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Summary

In the concept of the damage tolerance design, the defects are thought to be acceptable
when the conditions to cause failure are not reached. By this principle, a practical acceptance
standard has been established in Japan which provides the assessment method for weld defects,

based on the COD concept.

But this standard has several aspects to be improved particularly

for lack of careful consideration about probabilistic nature of failure phenomena.
Many factors such as applied load, toughness of the material, fatigue crack growth and

non-destractive methods contribute to the probabilistic aspects of failure.
of those parameters, namely, toughness of the material is considered.

In this paper, one
The purpose of this

study is to clarify the uncertainties included in the present procedure for the assessment of
material toughness 8, and to propose a modified procedure based on reliability analysis.
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Charpy Test
at TeaT°C
(AT=112-C%-5/T)
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COD Test
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COD Test
( 3-point-bending )

o,

t
(tatigued notch)

or
at T-30°C
L (machined notch)

Obtain:  §&¢
minimum of 3 tests End

Fig.1 Procedure for the assessment of
critical COD value at the tempe-
rature of T°C (WES 2805)
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Table 1 Values of shape parameter « and
scale parameter B (§,-distribution)

(BARDFIfED,

material ;)I;iscg— temp. notcﬁ) ’ r:‘ethodﬁl r;ethodﬁll
(mm) | (°C) (mm) {mm)
03 | 4, 7o || fosi | Tosor
-m. -110 270 | 0248 0.251
1 o 242 | 0.718 0.690
th:j 254 | -40 | M | 1.67 | 0.240 | 1.90 | 0.249
-75 1.83 | 0.160 0161
KSD bm.| 254 | -100 | P¢ | 3.01 | 0.364 ——
KSD bond| 254 | -70 | Pc | 2.07-| 0.183 —
-20 191 | 2.067 2.020
SM41B -55 ' F 1.49 | 0-423 | 1.72 | 0.443
bm. | 2001 g 1.83 | 0.178 10478
220 | pc | 3.50 | 2.387 —
-75 222 | 0.231 |- 0.233
HW70 ) 200 | =03 | ¢ | 270 | 0170 230 | 0.166
110 2.1 | 0.039 0.040

") M: machine
F: fatigueé .
PC : precompression
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Fig. 2 Relationship between E[R] and S,
(using Gm)
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Fig. 4 Experimental data of §,(T)~yE
(T4 A4T) relationship
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H/y% Table 2 1R, ABBEERTERBR LD
Foo v —REAK (JIS 48) oG EILe —
FETHRED 1/4 TR Lz, HBREE IS L L BS
EEYRLCEEE T, KAS T2 45°C, 25°C, 10°C,
—5°C, —25°C, WT 60 Ti% —30°C, —45°C, —55°C,
—65°C, —75°C TH - T, APUILELE: 50 K TE B,

Fig. 5(a), (b) wHRBERED—Flx 7T, RERED
HEOHFAS WT 60 Clifli= ¥ — yE 28 30
kg-m Ll EOBELENE DR T, B bbb
L5, KAS IR0 nEESI/ P2, WT-60
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bo X BEERE BEKE 5%) %17 iR T,
T WT 60 O b0 X bk TERAN, S EH S

Table 2 Mechanical properties and chemical
‘ compositions of KAS and WT 60

Mechanical Properties

Chemical Compositions {w. l Vo)
thick- -
materiol fness | Ov | Ov Je L vie | Ws | ¢ fgilmn| pls{calni{v
¢ imm) tn | vor ] eo

|
KAS 20 130 147 |29 | 30 | 20 | 016 | 023 | 078 [0.022(C.004 = 1

W10 | 37 | 57.6 1671 | 28 | -50 | -55 | 010 | 019 | 131 [o01|000¢|0034 027 0.05
_ I
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Fig.5(a) Experimental data of Charpy test
(KAS)

7, 2 f3g Weibull 750 W hic bilig Lich - o
TDX A E b0 XERORBHCIESESMHIEY T
BB, ThbbE=F A —NETETHRERLE=*
AF - B HET D EERD B b HEE Ty v FARHE
FTHEEZ B, EHCRIT= H L F — 1 IEIRICE 2 T
BOEDE MMEE b oL THDOR B RTHBY 2 Lin
5, {HxOBERSMIL 3B Weibull 574 Bk
oo, RERBBBOMICMBERI T #52) &35, #
B, BEME L TKRALE S,

fvEGGE)

5 el

i<vEL7y:

PR ()

| ra-pg(R) el (")

\ P re<vE
(22)
TP 2BOSHIRETAEIAT 0SPS1 ThH
be 713 KAS OB ARE—HLEBEoh20b (22) X
T P=1 EBHE I\,
. &T (22) ROBROWECE L Qlmb#EEET R
Wnnk, WT60 o3fa, vE230kg-m 252 & L
o ToWTF = 2R FETH L, RPN THE
BDIDBONENECE WO RENE LB, fiE B
LT, EEHEGOERNICECHBCORATT— 2D
BFEEY 2 A5, 0 VAEBREYROFICE .

L=C-T1 forED- 11 {(1=FesGED} (28)
Tk, C:ER

XE H150%
15 4
_] Histogram of
»10 Absorbed Energy
g
S
El
WT60 13
Temp.z -55°C % 5
Frequency
23 0 A oli2elslel2 2213w
5 T v 4
10 0 em 20 30
20 -

T

Histogram of
Crystallinity

780

0

100

Fig.5(b) Experimental data of Charpy test
(WT 60)
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20 Weibull EREA~AD 7 = v b & Bh HEEC LD
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FOFIHALTHBH T E2bnh, Fic WT 60 0fF
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Table 3 Values of Weibull distribution
parameter. from method of
maximum likelihood

(v E-distribution)

material | emp-| p P & R o B2 T
ey (kg-m) | fkg-m) fhg-m} ! (kg-m)
45 203 | 33 | 130
25 298| 52 | 70
KAS 10 - | 299) 83| 50
-5 2.22} 45 25
-25 1461 1.6 | 0.5 .
230 | 010 71 | 30 1o | 250
45 | 040 66 |25 15.0 | 200
WT60 | -55 | 065 | 1.07| 45 | 11 [ 157 J 177 | 170
-65 .| 075 ! 29 | 09 | 138 | 120
275 | 1.00 14 | 07
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Fig.6(a) Cumulative Weibull plots of
Charpy energy vE for KAS
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Fig. 6(b) Cumulative Weibull plots of
Charpy energy vE for WT 60
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Fig. 7 Distribution of reliability from Monte-

Carlo simulation
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0.5 DEHNHFHRELTCWEY, 22Tl oHsHok
BETNTHRD, BRO—F% Fig 9 imd, FHLL
l o4h#iiz4e < E[1]=0.02 ©& %%, C.O.Vi 0.5

Var[R]

DIz 0.25 DIEHF LW 0<I<0.4 T— ket 3@
DR THE LTz BRO 2 LA DABERE LR /b
X< R C.0.V=0.25 0BasRs E[R] 3k
Var[R] /S 0 X 5 IfBBIR O RE I OTRFESE
EXxEDIO5CEZLLNE VI LIEERMETH
%o L LEFEILT — 5#*&?%T#ﬁ3@*££
LIl W 7= 2 DRI R B,

“Fig. 10(a),(b) wiEFE Br T E[R] &
scatter factor Sy OEMERTF. VTR D v B 3T
5, n=3, | DHF2C.0.V=0.5Th%o %7 E[R]
—/Var[R] BA#0k & Su R B BL fE b
bo vE OAMBRBERREERO 3R EOERLER
LTWwb, MIThrdk o, WESRETHhSL vE
OHHE L b3 E[R] & Sp oBMRIE—EL s
b TWwh (REBRIIZ Do DGR LI ), =D
BHRTAHLIAIEETH S, Tihbh, T ZTORY
W TER SN SEEEYRIET 2000 (24) K
TEHEIND Sp OEXRETHIE] THH, BEE
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= 07 (&)= 2.0
g n=3 (v :mean)
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. 05f VE: TET WT60 Temp.s-65,-55,-45C

& g S50
W o4k —F— KAS Temp.:-5,10,25°C
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I
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4] 1 2 3 4 5 6
’ Se
- Fig. 10Ca) Summary of calculation results

showing E[R]—Sg relationship

101

otge) = 2.0
n=3 (E mean)
t cov:05

- /Var(R}

VE T wis0 Temps-65,-55.45°C
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©
o

o
i

TIT KA Temp.s-510,25°C
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Fig. 10(b) Summary of calculation results
showing E[R]—Sg relationship

ROWIBEIIE—FEMCERIND, HHWIEEOLA
NDOBRELIBETH- T, TOfEEL Sp DEEFEN vE
DIEBLOEBHENKEL BB L b bTRELT
WD ESFETFRE ThD. bbAANEE TER
THIE vE O ET 525, ZOBAIREN EHE
Wi D3 E AT, R Lick S wBRBAR e T
ECHBENZAL DRIV,

ECHFTD WES 2805 0 RE IR T 5E BE O
TE% 5, ABRECHY +AC—REBENLD vE L LT

ED LS X B2 EECR R BTy,
BERITUL vE OBBHEL DFLE DR AHEEN S
THHIZENDRT, IABREOFHELEZ TI
ThHAH5, £5T%H & Fig 10 © Sp=1.0 & Fh ¥
@=2.0 ¢ E[R]=0.68, a=3.0 ©« E[R]=0.73 52
Echb, COD ZxFEHi+ 584 (E[R]=0.75) &
FERUCEECEBEELXR L TCVAZ Ldibid,

6 BRR COD EFHEFIEORE

HEEFCOERYEELT, EEMTHFMHEMHLD
Oc EFHEFIEXRET %, 3 COD REA Ei T 545
FiL, WHRETHRETIA (BB 03 ARy
T, EHUROGEE Wells o, GRITHE), #BK
)R OB A Available COD fEICHET 5, (15) =
o TBREEL, BELL E[R] v <A cHis
3% scatter factor S; Dffisx Table4d X b 3L kb 5
T (16) R XY X OMBOEME 6. &35,

Yy BB DBRET D HEL 4T (=112—0y0
—5/%)°C BEIEVT3IER G 0RBEITVWED
S b, BB L DBk & o T v ECkg-m)
%3k, Tabled OB ELL E[R] w55 S
DEXET 248 RTTOMBOPMEE 6 (mm) »18
B

LlExFsdT7r—F +— b+ 0T Fig. 11 1R
T

BRI OFBEOMBEALY T LD THEL, HLi
v LY —ENBEETHROHMOREEL 725 E[R]
OELSBEERCRITHZ EThHbH, Thikx & L THE
ROTREEREYFEDLT <72 —2 IO KR (2T
13, E[e]=0.02, C.0.V=0.5 OIE#EHH) »HZYr
E3mEnd ZEIERL WA, ZOMIC2WTE,
L DF—sDEBY T TTHEERLYHETTLHZ
L, XLEEEOIWHE XA BN ENBD, 0D
E[R]3, Z0B%RCTH % CHBOOEDDERE L
TELBRELDTH D, H21, O O Lo
HEORBBanBED L ZAMER L » Ton b Bk &
APBETKRVWEWSI T ET, ZOFRDWTLTF -

Table 4 Values scatter factor for reliability

levels

EIR] S s
() tot=2.0 [ol=30 jX=2.0 |et=30
g5 4.40 2.68 41 31
90 3.05 2.10 2.6 2.0
80 2.08 1.63 1.5 13
70 1.62 1.38 1.1 09
60 1.34 1.22 0-8 0.7
50 1.13 1.09 0.7 0.6
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COD Test
Possible?

Charpy Test
at T« ATC
(aT=112- 0y~ 5/T)

}

COD Test Calculate: 'fE
{ 3-point-bending) mean of 3 or more
at T°C tests
3 ormore tests
'(machined fatigued )
notch ( notch
Calculate : Obtain:

Available COD Scatter Factor Sg

using Table 4

Calculate: 3
using eq.(15)
v
Obtain: N:
Scatter Factor S¢ §c =001
using Table4
¥
Se=5g +(End

“Fig. 11 Procedure for the assessment of
critical COD value at the tempe-
rature of T°C

ROEEIBETHS 5o LirL, WEV~ALD RN
BOWE L LCHIZERER T a=2, BTl a=
BETBIINEZTOHS D

TOXOIEREAOMBEANFET SR X, BT
OHETITHETH - LFIEOEEMEN, 0L
FEL SN EDEBIKEVWER bbb, DK
scatter factor DEAIR Y » TEH B EIILDbR
3, TORABERAEVEEX bhb, SHILZOED
Fw KM AT A 2FIRRL, W OREL I
BRROWTE L HI LRI T, LY EEEE
BHEL TV ZENDBBETHD, TORDIIIEL D
AREEBRORBFHEOMIL E L DER LD T — %
DEFYBNETHE R by,

1 %

AR B LR RERY DTWENT %,
1) B ORI 1T 5 T I (EERH D &
DENATHOTHEEEREZ A L1 L, TORRWFE

B

BRTEEDCBAHREOEEEYEEL

2) v =R R UF —([HOE D0 A E
B X DB bt Ui, ARER TOHRAMEITI T,
BREM 3 % Weibull /47, 60kg #&is RIMIES
77 f3 Weibull 555 & L3 BT T
3) scatter factor OEAIL L b, BIEDOIEHUEE
EFEIEE L v SEARSDOREBEL S

Bt 2

AR o—E3, HOURE GES, BE ¥ &
KB OWMEBOFHELERILE L UTHI DT
BB Fl, AWEIEK L THE~ DR IHREED
SE EREAKEYRUDETHERBRERSS
M4 WSDR ERLORARKM, Xbit, BHAEGRF
LGERREEELE—-NHELOERASMICE EKHOE
®ET 5.
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