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Three — dimensional Finite Element Analysis and Leak before Break( LBB)
Assessment of Nuclear Piping Containing Creak
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Abstract ; Three — dimensional crack behavior simulation analysis and anti — crack fracture design have
been a main subject in fracture theory and engineering application. Piping system is a key part of nuclear
power engineering. Utilizing the three — dimensional finite element analysis software ANSYS and the spe-
cialized crack analysis programs Franc3D, three — dimensional crack behavior and leak before break
(LBB) case were simulated and evaluated of a pipe with a crack in waste heat exhaust system of China
Experimental Fast Reactor( CEFR ). In fast reactor, the piping is working under a high temperature.
Therefore ,the code RCC — MR. A16 was adopted that is suitable for materials and structural safety design
T91/P91. The analysis model of

pipe section was built in three — dimensional entity structure containing a cracks and the high temperature

at high temperature. Material used in this article is modified 9Crl Mo

and creep effects were considered. The simulation results show that creep contributes more effect on crack
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growth than fatigue. The evaluation results on LBB of studied T91 steel pipe with a crack - like defect can

satisfy the need of LBB design guidelines. The research results can be referenced in pipe material choose,

safety assessment and structural integrity evaluation of a pipe containing defects at high temperature in a

fast reactor design.

Key words ; three — dimensional crack ;creep — fatigue ;leak before break (LBB) ;nuclear pipelines;T91/P91

0 3l

il

Bt 2 T 2 B N BR AR P B 4R T, B
TG A 175 BEIR A T 26 00 FH R BE T 2% A0 ]
A T4 A% H HAT 38 8 A IR AT LR (L
VR 70Tk FE B 20 AT v & SR I 9
Ao A EE 3 5 A v T S A, R
Z5ERE KR, BRERZHEARS, A X
BAEET R N A — HA A R S R R
Hh () T T [

] S 5 3 S 465 DU A A% BiE 2R 4 O 40
TR, B S K 8 Y R SRR S B T 60% ~
T0% , %P AR% L AT 55 5 i AT (W 75 Lo Pl v
RO R SR T B 5 A RN AE
RESN R 50, RS2 A W] SEME 1 B I R 4
PRIOPERE . h T R AR Y B P R 7 A A A
FOFE T W — 99 9% B0 3 A PR 2R ok P 5
b RLE 9 55 4 R I 75 i AR OR R R 4 g
SRR AR R G % 4, R TSI G ik
(LBB) BB X R G AT 0T PEAS AL # {1k
HAEER TS X, E AT LBB 4347 )7 ik
RN AT T8 . Elig
PUREE" O HR0 % HU A T 4T T LBB 4347 ; 4
TERE 4R HRME (SFR) & 20 HL i1 i1 i B 4 1
X LBB 3 AR .

1 LBB S#riFER KR

1.1 LBB#Z 4Rt

LBB 734 i8R H A2 AT I i A |
TFEZE Y M o AT A AT BR— SR
T BB, I HLAN N 48 3 AN K A s 5 17 W
Ao I, REERASY i RO et Al i 2
SURGT TR R LBB 2R MR O N A . FERR
LA BETH R B, LBB 23 A 22 B F— [l

FEE A S, LU s E | A &
RTINS, B0 B IE S5 M 1T LBB 3
SESIHTIN LB AL AR 1

BHERAK 24| |1 RBA K Hr2C
A
AR LK 2L
= i
[wowiz]  (LsBSoyi]

K1 LBB P&t

1.2 LBB 32 4 #72a )

TERE T4 4T LBB 43 My PF o 1 — B A 1B 4
AU AR LBB B2 AT 44 B8 LA R JLAS 25 386t
BB SE LBB iPE"

(1) B JCRELEE M 1 8y R T o e B
FETESS T TO0 R W& Fh i , G S5 N T .
Why g RN T35 THSEAE AR ) 43 A

(2) FAF MR, LBB 434 v 2 228 3|
AR 25 P 5T DA S O s AR At 2, 5 -
TR AR i RAR B RN BH g il £k 55 .

(3) W WL & BRI N, TEHEE
o, — i DA ) Al ) R e B SRRSO £, K
ZHE LD 75 SR BR 1) SRR R DG, B R BR 1)
B BCE fa K, R, — 28 LBB Jrpr 2
J3 S SR R BT BR 1m) 1 51 2 SRR T S

(4 ) T T A4S0 22 8 1) 4 T+ B 5 T 4 DU 7
Jrid RS, Ml A I &R SE 1 43 A g AR
RIS S 1) S D i A B Al O 25 TR SR S0k T
P 2% T RELRE J32 R 9 9 S5 TR 2 A5 i

(5) W AT ARSI T A D0 2R 0 A 00 3] ) /)
GRS, — 10 52 2L

(6) 1€ &A= IR R AL LBURT

.57 .



CPVT B A RITA 5 LBB i

Vol31. Noll 2014

(7) TR T bt s 21 RS AZ B 1]

(8) BEAT S PRAEE PR3 Hr , I W 25 2R B0 1
PFRAR e BB R ASIIR

(9) HEAT e A E PE 20 A, FI i R B 5

(10) X3 Hr 2t b BEAT 2o v 72 , AV BB 2 175 99
/& LBB 21t

2 BRGBFEESEE

2.1 BALLFEEETT R

M I T AR G AR A R I A, AR5 e BOPR
HE R IR R G P 52 B AL ) — BUE
W BRI 1 TSR T R, R R
RS mm F 40 mm, PRHE—BER A
WS EIAEve JI5) , A A il B2 L 42 0 3 i
AR AR . SO SR ARE E RS Ale,
B R AE AL (57 M AL Tr]

XHFH L MG, AL6 b 24 BiE AN 55 )
AARH

§=8,+(8,); +(3,); (D

AP 6 —WIRRECE K, mm
8,8, — K7 WL e AN AL B e
J&  mm
57 2L TERR oy 15 5
(Sﬁ)[:c[ (AKe/])[]” (2)

KL C,n——PO1 WA BFHE. MR AL6 251
(5 %AH,C BL3.36 x 10" | n B
2.63
AK,—F & N J1 9 OBE T &,
MPa « m"? "EARYES A TOLIE R
1) J BUT AR B AT SR
X FURASY e

L+t

(8,); = [ accr)a (3)
A A,q

i

PR R R I Ale, BRI A =
0.00805,¢ =0.75

ORPRSYES L, R A 1 U A 8 1) 3k EE DAy 550
Co ERGREZ T, C" AERFEASRGAL RO C
o MBRBAE A TOUEIR N RSN, €7 B
fEEE. e

Sa; =A(C™)"t, (4)
At BRI ARIEER BT AR a], /g AR

- 58 -

P Lo 1 =14.6 h/Ik
2.2 oMAEK

BRI BB L, 4y WX R 5 44 617 1
A3, Rk 1 S 508  SMME 108 mm , BEJE
4.5 mm, FEACR R R E TR N SN ETS 5
732 00 4 2 BL 78 9Crl Mo 44 ——T91/P91 I
IR, TO1 HAT AU 1 J1 24 MRk, ml LA
FH TS 1) 7 BE L3 % RO DA M R 18
L, HAREF 25" o X T RIR R
3T AL6 1 LBB J34fr 2 29 A 5 (HJE , % T
L R B 9Crl Mo #4441 LBB 43 B £ 438 ik ok W,
WEgEt . o AR TO1 BB 7770 kg/m® 3
PR 2. 18 x 10" Pa, JAFAFLO. 31,

RPHER A L AHE R TR ALK 4 Fp
THLL AR TS HOLE 1Y . Hh g T
AR 1E H 00T A 2 02 4 5 HE b 7R 2K Ao
(SSE) & A,

Rl RERTATHSH
WA | gk

i H WA S|

R/ C 516 250 396 516
M H/MPa 0.46 0.4 0.45 0.6
/N - m | 1075.25 | 239.9 | 454.497 |7524.11

/N - m 2726 477.5 724.8 3127

3 SRYZLPEE LBB S

3.1 FHEAERG N F oM

0E T 4548 43 B I 2 RSB L 50 AH 56 2 5K
J&i 32 ANSYS #fF d ~7 AH R A BR G RYL, JF:
PEATHE 122 o M MR 22 o0 i o A it R
P AR 1 32 F a2 ik AR S B TR it o L 0 25
Iiz PR A R B R AT 5 12 03 M, SR 05 v
Franc3D 3 {6 S arim A BB b, Horp, 24y
TR Jo] 1) B T 28 325 B4, N BE B KB T
JE M 5 mm £ 40 mm,

Franc3D g — AR Lo 84T, k115
CRREE M TEAT T S 2R LA TR L A 25 1 N e
TEARTT 0 ZHER S A 7 75 n) il Bk ]
DA 7 AT A, IR0 2 Fh BT A XS
ZOUX AT IR R o35 R M = B AL A% vk



31 5511 8 Jix

PR

B 264 1

ST AT RN 5 B N, RS 5 B RET
T2 5 | FIBR AR IV B2 W, A7 AR g RORE 0 B2 AL
TIVEIUE 232 1 5o 25 1) — B 18 R85 A
i, ECR IR IE S50 AR R A R AN S 45 A AR )
J7 ik WERRIE 5| A5 RETE N BE 12 B ¢4
KRN FIARLOFR 73 RS I B AR B
AIELIETantE] 2 B CHor, REU B PR R EL,
PHRZRERE a =5 mm) .

K2 &SROV ERRIE AR K

3.2 WA FAM R L At

XF I8 5 A AR BB T, o A I 2 S
MENSEI, M C™ BT B RAE IR 1
TRYWTR 2R, I, H s A ROt L
BEBL, WY Al MR A, 3 ml Dl g
Franc3D & AR T T 2 ardemng J 15 J.
R R BHUE , 20 S RS R )
A AT E T 19 T B0 SRS 4R IR AL6
AT AL . R RS RIS A
G RE 4 F O Jy—a F1 C"—a BILG K
A ITH0 -

Jg = —27872.832 +6.918 x 10°a —4. 097 x

10%¢* +9. 061 x10°a’ (5)
Jo =126.446 +1.994 x 10°a — 1. 060 x

107a* +3.523 x10°’ (6)
Jo = —3739.2238 +1. 112 x10°a — 6. 291 x

107a” +1.473 x10°a’ (7)
Jo = —246734 +9.534 x10"a —9. 394 x

10°a” +3.409 x 10" &’ (8)
C* = -27852 +6.78 x10°a¢ 3.9 x 10°a* +

9.06 x10°a’ (9)

AP R T RECERE, mm
Jsi ~Js, C"——HARL 4 Fh O F BBy

3.3 LBB &4t
3.3.1 ROy ERENITE

WHE(S) ~ (9) 4% 1R AL6 1 AT, 5k, iz
N

Alg =Jg - Js (10)

Alg =Ju - Js (11)

A RIS B S A5 PR 2R M I R T R R A S
B P (S) ~ (9) gt R Al 15 21 2
TESE S5 E PR AT VR F T B0 A5 R 280y g it o
12.24 mm (AES JEIEA I I IEING O T, 753
ARGy 23. 65 mm, AT LA 85 A2
B R S B AT R

27 AL6 PRUEFIZHBTRL A42 1 J, FH Tl
LUK TO 4 TG00 T ih KA 5] dJ/da FI
dJg/da ’hEE, 23522 I 75 20 W9 2 10 A0 52 181 4 ]
3 . AT BEA RSO BEHE N, 2R 80 i
(1 J BUME LI SO i 18] 3 Hsg sl A,
EIE A FLREURE O 53,45 mm,,

A
1.00x 10" L

5.00 x 10’

dj/da / Nem™

dJ/da

0 20 40
i F B R B a/mm

K3 Il S SO BE i 5 T

MAFIAAR R, 23. 65 mm [, AR 4R T 4
R (9) SRAFHRL Y Jg (H N Jg = 130. 85 kN/m,
TEVL R BORAG T, AT L B bR T (R 2 T =
2024.92 kN/m, B F2J5 < Jy, BT AR EHERAE
PE 454 LBB EM 2R
3.3.2 StV R I R I B

ST RS 2 0 T O T R I 8 T LA
PRI 3L 3k 10 ppb A ARHE . BLYE Al6
o R — R 2 - S, =10, BE TR AL
T, S R ERECEK R 9 mm B, AT DAFR £

- 59 .



CPVT B A RITA 5 LBB i

Vol31. Noll 2014

M . T LBB MUE, IR S K T AT
R B A RESCR BE R 2 A5 BT LL, it £ TP e
I /& LBB A1 2K
M 337 P T i DG T S ki s 30 S 0 e 2
SRR ST TA] o o] Ry B[] 7T 4R A5
Ligg =(C/2-1L)/V (12)
A MR [A],
C——lm AL EE  mm, fy BRI C
=26.73 mm
L AL mm
V——ZU5 ) R R mm/s, RS AR
A2 2. 67 x 10 mm/s
ST AAT B W LI R] 2, = 1635 s, 7E—f%
TEBLT DA 0 20 98t s P 380 R BBCHS it 1) 1) ] ¢ =
45 s, A trpp > S, T BIURE N B[R] 2, 5 55 LBB 1F

4 gip

FFHEHIE RCC - MR A16, iz ] ANSYS
F1 Franc3D SEFF, i 1 g FE o H 58 = 4E )0
Br X &A =4 Mo R e EiE T T LBB 3F
o RIS,

(1) 05 = 4E RS0 A I8 T AT i
AR FAWTRLT )5 3 AT, AT RN R 4 T A o ik
TR LR T TR AR R 57 X SRS R (5
HLIRAR 5 0 A9 55 Ry

(2) B R 7 9Cr1 Mo 4% 240y 8 T8 1 45 1
T Y A TS A B AR RME S RS T,
H AR 280y Fee Pk itk U 1 7 AT 0 A B
I B[R] SRS & LBB B PEE bR, R AT &
LBB 7 fEN

(3) XF i B #Y 9Crl Mo ‘WA 7E#% 8 ) TR T
DL B3 BT 85 A ZA R T T A% AR AL 1k
5%, N SRR 9Crl Mo fE &) fh bR HE (0] [ 2%
F X A RHEZE A I Rk e 2 AL DA e 2 Bk
PR T AT R

%30k :

(1] mHfe, kL, £, 45, 2.25Cr - 1Mo - V Hdl
HRIE B # Hic ASME Z2491] 2605 — 1 9 8F A8 — 9% 97 15
WOk IEJ1%54%,2014,31(3) :28 - 33.

[2] Chattopadhyay J, Dutta B K, et al. Leak — before — break

.60 -

qualification of primary heat transport piping of 500 MWe
tarapur atomic power plant [ J]. International Journal of
Pressure Vessels and Piping,1999,76:221 - 243.

[3] Klimasauskas A, Rimkevicius S, et al. Complex leak —
before — break analysis demonstrated on RBMK - 1500
austenitic piping[ J]. International Journal of Pressure
Vessels and Piping,2003,80.655 - 663.

(4] Zalm A8, BRUEHE. B R AR IE LBB Z3 MR
WEAR[J]. s A TR ,2011 32 (38T 1) :189 — 191.

(5] PR R, . M R S A8 Y
LBB 234 [J]. Sk 1998 ,28(2) 198 - 217.

(6] HEER . F ] S bR =y I 694 A 3 0 12 23 A 5 A F
FELD]. st i T RERH = WF S B , 2006 01 - 37.

[7] Park J S,Choi Y H,Im S. Generation of plastic influence
function for J —integral and crack opening displacement of
thin —walled pipes with a short circumferential through —
wall crack [ ]. International Journal of Pressure Vessels
and Piping(2013) , Accepted Manuscript.

[8] Yoo Y S,Huh N S.On a leak —before — break assessment
methodology for piping systems of fast breeder reactor[ J].
Engineer Failure Analysis,2013,33.439 —448.

(9] KSR, Rl 49. LBB 1Rk A8l B2 L EAZ U 1 3%
TR ALY ] 7 RE R H R, 2009,43 (12)

1100 - 1105.

[10] RCC - MR: Appendix A16: Guide for Leak Before

Break and Defect Assessment[ S]. AFCEN,2002.

CIL] APBERIL, JE, sk G AL, 45 Bt 7Y 9Cr — I Mo 7E
P ZR A E A BRI LT ] b s RERR - F
FEBEEAR ,2009 .29 —32.

[12] Wakai T,Machida H, Yoshida S, et al. Demonstration
of leak — before — break in Japan Sodium cooled Fast
Reactor (JSFR) pipes[J]. Nuclear Engineering and
Design,2013,269(8) :88 —96.

[13] Mani N, Thanigaiyarasu G. Leak before break analysis
of stream generator shell nozzle junction for sodium
cooled fast breeder reactor [ J |. Journal of Pressure
Vessel Technology,2013,134 .1 -8.

[14] Biswas A, Srinivasan R, Chellap P, et al. Leak — be-
fore — break analysis of prototype fast breeder reactor
main vessel [ J ]. Transactions of the Indian Institute

of Metals,2010,63(2 -3) :653 - 656.

Wris HEA 2014 -03 -21 {&F5 HHE.2014 - 08 - 06

PEZ R AT B SCH (1988 — ), 5, 32 %8 I A S vy 3 vh 45
) FRT T 2R TSP R 58 A G5 by il : 450002 30 g 45 45 1
T3 SCABBE RN 27 T2 g KON R 2 FARE AW 58 vh o,
E — mail : Iwf314159@ 163. com,



