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Table 1. Desired life time in years for various
structures and systems.

Structure year
Nuclear power plants 30-40
Offshore platforms 20
Highway bridges 50
Office buildings 20-30
Commercial ships 20
Reactors for chemical industry 10-20
Automobiles 6-10
Seto bridge 100
Tokyo bay bridge 50-100
Floating airport 100
High level radioactive waste storage 300-
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Test UNCERTAINTY GAP (30-300 years)
Data CHALLENGE TO DESIGN

m—

o Infegriy/Sofety (How strong Is it ?)
a Durabliity (How long will it last ?)
a Retiobility (Are you sure ?)
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Fig.1. The design challenge. Schematic illustra-
tion of the time gap between design data and
desired service life.
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Fig.2. The design problem and need for mechanis-
tic/probabilistic models.
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Fig.3. Reliability assessment and life estimation
based on the probability distribution.
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Fig.4. Weibull plots of cumulative probability of
SCC failure time of 17Cr-11Ni stainless steel
in boiling MgCl, solution.
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Fig.5. Effect of CaCl, concentration on the proba-

bility distribution of SCC failure time of
Type 304 stainless steel.
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Fig.6. Exponential probability distributions of field
failure time of SCC observed for stainless
steel heat exchanger tubes in the chemical
plants using industrial water.

€8 T T . v

EGP ]
v oLt 1
=33
282F ° 1
n ic X . N

10" . v —_

SUS 304

1’}F Estimated failure 373K.200MPa |
w time in the field
d:. ‘\
Eng T . —e—~ With a crevice |
E . —o0~ Without
5 N
2 10
s10}
H

1

10

1 —

0 10 20 30 4 50 60
CaCty , mass
Fig.7. The shape parameter and median failure

time of SCC of Type304 stainless steel as a
function of CaCl, concentration.



M 954 £k $RVol. 81(1995)Nei0

Fig. 6 WIdMbLFTHO THAKEZHC2Z2HOAT v R
BRI O EBOWEREFFH T — X 2T L ICBITH 3
2, ZOEAC LIEESADERD 6, eI R
EOBRKEZ->Twv 3, Fig7212, bitb OB ERSE
RERDFEF L Fig. 6 THATI UICEMFFHF LD FZ R
D, 2 OEBREDRROIMEREIHTHS Z LHREN
T 5. R 6 WOIXHZIRAR » 3K L SCCIERERE X B v T,
27 v RAHDSCCHRW#BIE L, Fig. 6 DEMFHHMH £

gL, ZoFEMES I — b LICEEMEREREDMN
BRI TH S Z LR RLTv 5 (Fig.8). ZDOHA

A B L R R BT RBGOAES S LERER
BT m=10EESAPHBONSE I LHHREINT W 5,
G O R EERERBRE CIT - 1 IERBR I 0T, A
T v AP NIGEDSCCHF T MR TAMm HEd 2
PHGH»IZL (Fig.9), Ly 5 2 —Xgtadlt, 6/a,
P, ABIRTE TR EDMP LA LERABLT
WA G22 Y FIREHEKERIED X 7 2 v AR EA S D
SCCH M NIGE DMz, 2 1260/a=—FDRMRD A
LB ZEEMREL TS,

A 61903 0/a=—F DA, FKEM DFpa ikt T 3
B ORFTREE, F, &

In(F) =In(ty) —In(ag) —In [1—(6/ar/ns) In{1—19)]

- -
0 = ~

LdoT, EBCFHET 2 FEEFREL TV 5 )
tr i BRERIFI, ap b GIZ Z N ETEHEM DALE €5 A~ X 35
SUTRENS X =ZTH Y, n, M ORBAL, y1343
BWURMET H 5, HAEMOTFHLRE L, FTWHMDMEITIC
$oThtar®RKD T L, RHFGOMNBH Iz TIZ,
HHREORBRIE AL, ny, T, —EDRBREEM, tr, #HER
T 52 EIzd o T, Fig 3 i~/ HaikEE, F, %3
TAHIENTS B, ILNLGVE, IBESHICTEI BAIOL
T, SCCRMIHGTAMBRPRERFLES ST A
Fo R NT A=K (@b b i) oL » THMEL, £F6
T 2 ERNTOFG P ERMIIET I E2RA TV 5,
FEHIF AT A DR, Fig. 6 (SR LIeILIA e h #

geat' PA'(304)
ravice free
3r Trapezoidai wave 0,95
[ ]
I
-0.90
2L
T 1w
L
—0.70
1k
-10.50
-40.30
0 L L L. “g. 10
0 500 1000

Time to failure, hr

Fig.9. Exponential distribution for the SCC failure
time observed for Type304 stainless steel in
high temperature and high pressure water
environment.

Y516 N T2 wd’, Staehle 6224z & 2 I REE F 47
(PWR) D# W #7%: F 2 — 7 (Inconel600, Inconel690, In-
coloy800) DIEER AT H £ H 3 115, Steahle b 1, Nv
¥—, 75 VA, BR, 24y, 2Z—FV, TV A
DEFHEERZHML, 36 CABERE» S, BEF
—Z % AF L, 2 Weibullpfiizfied & LT, SCC, ki
Ri81E (IGA : Intergranular atack) % £ 85— FlokH
W # AT, REREDER, BLEP  ay P E—=
7N & BISCCUGHERIRL £ 2 EEMZFEIT L Tw 5,
Fig.1022l3 7 Z > 2 O PWR @ #4 %8 #2 2% (Inconel600,
LTMA : low temperature mill anneal at 980°C) {235 1) %
—KMDSCCHEMIMHT H-> T, DAL bEKR s
B ¥5 X — % (m=4.5) /R T, bW 5 BEREMEE O 5
HTH B MDBNDCTDIEF X —& b BEREPERIOm >
1D ST A—XTHE EIESNTE S, Tl
T b Inconel600D BB W T o — 7 DI AL, BERHS
FERIAY R T 2 BREBPRERTH 2 DT, FRUCER L

® §§ g MgCl,, l25kg load 05MNaCl QO5M NaCl } T;Temp/ K !
£ 3ot 4 ! ®
uw sof o/ . D‘n;‘l 3 / ! D'al ! ! S
e &0} o/l 7 rS | n” I [
5 g J o 1 ) [N
S st £ | I 423 <T<473 LT0A
g zof Y ! 13 ! o ! -3
3 o [ | }/A /o | o l ! e
§ 1o} ! / ! [ 1 ! v !
S m=241 | -8 & m=070! | “a 373<T<422
3 st ‘ im =190 - m=105 4 1 m=1.0 I
2 | ¥ =3150 | | |
@ — | Soiution treated 1 ]
° Sensitized | steel i 1 |
® steel | 1 | 1
5 : 1 ] ! ;
1 !
5 I | | [ !
(83 A A 1 1 L 1 .
10° 105 10° 107 10°
t/ss

Fig.8. Weibull plots for the SCC failure time distribution obtained by various acceleration tests and field failure.

12



80 '
————————— S N P -1 lo.e3
= - --v-j-—- - S Rt atEE SELSRLE R & (-
2 A
_§.10 A
2 et { R B A R SEEPE ---1--{--1-4-1-Ho.05
A
s - [~ —}‘--—--- R F—-—t=-1o- - i740.02
R [ A ] ] ] French Planss | L e
] ! |LTMA Tubing 005
e SEEEERT s - Thot=613°F (323°C)f-—--+--1--t-L —-{440.002
.001 : 2-Parameter Fit
......... L f b b=as theaor | {1 L L 111l o00s
i L :oT_= 0, 'A;RE=17% L L
—————————— -t pr——-—b—i=t—-r-4-4-F 14 o.0002
0001k ﬁ
1 10 100

Service Time (EFPY)

Fig.10. Weibull plot of the SCC failure time obser-
ved for the Alloy 600 heat exchanger tubes
of PWR.

BREDH-12Z LIL, COFHBH» G SBHL»TH 3,
32 GumbelZfICEL ILERS SRR

BHE 204 754 T2, BRI -> TILEYE
C 3%, ZOILBRIMWINESL A 7AEZEET 2 LH
DIFHEIHIZZ b, BEOERPREHFRLE, BAid-
TRRERZFISEITIEIDE, LI >TIDILE
FAEP EMECHET ALYV ELINAT Y5, ILED
R T L AL, BIERIRT v ol EREE
DAL B LHBBINT 2, HORHRZ LILLT
LRI, Z2OESEFb-LIRILIDTHE»G, fL
BESEKNEOWEVEE L L 5,

LERXES MR LT, I ROWESTTH 5 Gum-
belsr i L AT A I PO NTEF Y, Aix Y 2 )&
20D F REHEE 3 & 2 DR EEEDHEE CHNTH %
ZEMHREINTV B,

Gumbel434i 1

F(x) =exp(—exp(—(x—21)/a))

TEING, 22 Ta, ARENEFNNRNES L LE T X
—XTHsb, MR DOCT ML 3L,

—In(—In(Fx)))=x—21)/a

s, —In(—In(F&))) P LTFey b LTHEBRER
5 & 5 HEG T 2GumbelMERH %2 - T, FZHIF—
Z DGumbel 3 A~D@MAMEEFA<SE 2 LT 5 %, Fig.11
B X 2 2 BRI D T OFLRIE SMED 54 # GumbelFE
TRy NLIRBITH B, HEE RT3 D
6EJT— X IXGumbel B HIZHEI 2 b B, 1217 L
Bl OBEEREVPLETH 2, ZILEMOMES L
AP OHMm TR =K (o, VDRWETHI LTSS
B, FEMERC RO ST A — X HEE R, EAMN SN
IRIE, mAE, =X 0 ME, BNV ERRR AR RHEE T
(MVLUE : minimum variance linear unbiased
estimator) X2 EDTHV 65 A BEERDIGA I3

13

SREREEE Y O I S AR S BT AR oER 955 Il

Yy T
0 f Sg 10000
45,006
18
2,000
%9 7 41,000
& Jg 500
£ 5 1%
g ]
g 990 100
g : 4 50
% 95.0 | 3
2 so0f » 110
E 5 45
(3] - 1
500 2
C 0
0.0 F
10 f7*

Maximum pit depth x (mm)

Fig.11. Gumbel plot of the maximum depth of pits
obsirved in the bottom plate of a large oil
tank.

HYICMVLUEEPENT V20T, BREHSEEM
BORGTHHF2OHRE <= 2 7 12T, TOMVLUE
FEPHERELTHEY, COHEPHCT NI A—XEHET
3ara—x27 MEVAN)2OL{ERINLT v 3,
Figll1HDa¥ L FADMEIIMVLUEREZ & » THE LT
%2 FHC TERZS] T2, PO TIREIRAR &£ RiLh,
B LD THEOEMBTAEL 5 LHE SN b ILERKIE
PROLIDIZHCLNE, TbbEERD LY 7 ERE

HPS, 7V X LWL I EO/NEEEARDEIE s b
T5E,
Tzs/s ......................................................... ( 7)

THo, BIFHHE, T, b L b LARLFEDHFTHCLN
TOWIAFETH-> T, BFE BRI N FEENTED S
AP L T, TEBIC I RAECAHEEPHET 0D 128
ABRNIZHETD 5,728 2 F1004E12 1 [BIAEL 2 5B #100
WRERTR LMY,  OECE-T - T DR &S 275
Ffans, WEDHAZIE, AME VY ZOEMRCOVTE
HERET 20TRE L, 2BIEO/NEEIZ >V TOARBE
&R LT, WES NI AEEORKES DT — X9 6
EEROWMTHEL 2 ARILRESHZHEL, ZOfEIcHE

TCTEREZROB L 2N EPLRET 5,

Fig 12I3 3BT . TE R P12 .8F - TREL T, FLE
BAKEZHEEL, ThPHEDP OB EORNEEKE LT
7'y PLIEVDTH-T, K 6 FLEDHEEEILKO0.51
mm/yearTH b, ENDES, ImmPEET 5 DIX17.6
FHREHEI NI, M2 2L DEPHE ST 325,
IHIDV TR LD THRE L THEODTHHI LI,

TEH 6200, IREHERRE 2 IF T 2 R BB AL urh
CHERINARNFZS I 2 v—bF LICHAEDILEDKRE
FRAEMRATE C X > THITL Tv s, WKIREXBEL, M
BOHCO,-, Cl- % & LIEME - T ARRED 2 IR EM



Bl 956 &k & $AVol. 81 (1995)Nal0

15

Nominal thickness of annular plate

-
n

—_
o

Twlomlnal thickness of bottom plate

w

]
1
!
]
[}
t
' ]
! 1
! ]
| :
' ]
1 i
]

Estimated X, (mm)

o
T
(o]

O Bottom plate H
e Annular plate

N\

20 23

1
i
11.6 |
i

H 1 ]
(7.7) 10 (128} 15
Operation time (years)

0 5

Fig.12. Growth of the estimated maximum pit
depth of the bottom plate of the oil tank.
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