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Development of System Based Code
Vol. 6: Probabilistic approach Part 2
-Model calculation of failure probability about End-caps -
(Research report)

Nobuchika KAWASAKI" Tai ASAYAMA'

Abstract

Both reliability and safety need to be further improved for the successful
commercialization of Fast Breeder Reactors. At the same time, construction and
operation costs need to be reduced. To achieve compatibility in matters of reliability,
safety, and cost, the development of a System Based Code for the Integrity of FBR was
started. This code extends the present structural design standard to include the areas of
load setting, fabrication, inspection, maintenance, and so on.

A quantitative index is required to connect different partial standards in this code.
Failure probability is considered as one of the candidate indexes.

In this report, failure probabilities have been calculated considering cracks
induced during fabrication and fatigue cracks initiated while in service. End-caps have
been selected as structures under study, because several welding methods for them
could be adopted. Failure probabilities for structures designated as class 1 and class 3
components have been calculated. These End-caps are also considered as class 1 and
class 3 components in the stages of design, fabrication, inspection, and service. These
values are presently calculated estimations, and are subject to variation by load levels
or assumed distributions of initial cracks. In this way problems to be addressed for the
future studies are identified. In particularly it is necessary to refine the assumption of
initial crack-distributions, the accuracy of estimation for crack propagations, and the
probability of crack detections in order to improve the accuracy of calculated failure
probabilities. :

To develop the SBC, a simplified method for estimation of failure probability is also
needed. Consequently regression analyses have been applied to the Monte Carlo
calculation results in order to confirm the feasibility of the Vector Method, which is a
simplified estimation method. The failure probabilities were estimated within *two
order against the Monte Carlo’s results by this method.

' Structural Mechanics Research Group, Advanced Technology Division, Oarai
Engineering Center
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R5-1 XWMNFA—4 LHESh-HEERD—E

No. (l&lfﬁﬁi%MPa]) HH Al B PSI (r:f[%) bﬁ%}lif@ log(Pf)
1 413 316FR 1.00E-04 3 s L 1.5E-11 -11
2 413 " " 3 RT 104 2.9E-24 24
3 576 u 0 0 =z L 9.3E-22 -21
4 576 " 1.00E-04 3 Bl AL 8.8E-08 7
5 576 " " 3 RT 105 7.3E-16 -15
6 618 304 1.00E-02 6 RT 304 3.3E-06 -5
7 400 316FR 1.00E-04 3 L TL 8.2E-12 -11
8 600 " " 3 " " 2.0E-07" -7
9 800 " " 3 " " 1.0E-05 5

10 1000 n " 3 " " 4.0E-04 3

11 400 " ‘n 3 RT 104 1.6E-22 22
12 600 " " 3 ” " 5.0E-15 -14
13 800 " " 3 " " 1.56-11 -11
14 1000 " " 3 " " 1.7E-07 7
15 400 304 1.00E-02 6 L sL 6.0E-07 6
16 600 " " 6 " " 1.5E-04 4
17 400 " " 6 RT 304 6.8E-09 -8
18 600 " " 6 " " 2.0E-06 6
19 400 316FR:2{S 1.00E-04 3 L 498 6.6E-09 -8

20 400 316FR:44E " 3 " " 1.5E-07 -7

21 600 316FR:2{& " 3 " " 8.1E-06 5

22 600 316FR:4fE " 3 " " 3.0E-05 5

23 800 316FR:2% " 3 " " 6.4E-05 4

24 800 316FR:4{E " 3 " " 1.1E-04 -4

25 400 316FR:2{% " 3 RT 104 9.4E-17 -16

26 400 316FR:4{E ” 3 " " 5.0E-15 -14

27| 600 316FR:21% n 3 '’ " 3.1E-11 -1

28 600 316FR:44E " 3 u " 4.5E-10 -9

29 800 316FR:2{& " 3 " u 1.2E-08 -8

30 800 316FR:44E " 3 " " 2.8E-07 -7

31 400 316FR 1.00E-04 6 ZL L 1.4E-09 9

32 600 " " 6 " " ©6.4E-07 -6

33 800 .o " 6 " " 1.5E-05 5

34 400 " " 6 RT 104 2.6E-16 -16

35 600 " " 6 " " 1.1E-11 -1

36 800 " " 6 " R " 6.9E-10 -9

37 400 316FR 1.00E-04 3 uT SL 2.1E13 -13

38 600 " " 3 u " 1.4E-08 -8

39 800 " " 3 " " 1.4E-06 L]

40 1000 n " 3 " " 3.6E-04 3

41 400 " " 3 " 1048 5.4E-24 -23

42 600 " " 3 " " 3.4E-15 -14

43 800 " " 3 " L4 2.3E-12 -12

44 1000 " " 3 " " 1.6E-07 -7

45 600 316FR:1/245] 1.00E-04 3 Tl il 6.8E-10 -9

46 800 316FR:1/24&| .1.00E-04 3 TL L 2.9E-07 7

47 600 316FR 1.00E-04 1.5 L L 4.4E-08 -7

48 800 316FR 1.00E-04 1.5 L sL 5.8E-06 -5

49 600 [316FR: 1/ 21%] 1.00E-04 3 RT 104 1.3E-19 -19
50 800 [316FR: 1 /Zfﬁ 1.00E-04 3 RT 1048 1.6E-15 -15
51 600 316FR 1.00E-04 1.5 RT 104 1.5E-16 -16
52 800 316FR 1.00E-04 1.5 RT 1048 5.7E-12 -11
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x, | 84 0~1 =loa(x WREEOELEE T, Wi
* | smmn | cmosmonzam | V3709 RECTHOFEREHLAT
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BAERRS | (1.5,3,6mm:t=12.7) | =exp(-x,/1.34)
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£ 5-3 XE/SA—E DT

wE PSI
BTG A ] z1 PSI 255
MPa y & =
uT 5
0 0 5.00
RT 3
400 | 7936 | 45
gL 0
600 | 26784 3.3
800 | 6348.8 1
I1SI
e s ] w | 2
14 1 5
SZER 22 o " Ton
mEL | Y2 & F .
0.1 1.0 5 304 30 2.54
05 | 03 | 325 60FELLE| 60 0
1 0.0 25
2 0.3 175
4 06 0.99
10 1.0 0
B4E
ERTE »
T v4 &
mm
0 1.00 5

15 0.33 1.63
3 0.11 0.53
6 0.01 0.05

9.5 0.00 0
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& 5-4 ERERINEZRNASA—E2D—KE

1 873.5 0.00 4 0.107 ° 0 w
2 873.5 0.00 4 0.107 3 10
3 2369.7 0.00 - 1.000 0 w
4 2369.7 0.00 4 0.107 0 w
5 2369.7 0.00 4 0.107 3 10
6 2926.8 0.00 2 0.011 3 30
7 793.6 0.00 4 0.107 ] w
8 2678.4 0.00 4 0.107 0 w
9 6348.8 0.00 4 0.107 0 ®
10 | 12400.0 0.00 4 0.107 0 ®
3 793.6 0.00 4 0.107 3 10
12| 26784 0.00 4 0.107 3 10
13| 63488 0.00 4 0.107 3 10
14 | 12400.0 0.00 4 0.107 3 10
15 793.6 0.00 2 0.011 0 ®
6| 26784 0.00 2 0.011 0 @
17 793.6 0.00 2 0.011 3 30
18| 26784 0.00 2 0.011 3 30
19 793.6 0.30 4 0.107 0 @
20 7936 . 0.60 4 0.107 0 ©
21| 26784 0.30 4 0.107 0 ©
22 | 26784 0.60 4 0.107 0 w
23| 634838 0.30 4 0.107 0 ©
24 | 63488 0.60 4 0.107 0 w
25 793.6 0.30 4 0.107 3 10
26 793.6 0.60 4 0.107 3 10
27 | 2678.4 0.30 4 0.107 3 10
28 | 26784 0.60 4’ 0.107 3 10
29 | 6348.8 0.30 4 0.107 3 10
30 | 63488 0.60 4 0.107 3 10
31 793.6 0.00 4 0.011 ] ©
32| 26784 0.00 4 0.011 ] ©
33| 6348.8 0.00 4 0.011 ] «
34 793.6 0.00 4 0.011 3 10
35 | 26784 0.00 4 0.011 3 10
36| 6348.8 0.00 4 0.011 3 10
37 793.6 0.00 4 0.107 5 w
38 | 20784 0.00 4 0.107 5 w
39 | 63488 0.00 4 0.107 5 w
40 | 12400.0 0.00 4 0.107 5 w
41 793.6 0.00 4 0.107 5 10
42 | 26784 0.00 4 0.107 5 10
43 | 63488 0.00 4 0.107 5 10
44 | 12400.0 0.00 4 0.107 5 10
45 | 2678.4 -0.30 4 0.107 0 -
46 | 6348.8 -0.30 4 0.107 0 ©
47 | 26784 0.00 4 0326 0 w
48 | 63488 0.00 4 0.326 0 w
49 | 2678.4 -0.30 4 0.107 3 10
50 | 63488 -0.30 4 0.107 3 10
51 2678.4 0.00 4 0.326 3 10
52 | 6348.8 0.00 4 0.326 3 10
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& 5-5

RE—R

1 4.45 2.50 - 0.53 0.00 0.00 -1
2 4.45 2.50 - 0.53 3.00 4.24 -24
3

4 3.51 2.50 - 0.53 0.00 0.00 -7
5 3.51 2.50 - 0.53 3.00 4.24 -15
6

7 4.50 2.50 - 0.53 0.00 0.00 -11
8 3.31 2.50 - 0.53 0.00 0.00 -7
9 1.00 2.50 - 0.53 0.00 0.00 -5
10

11 4.50 2.50 - 0.53 3.00 4.24 -22
12 3.31 2.50 | - 0.53 3.00 4.24 ~14
13 1.00 2.50 - 0.53 3.00 4.24 -1
14

15

16

17

18

19 4.50 1.75 - 0.53 0.00 0.00 -8
20 4.50 0.99 - 0.53 0.00 0.00 -7
21 3.31 1.75 - 0.53 0.00 0.00 -5
22 3.31 0.99 - 0.53 0.00 0.00 -5
23 1.00 1.76 - - 053 0.00 0.00 -4
24 1.00 0.99 - 0.53 0.00 0.00 -4
25 4.50 1.75 - 0.53 3.00 4.24 -16
26 4.50 0.99 - 0.53 3.00 4.24 -14
27 3.31 1.756 - 0.53 3.00 4.24 -1
28 3.31 0.99 - 0.53 3.00 4.24 -9
29 1.00 1.75 - 0.53 3.00 4.24 -8
30 1.00 0.99 - 0.53 3.00 4.24 -7
31 4.50 2.50 - 0.05 0.00 0.00 -9
32 3.31 2.50 - 0.05 0.00 0.00 6
33 1.00 2.50 - 0.05 0.00 0.00 -5
34 4.50 2.50 - 0.05 3.00 4.24 -16
35 3.31 2.50 - 0.05 3.00 4.24 -1
36 1.00 2.50 - 0.05 3.00 4.24 -9
37 4.50 2.50 - 0.53 5.00 0.00 -13
38 3.31 2.50 - 0.53 5.00 0.00 -8
39 1.00 2.50 - 0.53 5.00 .0.00 -6
40

41 4.50 2.50 - 0.53 5.00 4.24 -23
42 3.31 2.50 - 0.53 5.00 4.24 -14
43 1.00 2.50 - 0.53 5.00 4.24 -12
44

45 3.31 3.25 - 0.53 0.00 0.00 -9
46 1.00 3.25 - 0.53 0.00 0.00 -7
47 3.31 2.50 - 1.63 0.00 0.00 -7
48 1.00 2.50 - 1.63 0.00 0.00 -5
49 3.31 3.25 - 0.53 3.00 4.24 -19
50 1.00 3.25 - 0.53 3.00 4.24 -15
51 3.31 2.50 - 1.63 3.00 4.24 -16
52 1.00 2.50 - 1.63 3.00 4.24 -1
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& o6 EERHY

WE | MH | 24 PSI ISl | E#E

al | a2 a4 ab ab C
£k 188 | 257 | 156 | -029 | -148 | 538
Eh #ELL| 0.08) | 283 | 4.14 - - -1.19
hish ®RELL| (058) | -1.97 | -0.57 - - 0.23
Bich BEEL| - -1.08 | -0.15 . - -2.44
BisHh #EHY| - | 585 | -1390 | 052 | 250 | 11.90
s #wEHY| (562) | 393 | 239 | -021 | -1.56 | 22.90
=ibh  BEHY - 342 | -08 | -039 | -1.37 | 513
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EXK

BERINTGA—E X = (X4, X5, X3, Xg, Xz, X5)
=N, SHEREE, TREH, RARERFES, PSIFER, ISHERE)
log(Pf)=Zki(x) x;+C

=2 ay+ C

=2a;z+C” [C,C.,C"a,a’: B, y;= 91(X) z= goi(y) ]

V:XDEBER yv,=g4.(x)
log(Pf) &y D RIS BIRICEAKIICERAXEFTRALER T ML F-x

z: yDRHE, 2= goi(y)
VDRANELHR/MEASSEMNS0R(18) DERAIZH T T DL
LIy

z= —HITIRNRE g
Yi-grst — Vi-Boh st
FEE

-1 WREROEXL
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