ( [ERB] MK—TRHBEEORFAFHNRE LHE
B ), 675Cx11,808h ( [H ALK | KBGZ2UHFLEFEEORNIFARE &
EHM)ET6T5Cx 177600 ([BAL» | BEETORAFNERE & HWERE) TOD
7Y — THWRELHEET AE, 56JKAUS6JSKDNTENTN, 650T X 7,560 h
T it 21.0kgf /nm R OF 21.1kgf,/Am', 675°C X 11,808 h T3 13.9kgf A B 14.1kgf /nn’, 675
‘Cx 17,760 h Tid 12 7kgfan BT 12.9kgf o &£ 12 Do
Ric, BIEEIVELIIREITO I ) — T HETHERE Larson-Miller /¥7 4 — F TER
LR ARG, 2750, E8RRBRREIHHEEUESHMNTREIHREDRBL -/ [bA
Cw | A#EESIMK RU 52MS AT 5o
(1) #1waeg”
43JK : T (16.93 + logty ) X 10°° = 20.455 + 3.432 log0
—3.767 (logo)®
4378 : T(13.01 +logtg ) X 10 ° =23.310— 14.912 log 0
+11.560 (log 6)° —4.072 (logo)*
(@ % 2nRg>
44TK : T (1940 + logtg ) X 107> =28.067— 15.11210g0
+15.362 (log 0)° —6.252 (log0)°
4478 : T (13.36 + logty ) X 10 ° = 21.226 — 10.724 Tog 0
+10.041(log0)* — 4.280 (log o)’
(3) % 3m=E?
46JK : T (20.12 + logty ) X 107 ° = 23.993 + 2.312 log0

_8_



(5)

(7)

—3.415 (logo)’

46T 8 : T(1594 +logtg) X 10 °=19.786 +0.075 log0
—1.859 (log 0)°

g 4 poEkE Y

47MK : T(1080 +logtg) x 10 °=15.720 —2.631 log0

47TMS : T(1044 +logtg) X 107° = 16320 —7.582 log0
+6.778 (1og 0)* —2.799 ( log 0)°

R E v

48 K T (1065 +logtg) X10 ° = 15639 —2.749 log0

48 8 :T(1335 +logty) X 10 ° =18.062—0.291 log0
—1.583 (log 0)°

%6 wkm”

49MK # : T(1474 +logty) X10°= 21.324—3.715 log0

49MS # : T(1402 +logty) X10 ° =19.376 —1.586 log0

—0.962 ( log 6)°

BT wEE"

50MK : T (15610 + log tg ) x 10> = 20.550 —0.618 log0
—~1.318 (log 6)°

50MS @ T(15390 +log ty ) X 107> =20.968 —0.822 log6
~1.354( 1ogo)®

et ?

51MK : T (18640 +log tg ) X 107> = 31.610 —23.197 log 0
118.848 (logﬁ)z—.5.937 (log0o)®

52MS : T (20480 + log tg ) X 107° = 37.029 —33.864 log 0
+29.302 (1log0)°—9.276 (logo )’

o wHE”

53MK : P (16180 “logty ) X 107 = 45.713 — 57.273 log 0
+42.602 (log6)°—11.326 (logd)’
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Table 1 Chemical composition of

cladding tube (wt%)*.

o si ¥Mn P 5 Ni cr Mo Co B N Cu Ti v Nb+Ta | As al zr o

0.04 13.00 [ 16.00 | 2.00 to be

Spec. e £1.00|<2.00 {<0.040(<0.010 e @ @ 120.10 1<0.0100(<0.010|<0.20 |<0.10 |50.20 [<0.10 |<0.010|<0.050 | <0.10 | re-
0.08 14.00 | 18.00 | 3.00 - i ported
0.058 | 0.79( 1.53 | 0.026| 0.006 | 13.65 | 16.65 | 2.39{ 0.02 | 0.0040| 0.004| 0.01 | 0.060(<0.01 | 0.048| 0.002| 0.018 | <0.0% | 0.00C7

560K 2 e e 2 e e 2 2 2 2 2 e @ e e 2 2 e 2
0.058 | 0.82| 1.59 } 0.026| 0.007 | 13.64 | 16.64 | 2.45] 0.02 | 0.0040| 0.005| 0.01 | 0.070|<0.01 | 0.045| ¢.002| 0.018 | <0.01 | D.00C7
0.053 | 0.82) 1.82 | 0.025| 0.004 | 13.84 [ 16.30 | 2.53} 0.01 | ¢.0032| 0.005| 0.01 | 0.097|<0.01 | 0.064|<0.002| 0.022 } <0.0L | 0.0021

565 2 e e e e e e e e e e e e e e = 2 @ @
0.054 | 0.81| 1.82 | 0.025] 0.004 [ 13.96 [ 16,30 | 2.50; 0.0l } 0.0032( 0.005| 0.01 | 0.097(<0.CLl | 0.062|<D.002| 0.023| <0.0L [ 0.0022
5545 | 0.047 | 0.92| 1.74 | 0.030{ 0.004 [ 13.74 | 16.50 | 2.50} ©.005] 0.0039(0.0077| 0.002| 0.0%7{ 0.002| 0.070| 0.002| 0.040| 0.0050.0018

* Data from the mill sheets.




Table 2 Fabrication conditions and properties of cladding tube%*.
. Mill sheet Cladding Solution Cold Grain size Hardness
1 H . .
Cladding eat No No. Lot No No. treatment work level | (ASTM No.) (HV 500g)
K15001 . (T)** 8.5 279
K -82- ° .
567 CA0269 5-82-1 K015 N K15325 1050°Cx2min 19.4% (L) %% 8.0 (T) 283
JS-MK-II- S15001 o . (T) 2.0 287
5638 V2206 014 8570 n S15441 1080°Cxlmin 2).4% (L) 8.5 (T) 281
$10201 o . (T) 8.8 {T) 245
55MS V2159 MS-RD-0017 5554 N 510672 1085°Cximin 19.2% (L) 8.3 (L) 259

* Data from the mill sheets.

*E (T) :

Transverse, (L):

Longitudinal.




Table 3 Grain size of cladding tube (ASTM No. ).

Institutes 56JK 56JS 55MS
(T)Y** 8.0 (T)y 8.7
KOBE 8.5
(L) ** 7.5 (Ly 8.5
() 8.4 (T) 9.2 (T) 8.0
HITACHT
(1) 8.5 (1) 2.4 (Ly 7.7
(T} 8.5 () 2.0 (T) 8.5
PNC-TOKATL
(L) 8.0 (L) 8.5 (L) 8.0
{T) 8.3 (T)y 9.0 (T} 8.3%*
Mean
(L) 8.0 (L) 8.8 (LY 7.9%

* Calculated with the data of HITACHI and PNC-TCKATL,

#%(T): Transverse.

%% (L) :+ Tongitudinal.

Table 4 Vickers hardness of claddings measured by
various institutes (HV 500g load).

56JK 56J3 55MS
Institutes
Trans. Longi. | Trans. Iongi. Trans. Longi.

KOBE 266 276 282 291 273 269
SUMITOMO 276 287 287 296 270 270
HITACHI 273 - 276 274 275 253 252
NRIM 276 - 283 - 264 -
PNC~TOKAL 274 282 283 289 265 285
Mean 273 280 282 290 265 269




Table 5 Tensile properties of "JOYO" cladding tube 56JK.
Test temp. Tensile 0.2% Elongation

No. of :
specimen strength Proof stgess Institute

(°c) (kgf/mm?) | (kgf/mm®) (%)
K 15002-1 8l.1 67.8 10.0 SUMITOMO
K 15011-1 82.9 69.5 17.6 KCORE

RT K 15022-2 8l.4 69.5 17.4 HITACHT
K 15001-5 82.4 66.7 17.0 PNC-TOKAL
K 15002-5 83.5 69.0 16.0 PNC-TOKAI

400 K 15018-5 68.1 57.9 5.0 PNC-TOKATI
K 15020-5 68.9 57.3 5.0 PNC-TOKAT
K 15004-1 63.5 54.2 6.4 SUMITOMO
X 15015-1 66.4 55.3 5.0 KOBE

500 K 15021-4 65.0 55.2 8.7 HITACHI
K 15024-2 64.9 54.7 8.0 PNC-TOKAT
K 15024-4 65.4 55.2 7.0 PNC~TOKAL
K 15006-1 59.0 51.8 4.6 SUMITOMO
K 15003-1 60.7 51.1 - % KOBE

600 K 15013-4 59.8 49,4 9.1 HITACHIT
K 15007-5 60.3 49.5 10.0 PNC-TOKAT
K 15008-5 60.0 49,7 9.0 PNC-TOKAL
K 15021~-1 54.2 43,9 9.8 SUMITOMO
K 15005-1 56.4 46.6 6.2 KOBE

650 K 15014-4 53.4 45.0 10.1 HITACHI
K 15009-5 53.8 44.9 13.0 PNC-TOKAT
K 15010-5 54.1 44.5 8.0 PNC-TOKAXL
K 15010-1 a7.7 39.0 4,2 SUMITOMO
K 15001-1 49.4 40.5 11.0 KCBE

700 K 15020-4 44,7 35.1 20.5 HITACHI
X 15011-5 45.6 37.1 18.0 PNC-TOKAI
K 15012-5 44.9 36.6 20.0 PNC-TOKATL
K 15014-1 39.5 31.1 13.4 SUMITOMO
K 15007-1 39.4 32.9 17.4 KORBE

750 K 15016-4 36.7 29.5 28.1 HITACHI
K 15013-5 37.2 29.9 30.0 PNC-TOKAL
K 15024-5 36.7 29.3 36.0 PNC-TOKAT
K 15019-1 30.3 23.1 7.2 SUMITOMO
K 15018~1 32.7 26.5 27.8 KOBE

800 K 15018-4 28.7 22.2 31.8 HITACHI
K 15015-5 29.5 23.5 47.0 PNC-TOKAL
K 15016-5 29.6 23.2 29.0 PNC-TOKAI

* Screw type rupture.




Table 6

Tensile properties of "JOYO"

cladding tube 56J8.

Test temp. No. of Tensile 0.2% Elongation
. strength | Proof stress Institute

(°c) SPECImEn | (kef/mm?) | (kgf/mm?) (%)
S 15002~1 84.4 73.6 14.4 SUMITOMO
s 15016-1 85.9 71.9 14.8 KOBE

RT 5 15012-4 84.5 72.2 16.6 HITACHT
S 15001-5 86.0 76.5 15.0 PNC-TOKAT
S 15002-5 85.8 75.4 17.0 PNC-TOKAIL

400 S 15003-5 70.3 63.1 4.0 PNC-TOKATI
S 15004-5 71.0 62.4 4.0 PNC-TCKATL
S 15004-1 71.6 6l.2 3.4 SUMITOMO
S 15020-1 69.4 59.6 4.4 KOBE

500 3 15020-4 64,6 56.3 7.0 HITACHI
S 15020-5 67.6 58.7 7.0 PNC~TOKAIL
5 15021-5 68.0 61.0 5.0 PNC-TOKAIL
S 15006-1 62.2 54.0 8.0 SUMITOMO
S 15005-1 61.9 54.5 - * KOBE

600 S 15014-4 6L.7 55.3 8.2 HITACHI
S 15007-5 62,2 54.8 8.0 PNC-TOKAT
S 15009-5 62.6 55.3 8.0 PNC~TOKAI
s 15019-1 57.1 48.5 8.6 SUMTITOMO
S 15014-1 58.5 492.6 6.4 KOBE

650 S 15015-4 55.5 46.8 11.2 HITACHI
S 15010-5 55.7 47.7 12.0 PNC-TOKATI
S 15011-5 57.1 49,7 11.0 PNC-TOKAT
5 15011-1 50.1 40.2 15.8 SUMITOMO
S 15001-1 52.2 45.0 9.0 KCBE

700 S 15021-4 46.8 37.1 22.1 HITACHI
s 15012-5 46.9 37.9 27.0 PNC-TOKAT
S 15013-5 46,9 38.3 28.0 PNC~TOKAXL
S 15021~1 40.0 32.7 21.6 SUMITOMO
s 15007-1 42.7 35.9 17.0 KOBE

750 S 15017-4 36.6 29.4 25.3 HITACHI
S 15014-5 38.4 29.8 41.0 PNC-TOKAI
s 15022-7 38.4 30.8 35.0 PNC-~-TOKAT
S 15015-1 26.6 22.9 - &% SUMITOMO
S 15018-1 35.8 29.3 20.0 KOBE

800 5 15018-4 29.0 22.3 29.0 HITACHI
S 15023-1 30.6 24.3 39.0 PNC-TOKATI
S 15023-3 30.8 23.9 50.0 PNC-TOKAT

*¥ Screw type rupture. .
#% Rupture without the range of gage length,



Table 7 Burst strength of cladding tubes 56JK and 56JS.

56JK 56J8
Temp. Speciman Pressure Hoop stress Specimen Pressure Hoop stress
(°C) number (kgf/cm?) (kgf/mm?) number (kgf/cm?) (kg£/mm?)
BT K 15001-6 1388 102.5 S 15001-6 1514 111.0
K 15002-6 1430 105.9 S 15002-6 1487 109.4
400 K 15003-6 1166 86.1 S 15003-6 1212 89.4
K 15004-6 1118 82.3 S 15018-6 1186 87.2
500 K 15005-6 1120 83.0 8 15005-6 1135 83.2
K 15006-6 1101 81.8 5 15006-6 1166 86.0
600 K 15007-6 1000 74.1 8 15007~-6 1074 79.2
K 15008-86 992 73.5 8 15009-6 1075 79.3
650 K 1500%9-6 946 70.3 5 15010-6 1007 74.1
K 15010-6 946 70.1 S 15011-6 1028 75.6
200 K 15011-6 839 62.2 S 15012-6 850 62.3
K 15012-6 818 60.6 S 15013-6 863 63.5
750 K 15013-6 714 53.0 S 15014-6 739 54.2
K 15014-6 714 52.6 5 15015-6 730 53.9
800 K 15015-6 585 43.5 S 15016-6 570 41.8
K 15016-6 573 42,3 5 15017-6 598 44.0




Table 8 Plan of creep rupture test under internal pressure.

Test temp. Aimed rupture time (h)
Institute
(°C) 100 300 1,000 3,000 10,000
560K 56JK 56JK
600 56JS 5678 56J8 - - HITACHI
56JK 56JK 56JK 560K
5605 5635 5605 5675 - NRIM
650
56JK 567K 56JK 560K _ KOBE
56JS 5638 56JS 56JS
56JK 567K 567K 56JK
56J8 5678 56JS 56JS - SUMITOMO
700
56JK 56JK 56JK 56JK - 567K
PNC-T
56JS 56JS 56JS 5678 56JS NC-TOKAL
56JK 567K 56JK
5638 5638 5638 - - KOBE
56JK 567K 56JK
56J8 5635 5638 - - SUMITOMO
750
56JK 56JK 56JK
56JS 56J5 56JS - - NRIM
56JK 56JK 56JK 560K
56J8 56J8 56JS 5678 - PNC-TOKAL




Table 9 Plan of creep test under internal pressure.
Hoop stress (kgf/mmz}
Test (Internal pressure (kgf/cmz)) Strain
temperature Institute | measuring
(°C) 22 18 14 10 7 5 method
{343) (281) (218) (156) (109) (78)

- 55M8 - 55Ms - - KOBE Interrupted
650 55M8 - 55MS - - - SUMITOMO | Interrupted

- 55MS 55M8 - - - PNC-TOKAL | Continuous

- - - 55MS 55M3 - NRIM Interrupted
700

- - 55MS 55MS 55MS 55MS | PNC-OARAI | Continuous




Table 10 Plan of uniaxial creep and creep rupture tests.

Test Stresgs (kgf/mmz)
temperature Institute
(°Cc) 18 14 10 7 5
650 55M83 55MS 55MS 55M8 - KOBRE
700 - 55M5 55Ms 55Ms 55M8 SUMITOMO
- * B5MS * 55MS = - HITACHI
750
* B5MS * L5MS % B5MS 5E5MS 55MS PNC-TOKATL

* Creep rupture test.




Table 11 Results of creep rupture test under internal

pressure for "JOYO"

cladding tube 56JK.

Pressuxre

Hoop

Time to

stress rupture Ruptuie Specimen Institute

(°c) | (kgf/em?) | (kgf/mm?) (h) type No.

680.0 50.1 72.5 v K 15002-2

610.0 44.9 154.9 v K 15003-4
600 560.0 41.1 275.8 v X 15005-3 | HITACHT

530.0 38.9 791. 3 v K 15007-2

490.0 36.1 3,224.0 p X 15008-4

500.0 36.8 256.6 v X 15006-4

390.0 28.7 1,191.6 v X 15010-2 | NRIM
cso 360.0 26.5 2,667.0 F X 15005-2

530.0 39.0 208.0 v K 15011-2

500.0 36.8 374.0 v K 15016-2 |

450.0 33.1 981.0 v K 15004-3

350.0 25.7 3,057.0 P K 15009-3

435.0 32.0 64.6 v K 15001-3

365.0 26.9 333.8 v K 15016-3

285.0 21.0 677.5 v K 15004-4 | SUMITOMO
200 230.0 16.9 1,359,8 F K 15006-3

435.0 32.0 85.9 v K 15005-4

367.0 27.0 270.6 v X 15009-2

284.0 21.0 609. 7 F K 15010-3 | CNCTTOKAL

224.0 16.5 2,785.2 P K 15013-2

250.0 18.4 104.0 F K 15013-3

200.0 14.7 220.0 P K 15019-3 | KOBE

150.0 11.0 892.0 P K 15001~2

245.0 18.0 230.8 F K 15020-2

190.0 14.0 339.2 v K 15009-4 | SUMTTOMO
250 150.0 11.0 897.9 7 K 15011-3

350.0 5.8 19.9 v X 15018-2

260.0 19.1 128.3 F K 15008-3 |  wprM

220.0 16.2 253. 3 F K 15020-3

165.0 12.1 838.5 F K 15003-3

286.0 21.0 7Z.9 v X 150023

238.0 17.5 228.5 P K 15007-3 | PNC-TOKAI

163.0 12.0 1,591.0 p K 15012-3

117.0 8.6 6,575.0 p K 15015-2
* V: Violent type, F: Fissure type, P: Pin hole type,




Table 12

Results of creep rupture test under internal

pressure for "JOYO" cladding tube 56JS.

Temp. | Pressure Hoop Time to .
Rupture Specimen .
stress rupture voe No Institute
(°c) | (kgf/em?)| (kgf/mm?) (h) P .
680.0 49.9 141.9 v K 15002-2
610.0 44.7 381.5 v K -15003-4
600 560.0 41.1 558.5 v X 15005-3 | SITACHL
530.0 39.0 2,171.2 F X 15007-2
500.0 3.8 185.3 v S 15005-2
400.0 29.4 1,056.4 Vv S 15009-3 | NRIM
350, 0 25.8 2,516.4 v § 15020-3
650 530.0 38.9 126.0 v S 15007-4
490.0 36.1 474.0 F S 15014-3 | _ oo
450.0 33.0 725.0 \ S 15002-4
350.0 25.6 2,501.0 F S 15019-3
435.0 32.0 53.0 v S 15001-3
365.0 26.9 151.5 v S 15003-2
285.0 21.0 589. 3 v 5 15004-4 | SUMITOMO
700 230.0 16.9 1,327.2 v $ 15006-3
435.0 32.0 76.7 v S 15005-4
367.0 27.0 241.7 v S 15010~2
284.0 21.0 710.0 v S 15011-3 | TNC-TOKAL
224.0 16.5 2,311.0 F § 15014-2
250.0 18.2 68.0 F S 15004-3
200.0 14.6 226.0 F § 15006-2 | oo
150.0 11.0 471.0 P S 15012-2
130.0 9.6 1,721.0 F S 15001-2
245.0 18.0 110.8 F S 15009-2
190.0 14.0 295.7 F S 15010-4 | SUMITOMO
250 150.0 11.0 571.4 F S 15012-3
320.0 23.6 30.8 v S 15013-2
260.0 19.1 82.0 v S 15015-3 | wrrwM
200.0 14.7 433.5 F S 15011-2
170.0 12.5 854.9 F S 15001-4
286.0 21.0 66.9 v S 15002-3
238.0 17.5 174.5 F S 15007-3
163.5 12.0 1,192.8 F s 15013-3 | TNC-TOKAL
117.0 8.6 4,293.3 P S 15016-2




Table 13 Results of creep test under internal pressure of cladding tube 55MS.
Tgst temp. | Pressure Stress Minimum creep | Tested time | Maximum Strain
Specimen Wo. rate strain Institute | measuring
toc) (kgf/em?) | (kgf/mm?) (%/h) (h) (%) method
343 22.0 S10494-2 - 1400 0.80 SUMITOMO Interrupted
510494-2 - _ 2072 0.8° KOBE Interrupted
280 18.0 —
650 510495-4 2.0 x 10 1839 0.38 PNC-TQOKAI | Continuous
510495-1 - 1600 0.59 SUMITOMO Interrupted
218 14.0 —~
810495-6 3.3 x 10 2952 0.30 PNC-TOKAL | Continuous
154 10.0 810494~2 - 2072 0.74 KOBE Interrupted
-5
218 14.0 810202-% 2.2 x 10 2000 0.67 PNC-QOARAT | Continuous
510494-6 - 2012 1.25 NRIM Interrupted
156 10.0 =
700 510205-7 7.9 x 10 1980 0.24 PNC-0ARAL | Continuous
510495-5 - 2010 0.74 NRIM Interrupted
109 7.0 —
510202-8 6.3 x 10 1860 0.20 PNC-OARAIL | Continuous




Table 14

Results of creep rupture and creep tests under uniaxial tension for cladding

tube 55MS.
Temp. Stress Specimen Time for total strain {(h) Minimum Tested time Rupture
longation
. 0-5% .02 0% . creep rate e
(°0) | (kg€/mn?) No ! 2 3-0% (%/h) (h) (%)
18 $10495-13 - - - - | 9.0 x107° | 2016 -
_ _ - _ _ -5 _
650 14 $10494-14 8.5 x10 2015 KOBE
10 5$10494-12 - - - - 4.0 =10~°% | 2015 -
7 5$10495- 1| - - - - 2.2 x10~% | 2041 -
14 $10494-11 1| 1420 - - - 1.71x10™% | 2063 -
_ _ _ _ _ -5 _
200 10 $10494-13 8.09x10 2057 SUMITOMO
7 S10494-15 - - - - 3.85x107° | 2015 -
5 $10495-10 - - - - 2.00x107° | 2022 -
_ _ -2 %
18 510494-17| 10.0 19.6 27.8 3.50x10 37.3(R) 12.5 PNC—TOKAT
510494-19| 40.6 73.8 104 - 9,10x1073 136.9 (R} 12.0
750 14 510494-18| 68.0 114 162 207 | 5.7 x107° 241.4(R) 30.8 HITACHI
10 $10494-20 | 149 291 461 665 | 2.76x107° 747.3(R) 11.3 PNC-TOKAT
$10494-16{ 188 374 590 860 | 1.7 x10”Y | 1124.2(R) 39.9 HITACHT
-1
7 510495-16 | 728 1407 2134 3263 | 4.5 x10 3947.1(R) 11.9 PHC—TOKAL
5 $10495-18 [3305 - - - 7.6 x10”° | 3660 (D) -
* (R): Ruptured, (D): Discontinued.




Table 15 Creep rupture strength of "MONJU" and "JOYO" MK-
II cladding tubes under the design conditions in
"MONJU" and "JOYO" MK-II cores.

Hoop stress to rupture (kgf/mmz)

Creep Cladding

650°C 675°C
pProgram name
7,560 h 11,808 h 17,760 h

1st 43JK 15.4 11.2 10.2
4335 11.9 8.4 7.6
ona 44JK 14.2 8.6 7.5
44735 10.6 6.7 5.9
3ra 46K 14.1 9.8 9.0
46JS 8.2 4.8 4.0
47MK 6.6 4.1 3.5
4th 47MS 5.9 3.3 3.3
48K 6.5 4.1 3.5
Sth 488 12.0 7.9 7.0
49MK. 13.0 8.7 7.8
6th 49Ms 12.2 8.0 7.1
50MK 15.1 9.7 8.5
7th 50Ms 13.7 8.9 7.9
51MK 14.6 8.7 7.8
8th 52MS 16.6 9.4 8.4
9th 53MK i18.4 12.5 11.6
53M3 18.5 11.8 10.8
54MK 22.4 15.3 13.5
10th 54MS 22.0 14.9 13.4
55MK 23.6 15.6 14.1
1ith 5E5MS 22.9 14.9 13.3
56JK 21.0 13.¢ 12.7
12eh 56J5 21.1 14.1 12.9
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