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Development of the System Based Code
Vol.5: Method of Margin Exchange Part 2
- Determination of Quality Assurance Index based on a*Vector Method” -
(Research Report)

Tai Asayama’

Abstract

For the commercialization of fast breeder reactors, “ System Based Code”, a completely new

scheme of a code on structural integrity, is being developed. One of the distinguished features of
the System Based Code is that it is able to determine a reasonable total margin on a structural
system, by allowing the exchanges of margins between various technica items. Detailed
estimation of failure probability of a given combination of technical items and its comparison
with a target value is one way to achieve this. However, smpler and easier methods that alow
margin exchange without detailed calculation of failure probability are desirable in design.

The authors have developed a simplified method such as a *design factor method” from this

viewpoint. This report describes a “Vector Method”, which has been newly developed.
Following points are reported:

1)

2)

3)

4)

The Vector Method allows margin exchange evaluation on an “equi-qualitiy assurance
plane”’ using vector calculation. Evaluation is easy and sufficient accuracy is achieved. The
equi-quality assurance plane is obtained by a projection of an “equi-failure probability
surface in a n-dimensional space, which is calculated beforehand for typical combinations
of design variables.

The Vector Method is considered to give the “Quality Assurance Index Method” a
probabilistic interpretation.

An agebraic method was proposed for the calculation of failure probabilities, which is
necessary to obtain a equi-failure probability surface. This method calculates failure
probahilities without using numerical methods such as Monte Carlo simulation or
numerical integration. Under limited conditions, this method is quite effective compared to
numerical methods.

Anillustration of the procedure of margin exchange evaluation is given. It may be possible
to use this method to optimize ISl plans; even it is not fully implemented in the System
Based Code.

? Structural Mechanics Research Group, Advanced Technology Division, Oari Engineering

Center
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zaiqiﬁw
s=0 1=1

(A1-18)

-Al (6)
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gl
€2
3
Cq
5

bo 1C1 _2C2 3C3
b, .Gy :C,
b, _ 3G
b,

b,

b,

b, = 6agn;

b, = -15a,n; +5a,ny

b, = 20a,n¢ —10a,n; + 4a,n;

_4C4 5C5
pLos sCy
_4C2 5C3
4G sC,
sC1

b, = -15a,n§ +10a,n; — 6a,n; + 3a,n;

b, = 6a,n5 —5a,n; + 4a,ny —3a,n; + 2a,n;

_6C6 Ny

6 C5 n0

_6C4

_6C2
¢C1

6 5 4 3 2
bo =—85Ny + 85Ny —a,N, + 85N, —a,N, +an,

(1- POD)”(P(In, + g)— P(In,))
= A(1- POD)"(c,® + C,0° + ¢, q° + G, + .0 +G,q))

= Al- POD)picsqs

s=1

0”0)5 "6

Bl
a2
a3
a
a5

-Al (7)

191 26 3G
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(A1-19)
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141 2C1('”0) 301('”0)2 4C1('”0) ('”o )4 6C1('”o )5 a
2C2 302('”0) 4C2('”o) 5(32('”0)3 6(32('”0)4 ay

- 3C3 4C3('“o) 5(33('”0 )2 6‘33('”0 )3 %
4Cq 504('“0) 604('”0)2 24

5Cs5 6C5(Ing) N

6C6 6

Ce =

cs = 6(In, Jag + 2

¢, =15(Iny )’ ag +5(n, Ja; + &,

c, = 20(In, ’a, +10(In, )’ a, + 4(In, Ja, + a,

¢, =15(In, )*a, +10(In, )’a; + 6(In, )*a, + 3(In, Ja, + &,

¢, =6(In,"ag +5(In, )*as + 4(Iny ’a, +3(n, Ja + 2(Iny Ja, + 2

Pra ()= (1= POD) (P, (In,)— P, (( 1)+ (1— POD)Y*(P(in, + )~ P(in,)

1=1

- A{; bséls(l— POD) + gcsqS(l— POD)p}

(A1-20)

A = A(Byma)

bs = bs(aOmax,acr ’ C’ m’ no)

Cs = Cs(aOmax,acr ,C,m, nO’ n)
=In, +p

-Al (8)
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POD=0.2 500

-Al (9)
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N x!l— x”!

1-x
I — x(l— xp)_ pxPH
1-xy 1-x

g - XL+ x)1-xP) 2px"*  p*xP
(1-x)° 1-xy 1-x
X1+ 4x+x2J1-xP)  3p(L+x)x*  3pxPT  p°xP
(- x)* - (@-x®  @-x? 1-x
x4 X1+ 10x+ X3 J1-xP)  p1+13x+10x° ]xP*
. (L-x) Y
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B (- x)’ - (1-x)°  1-x
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A2

1 _apop®
n

A2-1
(A2-2) 2

Px

a =a,P™
a, =a,P +ay
b3:b31|09Pf +b32

a;=-0.303949
a;,=0.479811
an=-71.6389
ax»=-0.968531

(2-23)
A2-1(1) (5)
Prisi
POD No
A2-2
A2-2
(A2-3)

-A2 (1)

¢ POD ng

(A2-1)

(A2-1)

P=1x10°

(A2-2)

(2-24)

(A2-3)
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b312005681l4
b32:-0. 732731

A2-3 (2-26")
A2-1 gl g2 g3
c2 c3 2-1 F
cl c2 c3
(2-31) Pfisi(F)
Pfisi(F) 0.54
Pf=1x10" factor of 5
cl c2 c3
2-1
F Pfisi(F')
5.22 cl c2 c3
factor of 6

-A2 (2)

(2-27)

(2-29)

A2-1

3.85

cl

Pfis

0.37
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A2-1(1) P=1x10"

. . Pfisi(F) . Pfisi(F)

No. POD n0 Pfisi ql g2 a3 F Pfisi(F) IPris F Pfisi(F) IPiisi
1 0.01 0.1 2 1.23E-03| 1.000 1.000 5.072 4832 |1.11E-03|9.04E-01| 4.770 |1.43E-03|1.17E+00
2 0.01 0.2 4 1.11E-03] 1.000 2.262 4.435 4831 |1.11E-03|1.00E+00| 4.871 |9.46E-04|8.54E-01
3 0.01 0.3 6 9.93E-04| 1.000 3.000 4.062 4831 |1.11E-03|1.12E+00| 4.930 |7.43E-04|7.48E-01
4 0.01 0.4 8 8.80E-04| 1.000 3.524 3.797 4831 |1.11E-03|1.26E+00| 4.972 |6.26E-04|7.11E-01
5 0.01 0.5 11 1.01E-03| 1.000 3.930 3.592 4.831 |1.11E-03|1.10E+00| 5.004 |5.48E-04|5.42E-01
6 0.01 0.6 14 1.03E-03] 1.000 4.262 3.424 4830 |1.11E-03|1.08E+00| 5.031 |4.92E-04|4.77E-01
7 0.01 0.7 17 9.75E-04| 1.000 4.542 3.283 4.830 |1.11E-03|1.14E+00| 5.053 |4.49E-04|4.60E-01
8 0.01 0.8 21 1.00E-03| 1.000 4.786 3.160 4830 |1.11E-03|1.11E+00| 5.073 |4.14E-04|4.14E-01
9 0.01 0.9 26 1.04E-03] 1.000 5.000 3.052 4,830 |1.11E-03|1.07E+00| 5.090 |3.86E-04|3.72E-01
10 0.005 0.1 4 1.23E-03| 1.926 1.000 4,492 4.832 |1.11E-03|9.04E-01| 4.746 |1.57E-03|1.28E+00
11 0.005 0.2 8 1.11E-03| 1.926 2.262 3.854 4,831 |1.11E-03|1.00E+00| 4.847 |1.04E-03]9.39E-01
12 0.005 0.3 12 9.93E-04| 1.926 3.000 3.482 4831 |1.11E-03|1.12E+00| 4.906 |8.18E-04|8.23E-01
13 0.005 0.4 17 1.05E-03| 1.926 3.524 3.217 4831 |1.11E-03|1.06E+00| 4.948 |6.89E-04|6.59E-01
14 0.005 0.5 22 1.01E-03] 1.926 3.930 3.012 4830 |1.11E-03|1.10E+00| 4.981 |6.03E-04|5.97E-01
15 0.005 0.6 28 1.03E-03| 1.926 4.262 2.844 4830 |1.11E-03|1.08E+00| 5.008 |5.41E-04|5.25E-01
16 0.005 0.7 35 1.06E-03| 1.926 4.542 2.703 4.830 |1.11E-03|1.05E+00| 5.030 |4.94E-04|4.66E-01
17 0.005 0.8 42 1.00E-03| 1.926 4.786 2.580 4830 |1.11E-03|1.11E+00| 5.050 |4.56E-04|4.56E-01
18 0.005 0.9 52 1.04E-03| 1.926 5.000 2471 4830 |1.11E-03|1.07E+00| 5.067 |4.25E-04|4.09E-01
19 0.0025 0.1 8 1.23E-03] 2851 1.000 3.912 4.832 |1.11E-03|9.04E-01| 4.723 | 1.73E-03|1.41E+00
20 0.0025 0.2 16 1.11E-03| 2.851 2.262 3.274 4.831 |1.11E-03|1.00E+00| 4.824 |1.15E-03|1.03E+00
21 0.0025 0.3 24 9.93E-04| 2.851 3.000 2.902 4.831 |1.11E-03(1.12E+00| 4.883 |9.00E-04(9.06E-01
22 0.0025 04 34 1.05E-03| 2.851 3.524 2.637 4.830 |[1.11E-03|1.06E+00| 4.925 |7.58E-04|7.25E-01
23 0.0025 0.5 a4 1.01E-03| 2.851 3.930 2432 4.830 |[1.11E-03|1.10E+00| 4.958 |6.64E-04|6.57E-01
24 0.0025 0.6 56 1.03E-03] 2.851 4.262 2.264 4.830 |1.11E-03(1.08E+00| 4.984 |5.95E-04(5.78E-01
25 0.0025 0.7 69 1.02E-03| 2.851 4.542 2.123 4.830 |[1.11E-03|1.09E+00| 5.007 |5.43E-04|5.34E-01
26 0.0025 0.8 84 1.00E-03| 2.851 4.786 2.000 4.830 |[1.11E-03|1.11E+00| 5.026 |5.02E-04|5.02E-01
27 0.0025 0.9 101 9.54E-04| 2.851 5.000 1.891 4.830 |1.11E-03(1.16E+00| 5.043 |4.68E-04(4.90E-01
28 0.0025 0.9 103 1.01E-03| 2.851 5.000 1.891 4.830 |[1.11E-03|1.10E+00| 5.043 |4.68E-04|4.63E-01
29 0.001 0.1 19 9.90E-04| 4.074 1.000 3.145 4831 |1.11E-03|1.12E+00| 4.692 | 1.96E-03|1.98E+00
30 0.001 0.2 40 1.04E-03| 4.074 2.262 2.508 4831 |1.11E-03|1.07E+00| 4.793 |1.30E-03|1.25E+00
31 0.001 0.3 62 1.03E-03| 4.074 3.000 2.135 4,830 |1.11E-03|1.08E+00| 4.852 |1.02E-03|9.93E-01
32 0.001 0.4 86 1.03E-03| 4.074 3.524 1.870 4830 |1.11E-03|1.08E+00| 4.894 |8.60E-04|8.38E-01
33 0.001 0.5 112 1.02E-03| 4.074 3.930 1.665 4.830 |1.11E-03|1.09E+00| 4.927 |7.53E-04|7.38E-01
34 0.001 0.6 141 1.02E-03| 4.074 4.262 1.497 4.830 |1.11E-03|1.09E+00| 4.953 |6.76E-04|6.64E-01
35 0.001 0.7 173 1.00E-03| 4.074 4.542 1.356 4830 |1.11E-03|1.11E+00| 4.976 |6.16E-04|6.16E-01
36 0.001 0.8 211 9.99E-04| 4.074 4.786 1.233 4830 |1.11E-03|1.11E+00| 4.995 |5.69E-04|5.70E-01
37 0.001 0.9 257 1.00E-03| 4.074 5.000 1.125 4829 |1.11E-03|1.11E+00] 5.012 |5.31E-04|5.31E-01
38 0.0005 0.1 54 1.01E-03] 5.000 1.000 2.565 4831 |1.11E-03|1.10E+00] 4.668 |2.16E-03(2.14E+00
39 0.0005 0.2 109 1.01E-03| 5.000 2.262 1.928 4.831 |1.11E-03|1.10E+00] 4.769 | 1.43E-03(1.42E+00
40 0.0005 0.3 164 |[9.99E-04| 5.000 3.000 1.555 4.830 |[1.11E-03|1.11E+00| 4.829 |1.12E-03|1.12E+00
41 0.0005 0.4 224 1.00E-03] 5.000 3.524 1.290 4.830 |1.11E-03(1.10E+00| 4.871 |9.46E-04(9.43E-01
42 0.0005 0.5 285 1.00E-03| 5.000 3.930 1.085 4.830 |1.11E-03(1.10E+00| 4.903 |8.29E-04(8.26E-01
43 0.0005 0.6 342 1.00E-03| 5.000 4.262 0.917 4.830 |[1.11E-03|1.10E+00| 4.930 |7.43E-04|7.41E-01
44 0.0005 0.7 415 1.00E-03] 5.000 4.542 0.776 4.829 |1.11E-03(1.10E+00| 4.952 |6.78E-04(6.75E-01
45 0.0005 0.8 472 1.00E-03| 5.000 4.786 0.653 4.829 |1.11E-03|1.11E+00| 4.972 |6.26E-04|6.26E-01
46 0.0005 0.9 559 %—03 5.000 5.000 0.545 4.829 |1.11E-03]1.10E+00] 4.989 5.84§-O4 5.82E-01
Max  1.26E+00 Max  2.14E+00|
Min  9.04E-01 Min 3.72E-01

-A2 (3)
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A2-1(2) P=1x10"

. . Pfisi(F) . Pfisi(F)

No. POD n0 Pfisi ql g2 a3 F Pfisi(F) IPris F Pfisi(F) IPiisi
1 0.01 0.3 2.7 9.92E-05| 1.000 3.000 4.790 5496 |7.37E-05|7.43E-01| 5.483 |7.76E-05|7.83E-01
2 0.01 04 38 1.02E-04| 1.000 3.524 4.487 5496 |7.37E-05]|7.20E-01| 5.496 | 7.37E-05|7.20E-01
3 0.01 0.5 4.9 9.75E-05| 1.000 3.930 4.252 5496 |7.37E-05|7.56E-01| 5.506 |7.07E-05|7.26E-01
4 0.01 0.6 6.3 1.02E-04] 1.000 4.262 4.060 5496 |7.37E-05|7.22E-01| 5.514 |6.84E-05|6.71E-01
5 0.01 0.7 7.8 1.02E-04| 1.000 4.542 3.898 5496 |7.37E-05]|7.25E-01| 5.521 |6.66E-05|6.55E-01
6 0.01 0.8 9.5 9.93E-05| 1.000 4.786 3.757 5496 |7.37E-05|7.42E-01| 5.527 |6.50E-05|6.54E-01
7 0.01 0.9 11.7 |1.01E-04| 1.000 5.000 3.633 5.496 |7.37E-05|7.32E-01| 5.532 |6.36E-05(6.32E-01
8 0.005 0.2 35 1.03E-04| 1.926 2.262 4.671 5,505 |7.09E-05]|6.91E-01| 5.468 |8.27E-05|8.06E-01
9 0.005 0.3 54 9.92E-05| 1.926 3.000 4.244 5,506 |7.09E-05|7.15E-01| 5.486 |7.68E-05|7.74E-01
10 0.005 0.4 75 9.85E-05| 1.926 3.524 3.941 5.506 |7.09E-05|7.20E-01| 5.499 | 7.29E-05|7.40E-01
11 0.005 0.5 9.9 1.00E-04| 1.926 3.930 3.706 5.506 |7.09E-05|7.06E-01| 5.509 | 7.00E-05|6.97E-01
12 0.005 0.6 125 |9.97E-05| 1.926 4.262 3514 5,506 |7.09E-05|7.11E-01| 5.517 |6.77E-05|6.80E-01
13 0.005 0.7 155 |9.97E-05| 1.926 4.542 3.352 5,506 |7.09E-05|7.11E-01| 5.524 |6.59E-05|6.61E-01
14 0.005 0.8 19 9.93E-05| 1.926 4.786 3.211 5,506 |7.09E-05|7.13E-01| 5.529 |6.43E-05|6.47E-01
15 0.005 0.9 23.3 |9.94E-05| 1.926 5.000 3.087 5506 |7.09E-05|7.13E-01| 5.535 |6.29E-05|6.33E-01
16 0.0025 0.1 33 9.61E-05| 2.851 1.000 4.855 5,515 |6.82E-05]|7.10E-01| 5.440 |9.28E-05|9.65E-01
17 0.0025 0.2 7 1.03E-04| 2.851 2.262 4.125 5,515 |6.82E-05]|6.65E-01| 5.470 |8.18E-05|7.98E-01
18 0.0025 0.3 10.9 |1.02E-04] 2851 3.000 3.698 5515 |6.82E-05| 6.69E-01| 5.488 | 7.60E-05|7.46E-01
19 0.0025 0.4 151 |1.00E-04| 2.851 3.524 3.395 5,515 |6.82E-05]|6.79E-01| 5.501 |7.21E-05|7.19E-01
20 0.0025 0.5 19.8 | 1.00E-04| 2.851 3.930 3.160 5,515 |6.82E-05]|6.79E-01| 5.511 |6.93E-05|6.90E-01
21 0.0025 0.6 25 9.97E-05| 2.851 4.262 2.968 5,515 |6.82E-05|6.84E-01| 5.519 |6.70E-05|6.73E-01
22 0.0025 0.7 31 9.97E-05| 2.851 4542 2.806 5,515 |6.82E-05]|6.84E-01| 5.526 |6.52E-05|6.54E-01
23 0.0025 0.8 38.1 |1.00E-04| 2.851 4.786 2.665 5,515 |6.82E-05]|6.81E-01| 5.532 |6.36E-05|6.36E-01
24 0.0025 0.9 46.8 |1.01E-04| 2.851 5.000 2.541 5515 |6.82E-05|6.77E-01| 5.537 |6.23E-05|6.19E-01
25 0.001 0.1 84 1.01E-04| 4.074 1.000 4.133 5.528 |6.48E-05|6.40E-01| 5.443 |9.15E-05|9.04E-01
26 0.001 0.2 17.4 |1.01E-04| 4.074 2.262 3.404 5,528 |6.48E-05|6.43E-01| 5.474 |8.07E-05|8.00E-01
27 0.001 0.3 27.2 |1.01E-04| 4.074 3.000 2.977 5.528 |6.48E-05|6.39E-01| 5.492 | 7.50E-05|7.40E-01
28 0.001 0.4 37.7 |1.00E-04| 4.074 3.524 2.674 5,528 |6.48E-05|6.48E-01| 5.505 |7.12E-05|7.12E-01
29 0.001 0.5 49.4 |[9.98E-05| 4.074 3.930 2.439 5,528 |6.48E-05|6.49E-01| 5.514 |6.83E-05|6.85E-01
30 0.001 0.6 62.6 |1.00E-04| 4.074 4.262 2.247 5528 |6.48E-05|6.47E-01| 5.523 |6.61E-05|6.60E-01
31 0.001 0.7 77.6 |1.00E-04| 4.074 4.542 2.084 5,528 |6.48E-05]|6.47E-01| 5.529 |6.43E-05|6.43E-01
32 0.001 0.8 95.2 |1.00E-04| 4.074 4.786 1.944 5.528 |6.48E-05|6.48E-01| 5.535 |6.28E-05|6.28E-01
33 0.001 0.9 116.8 | 1.00E-04| 4.074 5.000 1.820 5.528 |6.48E-05|6.47E-01| 5.541 |6.14E-05|6.13E-01
34 0.0005 0.1 17 9.99E-05| 5.000 1.000 3.588 5.537 |6.23E-05]| 6.24E-01| 5.446 |9.05E-05|9.07E-01
35 0.0005 0.2 35 9.83E-05| 5.000 2.262 2.858 5,537 |6.23E-05]|6.34E-01| 5.476 |7.98E-05|8.13E-01
36 0.0005 0.3 55 1.01E-04| 5.000 3.000 2431 5.537 |6.23E-05|6.19E-01| 5.494 |7.42E-05|7.37E-01
37 0.0005 04 76 9.91E-05| 5.000 3.524 2.128 5.537 |6.23E-05]|6.29E-01| 5.507 | 7.04E-05|7.11E-01
38 0.0005 0.5 100 1.01E-04] 5.000 3.930 1.893 5,537 |6.23E-05|6.19E-01| 5.517 |6.76E-05|6.72E-01
39 0.0005 0.6 126 9.99E-05| 5.000 4.262 1.701 5.537 |6.23E-05]|6.23E-01| 5.525 |6.54E-05|6.55E-01
40 0.0005 0.7 156 1.00E-04| 5.000 4.542 1.539 5.537 |6.23E-05]|6.23E-01| 5.532 |6.36E-05| 6.36E-01
41 0.0005 0.8 191 1.00E-04| 5.000 4.786 1.398 5,537 |6.23E-05| 6.23E-01| 5.538 |6.21E-05|6.21E-01
42 0.0005 0.9 234 1.00E-04] 5.000 5.000 1.274 5.537 |6.23E-05]| 6.21E-01| 5.543 | 6.08E-05| 6.06E-01
Max  7.56E-01 Max  9.65E-01
Min  6.19E-01 Min  6.06E-01

-A2 (4)




JNC TN9400 2003-036

A2-1(3) P=1x10"

. . Pfisi(F) . Pfisi(F)

No. POD n0 Pfisi ql g2 a3 F Pfisi(F) IPris F Pfisi(F) IPiisi
1 0.01 04 1.7 9.54E-06| 1.000 3.524 5.057 5.959 |1.11E-05|1.16E+00| 5.929 | 1.26E-05|1.32E+00
2 0.01 0.5 2.3 1.05E-05| 1.000 3.930 4.817 5.960 |1.11E-05|1.06E+00| 5.936 |1.23E-05|1.17E+00
3 0.01 0.6 2.9 1.03E-05| 1.000 4.262 4.621 5.960 |1.11E-05|1.08E+00| 5.941 |1.20E-05|1.16E+00
4 0.01 0.7 3.6 1.03E-05| 1.000 4.542 4.455 5960 |1.11E-05[1.07E+00| 5.945 |1.18E-05|1.14E+00
5 0.01 0.8 4.4 1.02E-05| 1.000 4.786 4.312 5.960 |1.11E-05|1.09E+00| 5.948 |1.16E-05|1.14E+00
6 0.01 0.9 54 1.02E-05| 1.000 5.000 4.185 5.960 |1.11E-05|1.09E+00| 5.952 |1.15E-05|1.13E+00
7 0.005 0.3 2 5.28E-06| 1.926 3.000 4.840 5959 |1.11E-05(2.11E+00| 5.939 |1.21E-05|2.29E+00
8 0.005 0.4 3 6.58E-06| 1.926 3.524 4.530 5960 |1.11E-05|1.69E+00| 5.947 |1.17E-05|1.78E+00
9 0.005 0.5 4 6.91E-06| 1.926 3.930 4.291 5960 |1.11E-05|1.61E+00| 5.953 | 1.14E-05|1.65E+00
10 0.005 0.6 6 1.14E-05| 1.926 4.262 4.094 5960 |1.11E-05]|9.72E-01| 5.958 |1.12E-05|9.81E-01
11 0.005 0.7 8 141E-05| 1.926 4.542 3.929 5960 |1.11E-05|7.85E-01| 5.962 |1.10E-05|7.79E-01
12 0.005 0.8 9 1.09E-05| 1.926 4.786 3.785 5.960 |1.11E-05|1.02E+00| 5.966 | 1.08E-05|9.96E-01
13 0.005 0.9 11 1.07E-05| 1.926 5.000 3.658 5960 |1.11E-05|1.03E+00| 5.969 |1.07E-05|9.96E-01
14 0.0025 0.2 3 8.44E-06| 2.851 2.262 4.749 5959 |1.11E-05|1.32E+00| 5.945 | 1.18E-05|1.40E+00
15 0.0025 0.3 5 1.02E-05] 2.851 3.000 4.313 5960 |1.11E-05[1.08E+00| 5.956 |1.13E-05|1.10E+00
16 0.0025 0.4 7 1.04E-05| 2.851 3.524 4.004 5960 |1.11E-05[1.07E+00| 5.964 |1.09E-05|1.05E+00
17 0.0025 0.5 9 9.80E-06| 2.851 3.930 3.764 5.960 |1.11E-05|1.13E+00| 5.970 |1.07E-05|1.09E+00
18 0.0025 0.6 12 1.14E-05] 2.851 4.262 3.568 5960 |1.11E-05|9.71E-01| 5.975 |1.04E-05|9.14E-01
19 0.0025 0.7 14 9.50E-06| 2.851 4.542 3.402 5960 |1.11E-05[1.17E+00| 5.979 |1.03E-05|1.08E+00
20 0.0025 0.8 18 1.09E-05| 2.851 4.786 3.258 5.960 |1.11E-05|1.02E+00| 5.983 |1.01E-05|9.28E-01
21 0.0025 0.9 21 9.35E-06| 2.851 5.000 3.132 5960 |1.11E-05[1.18E+00| 5.986 |9.97E-06(1.07E+00
22 0.001 0.1 4 1.14E-05| 4.074 1.000 4,798 5959 |1.11E-05]|9.77E-01| 5.948 |1.16E-05|1.02E+00
23 0.001 0.2 8 1.02E-05| 4.074 2.262 4.053 5.959 |1.11E-05|1.09E+00| 5.967 | 1.08E-05|1.05E+00
24 0.001 0.3 12 9.07E-06| 4.074 3.000 3.617 5960 |1.11E-05[1.22E+00| 5.979 |1.03E-05|1.13E+00
25 0.001 0.4 17 9.54E-06| 4.074 3.524 3.308 5960 |1.11E-05|1.16E+00| 5.986 |9.95E-06|1.04E+00
26 0.001 0.5 23 1.05E-05| 4.074 3.930 3.068 5.960 |1.11E-05|1.06E+00| 5.993 |9.71E-06|9.28E-01
27 0.001 0.6 29 1.03E-05| 4.074 4.262 2.872 5960 |1.11E-05|1.07E+00| 5.998 |9.51E-06|9.22E-01
28 0.001 0.7 36 1.03E-05| 4.074 4.542 2.706 5.960 |1.11E-05|1.07E+00| 6.002 |9.35E-06|9.05E-01
29 0.001 0.8 44 1.02E-05| 4.074 4.786 2.562 5.960 |1.11E-05|1.09E+00| 6.005 |9.21E-06|9.05E-01
30 0.001 0.9 54 1.02E-05| 4.074 5.000 2.436 5.961 |1.11E-05|1.09E+00| 6.009 |9.09E-06|8.94E-01
31 0.0005 0.1 8 1.14E-05| 5.000 1.000 4.272 5959 |1.11E-05]|9.77E-01| 5.966 |1.08E-05|9.52E-01
32 0.0005 0.2 16 1.02E-05] 5.000 2.262 3.526 5960 |1.11E-05|1.09E+00| 5.985 | 1.00E-05|9.82E-01
33 0.0005 0.3 25 1.02E-05] 5.000 3.000 3.090 5960 |1.11E-05|1.08E+00| 5.996 |9.58E-06|9.36E-01
34 0.0005 04 35 1.04E-05| 5.000 3.524 2.781 5.960 |1.11E-05|1.07E+00| 6.004 |9.28E-06|8.92E-01
35 0.0005 0.5 45 9.80E-06| 5.000 3.930 2.541 5960 |1.11E-05|1.13E+00| 6.010 |9.05E-06|9.24E-01
36 0.0005 0.6 57 9.80E-06| 5.000 4.262 2.345 5960 |1.11E-05|1.13E+00| 6.015 |8.87E-06|9.05E-01
37 0.0005 0.7 71 9.91E-06| 5.000 4.542 2.179 5960 |1.11E-05|1.12E+00| 6.019 |8.72E-06|8.79E-01
38 0.0005 0.8 87 9.84E-06| 5.000 4.786 2.036 5961 |1.11E-05|1.12E+00| 6.023 |8.59E-06|8.73E-01
39 0.0005 0.9 107 9.89E-06| 5.000 5.000 1.909 5961 |1.11E-05|1.12E+00| 6.026 |8.47E-06|8.57E-01
Max  2.11E+00 Max  2.29E+00]
Min  7.85E-01 Min 7.79E-01

-A2 (5)
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A2-1(4) P=1x10°

. . Pfisi(F) . Pfisi(F)

No. POD n0 Pfisi ql g2 a3 F Pfisi(F) IPris F Pfisi(F) IPiisi
1 0.01 04 0.8 1.01E-06| 1.000 3.524 5.787 6.505 |1.20E-06]|1.18E+00| 6.484 |1.31E-06|1.29E+00
2 0.01 0.5 105 |1.01E-06| 1.000 3.930 5.537 6.506 |1.20E-06]|1.18E+00| 6.483 |1.31E-06|1.30E+00
3 0.01 0.6 132 |9.90E-07| 1.000 4.262 5.334 6.506 |1.20E-06|1.21E+00| 6.482 |1.32E-06|1.33E+00
4 0.01 0.7 1.64 |[9.93E-07| 1.000 4.542 5.161 6.506 |1.19E-06(1.20E+00| 6.481 |1.32E-06(1.33E+00
5 0.01 0.8 2.02 |9.99E-07| 1.000 4.786 5.012 6.506 |1.19E-06]|1.20E+00| 6.481 |1.32E-06|1.32E+00
6 0.01 0.9 248 |9.97E-07| 1.000 5.000 4.880 6.506 |1.19E-06]|1.20E+00| 6.480 | 1.33E-06|1.33E+00
7 0.005 0.2 0.73 |9.89E-07| 1.926 2.262 6.018 6.505 |1.20E-06(1.21E+00| 6.492 |1.27E-06|1.28E+00
8 0.005 0.3 1.14 |9.89E-07| 1.926 3.000 5.565 6.505 |1.20E-06|1.21E+00| 6.490 | 1.28E-06|1.29E+00
9 0.005 0.4 159 |9.93E-07| 1.926 3.524 5.243 6.505 |1.20E-06|1.21E+00| 6.488 |1.28E-06|1.29E+00
10 0.005 0.5 209 |9.99E-07| 1.926 3.930 4.994 6.505 |1.20E-06(1.20E+00| 6.487 | 1.29E-06(1.29E+00
11 0.005 0.6 2.65 |1.00E-06| 1.926 4.262 4.790 6.506 |1.20E-06]|1.19E+00| 6.487 |1.29E-06|1.29E+00
12 0.005 0.7 329 |1.00E-06| 1.926 4.542 4.618 6.506 |1.20E-06|1.19E+00| 6.486 | 1.30E-06|1.29E+00
13 0.005 0.8 4.04 |[9.99E-07| 1.926 4.786 4.469 6.506 |1.20E-06(1.20E+00| 6.485 |1.30E-06|1.30E+00
14 0.005 0.9 496 |[9.97E-07| 1.926 5.000 4.337 6.506 |1.20E-06]|1.20E+00| 6.485 |1.30E-06|1.31E+00
15 0.0025 0.1 0.71 |1.02E-06| 2.851 1.000 6.249 6.504 |1.20E-06(1.18E+00| 6.499 |1.23E-06(1.21E+00
16 0.0025 0.2 147 |1.01E-06] 2851 2.262 5.475 6.505 |1.20E-06[1.19E+00| 6.496 |1.24E-06|1.23E+00
17 0.0025 0.3 229 |1.00E-06] 2.851 3.000 5.022 6.505 |1.20E-06]|1.20E+00| 6.494 | 1.25E-06|1.25E+00
18 0.0025 0.4 319 |1.00E-06| 2.851 3.524 4.700 6.505 |1.20E-06[1.20E+00| 6.493 |1.26E-06(1.26E+00
19 0.0025 0.5 418 |[9.99E-07| 2.851 3.930 4.451 6.505 |1.20E-06[1.20E+00| 6.492 |1.26E-06|1.27E+00
20 0.0025 0.6 5.3 1.00E-06| 2.851 4.262 4.247 6.505 |[1.20E-06(1.20E+00| 6.491 |1.27E-06(1.27E+00
21 0.0025 0.7 6.58 |1.00E-06| 2.851 4.542 4.075 6.505 |1.20E-06[1.19E+00| 6.491 |1.27E-06|1.27E+00
22 0.0025 0.8 8.08 |9.99E-07| 2.851 4.786 3.926 6.506 |1.20E-06]|1.20E+00| 6.490 |1.27E-06|1.28E+00
23 0.0025 0.9 9.93 |1.00E-06] 2.851 5.000 3.7% 6.506 |1.20E-06|1.20E+00| 6.489 | 1.28E-06|1.28E+00
24 0.001 0.1 2 1.45E-06| 4.074 1.000 5.531 6.504 |1.20E-06| 8.29E-01| 6.506 | 1.20E-06|8.24E-01
25 0.001 0.2 4 1.30E-06| 4.074 2.262 4,757 6.505 |1.20E-06|9.24E-01| 6.502 |1.21E-06|9.32E-01
26 0.001 0.3 6 1.15E-06| 4.074 3.000 4.304 6.505 |1.20E-06|1.04E+00| 6.501 | 1.22E-06|1.06E+00
27 0.001 0.4 8 1.01E-06| 4.074 3.524 3.982 6.505 |[1.20E-06|1.18E+00] 6.499 | 1.23E-06|1.21E+00
28 0.001 0.5 10 8.76E-07| 4.074 3.930 3.733 6.505 |1.20E-06(1.37E+00| 6.498 |1.23E-06|1.41E+00
29 0.001 0.6 13 9.46E-07| 4.074 4.262 3.529 6.505 |1.20E-06|1.27E+00| 6.497 |1.24E-06|1.31E+00
30 0.001 0.7 16 9.22E-07| 4.074 4.542 3.357 6.505 |[1.20E-06|1.30E+00| 6.497 | 1.24E-06|1.35E+00
31 0.001 0.8 20 9.70E-07| 4.074 4.786 3.208 6.505 |1.20E-06]|1.23E+00| 6.496 | 1.24E-06|1.28E+00
32 0.001 0.9 25 1.02E-06| 4.074 5.000 3.076 6.505 |[1.20E-06(1.17E+00| 6.496 | 1.25E-06(1.22E+00
33 0.0005 0.1 3 6.15E-07| 5.000 1.000 4.988 6.504 |1.20E-06[1.96E+00| 6.510 |1.17E-06|1.91E+00
34 0.0005 0.2 7 8.72E-07| 5.000 2.262 4.214 6.504 |1.20E-06]|1.38E+00| 6.507 |1.19E-06|1.36E+00
35 0.0005 0.3 11 8.89E-07| 5.000 3.000 3.761 6.505 |1.20E-06[1.35E+00| 6.505 | 1.20E-06(1.35E+00
36 0.0005 0.4 16 1.01E-06] 5.000 3.524 3.439 6.505 |1.20E-06[1.19E+00| 6.504 | 1.20E-06(1.19E+00
37 0.0005 0.5 21 1.01E-06| 5.000 3.930 3.190 6.505 |1.20E-06]|1.18E+00| 6.503 |1.21E-06|1.19E+00
38 0.0005 0.6 26 9.46E-07| 5.000 4.262 2.986 6.505 |1.20E-06(1.27E+00| 6.502 |1.21E-06|1.28E+00
39 0.0005 0.7 33 1.01E-06| 5.000 4.542 2.814 6.505 |1.20E-06[1.19E+00| 6.501 | 1.22E-06|1.20E+00
40 0.0005 0.8 40 9.7E-07 5 4.785579| 2.664768| 6.505204 | 1.2E-06 | 1.234648] 6.500733| 1.22E-06| 1.257391
41 0.0005 0.9 50 1.02E-06 5 5.000001| 2.533156| 6.505266| 1.2E-06 | 1.172533| 6.500199| 1.22E-06| 1.197033
Max  1.96E+00 Max  1.91E+00]
Min  8.29E-01 Min 8.24E-01
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A2-1(5) P=1x10"

.. .. Pfisi(F) L Pfisi(F)

No. POD n0 Pfisi gl g2 a3 F Pfisi(F) IPris F Pfisi(F) IPiisi
1 0.01 0.8 0.936 |1.00E-07| 1.000 4.786 5.678 7.141 |8.95E-088.94E-01| 6.987 |1.68E-07|1.68E+00
2 0.01 0.85 1.037 |1.00E-07| 1.000 4.896 5.592 7.141 |8.95E-08|8.94E-01| 6.973 |1.78E-07|1.77E+00
3 0.01 0.9 115 |1.00E-07| 1.000 5.000 5511 7.141 |8.95E-08| 8.95E-01| 6.960 | 1.87E-07(1.87E+00
4 0.005 0.5 1 1.10E-07| 1.926 3.930 5.793 7.141 |8.92E-08]|8.10E-01| 7.095 |1.08E-07|9.80E-01
5 0.005 0.6 1 5.43E-08| 1.926 4.262 5535 7.141 | 8.92E-08(1.64E+00| 7.053 | 1.28E-07|2.36E+00
6 0.005 0.7 1 2.84E-08| 1.926 4.542 5.317 7.141 |8.93E-08|3.14E+00| 7.017 | 1.48E-07|5.22E+00
7 0.005 0.8 2 1.22E-07| 1.926 4.786 5.129 7.141 |8.93E-08]|7.32E-01| 6.987 |1.68E-07|1.38E+00
8 0.005 0.9 2 6.58E-08| 1.926 5.000 4.962 7.141 | 8.93E-08(1.36E+00| 6.960 | 1.87E-07|2.85E+00
9 0.0025 0.3 1 8.42E-08| 2.851 3.000 5.966 7.142 | 8.90E-08(1.06E+00| 7.212 |6.70E-08|7.95E-01
10 0.0025 0.4 1 3.12E-08| 2.851 3.524 5.559 7.142 |8.90E-08]|2.85E+00| 7.146 |8.77E-08]|2.81E+00
11 0.0025 05 2 1.10E-07 2.851 3.930 5.244 7.142 |8.90E-08(8.08E-01| 7.094 |1.08E-07(9.81E-01
12 0.0025 0.6 2 5.43E-08| 2.851 4.262 4.986 7.142 |8.91E-08[1.64E+00| 7.053 | 1.28E-07|2.36E+00
13 0.0025 0.7 3 9.56E-08| 2.851 4.542 4.768 7.142 |8.91E-08]|9.32E-01| 7.017 |1.48E-07|1.55E+00
14 0.0025 0.8 4 1.22E-07 2.851 4.786 4.579 7.142 |8.91E-08( 7.30E-01| 6.987 | 1.68E-07(1.38E+00
15 0.0025 0.9 5 1.28E-07| 2.851 5.000 4413 7.142 |8.91E-08]|6.94E-01| 6.959 |1.88E-07|1.46E+00
16 0.001 0.2 2 1.64E-07| 4.074 2.262 5.813 7.143 |8.87E-08|5.41E-01| 7.305 |4.58E-08|2.80E-01
17 0.001 0.3 S 1.45E-07| 4.074 3.000 5.239 7.143 | 8.87E-08( 6.11E-01| 7.212 |6.70E-08(4.61E-01
18 0.001 0.4 4 1.27E-07| 4.074 3.524 4.833 7.143 |8.87E-08]|6.96E-01| 7.145 |8.78E-08|6.89E-01
19 0.001 0.5 5 1.10E-07| 4.074 3.930 4517 7.143 |8.88E-08|8.05E-01| 7.094 |1.08E-07|9.81E-01
20 0.001 0.6 6 9.37E-08| 4.074 4.262 4.260 7.143 | 8.88E-08(9.48E-01| 7.052 |1.28E-07(1.37E+00
21 0.001 0.7 8 1.16E-07| 4.074 4542 4.042 7.143 |8.88E-08| 7.66E-01| 7.017 |1.48E-07|1.28E+00
22 0.001 0.8 9 8.90E-08| 4.074 4.786 3.853 7.143 | 8.88E-08(9.98E-01| 6.986 | 1.68E-07|1.89E+00
23 0.001 0.9 11 8.75E-08| 4.074 5.000 3.686 7.142 | 8.88E-08(1.02E+00| 6.959 | 1.88E-07|2.14E+00
24 0.0005 0.1 1 2.30E-08| 5.000 1.000 6.243 7.144 |8.84E-08|3.85E+00| 7.464 |2.39E-08(1.04E+00
25 0.0005 0.2 3 6.93E-08| 5.000 2.262 5.263 7.143 | 8.85E-08(1.28E+00| 7.305 |4.59E-08|6.62E-01
26 0.0005 0.3 5 8.42E-08| 5.000 3.000 4.690 7.143 | 8.85E-08(1.05E+00| 7.211 |6.71E-08|7.96E-01
27 0.0005 0.4 7 8.55E-08| 5.000 3.524 4.283 7.143 |8.86E-08[1.04E+00| 7.145 |8.78E-081.03E+00
28 0.0005 05 10 1.10E-07| 5.000 3.930 3.968 7.143 | 8.86E-08( 8.04E-01| 7.094 |1.08E-07|9.82E-01
29 0.0005 0.6 12 9.37E-08| 5.000 4.262 3.710 7.143 |8.86E-08(9.46E-01| 7.052 |1.28E-07|1.37E+00
30 0.0005 0.7 15 9.56E-08| 5.000 4542 3.492 7.143 |8.86E-08]|9.27E-01| 7.017 |1.48E-07|1.55E+00
31 0.0005 0.8 19 1.05E-07| 5.000 4.786 3.304 7.143 |8.86E-08|8.47E-01| 6.986 | 1.68E-07(1.61E+00
32 0.0005 0.9 23 1.00E-07{ 5.000 5.000 3.137 7.143 | 8.86E-08 8.87E-01| 6.959 [ 1.88E-071.88E+00
Max  3.85E+00 Max  5.22E+00|
Min  5.41E-01 Min  2.80E-01

-A2 (7)
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A2-2
P 1.00E-03 1.00E-04 1.00E-05
a b a b a b
100 3.87E-02 | -1.15E+00 | 7.84E-02 | -1.32E+00 | 1.65E-01 | -1.41E+00
200 191E-02 | -1.16E+00 | 4.06E-02 | -1.25E+00 | 7.62E-02 | -1.16E+00
400 9.42E-03 | -1.17E+00 | 2.09E-02 | -1.19E+00 | 4.33E-02 | -1.28E+00
1000 3.77E-03 | -1.17E+00 | 8.40E-03 | -1.19E+00 | 1.83E-02 | -1.18E+00
2000 1.67E-03 | -1.06E+00 | 4.18E-03 | -1.18E+00 | 9.26E-03 | -1.17E+00
P 1.00E-06 1.00E-07
a b a b
100 3.62E-01 | -1.38E+00 | 7.24E-01 | -1.75E+00
200 1.90E-01 | -1.26E+00 | 4.51E-01 | -1.37E+00
400 9.90E-02 | -1.19E+00 | 1.88E-01 | -1.55E+00
1000 413E-02 | -1.12E+00 | 8.69E-02 | -1.12E+00
2000 1.92E-02 | -1.26E+00 | 3.89E-02 | -1.39E+00
A2-3
al a2 bl b2 b3

1.E-03 4.73249 -1.0401 6.98E-08 | -9.66E-05 | -1.14E+00

1.E-04 | 7.22E+00 | -9.79E-01 | -8.58E-08 | 2.33E-04 | -1.31E+00

1.E-05 | 1.22E+01 | -9.44E-01 | -8.24E-08 | 2.47E-04 | -1.34E+00

1.E-06 | 3.30E+01 | -9.74E-01 | -2.26E-07 | 5.17E-04 | -1.39E+00

1.E-07 7.33E+01 -9.85E-01 -4.15E-07 1.02E-03 -1.76E+00

-A2 (8)
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0.6
O 1/c=100
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