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Structural Integrity Assessment Based on Failure Assessment Diagram

Yun-Jae Kim
SAFE Research Center, Sungkyunkwan University
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Failure Assessment Line (FAL)
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Ligament plasticity, S, =P/P,
Fig. 1 Schematic illustration of FAD according to R6 Rev. 3
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Step 1 | Determine Tensile Properties ]
Step2 * | Draw FAD Diagram, K,=(L) |
Step 3 [ Categorise stress/Characterise flaw |
Step 4 I Determine fracture toughness, K,MJ
Step 5 | Calculate K=K/K, | ]
Step 6 l Calculate L =P/P, |
Step7 [ Plot point(s), (K, L,) |
Step 8 [ Assess significance of results |

Fig. 2 Flow chart of FAD based assessment
3.1 9F B9 2

4 24 EE g4 342 ol83ld FADE H4ely] AaNE dHes
T8 A=el ASH-AAHE ITdol ojor wrh web Amel . FEFT
AAFEFS 4T ATHA 4 142 ol §ste] FADE FA4 Bt

3.2 FAD9 ZHA]

Az A EHAE o]&dd 4 1 (3 3) B 34 2 (3 @) FADE



2ol 9ok 34 3 FADE AFEEHE T, M stnat st 79 FEEo U3
g4 FFeLdYd T o2 AFd 34 A 9s A" LHEL
o] g3} 2] (59 Y73t FADE FAE 5 gt

TZE4 #E3e I}5E 1% ﬂ%‘(primary load)® 23} 3}%(secondary
load) o2 BRI 15 FFe F= W $H(internal pressure), &3 29E (bending
< 71AA 3}F(mechanical loading)>.2 TEREEL A4 B

olz2A ¥ F v dFolth oo wrdl d3}F(thermal loading), &8I} FSH
s I AAE:E TEEY 24 FIAE dosA gorz 24 dFe=

o =
PR EY 44 FzEAN 2AHE 799 4L 0 23 A9
Bonz o2 A3 #rle A 4sprlt odn)h malA FADA 9@ 7Y HA

H7HE AdME 2dE TEY ¥4 o) st oF o

AM7e =3 AAMXE ASTM Standard’?, British Standards’P5 9] z=oj
AAE K, J. & CTOD (crack tip opening displacement, 8,)238 Hxlo] ula}
ARG dB4e A Z2AY RS2 ey e AL A8 Algg
A A (K E HBST}

EJ, 1.5E0,0,
Ky =K, s K = (1_—2_)  Konar = __(:;7)_ (7

v
ANE K, 52 BAE 2@ we} ol & ok,
35K.9 AA

solM ZAE FAAEAE ol 85t A (Dol we #E FEREY K
At #d 229 FHIWAFE dId TEEY FEY A, &F
3o dis] A=EMY Fygz gL st AXHA gemz o]z o]gstdo
44 7 5 Aok

3.6L,2 A%

Le a9 7229 24 @A 353 F2E A& 14 3139 vz
Aojdn. 23k dF e FXEY A4 B L "AA gon, nat L9
AA] XFEA ettt TE TREY WA IFL A5 FEREA A

HlEstER B A4S AT dted FEZE g AMESTh
— 40 —



3.7 H7bEe] AR 79 ¢4 Bt

3547 368014 249 K3 Latg AHEstd Fig 19 FADYel H7HdEE
TG web Wrbgo] FALS uiRe] glew kdstn Hrkd & 9l
Hrrdo] FALY ¥l EAEA HW 1 TREES SAHSA ¥ F Avhn
374,

4. @A 2 FADS EAH

HZ Z+E Byt Z=o) FADYF €38 HEH3 ot Ase] wE A
2 A Fz 3F 249 oEg 59 B& AdEojor & ol AU WA
g2 FADE A8 7% B3 AFo] wet o FFAe] dioeE RAolnh
durd oz Age M A AFL A F AR vdE F dvk 9A, g
QAHUOEREL A4 71F %3 A% (continuous hardening)S X | ™ (Fig.
8a), AAe FADE °l¥ AFEolE= ZF gt AT Z Fd 24 HF

o (Liders straime] JERFE Agoly 4P PAFY £ Yo Aol 2
oA k. D FATEBAAT SNTAPANE @A 44 @d G0
Yehbe Azel g 5o 2RS4 142 A7 9% A7E B 6
lov], J@AUET A aH] FHABI ATAE (I3 SAFE AT AENAH =
oedet AR e A2 &4 143 24 AN A ATE WY Fol
=

N Fa® eat P ATE 24 A AFE FASE
FAFEY 2ol 1 A9 EIAOE A A A A Tt EAL
ASde o Fad 942 diFdch o#E@ SHRlAM AT SAFE
AFME N A AR o] AR FF F A ZZ58}F(optimised reference load) 7]18FS] 7R A
2+ 732 ¥ (enhanced reference stress method)!'*'"& 7]&9 FzFHP J4T
FADH O &g AT & dvkes HAAM Frgstd & 5 Atk

FuEH

“Assessment of the integrity of structures containing defects,” CEGB Report R/H/R6,

1976; Revision 1, 1977; Revision 2, 1980

[2] R6 Revision 3, “Assessment of the integrity of structures containing defects,” British
Energy Generation Ltd., Amendment 10, May, 1999

[3] V. Kumar, M.D. German and C.F. Shih, “An engineering approach for elastic-plastic
fracture analysis,” EPRI-Report NP-1931, EPRI, Palo Alto, 1981

[4] R.A. Ainsworth, Y.J. Kim, U. Zerbst, and J. Ruiz, “Driving force and failure assessment

—
—
—



diagram methods for defect assessment,” Proc. of OMAE 98, OMAE 98/2054, 1998
[5] Ré6 Revision 4, “Assessment of the integrity of structures containing defects,” British
Energy Generation Ltd., 2001
[6] SINTAP Final Procedure, Brite Euram Project, BE95-1426, 1999
[7] APl 579, “Recommended practice for fitness-for-service,” American Petroleum
Institute, 2000
[8] M. Bergman, B. Brickstad, L. Dahlberg, F. Nilsson and I. Sattari-Far, “A procedure for
safety assessment of components with cracks — handbook,” SA/FoU Report 91/01,
ABSvensk Anlidggningsprovning, Swedish Plant Inspection Ltd., 1991 :
[9] BS 7910, “Guide on methods for assessing the acceptability of flaws in fusion welded
structures,” London, British Standards Institution, 1999
[10] R.A. Ainsworth, “The assessment of defects in structures of strain hardening
materials,” Engineering Fracture Mechanics, Vol. 19, pp. 633~642, 1984
{117 RSE-M Code, 1997 ed. and 2000 Addenda, “Rules for in-service inspection of nuclear
power plant components,” AFCEN, Paris
[12] “Standard test method for measurement of fracture toughness,” ASTM E1820, Rev. A,
American Society for Testing and Materials, 1999
[13] “Method for determination of Kjc, critical CTOD and critical J values of metallic
materials,” BSI 7448 Part I, British Standards Institution, London, 1991
[14] Y. Murakami, “Stress intensity factor handbook, Vols 1-3,*1987, 1992
. [15] T. Fett and D. Munz, “Stress intensity factors and weight functions,” Computational
Mechanics Publications, Southampton, UK, 1997
[16] YJ. Kim, N.S. Huh and Y.J. Kim, “Enhanced reference stress based J and crack
‘opening displacement estimation method for leak-before-break analysis and
comparison with GE/EPRI method,” Fatigue and Fracture of Engineering Materials and
Structures, Vol. 24, No. 4, pp. 243~254, 2001
[17] Y.J Kim, D.J. Shim, J.B. Choi and Y.J. Kim, “Elastic-plastic analyses for surface
cracked plate under combined bending and tension,” Journal of Strain Analysis for
Engineering Design, 2002, 37(1), 33-45.



