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Fig.2.2. Optimization algorithm by HL-RF method
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Table.3.1. Probabilistic model of the basic variables
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Fig.4.5. Acceptance criteria based on reduced permissible maximum allowable working
pressure( MAWP,) for each MAWP /P4

Table.4.1. Specification of the pressure vessels used in Sumitomo chemical Co. Ltd.

N
EHSE| AED | EAE |REHAE| WEE | RORE mrmi] | REHES | RANE
pa gk BRENRE REAH|MAWP/Pd
No. fnom td 1TJIS) o R¥n Pd
u MAWP

mm mm mm - MPa - °C MPa MPa -
1| 2400 45 43 | SPV235 | 400 0.1584 90 2.29 351 153
2| 1300 12 10 | SM400A | 400 0.1584 150 098 152 156
3| 3400 16 14 | SM400B | 400 0.1584 165 059 0.82 139
4| 2400 15 13| SM400B | _ 400 0.1584 165 059 108 182
5| 875 37 35 | SM400A | 400 0.1584 175 1.75 763 4.36
6] 3050 39 37 | SGV480 | _ 480 0.1374 25 2.05 287 128
7| 3125 34 32 | SGV480 | 480 0.1374 ~45 225 243 108
8| 3125 35 33 | SGV480 | 480 0.1374 -30 225 2 50 111
9| 2300 34 32 | SGV480 | 480 0.1374 100 265 3.28 1.24
10] 1250 19 17 | SGV480 | 480 0.1374 100 274 3.21 1.17
111220 21 19 | SM490B | _ 490 0.1745 100 2.45 3.75 153
12 3100 37 35 | SM490B | _ 490 0.1745 100 2.06 273 132
13] 1700 28 26 SPV315 | 490 0.1745 101 3.45 3.68 107
14] 3400 38 36 SPV315 | 490 0.1745 160 23 256 111
15] 1890 28 26 | SM490B | 490 0.1745 175 1.72 3.32 193
16] 1890 17 15 | SM490B | 490 0.1745 175 1.72 193 112
17] 2400 14 12| SPV315 | 490 01745 205 052 122 234
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Fig.4.6. The ratio between Maximum Allowable Working Pressure(MAWP) and design
pressure(Py)

43 0OO0O0OO
431 DOOODOOOO

gooooobbbobbbboobobbbbbbb b0 oouoooboon g
gogooooad

g=R—-1L (4.11)

RO LOOOODOODOODOODODOOODOOODODO.OO0DOOD gOO0ODOODOO
ggodobooobobtboddooo.ooooo gobbbbbbbobooooooobooboo
gogoboboogobbboooobobboogoboboboooooboooobboooooboo
00000000000 RODODODODOODUODOOODODODO LOODDODODODOD
ggobgbooooboboa

g = Pbc - Papplied

= RSF - Py — Papplicd (4.12)

ooboooobooobooD R OODOODODODODOD PyOODOOODOODOODO
000000 RSFOOOOUOOODOOOOP,ppiea DO00DO0O00OO0O0.000000000O
P, 000000000000 Svensson 00O [21]00000



46 040 O0O0OOO0OOODOOOODOOOOOODObOOOnO

ext [ 0.25 24
Pi:<—> e P 4.13
N (n+0.227)“<+p)”“ (4.13)
0000t 000000DpD0O00000O0O00e, 000000 OOO0ODOOOOOOOO
00000000000 6, 00000 ¢, 0000000 (3000000

2 3
1413495 (20) - 53117 (22 ) +2.9643 (2 )
n= - - - (4.14)
1.1249 + 11.0097 (g-) —11.7464 (g—>

432 OO00O0O0OO0OO0OO0OO0O

dooooobbooooboooooooooooooooooboooobboO e,0oon
000000 t,mOOOOO0O000000 sO00000 Pappiea d 50000000000
0000000000000 4200000000000000000000000 400
O0o000o00o0o0o0oo0o0ooooDOooDOoDOoDO0oDooooooooooOn FCADO
gobooogobooooobooooob oo oooooboooooon
gooooobbbobboooooooooooboobob b oo ooouoooooo
00o00oDo0oooooooooooooooo cov=0.100200300000000000
000000000000 00000oooooooog SMTSO Specified Minimum Tensile
StrengthO 0000000 tu00000000 41000000000000000000O00O
0000 Pypiea 0000000000000 O0O0O00OC0O0O0OOO0OOOOOOOOOO
000 Pp000000000 P4004230000000000MAWP/20 MAWP OO
gooooooo

0 (410)00 (41)0(4.2)00000000000000000000000000000
U0 twn 0000000 sddogooooooobobood

0.955k7p (1= 1//T+ 079357/ Dty )
tam = td 4.15
1—0.955/+/1+0.79352 Diq (4.15)

0000000000 sO000000 (4.15)0000000000000000 ¢ty 000
000000000 Omm] 00 50mm|0000000000O000OOO 0000000
odo0D00oo0oooDOoooOooOo pooOooon

0000000000 Newton-Raphson 000000000 DOO OO 0O HL-RFO Hasofer-
Lind, Rackwitz-FiesslerD O [16, 17/ D00 00 gumbel 00000000000 Papplied U
00000000 Rackwitz-Fiessler 00000000 [177000000000HL-RFOO



44 0O0O0OO 47

Table.4.2. Parameters in the modeling of the burst limit state

Variable Distribution Mean COV™2
Ultimate tensile strength, o, Normal 1.09SMTS™ 0.06

Design thickness, t4 Normal Actual data (Table4.1) 0.03
Remaining thickness, tm Normal From eq.(4.15) 0.100.200.3
Length of corroded area, s Normal Change 0.100.200.3
Applied pressure, Papplied Gumbel Py =MAWP /20 MAWP™ 0.03

1 SMTS=Specified minimum tensile strength
2 COV=Coefficient of variation

3 MAWP=Maximum allowable working pressure

dofdoboooooooooooobooboobooobooobooobooooooooo
000000000000 SQPO Sequential Quadratic Programmingd 000000000
0000000000000 00000oo0o0oo0oo0oDooDonoDonMCSO Monte Carlo
Simulationd OO0 O0O0OO0O0OO0O0OOOO
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Fig.4.7. (a) Corrosion assessment curve and (b) corresponding reliability index
(MAWP /P3=1.6, COV (tmm)=0.2, COV(s)=0.2, Pressure Vessel No.1)
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Fig.4.8. The reliability index calculated by HL-RF method, sequential quadratic pro-
gramming method and Monte Carlo simulation method (MAWP/P3=1.6,
COV (tmm)=0.2, COV(s)=0.2, Pressure Vessel No.1)
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Fig.4.10. Color maps of (a) Remaining Strength Factor, RSF and (b) reliability index,
(MAWP /Pd=1.0)
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Fig.4.11. (a) Corrosion assessment curve and (b) corresponding reliability index for each
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Fig.A.1. Constitution of the reliability analysis program
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