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Specimen No. | diameter Thickness time temperature pressure stress
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No. 1 89.1 5.5 41 80 0.68 92

No. 2 89.1 5.5 41 80 0.68 92
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Number of inspectors Number of inspection points Inspection method

No. 1 24 322 uT
No. 2 24 322 uT
No. 3 22 143 UT, DG

UT, Ultrasonic thickness measurement.

DG, Depth gauge.
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Variable Mean Coefficient of variation Distribution
RSF 0.694 0.08 Normal
oy 368MPa 0.06 Normal
Papplied MAW P, 0.1,0.2,0.3 Gumbel

(RSF, =0.9,0.8,0.7)
D 89.1 - -

te 5.5 - -

M AW P, is calculated by Eq. (3.5)
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go0obooboobOobo0oobOOoboo0ooDoooOoboooDobobbooboOoboog
goo0ooboobobooobOobooboooobobooooDoboooOooOoboOooon
go0d0obOoobOoOOoooO0oooOooboO0ooO0ooooobOoOOoDoooboOobooOgo
OO0D00O0O00O (Load and Resistance Factor Design, LRFD) 0 0 0O OO0 OOODOOOO
go0o00oOdo0OooOOoboo0o0OOooobo0ooooDobOoobOOooDOooOoobOoOoon
0000000000000 00000DO0000O00O0DO00DO0DbOOoO00DOOoOOOn
0000000000000 00O00O00D00DO00O00o0D0ooOO0ooDooOooDOoon
0000000000000 00O0000DO0DO0bO0o0oOoD0ooOoDOOooooOoDoOn
00000000oooooooo

0000000000000 000b000000000OBS79100 API579-1/ASME FFS-
1000000000000 b0o0ob0ob0bOooboUonAPIS79-1/ASME FES-1 Part 9 O
00000000 (Fracture assessment diagram, FAD) 0 0 0 000 00000000000
ooo0oboooboooobobooboobobooooooobooboboboooooDo
0000000000000 000000 (Coefficient of variation, COV) O 0.10 0.20 0.3
0000000000000 0ODODOODODNVRPR-IO1O000O00DOO0DODODOO
ooo0odooooooobobooobOob0obOoooooDobOobooOOobobooon
goo00obOdobO0o0ooOOobO0dbOoOobOOobOoob0OooDoooDoboooOOooDOoboon
00000O00obO0bO0o0bOoooobOdboooOobOoboooOobOOoooOoooon
O0000oooooooooo

0000000000000 0DO00D00DO0DO0000D00O0D0oOO00ooOooDog
0000000000000 0bO000O0DO0000DO0oDO00D0ooDOoooOooOoon
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gboboboooooooooooboboboboboooobobobobobDoon
gooobooboobooobooboobooboobooboobuobobobobobooo
gbobogbooogoboboobobooooooboobooooboobooooboboon
googbooboboobooogboobooogboboooooooboboon
googboboooboboooooboboobobooobooobooboooooboobooon
gboobogbooboobobbooboobuoobooooboooobobooboo
ugbooobooboboboboooboobobbobooboobooboboooboo
ubboooboogbooboo
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gboobobooboobobooobooboobooboobooboboboooboooboo
gooobo@uboboo)booboobooob 200000 H-LOOODOOODOH-LO

oooooonoD gX, X2, ,X,)=00000000000000O00O00ODOOOO

, X; _:uXi .
X (=12 .m 5.1)

0000000000000 00000000DO000D0000000000 (x7*,x5%,- -+ ,x,")
000000000000 DOO00DOO00ooOx*00000DO0O000ODOO0O0DOO
ooboob pgp 00000000000 0ODOODOOODOOOODOOOODOObODOODOO
oO0C0COCOOOOO0O00OoooOooooDOOOOoOoOoOoOoDOx*0O00O000DO0O0OO

aU00000 pppUOO0OO0O G2)0O0D00OO00O0O0
0G.1)HO0O0G2)000000000000000000x*00G3)0000000

x;=px;, —@iox,fu. (i =12,---,n) (5.3)

goboooboobobooobo2220000000000000000DO00DO0OODOOO
gboodguogbgobogobobbooboobuooboobooooboboboboboo
uboooboouoobooobdoboobooboboboboboboboboboboooboo
ubooobooboboobobooboooboobooboooboobobobobooboo
ubboobooobobooboobbooboobbooboo
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gooobooobooobooboobooboobooboon yobog o4O
goboobogoobg

SYIHX, Y2l Xy 5 YVilx;) > 0 (5.4)

oboobobobobob 40 bbob0obUobUobUobUobOobOoDOoDOon vy,
oobboooboooboooboog oo ¢G3boobboooboobooobooon
goooobogoo

Yi = ’u—l =1- a’iVX,-ﬁHL (l = 1,2,‘ o ,}’l) (55)
Xi

O0O00OVx, 00000 (Coefficient of variation, COV) 0 O O O

vy = HXi (5.6)

‘T ox,
o¢s5ooooboooboobooboobbobb eedbbobooobooobOoobn
gbodobobooboboobobobouoboboooobbobooboobobao
oobooobo0oooooboboobob0o0obb0odb «000O0OOAPIST9-1/ASME
FFS-1Part 90 000000000 DO0ODO0OOO0O0OO0O0O0000000O00O0ODbOODbOD
ubooobooboboboboboobooooobobobobobooboobooooboooooboo
uboobooobooboboboboobooobooooboboboboobooboooboooooboo
gboooboobooboooboobooboboobboboobooboooboooooboo

gooooboobooboobod

53 Jddoooooood

531 0O0O0O0ODOO0ODOO

gobooboobooobooboooDobobooobDoboooDobobboobDuboo
oboooooooogoooobooboooooobobobob saooooooooo
goboobO0ooooobooooobobooboooboobooboooboobooboooD
oo0oo0o0oboobOooOooboooobooboooobobOOoooobOooDoooooD
goo0oboo0OOooOoboo0OOooOoboooOobOobOoOoooOooDOooooooon
OO0O00000O0 (Second-order reliability method, SORM) O D O OO OODOOOOOOO
go0o00oOdo0O0ooOobodboOobOOobOoooOOooDOoboooOobOOoooOoobooon
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X,'A
g(X")<0
x"* (Design point)
Bur
g(X")=0
gX)>0 o
First-order approximation
0 >

Xl,
Os1:000o0obogooogogoon

Uboooboobob00Breitung 0000000 0DOOO0OOODOODOODOODOOOODO

OO0D00O0OD0Breiung D OO O DOOOO
n—1
Po ~ ®(=pu) | |1+ prx) ™7 (5.7)
i=1

ubobobooob booboobooobooboooooboooooooooboooooad
gbobogoboobobooobooboobbooboobobooboooonbooobooan

A —xI| =0 (5.8)

gooorogooooodioA00ddol oy 0000000 (n-1)x(m-1)000

00000000
(RDR");

T W)
gboo0poOOobOO0bO0obOobO0ob0oboooobDobDobD0bDOrnxed0OODOODODO

Lj=12-,n-1) (5.9)

U0000O0ORDO Gram-Shmidt D OO0 0DO00000DO0OO0OO0DOODOODOODODOO

532 OO0O0O0O0OOO0OOOOOObDOOobOoOoDO

goboboobooogoboboobogoboboooooobobooooboboo
gbooooooboboooooboboobooooboboooobooobobooon
goboooogos20o0bogs2boobobooboogob20000b0o0oboood
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obobooboooooooooooooooooooooooooobobon4bo000
goboobooobobooboobooboogbooboobsaoobobosabood

0s51:00000000000000000

000 |000O0oo oo ooooooo
I 00000 |00000000000 | FORM > SORM
I 00000 |00000000000 | FORM < SORM
I ooooo ﬁ(1+,3HLKi)>1 FORM > SORM

o
VI ooooo l_[(1+,3HLKi)<1 FORM < SORM
i=1

gooooobooobbooobbooobobooobbooobbooobboon
gooI1oboobmoooobobobooobobobooboboboobobonoo
goboobooboobooo nooboo ivooboooobooobooboooobga
googobooooboboboobooboboooooooboobooobobooobooon
gbobobooooboobooboobooboboboboooobobobgn o O
gbobooboobooooooooono ¢sy)ubte; bO0DbO0DbODbLODbODODbDODbO
gboogboboboobobuoobobbobooboobobooboobooooboo
gboogboobod

533 00OOO0Od

goboobooooboobodbuoboboboboooooboooo s3uboboobooog
goobooobobooboobobbobooboboobooboobobobooboo
gbooobobobobobooooboobobooooboboboboboooo 20000
googboboooobobooobooooooboboooboobobooooooboooon
gbooobobooooboooboboooooboooboobobooos3sogooobooon
gboboooooooogoooboobobobobobobooboboooo4b0b0DbO
gbooobobooboobooboobobobobobooboobooboboboooboo
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( Start )
:

Define the limit state and variables.

|

Prepare the stochastic properties of random
variabloes, and decide the target reliability.

!

Compute partial safety factors.

{

Calculate the sensitivity for partial safety factor

{

Evaluate the applicability of the partial safety
factor using the threshold of the sensitivity.

I
C  Ba )

0s53:0000000
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goooooboobooboobobbobooboobobbooboobooboboo
goobooobooboobobbooboobobooboboobooboboboobo
googoboooobobobooboobooboboboobooobobooboobobooon
gbobooobooooboooooobooboooooboboboob

54 00O

541 00O0OO0O0OO

gobogoobooboobboobuoobbooboobobooboobboooon

G(X1,X2,X3) =

(1.2X; = 20)% + (X2 — 30)% + 100 — X3 (5.10)

ooboo20000000b000bDb0b00bbo0bbO0bOoobOoUDOoOs200000
gobooboobbooboboobooobooboo

0s52:.0000000040

ugoo g ugboog

(Uxs Mx20 1x3) | (Vx5 Vx,, Vi)
1 (60,2,2305) (0.075,0.2,0.1)

2 (22,14.5,200) | (0.075,0.2,0.1)

542 0O0O0O0OOOOOOOOOOOO

gobobobooobooboboooboobooboooobooboboboooooboboo
oboobonoojooooobd HL-RFODOODOODOODOODOO0O Ss300000 5.3
gooobobooooboobbobooooboboooobooboboooboooboobooon
obobooboobobobooboy,b14000000D0ODO
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053:0000000000000000000

0D00 |00000,Ba | DODO Oooooon
Y1,72,73)

1 2.325 1.00 x 1072 | (0.85,1.02,1.11)

2 2.315 1.03 x 1072 | (0.95,1.41,1.07)

543 0000000

gs3000b0ooobooooooobooobooooboos4bobbbs400O
gbobooboobooooobooooooooogo200b0ob o400 0Db0O N0
gooooostibiboboboooboobooboobo2b00bobobobooooon
opooboobooooboobooobooboboooobobooobobooooobobooooboboon
gbool1gobgooobgooboboboobooobuoobooboooboooboobobooonoo
goooboobobooboboobooobobboboooobooboooboobo
googobooboobooooo

0s54 0000000000000
b0 | 0000, kmax

1 0.025

2 0.144

544 U00O0OOOOOOOO

gbooobobooobooboboobooboboboboooobooboboboon
uboobooobooobooboooboobboobobooboobooboobobooooboo

2 2 2
J() (B 2n) s
0-X| O')(2 0'x3

googooo
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U000Ax,Ax,Axz) DO0DDOO0O0O000D00000000000000(ux, +Axy, ux, +

Axs,ux, +Ax3) 000 (512 0000000000000

(1.2y1 X1 —20)% + (y2X> — 30)> + 100

~3X3=0 (5.12)

gooobooboboooobooboobobboboboobooboobobo
gobooboobobooobooboooboobooboboooobooboobooboon
gboboboboobobooboboobo

obo0o10bobooboobos40000b20000000000OsSS500000
5400 55000000000000000000O00DOOOOO0OODOODOOODbDOn
gobooooooogbsbob Ga2)boooooooboob oo ogoboon
ubbodbboHLbOboobbooboooboooboobbooboboooobooon
gbooooooooogoobogoob s4b00b0ooooooboDoboobobOobOoDbo
gboboobooboooboobobooooooboboboooossobubuAx O™
ljboboboooboooooo1bobobobobobobobbobooooboOoo
goooboooboobooboobobooboooobobooboobooobooboo
goo

5.5 04

gbooobobooboooboobobobooboobobboobooboobooboboon
gboooobooboobooooo

e JODOOOUOLODOOODOODDOODOOODOOUODLDOOOLODOODDOODOD
gbobooobuoobboobbooboooboobbooboooboaobdgd
gboboobboobouoabboobuobboobuodobooboboobooon

e 3000 200000D0ODOO0ODLDODLDOOLOUDUODOODUDUODODDOD
gboogooboobboobbooboooboobbooboboooboooba
gooobobooboobboobooboboobobooboooboo
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Probability of Failure
0.01005 0.01007

0.01003

054 00000000000 AODODODODOD@EOOD

3.0

Probability of Failure
0.0115 0.0120

0.0110

0.0105

Oss:0000000b00b0AxXO0noogoooo@oon 2
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6.1 OO

gboobobgboobuooboobuobboobooboobobobobooboaon
ubboobogboobbooboo

gboobobboobooboobobooboboobooboobobobooboan
uboooooboooboooboobobobobobobobobobobbooboobooao
uboooboboooboooboobobooboobooboboboobooobooooboooboo
gbooobooobobooboobooboobooboooboboboboboooboo
ubooobooboobooboboboobooboobooboooobobobooooboo
gooobooobooboobgoobobooboobobobobooboobobooboo
goooboobobooboobooboboooboboobobooboooboobo
gooobooboobooboooobboboobooboboobooboobobo
ooooon

62 UUU00O0OOOOOOO

gbobobobooooobobobobooouoooobobobobonoooboo
API579-1/ASME FFS-1 Part 500000000 O0O0O0O0ODOOOO MAWPODOODODO

goooobomMAwWP O0DOODOODOO

RSF
MAWP, =
RSF,

a

MAWP, = MAWP for RSF > RSF, (6.1)

MAWP for RSF < RSF,



U600 OUOODUOODODODODODObDODObDObDODO 99

goobomAWpPOUOODOODOODODOODOOOODLOODDOODOODLDOO

Tanlc

MAWP = ————
R+ 0.6¢,

(6.2)

bbb, 0000000000000O00O000O0p00000000, 000000
uborRO0OO0O0OO0O0OO
RSFOODOOOOOOOOODOODOOOOOODOOObOObOOOOoOOobOOoooOOooDa

oooOoooooo
Ry
1-R
1 - t
M,
00 00OM,00Bulging factor 0 0 Foliasfactor O DO OO0 O0OOOOOOOOOOOO

RSF = (6.3)

gbobooboogobogd

M, = 1.0010 - 0.0141951 + 0.290901% — 0.096420% +
0.0208902* — 0.00305401° + 2.9570 (10—4) 20
~1.8462 (10—5) A7 +7.1553 (10—7) A8 - (6.4)

1.531 (10—8) 2° + 1.4656 (10—10) 10

gboboRrOA0D0DO0ODOODODOOODOODOODODO0OOODODOOOODOOODO
gbooboobooboobbooboooboo

Ro=-m -~ —© (6.5)
tc
1.285s
A= 6.6
Do (6.6)

pObOO0OsOOODOODOODmyUDDOODODOODOOOOOFCAOODOOOOO

gbobooboobooobob Gorooboooooooon

FCA=C,-T (6.7)

g@nHoooo rRSFR,O00000000O00O0OC0O0O0O0DOOOODOODOODOOO
gboobogbooboobobboobobooboobooboobobobooboo
gboboboooogobooooobob 3gbooooooooooboboooobooon
000000 bDO0ODAPISTO-IJASMEFFS-100000000000000000O0

ubooobooboboobooobooboooobobboboobooboboboboaon
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gooobobbooboobobobooobogpooboooboobobboobogoDoboOooD
gooobobobogooboobooboobooogboboobDoobobboobDubooo
UboobobobobOobOobOobObOAPIS7T9-1/ASMEFFS-10 000000000
googboboogobobooobobooooboobooboboooooobooboon
gbooooboboboooboboooooobobobobobooobobob 2000
gboboooboobooooooboooooooooooooooooooog

e JOUODO@CMOUDLO)OODOODOODODODODODOODODDOODOD4ODOD
ooooooooooogo s

e J0ODUOODDOODOODLOOODOODDbDOODO?2
e JOODODODODODODODODODODODODODO 09

ugboooooboboooboboooboboobobooobobooobobuoooboboon
ubooobooboboboboboobooobooobobboboooobooooboooooboo
uboooboobobobooboobooboooobobbobooboobooooboooooo
oboboobooooobon
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631 UDO0O0O0OOOOOOOODOO

dododobootdouoooouoooouobooouoooooon
g:RSF'Pbi_Papplied (6.8)

O000Pappliea OO0 O0O00O P, O Svensson [18] 0000000000 O0O0O0O0O0O
gbobogbobobod(bubbobobuooborobuoobooboboobooboboo
ugoo

e\" 0.25 2t
”bi—(;) (m)ln(“ﬁ)"u 6.9)

goooooogbobdbelbboooooobooboobobobobobob
coobooobbodmmU2000000000000000 BmmOOOoOOoOoooo0OO

ooboobood BmmUOUO0O0oOooOOoOooOOoooooboobooboooooooboon
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oboboboboboobooobobooobtbe2bbdebbobubobUObDbObDOoOD
gooobooboboooboobooboorogbooboobobooobobooooDo
gobooboogboobooooobooooboooobooD ppe0000O0D0O0
gobobooboooobooogooboobobbob0 HL-RFOOODOOOO0OOD0OO
0000000 00bO00bO0b00DO00Rackwitz-Fiessler 0 OO0 OO0 OO [110]

ubobooobodb ppp0O0oobooobbobooboobod pO0DOOOOO

P = ®(—BuL) (6.10)

ge1:000000000

oo 00d oooo o000 |00
C, 0.12[mm/y] 0.10[mm/y] | - Type I
fmm 10, 12, 14[mm] | 0.4[mm] - Normal

Piappica | 1.08[MPa] - ; )
oy 400[MPa] - - i

n 0.2 - - -
D 2400[mm] - - -
trd 15[mm)] - - -

s 300, 1200[mm] | - - -

0e62:.0000000

CaseNo. | D000y | ODOOO s
1 14mm 300mm

2 14mm 1200mm

3 12mm 300mm

4 12mm 1200mm

5 10mm 300mm

6 10mm 1200mm

000000 22x10°3000000000000000000000000O0OOO
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000000000000 63000000000000022x10800040000
oooobooooD 1 smmUO00000000O0O0OO0O0O0OO0ODO0O80O0O0O0OODOO0ODO
uboobooobooboboboooboobooooboboboboboobooobooooboooooboo
gboboobooboobboobooboboobooog

e JOUODODODODODODODODODO 11.61 ~11.89

e JI0DOOOUOODOOODOOODDOOLDODOOLDOOLDOOODO0.96~0.99

oood

ge3:00dpnopoobooogon

CaseNo. | ¢, 00000 | munOO0000 | 000000 |ty ODOODOODO
1 -0.996 0.088 11.89 0.99
2 -0.992 0.123 11.89 0.98
3 -0.993 0.116 11.75 0.98
4 -0.989 0.150 11.83 0.98
5 -0.988 0.154 11.72 0.97
6 -0.980 0.198 11.61 0.96

gbooboboboobooboobobboboobooboboboboboobon
goooboobooboboobooboobobboboobobobobobobooboo
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e JO0ODO @WOLODL)ODODODODODODODODODOD 1
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ubooboobobooboboboobuooboADDooobooooboooboooobonog
ooooboobooBObOObOD4s500000000O0OD ADDODOOOODOODO
oboobobobboed4bboOOO

ge4 000000 0ODOODOODODODODODODODODODOODOO

CaseNo. | 000000 (A) |0000O0O0@OOD0OO)| 000000 (B)
1 7.80 720 8.10
2 750 6.9 0 8.10
3 6.70 6.20 760
4 6.10 560 320
5 550 500 3.00
6 480 430 00O

ed4b0000IDOOO0OATODODOOOODODODOLODODOOOODODOO
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