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Fracture Toughness Properties of Candidate Canister Materials for Spent Fuel Storage by Concrete Cask

Taku ArRAl, Masami MAYUZUMI, Niu LIBIN and Takaku HIROSHI

Synopsis : It is very significant to clarify the fracture toughness properties of candidate canister materials to ensure the structural integrity against the ac-
cidents during handling in the storage facility. Fracture toughness tests on the CT specimens cut from base metal, heat affected zone (HAZ)
and weld metal in the 2 types of weld joints made by candidate canister materials (SUS329J4L duplex stainless steel and YUS270 super

stainless steel) were conducted under various test temperature between 233K and 473K.

Stable ductile crack extensions were observed in all of the specimens. The fracture toughness Jp of the base metal and the HAZ of
SUS329L4L showed the smallest value at 233K, and increased with temperature, then reached to the largest value at 298K. At the higher
temperature, the value of J, decreased slightly with temperature. While, the value of Jp in the weld metal increased with temperature. The

value of J;, of YUS270 increased with temperature. The values of J,, for weld metal in both of the materials were not greater than those in
base metal and HAZ at each test temperature. The values of J, in weld metal of both materials at 213K and 473K were greater than applied J
derived from postulated semi-elliptical surface flaw and maximum allowable stress in JSME design coed. This result suggested that these ma-

terials have enough toughness for use as the canister material.
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1. ¥&E

B RE AR O R EETE A RO —D L Ta vy
V= btFr 270K 3EAESRET ShTv5, KT
FHRIZE T MW EOEEEEEL, F v =24 Ld
N2EBARICKVDEREINSE, Fv=2213, &R
EBLCAREL, FREHN, 4500mm, 1650mm, 20mm
BEOEEEEAE T3 27 VL 2ZFEOMAGIKOBTET
b5, HRBEAREZNE, BEsommfEEO2ES 4
BaAKIEEL, EEHMEAHRL 5, HRIFEESR
MWHRREBICRBE XN WML EZ DN I3RAETIE, &
HEIPIZEG T 2R FISERT 3168t scCco R
EVBE I3, 2070, FEKD SUS304% % SUS316
FOZT L ZMIIAbIEWMBEEDZT VL 28
(SUS329J4L, YUS270) DA & h T3, Zh
5D EM BRI EFERT 201213, NP ) U O
DE FPBEHEFICBWTE ¥ v = 2 2R 2 Rt
WIZ L ERTRERD S, Fv =X 20EL, HHFAR
BHE DR ISR IRANBIE S NS 729, IEETORIIHRS

BAARBERE LY BROBKEWRETEZIENTEL D,
IO, BEHEESIIE U CIIEEYIBIC KRG A EE L
GRS MM AN EE 5, —MRICREAT B EGE
MOREMT, BRI LM ch b, ZhEafT>
72 DIIIE X N B HASG TOMB O BB AR S E
L5, BEEEMMHEE, F-HBERNOMBTth T, B
BHERPHAE RELEIZEDRLE DN S 5120,
EHFEF v =24 LEIC S TERE X h R A O TR
THIENEHEETH D, FICHIEWMRENBESE - &
PRIk & IRIFT BBz O, ERLHBL -5
BREROCEFEALIRTH S, LrL, Zh6O5Ei
BYRAIM O F v = 2 2 BRI 1) 2 BHESME RSB
EIZENTOEL,

ZORBHARMETIE, 2BHEO S BUEREHMO F + =
A S EHEES TOBRMMER RO HMIZ, vy =24
AR L - BEREFORM, [BRAPENRL XU
BRI T 2 A BRI MR BR & BRI A /YT A —
HIZFEREL 7=,

FRRI6F12H27 B2 TR 1762 A5 HA2H (Received on Dec. 27, 2004; Accepted on Feb. 5. 2005)
* (W) & Sy ob SUBF 4 AT A4 KR BF 0 (Materials Science Research Laboratory. Central Research Institute of Electric Power Industry, 2-6-1 Nagasaka Yokosuka

240-0196)

*2 (WF) Sy LB AT PR R 2R (B D O T K%K #E ) (Materials Science Research Laboratory, Central Research Institute of Electric Power Industry, now

Graduate School of Science and Engineering, Tokyo Institute of Technology)
* 3 {FINAET%E8 (Fuculty of Engineering, Shinshu University)

493 R



. 194

Sk 4R Tetsu-to-Hagané Vol. 91 (2005) No. 5

Table 1. Chemical compositions of material A.

C Si Mn P S Cu Ni Cr Mo w N
55 24 2.5 0.08
Spec. <0.030 =1.00 =150 =<0.040 =<0.030 - ~ ~ ~ - ~
Base melal 75 26 35 03
Sample 0.01 0.41 0.45 0.024 0.001 049 6.88 2567 3.33 0.4 0.23
Weld metal  Sample  0.016 0.3 0.5 0.008 0.002 049 906 2528 306 196 0.22
Table 2. Chemical compositions of material B.
C Si Mn P S Cu Ni Cr Mo Fe N Nb+Ta Al Ti
0.5 17 19 5.5 0.16
Base melal Spee. =£0.020 £0.80 =1.00 £0.030 £0.015 ~ ~ . ~
ase meta 195 21 65 0.24
Sample  0.013 0.51 0.55 0.023 0.001 0.62 17.84 19.84 6.92 0.19
Weld metal Sample  0.02 0.13 0.11 0.009 0.001 0.14 55.88 21.59 834 0.19 2.88 0.3 0.31
: Table 3. Weldi itions joint.
2. EBREE able 3. Welding conditions for each weld joint
Condition Material A Material B
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e N TN s Weldi i P3WT YNiCrMo-3
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i N - - elding curren ~ ~
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BHFE 1 SUS329J4L (JIS G4304-1999Y)
BiRAIE | SUS329J4L #2444
#5444 B 12°
BHF 0 YUS270  (ASME SA240 S312549% 24 44) )V\
BHEERB © Alloy 625 M 2444 (JIS 23334 YNiCrMo-3%)
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Fig. 1. Shapes and dimensions of weld roots for each ma-
terial.
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Fig. 2. Microstructures of the materials ((a) material A,
base metal, (b) material A, weld metal, (c) material

B, weld-base metal interface).

Table 4. Mechanical properties of each material.

. Go2 oyrs  Elongation Reduction
Material of area
(MPa) (MPa) (%) (%)
A Base metal 606 814 35 72
Weld metal 693 902 28 75
B Base metal 334 Al 51 75
Weld metal 507 772 39 49
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Fig. 3. Shape and dimensions of 1 inch thick compact ten-
sion specimen with side groove.
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Fig. 4. Schematic drawings of the specimen sampling
methods for each weld joint.
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Fig. 5.

Examples of load, P-load line displacement, V,,,,
curves obtained in material A at 473K.
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Fig. 6. Examples of the fracture surfaces ((a) material A,
base metal at 423K; (b) material A, base metal at
233K; (c) material B, weld metal at 298K).
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Fig. 7. Fracture surface (a) and cross section of A-B (b) of
CT specimen obtained from weld metal of material
A at 233K.
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Fig. 8. Examples of the SEM image of fracture surfaces
obtained from material A base metal and material
B weld metal at 473K.
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Fig. 9. An example of small facet observed in the fracture
surface of weld metal of material A at 233K ((a)
fracture surface include a small facet, (b) high
magnitude image of the small facet).
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Fig. 10. Examples of J-Aa relation and J-R curve ob-

tained in material A HAZ at 423K.
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Fig. 11. Temperature dependency of J, in the material A.
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Fig. 12. Temperature dependency of J, in the material B.

Table 5. Summary of the validity evaluation for ASTM re-

quirement.
Test temperature (K)
Material Requirement

233 298 373 423 473

BM @ O X X X X

N B @ x O O O O
WM @ O O X x X

@ O OJO O O

BM D X X X X X

5 L @ O O O O O
WM ® O O0]O]J0O O

[} X X O X X

BM: Base metal (DSpecimen size
HAZ: Heat affected zone

WM: Weld metal

@Uniform extension

QO: Saticefied X: Not Saticefied
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Table 6. Allowable stress for service level C and D in JSME design code
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Fig. 13. Schematic drawing of postulated flaw.

19 and applied stress for integrity evaluation.

; Applied stress, o, 0.2% offset stress
Material ST"VK]:e Allowable stress e
eve 213K 473K 213K 473K
c P, +P, SMIN[155,, n-S,]
P,=MIN[15S,, S,]
A 689 639 795 551
b P,+P, =n-Su
PL é n: su
G P +P, =n-18S8m
P,EMIN[n-18S5,]
B 650 552 531 441
b P, +P, =n-1.85m

P,<MIN[, 365, S,

P, : Loacal membrane stress, P, : Bending stress

S, : Desigin tensile stress, S, : Design stress amplitude

n - Stress reduction factor for weld joint,

n <1.0 in JSME code, 1= 1.0 in this study for conservative evaluation
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Table 7. Result of the integrity evaluation for weld joint.

. Temperature Japp Jo
M
aterial () (kd/m?) (kd/m?)

213 31 560

A
473 541 870
B 213 236 365
473 387 490

AR & AT B TR SO 5, & K7,
Japp(¢): KEyOl( O-app/o-o)n+ lf((])) ............................... (6)

ZZT, o, g RELH, REVOFATHY, o=0,,
=0JE, kB &Un | BT -0 F LBk % Ramberg-Os-
goodBll (g/e,=0/0,+K(0/0,)") THHEHLIZE EDHRIK
ThHb, fip)d, XKATHALN D,

i

b4
f(d’):f[zX9]241+C]2”+‘13”2‘Z4”37 i=0,1,2,---,9

—r—p.(‘,
— - y

q;,=Pj +p]2€+pj3 77+P,-4§2+P;5§77+P16 772‘{'[7_,74’:2 n
+Pj3§’72+17jo§2772 JE1,2,3, 4000 (7)

E=alt, n=alc TH Y , p~pold, ¢IZRETHEKE LT
5x2b5h%, gl EHEROMNELG5L5/37A-4Th
D (Fig.13), MEMLWWERE5 25 ¢=n2L L7,

Jopp DEFAAE R & Table 712/R8F . BRI, 23K B &V
4K TR O N7l AM OB R ERO J, DR/ MEZ T h
ZAURL 7z, AGHIIZIE, 77— 2 BAD B < J,D 0 %
T ERA R T EIEHEMEIZRIT 58 & 548,
Wi 3R D J, D EMEIL TS H & AT A RFRNZRE L 72
AHEIZ BT S, J,, K0 820% L ERE&fEERL 7.
DT &id, MEGEAMIZ L DEEES, v =22 IZ8H
LENBBERAM A+ ICHERTE S I L AREL T
%,

4. 8

AV oY= b F v AU F v =X 8O SR EMEERM T
& % SUS329J4L & YUS270 12D T HME 35 S vA B i 4 AL dE
LB HAEFE ORI, HAZ, BHEEE, 5B A & 5l
L, REE/ST 2 — 2 L HEMMRBRA e 72, 5
bh7-fRIE, Tok> o hs,

- SUS329J4L D BEbf & HAZ DBSREMAR, J, 1k, 233K T

64

B/MER, BRTRAEETR L%, REOHME
HYWA L7z, BREBOJ,&, ABRE & HITHM
L7z, YUS270 Tld kB SRERBLE IS & 597,13, alBR
L oL 7,
- M AR I R O BEMAEE IS, B, HAZ & IF
EhEO/NENEETRL, F v = A X EEBO@EEERE
fifi & 47 5 BRIZIE, IBHEEBROBERN MG Tl & 7
AXENZEDBHE NI E ST,
- AW 2D F v = 2 2 BB OFRE & W T
BERIINT AN EFE L 2R, mitAMORE
ERO BRI, MEXRKBISENT2IMMELD E
FaickE sz mL i,
Pl Z e oliftidifr, Fv =24 L THa%
PR A R T 2 e AW NI T B I LN TE, L
L., MM OB #EEE B CABYIEEIO F 2 it
fildk v & FZHERIKIIAVN &0 Z & 2 SUS329J4L Tid |
BEM & B B CHEEMEE O R IRGF ORI A E 5 5 T
Lk E, SRS SHHIEMME S FRICERL TS LE
ALNBRUZOWTE, BATHZENTET, 5HOHK
L THanh,
KROFTICH720, BEMEN BR) K -RIKEH
Fthz K2 613, MFEtECHE RIS T2 HELZHE %
WheEEE LA, £/, (BK) NUSECHHEIEK, AlISHE
FEE L (KR “FERE KA & HEAM OB R R AR R (2
M43 EEAIHS A=A EE L, BLHELBLEY
7,
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