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Unstable Failure of Large Diameter Sodium Piping
H.Machida*, T. Wakai*, K. Aoto**, T.Nagata*
Abstract

This paper describes the technical knowlege of unstable failure related to large diameter
sodium piping which is requested from Monju planning section.
The studied items and summaries are as follows.
(1) Unstable failure of Type 304 austenitic stainless steel
The unstable failure of Type 304 austenitic stainless steel can be evaluated with
the net section stress criterion.
(2) Influence of irradiation on unstable failure
The cummulative fast neutron flux of cold leg piping of "Monju" is less than 10"

n/cm’. The material strength related to unstable failure is not degraded around this
fast neutron flux,

(3) Influence of aging on unstable failure

At the operating condition of cold leg piping, the influence of aging does not

appear.
(4) Unstable failure strength of weldment

Unstable failure strength of weldment is same as that of base metal, -

(5) Loading conditions for unstable failure assessment ,

For the assessment of unstable failure, only the stress due to internal pressure is
considered. The stress due to thermal expansion is not considered, because it is
categorized into the secondary stress. The seismic loading is not also considered,
however it is combined with internal pressure, unstable failure does not occur.

(6) Crack growth analysis code, FRAMSAPS
The functions of FRAMSAP5 were confirmed with the results of crack growth test.
(7) Penetrated crack length

The penetrated crack length is the longest on the assumption of only bending

stress condition, and its length is almost twelve times against the wall thickness.

* Structural Engineering Section, OEC
** Material Development Section, OEC
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(1) K. SIBATA, et.al, Progress and Evaluation of Test Results on JAERI's Ductile Pipe
Fracture Test Program, The 4th Japanese-German Joint Seminar on Structural Strength and
NDE Problems in Nuclear Engineering, September 21-22, 1988

(2) Harn, G. T. et al, Int. J. Fracture Mech., 5, (1969), p187

3) KL, HEROERAREREREENOFMICHE T2 E8REREOLA,
JHPI Vol.11 No.6 1973
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Failure criterion M @ Investigators
A of=a*M 1 [1+9.z%] - Peters and Kuhn, 1957(3)
- c? R} i
8 0; =0*M 1 [1+1-61('—7)E] _ FO]]GS, 1965(1)
Rt 2
X B (Mey)
€ or=—= iM-l (1+%°] (+ 202 ] Anderson and Sullivan,
(nce) v 1966(4)
a2
D** o) ={o% af(g+hw}§'M ! [e3] - Nichols, Irvine, Quirk
~ and Bevitt, 1965(5)
- 2
E  op =c*M 1 [1+Z%] - Kihara, Ikeda and
Iwanga, 1966(6)
Fooap=o*M! [1+o.81(L*)]°'75 Crichlow and Wells,
(Rt) 1967(7)
K 2 4 .
) * - C ,-1 C xo . .
6 o *(mg)i [1+1.61ﬁ] [sec(a—;i'm] Duffy, McClure, Eiber

and Maxey, 1967(8)

+*Nichols et al. {5) give the relation in the following form: 03 c2=const.
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for 8 5n -9 ; 1.4
Mc = 2 ofR?t ( 2sin8 -8 <ine ) é O 3-inch-D,BM,RT 3
t A 6-inch-D,BM,RT
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, m - Te 5 Rp a 12-inch-D,BH,RT pipe and
= - 1.2} B 12-inch-D,WH*SRT welded joint
Z 1 tof O 12-inch-D,BM ,300°C *GTAW
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DBANERELTHELILNS,

A—RTF A PRMICBIT 2 RADOH HIBREHE X, 400~800C (¥—2 i3
750CEfE) THY . THhUTORETIE, MRS IcEE 2 BLE RIZT R
PRRNHETEI LIV EEIONE, T/, F—RAFF4 kR 8% 600~
900C TREFHIMELT 5 & CrRA & FHRIC o MOBEMESO NS, o#Hid. * -2
TFTA MAPOHET2HEL S 7254 FOSEICL DIFET 2L E 2% 2
25, HIEDHE, TONEBEBEIRIFEEICEN: Lo TVE,

- T, F BREENBOMMD HILIZHT 2830% Bix, FOBHED R
ROBATEELDALw LREBHRI-NVFLIBEE*HRE LEE. &
CHIBICZ OBV EHFHERNER D, UTIC, BERESMOERT— 5 1k5
WIERRR G II B 2B ROEME R,
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L7,

i B : 500C
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BEXHEFR o 10,000 BERS

RREM~OBREFHEE, BRFBICBITAEME BT, DTIORTER L
FIFEDE & ULarson-Miller/’$F X — % % Hu 7=,

EMEb = & v k)

P =Q/RT —In(t) | (1)
[Larson-Miller’$ 5 * — % 3]

P = T(log(t) + C) - (2)
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ASUS304% b U #F OBBEHIC OV T, £4Q=171,000[J/mol]& & V'C=8& L T
B L TVAM, 37, RRAMBEH(=8.31441[)/mol KT dH %, (1)B L Q)R %
BV EREUEANOBREZR LRI, 1 ISRT. HERBE RSB HRRHIIEH
BLUGIEMS 2R3, 112, B U HEMMBULHRS.2I0RT. HoEmIic
LiE, 1RERHRI-NVFLIEE TR, 757 M EGXHE CoELY
D TIE, FALRHILREL2WEFRINE, 2L, IhLDOENMHORE
BT 27— ofiERIcoOVwTIE, B EBEIIRLONI LT D
ERSTHG TRV, & o T, BB HRHILIZOWTIE, %ﬁ%mén%
Y= RAS VARBRICE o THERELTW L,

[£% 3R]
(1) BRFHEEEREMRE BEWERMAEZRSR, [Ny 77— 5 4%K] 1991)
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(1) K. Shibata et al, Progress and Evaluation of Test Results on JAERI's Ductile Pipe
Fracture Test Program, Structural Strength and NDE Problems in Nucl

ear Engineering,
September 21-22, 1988 (Karuizawa, Japan)
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QD

-inch-D,BM,RT

3
6
6-inch-D,WMRT Type 304SS
2

RT welded joint
300°C *GTAW

(41 SUSI04EEM b & B OB BT 3IEAESE

0.6 0.8

o)
Mc = 2 ogR?t ( 2sing - L sine ) 21 ::::E:::I e 301
- -u, y ipe an
a- 9 1.2} W 12-inch-D,WN"S wel
g = t « Rp O 12-inch-D,BM ,
—7 - T % Z f'? # 12-inch-D,WM*$300°C | +«SHAW
for 8 >u -0 ; AN 4 o
. ) K ERS SRS U B S
Mc = 2 ofR*t  {2(1- ¢ )sinB*+ = sing), i
' = 1 % - T LS _BL %
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(1) ZUFIHIFE-AY MRTEND &, AR, kX7
WIS EAEIEL D,

2y TNVEEDETR, TVFBREETRAL L), EEEDEARICE
ET5ICOoNTERT 2.

%&&K,LWﬁtE%KW—@EW%—XVb%ﬁﬁtt%ﬁ@ﬁkmﬂ
LD, BEEERESOISHESLITHESINS IBHEEKC, P&+ 2 LD
TOLHTHY, A—@FE—2Y r2EFHLS &, BEE L) ZVESTH
BOREZICAVELBZ L2bh s,

- JHE 609.6mm, EE 95mm, HIFHEE  914.4mm C,, =9.27
- SME 609.6mm, [E E14.3mm, BITEE  914.4mm C,, =6.98

bAL® IREAHAEREE, BEDEELISHT 5 RAMARI IS 2
BLCRE BER4T 2o TV2DT, BUEFNEL2Z - & R EGS, R)
BREZBET S TN, LRORUVQICED TIVEETOREFRBSIEH D
BBELICEDEBAMEBLEEZLDONEYLTH 3.

28, LRACELT, TUVRMSEIES L OBEERE I A TR B
F22bALw 1REGHRI-LF L& LIV EDEFE N % B 7855 L
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RIED 6, ARk S EBEIRD SNA VT L 2 ERIICHEE LTV 5.

2. BERIENEDERIZOVT

%%%ﬁ?&m%mﬂﬂ%ﬁ%®$§%W$éﬁu,Uﬁxw%%wmﬂﬁ

_30_




PNC TN9410 93-051

3.

LWilidBse 2 B h 2 BT, RSN KCHOBE X, RESHKE
PELBBAMECEELRELrS A VwEEI LD,

bALY 1 RESEAFRERE IGERAT 2 ERE LTI, SIEHOEEL
AT T BREMIER IR L CREF - BMERITR O BAL L, BEOKY
RICTICET 2 MM B DY B HEME 2 iRIT, FLVHBMIBREEES BT, &
BERIC I & —KRICHE LTHOEIREZ L E#REL TS,

FHIRREHIC B VT, DAL IREFHARERE -V FL L, BEED
DH LB E R A MR T2 &) KB R hTwaZ L2 HBALTS
N, BERCHPAEEHEEBMICEZLHBEZRIZTILEEVWEEL LA
%,

SIEROIEHLNDERZITOVT |
AL 1 REGERERE R, BBERICKEREHIE Lrv &S ckEt
ShTsh, FMEI-NVFLIHOSIHERONEEC L 2Bi000 (5EE)
(dE 89.5mm® L)V K ETekgf/mm®, F 7z, [E &14.3mm?D L)V K E TSkgf/mm?
rLBIGZV, B, FELTHITE—2AYFTHY, chiE, ZVELD
#AmERTIEFMBTEHE LTERT .

PTFIHBALw I REFHREEEI-NVFLIBINFIcoNT, HEL
SIERDOE— AV M FEETIHAOBREBESLRBE T LfAES.10 L
kB,

@) —RKBEHPmE—REVTIEHPoYERT 2B EORBIED 0 L PmR U
PobEDBRIETRICRT LICNTI A= 2N LTUTDL oKL S,
£ o, =Pm
(1- €3 ¢ ,=Pb/1.5

Pb Pm 60

W e
WIS 15 4




PNC TN9410 93-051

(b) ﬁ-%ﬁwzﬁﬁm%of%,mmmﬁﬁuTwﬁ&&ot%énﬂﬁ
AEEBEIELBL DD EIRKET S,
Foy=(o,*0a)/2
=1.6+0.29 A
A =(12(1- v 2))"F X by(rt)*
o, . BRIEH  (kgffmm?)
o, .FIERMME (kgf/mmd)
v IRTVVH
b : ZH¥EE (mm)
o HEOEEEE (mm)
t HEEZ (mm)
(© FEREDICIIREERED1LISEDME, F7-, BI5EM X I1CI138E3 (25
SefFEHT 5.

LEEBEE, DTORE2EET L I RIAHREREI -V LI HER
SRESHEMBL LTEECRTFHTHILEL LN, RIHLOEEEE
REMLTHIAREL, 1 REGHRTEE IV FLIEI LB
TLBBMEESEHATE AL vz 3,

HBMRET 12U DR BERE S, WPRIGHEE (B4, =

HEI3 (1 ES) , BFEE (SEESSBLEL L 2MmIFEHEM
DEWEIEE) , HELEEE (ERRHASr LALERBICE22 T
DEGE LBZIEE) FIZOVTRELBRTFREELTWS, = OREEI
BWT, YHEBIROALERETMICAREICME CEEREMIEST
ASIHEMEZBERELE L DIIESEEL LTSRN T 2.
- SEEN, BRI AN A LTV RO LT, BPRNEE
BRORFSERS LT RENEISTT 2R TEB LTV, Fio,
TIVADRTERT LIRS BV TIE I E SR ICONTRRT 505 #h34EE
CL7CEHEER LT,

195851 HIELSIREBROBRRINUESSEED

. REICH RS
IV RIRE -
W R T RETET (BT EE S EES
9.5mm 29 kgf/mm? |  6kgf/mm?2 #3700mm 114mm
14.3mm 1.9 kgf/mm? | 5kgf/mm? | #1200mm 172mm




PNC TN9410 93-051

10
Py
~ o \ / 4 =\ TN
A V4 \ /4 4 AN o
= / \ / /AN SN
g ’,d ’,A.\ \ N ¢, ,A I/ \A\ \0\
) gt N \ A5, N -
\ 7-8-" \ \ / L N ~o
0 5 V/ / N °
9 A4 \b g ,’7 RS =
\ & AN -
() /
R \1 ‘1 A ]ﬁ . 'I
A Mo i ®
, Vi
4!3 \ /
iy \ / { ®
A R \\| J ,O ‘v
—10 NS B /
!
ﬁ ,
. /
—.— BAEGH \
- HRE !
—d— C®WEEAGH /
o BHEEAGD 4
u AXE \ 2
cmbe- BFATH FANN
~F Ty (M)
—20 L J
0 4s° 90° 1357 180°
== == =

11x15.1

HAM S 2575 TIRKEOIS 2%

_33_



PNC TN9410 93-051

TU~— G

Bl — A > K~

xr"_l\
. $609.6
- 143 t
D
. 914.4
BEgER

S B A%

TX5.2 HEHABITEZ 3 IIAREOLHLSH (BHEEH)




PNC TN9410 93-051

RTEE 6

FRAMSAP5 D% X4 ¢

FRAMSAPSORTRHW TV S ZRERBN 2 1% 6. 11287, FRAMSAPSIZ, &
RERT 4 BRI T, MEBBHES L CEBRRIIE TV & WER » 8BiF
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(1) Y. Sakakibara et al, Fatigue Crack Propagation from Surface Flaw of Elbows, 6th
SMIRT (Paris)

_35...




-9¢€ -~

{1586.1 FRAMSAPS5IZ 81T 2 32 EA

BRI EF

BFE SRR SRR fi& %
da_ . - BICHRT) 2 (ParisH) IC & 5 3 BE B

o 0< 2/t <06 dn — L (Kaceff) -C, niditE, BBIL-TETIER
db
an = C(Kbem)"
db . e o =
D (Koet)” NI, EROEBRIC & 5 & ZUE RN

W | o6<asizos | - BRI R U S BRI £ - T
da__ o db 5 B
dn dn
_gg_= C (Ko™ - BIERRERN C 20 { S R EERE OB S

am | 09<a/t<1.0
da _a db
dn b dn

| av) a/t=10 ESIMARRER | - REER

160-€6 OTV6NL ONd




PNC TN9410 93-051

P X 1.0
E . E‘ LX)
= 8.0
w ¥ =~

. U 6
§§ % 5.0
o 4.0

n

(BT TV EERESRBICS 3 E LB
REFEAND & BERER (D) T AREREFHIRICH D
REAFEAD & FERETH
-
. LR
3 3
3 3
<
)
N X
E SR LTS
of QUEER )} mumn
0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
a/t at
(C)RT TN FEREHRIRICH TS (ARTINESRESRBRICE T
TANY FEEDEAE TANYT pEOELL

4E6.1 FRAMSAP 5% Fi\L\ /- B RE BRENDER & D8

_37...




PNC TN9410 93-051

RNRE 7

EliRORBERE

REREMCRSAIREDY4, REARWED 3EOLZHIRE S WUAHETS b
DERFEL T, #B LIESIIC & 2 S B OBE % FRAMSAPS % W THEHF L 7

EREFET.LISRT FRET7. 1, E LDHS0EE NS, o BTN
(A)—=(E) CELTHEEDIT, EEROEBESNREL LI EERLTY
o BBRDEIBERILICHBOMEERL L, FHT.2ICRTERDE S 124
Bo CHITITL, WM ERTERZEMSELBEIE, FET7. 2 1THBTRT &
BYHLrh, BITRAFCBNTIR, BEEROSBES IMP S BTECES S
REDREREICR DI LN DDD, 60T, FEEHBIEIC BT 2 EEBHO
SRR, WEDIAEL T 5T & THMORFESRETELLEL LN,

_38..




PNC TN9410 93-051

8% )7 T8 B¥

—X
a’t=0.6

——— uMXK a/t=025
A) a9m/ac=10H48

/ e T 53

—— UMKk a/t=025
B) aom/a0=050H

RE LI B
e

//ﬁ S/t' 0-6
P cnmppil] .,

C) aom/00=0250842 VXK arst=025

g 7. % S

pd

A

D) aocm/a0=0105s PR ME . a/t=0.25

/'Elsiiﬁ%
1 Y /
T~ ast=06 T

>

@ aA0m /Aa—OOjaA ?JJ%MQB@ a/t=025

12t >]

71 BB EHRMRKOERICSL 5 FE

_.39_

v e s

A K et § B 1 e et e e e e 3 oy £t B i



PNC TN9410 93-051

M EHRS ooy /a0

, L0 0.8 0.6 0.4 0.2 0
| l T |
12 AR B ~+ &
B | &da, [HEZD,
6 @) t/ 4 t/4
Al t74 | 0151t
. Ol ts4 3t
i s R\ O| tr2 1.5t
b v | tss 1.5 ¢
3 \
2a, =t /4
E L% N s
N N FEIb,=15t¢
X
#
Rt
w 33—
"y
=
Bh
#
-
ln—-.
0 | | 1 | J
0 0.2 0.4 0.6 0.8 1.0

RICHKS ocom/og

72 BEERBSHESOTHEEEN

_40_



