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Evaluation of Canister Weld Flaw Depth for Concrete Storage Cask
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Domestically developed concrete storage casks include an internal canister to maintain the confinement integrity of radio-
active materials. In this study, we analyzed the depth of flaws caused by loads that propagate canister weld cracks under
normal, off-normal and accident conditions, and evaluated the maximum allowable weld flaw depth needed to secure the
structural integrity of the canister weld and to reduce the welding time of the internal canister lid of the concrete storage
cask. Structural analyses for normal, off-normal and accident conditions were performed using the general-purpose finite
element analysis program ABAQUS; the allowable flaw depth was assessed according to ASME B&PV Code Section XI.
Evaluation results revealed an allowable canister weld flaw depth of 18.75 mm for the concrete storage cask, which satisfies
the critical flaw depth recommended in NUREG-1536.
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Fig. 1. Cross-section of concrete storage cask general arrangement.
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Table 1. Load combinations

Con%t?iii fion Dead Load Live Load Hzinodal(iing Pressure Thermal Wind Load S/;ilsorz)l(iic S’T‘?l;_g\fgf

Normal Condition
1 D L P T
2 D H P T

Off-Normal Condition

3 D L P To W
4 D H Po To

Accident Condition
5 D H Po Ta
6 D L Po T E
7 D L Po T Ad
8 D L Po T At
9 D H Pa To
10 D L Po T F
D : Dead Load To : Off-normal Thermal
L : Live Load Ta : Accident Thermal
H : Handling Load W : Wind Load
P : Normal Pressure E : Seismic
Po : Off-Normal Pressure : Flood
Pa : Accident Pressure Ad : Cask Drop
T : Normal Thermal At : Tip-over
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Table 2. Material properties of concrete storage cask

. . Yield Ultimate Co
Components Materials Elastti/ll\;;))d ulus g{enriit?; Strength Strength Poﬁsast(i): s
& (MPa) (MPa)
Concrete
Shicld Concrete 28,577 2,500 30 - 0.17
Cask Body SA-36 202,000 7,750 250 400 0.3
Cask Lid SA-36 202,000 7,750 250 400 0.3
Concrete
Cask .
Side
SA-36 202,000 7,750 250 400 0.3
Channel
Bottom
SA-36 202,000 7,750 250 400 0.3
Channel
Cask SA-540
Lid bolt B23 191,000 7,750 965 1070 0.3
Lifting Lug 825237 202,000 7,750 415 550 03
Canister SA-240
Body 316L 195,000 8,030 170 485 0.3
Canister SA-240
Lid 316L 195,000 8,030 170 485 0.3
Canister SA-240
Assembly Basket 304 195,000 8,030 205 515 0.3
Disc SA-240 195,000 8,030 205 515 0.3
304
Support SA-479
Rod 304 195,000 8,030 205 515 0.3
Fuel SA-240
Support 304 195,000 8,030 205 515 0.3
4.3 FZx34 24 8719 RS welstel 172 R(87]9) 180° -k U}
Epd) R Fdskde. s REle 809,04670¢] M3 (Node)
ZAYE A7) FREA ol AFRE f3ka s SR 3 556,905709) £8]=Q 2 (Solid Element) & TA&FATH,
e ABAQUS #3182 | 22 19S o] gake] TAlakYl  SlAol ALEF S2l= R at ABAQUSIA Al EaHE A7t
owl shtel TERUS BYY ¥ 271203 AAZD ¥ 847 RACIDSRE AHESIAT. BRRE 4787
S g HR3lo] RE FRI A AFesYE. sl Rrde = AR HESHE 27192 General Contact 2715
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Detail of weld

Fig. 3. 1/2 Analysis model of concrete storage cask.
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Table 3. Results of structural analysis

Table 4. Flow stress

Condition ~ Load Combination Stress S22 (MPa)
P, 0.06
1
P, P, 0.22
Normal
P, 0.57
2
P, P, 2.01
P, 0.60
3
P, P, 2.05
Off-normal
P, 0.09
4
P, P, 0.22
P, 0.60
5
P, Py 2.05
P, 0.52
6
P,+P, 11.84
P, -2.26
7
P, Py 9.94
Accident
P, 24.95
8
P, P, 30.73
P, 0.97
9
P, P, 251
P, -0.55
10
P, +P, -0.96
e FEsta gom, Ausee 3% oy

2 Figure C-4210-10] w2} sj2dubHe A
AakdcH3l. FAYE #8719 HY2EHe daAE
(Wrought product)o|il, &HAF A Agto] wAsH,
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o|EA AHdolm

JINFCWT Vol.15 No. 1 pp.91-99, March 2017

Condition Th(e.,g‘)lal (Msﬁa) (Msﬁa) b
Normal 200 121.0 429.0 275.0
Off-normal 200 121.0 429.0 275.0
Accident 300 109.0 426.0 267.5
S Enle} Ashdole] A= ol gk w7t a5k o3
o] AlLkstaict.

5.1 2gslzol o 2ol B7t

5.1.1 53]
ASME Code C-5310-1~42 AF2-3F =
Zlo] H7F Al SE€H= o FJr 2ol & 4 gt}

O, 1T O
. (1)
f

Stress Ratio =
047]}\1; Gm . 1‘]’ Eﬂi—% (T%x ?:31-7:” A B: Gm g O~20f O—"—l
< 0.30; & W f

m — O 4Gf OE] IIH 'l'l‘.g_)

]' H T bl
6; : 53 H(Flow stress) &2 ASME B&PV
Section XI, Division 1, Appendix C-8000
of whet 28
5.1.2 +589
eSS SARENN S FEAE 9 =3 Q1%
B2 A=A M @ 2Hupo| E(Austenite) Al A 82] 4
- thd #Zol AR 4 ok
— S)’ + su
o= — (2)
A7IA, S, 1 FEAFE(Yield strength)
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Table 5. Safety factor for circumferential flaws (membrane stress)
. H ol oA &= ASME B&PV Code Section XIol| =
Service Level A B C D
22)E 448719 AY2E 57 28R 5182 A0lE
SF 2.7 2.4 1.8 1.3 =
" Hrbstdom, th53 22 AE8 =&t
Table 6. Assessment results of canister weld flaw depth
Subsurface Flaws Surface Flaws
Conditi Load S22 SF Stress o Weld Flaw Weld Flaw
onditions Combination ~ (MPa) m Ratio t Thickness Depth Thickness Depth
2t 2a t a
(mm) (mm) (mm) (mm)
Normal D+H+P 0.57 2.7 0.0056 0.75 25.0 18.75 25.0 18.75
Cog)t:(ri‘ed Off-normal ~ D+H+Po 0.60 2.4 0.0052 0.75 25.0 18.75 25.0 18.75
Accident  D+L+Po+At 24.95 1.3 0.1213 0.75 25.0 18.75 25.0 18.75
Normal D+H+P 2.01 - 0.0073 0.75 25.0 18.75 25.0 18.75
Membrane  Off-normal ~ D+H+Po 2.05 - 0.0074 0.75 25.0 18.75 25.0 18.75
Accident D+L+Pot+At  30.73 - 0.1148 0.75 25.0 18.75 25.0 18.75
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