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STUDY ON STRUCTURAL DESIGN

FOR FAST BREEDER REACTORS (V) .

SPN Subcommittee
Atomic Energy Research Committee

Japan Welding Eﬁgineering Society

ABSTRACT

Structural analysis and structural design for fast
breeder reactors have grown to be a great issue recently in
practice. Many papers and reports concerning these problems
have been published on various problems such as creep,
structural designs at elevated temperature, inelastic analysis
methods and so on.

This report involves the translated excerpts from such
papers and reports. They are further compiled into nine

summar ized papers regarding the important topics.
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FI1. T NA3048. 8., E—| 24348, O{LFEHER

Chen;im.l Composition, weight %
C Mn | 4 5 Si Ni Cr Mo Co Cu Fe
0.058 1.48 0.035 0.012 0.38 8.90 18.15 0.4 0.17 0.57 balance

T2 A INA3048. 8. L58ETHI THAWLhAHBORE L BRTONZAEE

Ultimate
0.2% Yield Strength Strength
Temperature Reduction in
Orientation (deg C) MPa (ksi) MPa  (ksi) Elongation {%) Area (%)
Heat 24348 l longitudinal 24 269.0 (39.0) 579.0 (84.0) 58.0 82.0
Heat 24348 transverse 24 283.0 (41.00 586.0 (85.0) 58.0 80.0
Heat 24348 longitudinal 594 108.0 (15.7) 370.0 (33.6) 40.0 70.0
Ref 1, quenched longitedinal 24 242.8 (35.2) 603.0 (87.9) 78.0 79.0
Ref 1. quenched longitudinal 538 96.5 (14.00 389.0 (56.9) 46.2 70.0
Ref 1. quenched longitudinal 705 86.2 {12.5) 266.9 (38.7) 37.8 60.0
Ref 1, quenched longitudinal 24 241.0 (34.9) 594.0 (B6.1) 75.0 76.0
and sensitized 2 h longitudinal 538 111.7 (16.2) 388.3  (56.3) 43.4 67.0
at 1450°F and 2 h longitudinal 705 86.9 (312.6) 266.2 (38.6) 48.4 64.9
at 750°F
Conversion factor—C = (°F—32)/1.8.
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Creep Crack Growth Rate, dafdt (jn/sec)
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J, Zarka, J.

1. B

RASTE RRF RS O2%E - HHIKEIT T80,
WHBICE o THEOBAELF 2B TIOTH 5,
L TREKO=>DE,

(1) FERMESIRICHT 5 BRIFTEICT T 28580
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Engel, G. Inglebert
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BL, ClHNEEARTDLLS5HTh5,

subelement — 2 XMEE*ERbL L, FOREAIL,
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5 F-yn@
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BTHDo

1. JHEDEW
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RERTELLRD.
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HE AN KOBBERIC LT, Jip & COD;PBH
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Jijp =L 0y COD;
L OEEREL 1.5 ~2.98 Diicd b, Y ¥ ZEBRFICH
LT, L=2350{E%#Hka

8. 27w RUNHERERT

WHETEICHE 5 2 7 » 2 GSHIC 1T 5 XEHE R
it L e dsid, KA TE5Lbh b,

I SO
Jdn jn+1 . 1
£

Eij = [ gy In
) #Na3 D4 OHEVSAEETE 2 7 v 2 5mD
&B%, log—log A& —+T7 vyt LEEDRD, B/
pHAEROGOESRED L, FHEX 093
feo 7 7w 2%yEEET, BRI L DS UBICELL,
EHOLBEL 0636 ThHb, TOEME, n=0572
OFEKTET 5. 22T, FEEEEEL, r=0254
mm EELRE, BE L D ERYE0.385 TR L 6 %ED
£,=0362 %8,

9. #& B

#EaF— 2 LERCTE I EOBRrDL, 28
BRESEHCR LT, LToRMRELR LD AHR
BHTAEL, WEHAWOERAERTELNWI I
» Z9:H4E b DERD D Bo T OHEMIL, FEIBEHS,

HE AT RER LERBOBRIC LY ALTHETE
HAESHRIC L > THEN Do & DEEHRERIE, 77
v ZBEE FRT A I ROOEREETHET S0 27 v
2 EENERT BT, 27 v 2 AmEBRERE (L
The 77 v 2 KMICE, Ye—T 2Ty 2EBER
BEEL, COYv—T 29y 2, BALENhAKE
AR CTHEET S, .
(AE EZ)

1. BBRABREUERRER

_ S T Average

N o Diametric Hoop Stress
Strain at  at Fracture,
Fracture  KN/sqcm

_ Description of Crack
Configuration -

Rirlg
No. -

1 1.143-mm externai crack

2 1.143-mm internal crack and
0.127-mm inline external crack

3 11 43-mm internal crack and
0.254-mm inline external crack

4 1.143-mm external crack and
0.254-mm inline internal grack

5 1.270-mm external crack and
0.254-mm intine internal crack

6 1.143-mm internal crack and
0.254-mm external crack with
2.8972-mm separation
between them

7 1.270-mm internal crack and
0.254-mm external crack with -
2.9972-mm separation
between them

8 1.143-mm exiernal crack and
two 0.381-mm internal cracks
which are symmetrically _
located with respect to
1.143-mm crack and are
separated by 3.9878 mm

9 1.143-mm external crack and
two 0.381-mm internal cracks
which are symmetrically
located wilh respect to
1.143-mm crack and are
separated by 3.9878 mm

.0.0260 14.833

0.01435 11.765
0.0225 14.0é1
0.0153 12.062
0.00914 9.867

0.01252 11.155

0.007775 9.264

11408

0.01326

0.01887 - 13.091
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FH R, BERLURE L OERGHHE, By42a
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boe BhBBORAE L BAERABYIETLCNLD
AEHMEREAOMNCT LD, 3EOHAORBNITo
W, FhOBEICKT 5H R OBMREE DL #HE
L 720

2. REHE
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# (#A)D
FhENOFEOMBRER 1K, BRAERER 1K
7T
RO - BEACEERNBEUKSDOHEETRN
7eo BT, BELSEHREOFHEAHEI A, B8
VAT LADT By 7 FAXSI 2k @ 2ICRT, T
HREICHEEMRUEIMER I hi.

P AR5 AT 4y PERE

22 ABREH

i L o ERENRROBEBEL, 20~
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ANt

3 ¥ *F

20~600°C DEEGEOCIE I B TERYT
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BB ETHONETLHRGERY 1 7 r0RBEHEEL
o RELHBRBTR IR TN,

AEBR NIRRT T 2B DR, ROk,
% L UEBEEOMMOMT+ STHEEET EA L TE
£l 1%o
$EBIC, V. Sz.Ivonova—V.F,Zlegke—Z.G.
Fridman &€ & > TIRES Lk - gavnE? %
TofettH (8B’ ) K L THAERRNERT T
‘led, FI2EFT LK, TFEHBEY A JicET
LETWLERBY A 7 ~0BERE, #8940 %800 %o

4. # ]

(1) BfEEEhEE O DHIRR O BRI I N,

2) EBRLAHOFTCHAGRERABICELT, #
CHED LK, AP IBEAMFHE2RL o

(3) #HHI7AEBICL b, HBOTHEMBRY 1 XICE
T B DEBEREF A 2 A O 40 %8 L 7o

(REFERENCE)

(1) IVANOVA, V. Sz., ZLEPKO,V.F.,
FRIDMAN,Z. G., MOZSARENKO, I, P, and
PRONINA,G. G, Issziedovanyije nadezsnosz-—
tyi paroperegrevatyelnuh trub iz sztali 12
H1MF, uproesnyennilh metodomn mechanikoterm-
icseszkoj obrabotki. Tyeploenergetika, 1978,
4, p. 68,
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=1 HEHoFEsk BNBERERUIERTOMEEE

Composition (% ' Yield Tensile  Reduction Heat
Steel C Si Mn Cr Mo v Ni P S strength  strength of area treatment
. N/mm?  N/mm? %
A 018 060 —_ - — _ 0019 238 456 63 Normalizing at
0-30 . 0017 900°C+
annealing 620 °C,
10 min '
B 0-11 0-60 0-28 — 0009 360 500 78 960 *C, 30 min,
_ 026 1.07 0-25 . 0-602 AQ
' + tempering
720°C, 5 hr
B 011 0-60 0-28 0-009 420 530 76 Like B+11
026 [-07 025 — 0002 deformation at
20°C+tem-
pering 565°C
. 10 hr
C 011 1-77 — —_ 10-0 0-020 220 510 60 1100 *C, 2hr
: 0-28 18:0 0035 wQ

&2 TFTHEETL20—600°CO#EY
4 7 M B KR RN BT
{1) 4 ¥oRE
(1) #2 5 » 2 OB
(M) ITHmaRy 4 X~DEE

Steel t u 1
A 120-140 140-180 200-300
B 200-220 300-340 500-580
B’ - — 700-740
C 240-230 600-640 900-950
itcnu!mq waler Counter {5712V
:! 3
m iy o
a1 v
R Terrperature. 1
¢8
114
- ] o)
1 L 15
70
= B 2 BEBRENFKBIATLO
=1 REBEEIR

Fey s FANT I A
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Ric# ST, ILEMETLHEERSD 5.
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#£4 593CERTHSUS 304 RFrVRHAOEE
7Y —FF e 2 RS Nk 2 ) — 7 el

B 28291x1072¢
NORTON
: . —pgon n| 46875
& = Ro
S8 vt 01569
B 24162x10°8
PRANDTL
. o 2955x10~+
g =B sinh{ao) .
vé{ 0.9 x10
B 1195551078
DORN
. B (o) 2961 x10-4
Eon = ex g
S8 P "32 0.9 x10~ 3%
B 24027x10°7
. a 84077x10°8
GARAFALO n 30295
-éss=B(sinh(Cla))n v 3.7 x10-3%
v2l 085
P 1—098

¥?® =yarianee,P=-correlation coefficient,

6—psi time—hr

#5 £MRitNB LU Scaling Factor GDH:%E{ZB)

d(in)™?

10000 165
10191 157

10,049 157
10,049 157
10,000 157

10,067 161

10000 165

9962 163

7)) —ZHl 5 i 5 B og(psi)
(DAnderson
@Mackenzie

Norton @_Johnsson
. ®Boyle
®8ime(I)
Prandtl (®Boyle
Dorn ®Boyle
Garafaloe | ®Boyle
b=11in. h=1 in,

M=10000 lb-in.

#6. 37 F . —FMo LR

Criterion Shell — time in hours

l 1 2 3
Elastie Maximum stress 15 80 30
Steady Maximum principal stress | 110{ 375| 220
state Max imum eff.stress 1701 580| 340
Reference Small deflection 5601700 (1120
stress Large deflection 1250{3300|2500
Expt. 1528|2122 (3720
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Height’ 7" |lrodius =fi=-0-045 inX 0-001in

l @) -é- in diameter nozzie-steady
Mein radius

0-045in 0-001 in pressure 220 1b/in2% (Shell 2)

(3 1 in diameter nozzle-eyelie
loading (Shell 3)

12h @ 220 1b//int

12h @zero pressure.

nradius

|
I .
|
|
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6inDiameter
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"1 EnEser

120 - 30 Circumferential gauges
: y 4
A 7
/
100 | / /
Sy /
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80 | 2:0F /,/ /’A
0=185001bfin?,/ 4

60 102 / 9=15900 Ibfin2/
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———= Theory
40} 140
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0 L 0 1 L 1 1 1 | L ]
0 200 400 600 800 1 000 1200 14000 600
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K2 Shell 1D#FEE(Type A Shell ! EEHE=220 1b/in?)
...... FEhBSes AW
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HT 1,200 Type WD HFP 5G 428
Maximum temperature for 1,200° F 1,200 F 1,200°F 1,200° F
statle straln
Atloy piatinum platinum platinum platinum
Element single dual single dual
Mounting Hame-spray ceramic cemant flame-spray weld
Gage length 12 mm 2L6mm 1.6 mm 17.8 mm
(smallest avallable)
Range* 1% 1% B,7%8 0.6%
Apparent strain 800 pe/* F Tuf*Fatl200°F 800 uef F 80 ua over range it
compensated
Brift 20 gefh at 1,400° F 30 pee/h ak 1,000° F 20 ue/h ab 1406* F 4 pefh at ,150° F
for 100 h
Gage-factor decrease 25% at 1,400°F 8% at 1,200° F 25% at 2,000* F 20% at 1,100° F

Life of gage

5,000 h at1,250° F

N.A.

5000h at1,250°F

5,000 h at1,250° F

Maximum thermal shock 200" F/s 10° F/s 200* Fis 400° Ffs

®3 TRORFEUOTIF— L OMHEER

CERL Hughes Boelng

Maximum temperatyre 1,200° F 1,750° F 1,500 F
Mounting wald weld weld
Gage length 20,3 mm 127 mm 25.4 mm
Resolution 10 e 50 ue T pe
Initial capacitance 1pt 10 pf 1.5pf
Range 1% 0.15% *=2%
Apparent strain 100 e att 1,200° F 2,000 ue at 1,400° F 300 zeat 1,500° F
Drift 0.2 pefh at 1,100° F 250 pefh at 1,750° F 0.3 pe/hat 1,200 F
Life of gage 10,000 h N.A, 2,000 h
Gage-factor change +2%at L200°F 2+ 5%at 1,400°F +4%at1,500° F
Maximum thermal shock N.A. 10* F/s 30° Fls
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(1) TFEAE AR BB, mISZ72—2, ABRE

i, BERTE5LT, PRETRETLHE

(2) BREWMRETLEELTHMET LHE
zh 6 OBREE, CAAD—I (Conputer Aided Alloy
Designing System—I )(4)VC PnT BEEA==—0OF
WL > TfTR5CLHTED. COFEOT—F - =
RY AT AERWEAEHROTS CE L ETERHE
BN T D LML R o2 b OO, SEFIHNIHESR
CirFn LT XE {OMERREINTVE, TO1D
B, R LALSE, Be0F—20BEECONTH
WidadERdD, ThTOHBRCIEEORD L DE

{OF— 22 BEBLTrphd 2 5%,

IBM Query ~By —Example ¥ 2 & & Flnk 72
~—R Y RFAOEE, MTOoRKRENZ L R, H
M (Query) it, BEAXL IFEET2EBRTHEES
—~ PN OESABICANL BT TLn, COFRE, 7
—FAWREL %D L LEEHLC RS, TOHERERE
FALTEMNECAT » TRGES { T & TE, SEEE
MBOERE T2 EBTE D,

(FRE 1 ) RFFR M OER 2 % 5 20 CHEF -
FEERETLBE

Query 1 ! Print elements with melting point<
=400°C and boiling point>=T700°C .

ANFREF—T 0]

ELENENT HP | HAHE | He | Br i

e T M hoceu0 | >er00 g
| | 3 |
Result 11 484 & ThiCHic+ a0 (MP), 35

{BP )@

ELEMEHT HPF | HANE (. ae | BE |

iR

=

[ &

-

=y
EGOoOOo0oWwOET N~

11 WUTPUT RECORDS

(FlE2 ) SUS316 OF AT & DREAF — X £ #R#T
A4
Query 2% Print available data name for 316—
type stainless steel finally solution
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annealed (SAN)at temperature>==1050°C
ABF~a7—7r i B&E HBF, 48 FEF

— %, &

ALLOY i ID | Cou | RAHE

[ A0 | _AM | _ALLoY

1 { i
SPICINEH | IR | SPE | W | HRY SEQ | AN |

| _ID ) _SPH | _R4 | _HSEQ | _&K - |

1 1 |
PROCESS { ID ' | MY 1-SEY ) TIPE | 21 !

b LID. o] _dE | _ASEQ | _PRC | _PHCH1 |

1 i I 1 I |
AYAIL DATA | ID- | ADN | TA# HANE
P. C1_ID -} _ADN | _THANEZ

| | |
| CONBITIONS

| i
‘-.---------._. ---------------
1 _ALLDY = _AY'316' _A2 ]
I _PRC s VSRRV }
| _PRCPY »= 1050 |

Result 2 ¢ SUS 316 OFH YT — £

AVAIL DATA | . ID | ADY .| TAB HAME

---------------------------------------------------------

| N | t | TEHPERATURE VS SUELLING
I 1]

2 QUTPUT RECORDS

rRofry, (M2 )05 2eoHlrRRY

TERECR, AJBOF—FrOEHMs bk, =
—HREATIME( T4+ A7V IR LD T LT
FLAN) LEAOHBT -2 BBV AT AL EREY 7
FOBRREFE T, ANOFEMEERETALLIE,
QueryOE O EEEFbHEE AW,

T, 3FTF—2-~—=.vXFACELT,
ZOEHER L LUERE THBEEINEA vy F—T =
4RI TR~k L, T—F - —AR L a—+.
TV r—v s LOEEMIERFEORD, T—FE
Fririao—vIGEOF - 2BEEER LA, =
R EOTF—2%272 2AF2CLOTELLORER
TERBEXRD D & & DR, KK, FREEEHIRTA
% IBM Query—By—Exzample # i fflsy— & . <
—RYRTFAEDONTEN, HEERF—-20A0, &
HBETEN, TLETF—2 - R—2ART2BECE
THEBRE »{(2POQuery CHTHRERRET
Ly, HBF— % - =2 2T 4 OFEE R~

BEFEEHROT — 5 ~— 213, WEERELR
3 ERAVR R CoR LARIC LA - TR S
g, BECENCHETAF—ACELTE, #4&7

1 $PW | COMNENT -

1 _SPH | _COAHENT
|

4 SPH, | CORHEBHT 1

-------------------------------------------------------

11 Sh 316(92783) UOAPPH/100DRA t

§
3 | TEHUPERATUDE VS AVERAYE YOID DIAK | J | Sk I15(H2703) .UDAPPH/100DDA : |

—2OER, RE+THLLIK, FOLHIZBHTH
FTHO0EEELT, F2BE/ F—%-=Fr%
BELTH(BERD L. BERZERL, AyRXFaT
R PREERBLTEO LS @3l y— £, J/ETF—2#
EDRFTON T EhTHBECL ThE, F—2OIH
B ToaREE, T-FER, T 2ANERDETDR
&b v

L, F—F - = 2GR, <1 7 OREEEE .
AV aArOEPR{ECEbE-TETETEER A,
Hmpilg s 7 — 2 ORE L BB TR, R|EEE HBET
¥Ry 2O, TAATVvARKRERNBC LK
2HTH59,

({ REFERENCES )

(1) B, KEF, FOME, JrBR, 1959,
(2) T. Yamamoto, M. Negishi, M. Ushimaru, Y,
Tozawa, K. Okabe, ad S. Fujiwara, Proc.
2nd UJCC, Japan Comenticon Serviees, pp.

159—165,, 1975,

{3) Y. Yoneda, Tokyo Univ. C. C. Center News
7{3), pp.3-5, 1975,

(4) 8. Iwata, 8. Ishino and Y. Mishima, J, Fac-
ulty of Engineering, Univ, of Tokyo {B), 18
4), pp.545—610., 1976 .
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{(5) C.J.Date, An Introduction to Database

. Systems, Addison -Wesley, 1975.

(6} 8. Iwata, A.Nogami, S. Ishino, Y. Mishima
and Y. Takao, Tokyo Scientific Center Report

(3318—1528,

1
s+ede DATA FILE LISILHG
REC D,

O LR L bR b £ o KD wd G L 1D~ a1 yhrme- (3 off DonendsOs LT £ IS e

IR I I AH S LY A Bt et o e e i et ot

10

1980,

1

FILE NAHE wese HUBAVALLSBATA
20 1 L I 1 80

REWE 7 — 2 (HRORB, BES)

LRECL = 178

n

-1

L]

PARTLIFION NO.

1 00'0

180 118 V20

-u--u.--.|-...u..--|----u.-..|---.go-.-|-n-ou--.-]----I-.-.j--.-l.-.-|--,-I-...|..--|....|-.-.u-..-l..--n.-.- =awalinan=]

- JAOFLUENCE v§ D

LOTEHPEHAIURE ¥5 SMELL ING
20TEHPEHA|URE ¥5 vOID OENSITY
30TEMPLRATURE V5 AVERAGE Vﬂiﬂ ULANETER
4O0HUDP STHESS vS V010 VOLYH

SOHUOR SEAESS ¥S vOID NUHBhR DENSITY
GOHUUR SE4ESS vS MEAN VOID 51ZE

70STRESS AORMAL TO {1-1 L} PLANE OF FRANK LOOPS VS PLAHAR FRAN
A0VOID LDEIAMETER V5 VOID WUMBEH UENSITY PER 100 A SIZE INCREHEN

QOFRANR Ludp OJAHETER V5 LODP NUNMER DENSITY
LO0FHAHA LOOP DIAMEIER V5 LOOF NUMBER DENSY

Tv
1L05THESS HOAMAL TU ROOP PLANE ¥5 LOOP HUMBER DEN!I?!

1205HEAR STRESS vb LOOP HUNHEN UEWSITY

140TOTAL SIHESS ON (1 1 1IPLANE vS§ LUDP NUHBER DENSLTY

140LULP DISHETER V5 LOUP WHUMUEA DENSITY

150TUTAL UISLUCATION LINE LENGTH V5 FRANK LOUP OTAMETER

VGOHUOP STRESS VS CREEP STRAIN UD0/00

L70HOUP STRESS V5 CHELP STRAIN UDO/pO

180 TEMPERAJURE v5 CHEEP STRALH

190TEHPEHATURE V5 CREEP STHAJN

R0CTEHPEHA|URE VS CREEP STRA)

2L0TEHMPERATURE ¥5 CREEP STRAL

220HEUTHON DUSE V5 DIAHETER CHANGE

2SCHEUTHON UOSE ¥5 DIAMETER CHANGE

HOHEUTHON ORSE wS DIAKETER CHANGE

25ONEUTHIN DUSE W5 CHEED STHAIN/HUDP STHESS
260LIANL AL SAELLING ¥5 [CHEEX HATE)/(HODR STAESS)
R7001AHETRAL SHELLING v$ [CREEP HATE}/{HUOP STHESS)
2B0HEUTHNNDOSE v5 DIAMETER CHANGE

29GKEUTHON BUSE VS CREEP STRAIN/HUOP STHESS
JOO0HEUTHON UBSE va CHEEP STRAIH/HUUP STRESS
ALGHEUTHUN BOSE vh CHEEP STRAJN/HUUP STRESS
I20TIHE vS STHAIN

ISOTIHE w8 STHALN

WGTIME wS STHAIK

ISOFLUENCE V§ NURHALJZED STRAIN

AHETER CHANGE

ITOFLUENCE Vs D|ANETER CHANGE

S00FLUENCE V5 0] AHETEH CHANGE

390FLUEACE Vs SWELLING

4O0TEMPERATURE W5 SWELLING

GI0PHESSURE vS CREEP STHAIN

420PHESSUHE y5 CHEEP STRALN

430PRESSURE y5 CHELP STHALN

#40FLUENCE v5 NOHHAL|2EU STRAL

4SOFLUENCE V5 NOKHAL |2E0 srna

4GQDISPLACEHERT UAHAGE V5 cue P HAT
470D1SPLACEHENT DAHAGE VS |nununa1luu cug:p RATE
SHODAHAGE RATE ¥5 Jnunnlal|ug CREEP R

49001 SPLACEMERT DAHAGE v3 )R Aulntruu cnszp RATE
S00DISPLACEHENT DAHAGE VS STHA

SI0DISPLACEHENT DAHAGE VS SIRAIH

S20TERPERATURE Y5 MEASUHED STHALN HATE:
530TEHPERAIYRE VS lnnan!ariun CHEEP RATE
S40APPLIED STRESS VS CREEP RATE

S50TEMPEHANURE ¥5 CREEP RATE

S505THESA DERENDENCE OF [RRADIATION CHEEP AS uzt:nnlueu FRUH PR3
5701RHAUIA) JoN CREEP OF 20X CULU WORKED TYPE 316 STAINLESS STEE 3
SHOIHRAUIAN [N CREEP IH COLD WORKED AND SOLUT|ON ANNEALED TYPE 3
S00IHRAUIALILYN CREER [N CULD WUNKED ANQ SOLUTION ARNEALED TYPE 3
410FLUENCE DEPENOtNCE DF JRAAUEAT|ON CREEP [W 20N COLD WOHKED T 3

—18%—

P 0 0 Lt Yt D S o R e ol 040 et P ot R 0 P 0 A P A et A - At

1054 3L6LH27BY) 4OAPPH/L
1054 3IBLHZTRN) 4DAPPH/Y
1054 MIOINETAI) 4QAPPH/]
200DATA NORBALIZED TO PHY
20SOLUTION ANNEALER 3168
20F1Ged

20FOUR SPECEHENS 1RARADEA
JGLRRADLATED TEHPERATURE
AQSTHESS e O
SOSTRESS2IZIHPA

1

S10TEMSILE CREER OF En3ta

420C7 PRE=|HRADIATION wiT
Algey.
44009
450CH / TEWPERATURE 500
#60C10 ZAPPLEED STRESS +
47008
4BOCE
490C19C289MPA
500C1 K20 69HPA
gjoct



A B C D E F G
EH B % HWEZ 4 —n F(EH) F—U— P o & £AH |
byte #13 8 8 24 15 i0 5 5
Bl RFEHET—#%S (75 byte )
Integratéd database
\\4
- .
Ly _
Bateh .
p:o;rams v Esl;-rlgne

B2 =AfARF . . YARTACRITETF— R +R—x

Suppliers Projects
8. £
¥ 7 v v
Warehouses Parts Employees
[ F:}
¥ \'d
Locations - # Departments
3 #sgEr—zof
S# SNAME STATUS CITY
1 Smith 20 London
§2 Jones 10 Paris
S3 Blake 30 Paris
5S4 Clark 20 London
S5 Adams 30 Athens

B4 F¥Fr.7F—2

—190—




SUPPLIER file CITY file
S# SNAME | 'STATUS | CITY-pointer CITY .
s Smith . 20 G r—— Athens |~
52 Jones 10 - et London
53 Blake 30 G Paris
54 Clark 20 Smm——
S5 Adams 30 S
5 7(Supp1ier)‘+(Cif;u)Aé&ﬁ
CITY file .
SUPPLIER- SUPPLIER file
CITY pointers S# SNAME STATUS
Athens 51 Smith Lo
London — ‘82 Jones 10|
G | S3 Blake 30
Paris i 84 Clark 20
ol S5 Adams 30

‘g X
a2
I’ »*

|

6 (City)— (Supplier) @k

i a

b

LS
‘\
‘o

al'S
r

.,

pﬂ-"“

g

g

y:]
AN
H
[

-]

]

[ 51 smith | 20]

f]

o8 D W T O O U Oy g,

o o AT i o k. ot

40 I T T [T AT alk FES W Y0 U R £ £01 MM 05 i b T wry,

Sy o o e O T T T O S I I D e K

i
§

emm v o

%
| s2 | Jores | 10 IEI | s3] Bioke | 30 |8} I'sa | clark [20]p| | 5[ adems|30]
: :

BT 200445 5Mnfs— 2 B (SRAH)

r ﬁ‘:: Athens I I

{ondon

Il

' i e e

|51 | smith | 20 {g| |52 [ Jones| 10 o] 53] siake [ 30 [d] ['sa | ciark [ 20

R

200K A » 2 RERLTHERL LA F— 2 EEE
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-SUPPLIER

SNAME index STATUS index CITY index file
SNAME | - Pointers STATUS | Pointers CITY Pointers S#
Smith 181 - 10 t 82 Athens t 85 s1
Jones t 82 20 t51,154 London | +51,154 S2
Biske 153 30 |1s3,1s5] | Paris ts2,ts3]. | s3
Clark t sS4 ' S4
Adams t+ S5 o B 2l S5
| Athens I lLondon | | Paris I
|85 lAdams |30| 51} Smith |20 82| Jones |10
S4] Clark |20 S3| Blake |30

B0 BBEr—s8s

5200} Jones (10| Paris

20{London| $400| Clark

20

London|

BT o RS
: 5300 | Blake |30} Paris ;
6 ] 7] [s] T 9 |
5500 |Adams | 30| Athens : 5100} Smith
e Lo
:12 i
|
! 1
T 4=
l i
3
, |
]
I
BRIl »~yvaF— 2
index entry
—_— ng.hters;ciev Pointer to track
ACCESS PROCESS:

1. Scan index for key > key required.
2. Go to indicated track.
3. Perform physical sequential track scan.

H12 4rFv2 25FHLARDERE~NDOT 27 ek
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COMPONENT MAJOR_Ps# MIINOH_P# QUANTITY
PART | P# PNAME COLOR WEIGHT P1 P2 2
P1 | - Nut Red 12 P1 P4 4
P2 Bolt Green 17 P5 P3 1
P3 Screw Blue 17 P3 P& ~ 3
P4 Screw Red 14 P6 M 9
P5 Cam Blue 12 P& P6 8
P6 Cag Red - 19 _ P2 P4 3
13 PARTOF—2# M14 COMPONENT 0% — &
S| S# SNAME STATUS [ CITY . SP | S# P# Qary
St Smith 20 Lordon S1 P1 3
s2 Jones 10 Paris 81 P2 2
S3 Btake 30 Paris s1 P3 4
S4 Clark 20 London 51 P4 2
s5 | Adams 30 Athens §1 | P5 1
51 PG 1
Pl PR PNAME COLOR WEIGHT S2 P1 3
Pt Nut Red 12 S2. P2 4
p2 Bolt Green 17 S3 P3 4
P3 Screw Blue 17 53 P5 2
P4 Screw Red 14 S4 P2 2
P5 Cam Biue 12 54 P4 3
PG Cog Red 19 S4 P5 4
Sb P5 5
B4 15 Supplier & Parts ¥— X &F A0 ) v—¥ aF R
IS2] Jones [ 10 I Paris I |S4l Clark I 20 lLoncIunI
P1] Nut Red 112 P2| Boit | Green |17} 2
P2| Boit | Green[17] 4 tP4| Screw | Red {14] 3
' lps| cam | Biue [12] 4
Bl 16 Supplier & Parts ¥ — # % ¥ L O BHER
52 | Jores | 10 | Paris S4 | Clark | 20 | London
R g /; a | B e,
I’ V4 ,’ (
4 /4 /; \
LY (] (] |}
A % ) ]
NPt | Nut | Red | 12 Y P2 | Bolt | Green [ 17 N Paj|screw| Red | 14 [% NP5 | cam | Biue |12

5]

17 Supplier & Parts ¥— 22 F 70 % v b 7 — s Bk
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Query by User :_
Find part numbers for parts supplied by Supplier S 2,
Data Sublanguage baced on each Data Model

Relational
Hierarchical Model Network Model
Model (Relational algebra)
Join SP and C1 over S # Get unique supplier with Find supplier with
Projeet the result over P# S#=82 Si#=82
, where C1 is the NEXT: Get next part for this | NEXT :Find next link for
constant relation © . supplier. this supplier.
Part found ? Link found ?
¢l S# If not, exit. If not, exit.
82 Print P# Find part for this link.
Go to NEXT Get part
Print P#
Go to NEXT

18 RERZEMEN S 54272 DSL

User A1 User AZ User B User B2 User 83
Language Language Language Language Language
Workspace Workspace |. Warkspace Workspacs - Workspac: BE

Fd E R w
Data submadei A |8 Data submodei B |8
B e e e e s e e s e [ B e s e e sy Y s s s =
Mapping~Data modet % Mapping~Data model '%
=] i Q
Built and
maintained
by the o
d:tab:sa'— . J Data model s Databasa-
administratar P :-E management
{DBA) . £ system
Mapping+Storage 3 (DBMS)

L FJser interfacej

Hi9 REHAET—R—=R 2T A
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Data

Experimental

Calculated
Data

( Data Compilation. )

Simple ( Data Entry )
Portable
R AR
)
1
1
e | -
IBM - i : { 1
QBE ; b f
N | [ a
IBM Taokyo University Japan Atomic
Scientific of Tokyo Energy Research
Center Institute -
20 F—zx2-XOfERFEE
Available
Data
Yy
A ADn
SPn,
| Domain | Eavironment
N 7 7 )
Hn / DOMn En NEa
Numerical Text
Data Data
Sn
Irradiation Test
Procass Condition

An
i/

Py
Compaosition |

AT
AT¥n Ma

b 1,

]

Microstruerure

Ma

Microstauctdre .
Parameter

COMn
2]
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H. RESEEB

1. FLHIic

KEELEDRE L, S92 TR (TEOXRERR
BB ER OKBRTDS, L, &, HERKT
BB ENIETTERL, L 0HBE, EHOBEEN
LOEVI -t LALOEHEBRETL LW SR
B3, LitisT, ENER-RERSE=71ELA
WER R L R OBBRESEI NI T 2018 n, 2D
L 9APOBEBEEFRTH (BIKE, r—Fx7—
Z2ENFANBORBLIEIRLANEILEL T S, €
T, 9, BRLUoIKKXEMEMERN L ORE L BE
CEE, dhwniE, BEAICOWT, —BHIKELTH
FeWniBo, TLT, TOBLENFTER AT 54y
2 FalblL AR BREEANWAERIKOWT, BLGRE
~, Th KB EWER L LTEOL 5 KEE-SH
bh, TLT, TOWRNBEDLHELRENTHWED
o, BTHnEinEEDH,

2. REBEMRROERE

KREUEEHRRO OB HEL, B 0EROEMICE
2T, HFAREBLEELLND, DBWE, LB, K
Bt hid+ 53 E, —2OERODBIEE { OBHHIE
DPRENTNEESHIHBELSL L LhiWwELEEE
BREFREDoTWE, LL, BnT, Thibdl{o
BHEOPT, B TRIBEBRTDLEEL LN
Z30FFET LT, EROT ¥4 ORSEEOE
MEET LT ENTE LI, » bOHAKBEERT, EH
ORESZTOREETDILELL, TEEB|I L=
FATHbERENE, ThTL, kEFHoREEE
CEMBEWEOMOBRE LT AEKRT, KRE2BhET
RLTWwaZ LEMENE W,

W, HFiC, e TELZTA28R0L 258G, B
BOBSEOHTRMBTEWEBENRSE (, Lo,

ENEHHNBORME &, #RBREICKROhEZD

ZnOT, AEEEWICHT 2 EMBREEOFHRE T
Taipic, REORBGEAWARBIABEshDL
EMHT b B, FEWIBREEEOW Tl OB
I U S LI BEERIC R\ T, Wl
HBRICER TR 2 LB TOMELLORTWET 2~

" R L8

FTaeoZ 2 vay (ARYESBER (US)E02
AV 4 74— a YHRAKTORATHE L THS,
%k, fiic, JEEBRCHEZ T EBNAERO
R EOHBEMEEL T, FESRESHCEE ST
PHABEWIRIRIE T LR TER W, KBS
KEBROBE, AREHEEEL TE L ONBHIIRET
Bo, LichioT, F— 2 OMHNRTFESTEZVO
T, TIVOIERTOEEEREN L@V RN, Lk
L, R 5 BEERENE  fTbhTWwaEe, |l
DEREHH bal 2, IERBSOS  ORE Y,
KHEEMOREC X EEHBAT b o TEAT T EHRT
2510 RSO CHEBHNTHACEIREEERE S
Dt#ELZ LIS,

3. KEMEEHSRERONFEH

T, HEREE2TOT, SRPIYHET, s, K
FTETHLHOT, STEHIREME? L, RROFRIES
2T, BHOBBELZ(OARTEL, T4 BRLE
(BT EBEFLILD, FLT, 2k, 2OX5KC
ELDLOERTH B, HEYERCHBLLS &
Wi BHAHE, SARLE»LOFHREL, TY M
» P ERELBLIILTAERCL B L b—o0HT
5B, & bIC, KEBRONICE, HSSBRe 1 Eoes
rERNETFREREITV, 0508, HlHE T —
2 O TR, TLT, ThLOBRICHEETms
T, FERBIC7 41— VS0 2T2LNW5BMY 3B
NTWNB T EHBN,

L#l, 20X 5REREHFNIHDATAZICE 5
2 by, KBESHERIC, BAEOH, BEaNbH
PEWHEHOERY DL, Thid, 7Y -7eRHEHOE
BB W0OEBRTH 2, TOEMAR, SOF M
REECREDHEOEREORAY, RERSEHERICE
FEREATE WS b EEL bR B, 9k, SEOSE
FHRTHCLICL 5T, AIBEICE B b LOLE WS,
ZTOLER, BohaAY s P EaRAL EDAS YRR
Lthicb2TH59,

fhic, RESEWEROMEAL LT, &L cmE
FRETOOT, EROBIC, XirfElinttoc Lt
TN ERBT LD, LidisT, ELEMITHLT,
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AR EEHRASNEAET, ¥k, 2ER TIN5,
BICRTAKBZAITE, Withd EnEitorhoiicr
LAEBIBTIHbh ThT, BEMIKREANI SK
EEEh T3,

wie, b bica~& Lo, B4 OEBRNREOBREE
HOTRTbN ThEHITE 5T, FBROWMEHNKE
BRED LT 2038 TH, LicFHT, 22T,
AR~ 5 L L, RENzAZ L baT
THEACEFEL CBILTn {,

4 ORNL ToENBHRICBETzHErVAEW6E

4.1 WROPE

T THR~_AHHEEIORNLTHSST 7o 23 a0—
BELT, EHIhTiAERO—ETHS, HESTA
v aTH, /Ara—FHOFROWR, FROE
1 OFR, B oo FE RERMECHRE
EERTbhTER, /A -+HOLBOMELEL
T, SHEEIK I slehinkfEoAmoBEl, BT
{b&ik Mni = 7 2~ QIGHEEE X 5I00HRGRE
OFHE, ¥ T, ENESREF il BlERRS):
Fbhtnd,

EROELOMA L LT, HEBERBSE=F v %
AnAER3fToh T b, BEH RO
CT BB Z#RAWT, Ry—-75Kkwbht\nwd, B
BEBREIENSEs T~ O E2F+EAL, LOCA-
ECCSE&MHEMEL T, fTbhThnd, Tofllc, 2H
*HTHEHORI EA, EROBEBENOM
OFtliR &, MxhENESRICE T R SHICE
LED LR TWT, FhooRTrtind s, EBIC
P 5 ST ECE T SBEARR LA CRBEE (H
BINDLoFbhTWDG, 22 TH, BEEDL,
TR LETCKOWTERTEE WL, Thk, T EET
FOIOEDEOT, cONEEWRT v 2+ OF
—R%, HRCHNERZKCE LD,

4.2 JZA(ha—F—BOEHOHR

BHEHEC & - T3 IR D IAREE RS bh T B2,
FThARE T E, ERPCEILTWITEROWTR
_BTERT D, 2P, FHEHEERLLT, B1IGR
LictsnsAna -+ BoMAEE:, LHEHBO
BRI T, ThICRELEML, AR
KEQAMH + Kb 2R ThhA, cO=FAd@E2

WRLASOTD 2, H3 KERO--BERT, 2hid,

KRR, G, BWR OEEOBRICETLEROKME
ZFHILALOT, HEOEWLT L 3ERETTICETH
Eh, ThzstsTREEZLOTHE,

WIC150pn EOFESW AS08 class 2 OfFEH O/
X st L b OOEERREfTbh £, B4 CEHROKE
FT. AR, EHERFHBAL DD, TOR,
USBERI-T, 2ROBMBEBBINL, 2 7y 0%
BfThhicds, RFOER TR, 88CTT-%M
183MPa C,BBeIC Y — 2 L, #fllnt, AES
BRELTAC LA USETEEOERTARILLL
z5, 124MPa TEERENHGE > 2ORH- 2, T
O, EhoEme L 3ic, NECERTS & TEEHN
BERT 2, —F, WOEERTIE, 24C CHRBREE»
BREShAOT, EEFRRE, 145MPa0 L i h b
127 o1, 185MPa TRAEWBRICEL 2 CToMIK
OHRARFEENhE, O EOWECHETFEH 5 KR,
EDELEQ, JANT-F-DFEEBLAG LAIEE N,
BHOBIERL L CEBRER2E1 L3R4,

52—V Cr—1MoBREHEROHEER®

5.1 RROBE/

COFERL, EHERBEEO—DTHATI—RFy v
v x¥y¥av (AE)EED2Y Cr-1Mo EAHE
B OEAtEHE T L2 ERNEL TS, LT,
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Equiation andfor Fig. HNo.

Vessel V-3

Vessel V-9

Test conditions, material

properties, and test results
Test temperature
Nozzle yileld stress
Initial crack depth
Measured nozzle corner |

failure strain

Heasured fracrure toughness

Calculated failure strains and
pressures by LEFM based on
strain

Flaw size, a
Flaw depth ratio, a/r
Shape factor, Cp 2
Toughness ratlo, ¥./Kj.
Calculated fatlure strains
Afo (plane strain)
Mg (nonplane strain)
Calculated faflure pressure

(Measured)

(Measured)

Eg. (12}

rig. 11

Egs, (14) and (16)

Eqs, (3},
Eq. (26)
Eq. (5) or (8)

€2y, (4), (24), amd (23)

88°C (190°F)

425 MPa {61.6 ksi)
3.05 em (1.2 4n.}
&.5%

265 Mi=m /7 (261 kst vIno)

em (1.2 in.)

180 MPa (26.1 ksi)

24°C (75°F)

474 MPa (68.8 kst)
3.05 em (1.2 in.)
8.42%

159 1-m 12 (145 kel VImL)
220 Mu-m~ M7 (200 kst vin.}
298 MN-m /7 {271 ksi vin.)

3.05 cm (1.2 in.)
0.243

2.5

2.41, 4.28, 7.71

0.44%, 0.61%, 0.82%
1.1%, 2.6%, 6.4%

142 MPa (20.6 ksi)
172 MPa (25.0 ksi)
181 MPa (26.2 ksi)

F2. HBR L¥EGKE £3 HBER
Diometer] Thick d ay cvT DWTT | PCOWTT P
Test N | Grade | Process | p'cy oyl 4 (o | Chet/ud)| Chet/ad) Tt | ety | Ggtomd | Gtomd (Ot )| Crgtnyn)
1 West. X-170 oT 30 16.5 49.2 617 1 | West 8.2 550 320 45.8 21.8
2 East " CR s ’ 51.2 66,7 2 East 6.6 420 250 40.8 1771
West ¥ " L4 ¥ 49.4 65.3 West 6.8 410 250 4L 6 18.9
3 | West X-65 CR . . 46.3 64.2 3 | West 6.2 360 240 32.9 1.7
4 East X-50 SHT ¥ - 43.2 59.8 4 East 6.6 380 280 37. 6 154
5 | West . * . ’ 43.5 59.6 5 | West 15.6 460 320 49. 4 25.2
6 Fast X-70 CR ’ * 519 63.2 6 East 19.0 710 440 55.6 35.3
oot 7 7 ’ ” 51.0 64.4 West | 10.0 190 320 49.2 24.9
| st v 7 v " 51.9 63.2 ; | Best | 216 760 480 53. 3 “42.9
Wost ; ¥ " ” 510 64.4 West | 11.4 520 330 54.4 32.9
o [ st g OT " " 555 67.3 o [ Eot | 218 820 440 70. 6 42.5
West | X-65 CR . . 46.9 59.7 West | 21.9 795 440 67. 7 46.7
o | Past . ” . " 46.9 59.7- o | Eest | 242 820 500 59, 1 37.8
West X-70 oT " - 58.0 69.6 West 216 830 4185 59.9 371
10 East ” CR r e 51.9 63.2 10 Bast 21.2 750 470 57. 5 37.7
West " ’ ° e 51.9 63.2 West 21.2 750 470 58 2 39.0
- East i " . ” 81.9 64.4 " East 1.2 SIG 330 48. 5 26.9
West " ’ . * 51L9O 64.4 West 11.2 510 330 46.9 25.2
12 East X-70 SHT 30 15.8 59.1 617 12 East 15.0 650 328 62.9 34.0
West ” . * " 57 4 66.7 West 150 650 363 64.8 33.4
13 East * . 48 15.8 56.1 676 13 East 16.0 666 436 26.4 29.3
West v " x » 53.9 66.0 West | 16.0 597 410 255 27.9
14 East » " 56 15.8 54.0 63.1 1 East 15.0 602 425 24. 4 28.7
West ” " # » 553 635.6 West 15.0 557 © 385 24. 4 28.1
15 East X-80 ? 56 20.0 62.0 718 15 East 12.0 640 399 31. 4 28.6
Weat F ; ¥ P 626 71.8 West | 12.0 §40 399 30.0 26.5
Nitrogen(Vy} r= ﬁl—vﬂ Vs Water {Ve) nl::re::z:e
Hydraulic pressure pump gage
Nitrogen gas Gas rescrvoir pipe  Speeimen
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N:froqm (vt)

j},druuhc pressure pump @wqrer(\&)

5
_ L _ Gasreservoirpipe

Pressure
monitor

' gige

[

) / , o fSpecmen
! ) I A
B 10. EROHEEH

Crack starter pipe

Machined ’
- serface no“ ¢

Girth weid

Pressure gage:

'\....

T,

D)

Test plpe *Timing wire Stram gage:  Test pipe
5300~~7650 400 5300~7650
11000~15700
11. & B &
B 1
Crack arrest/K
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~

{ Crach length
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Pressure (kgf/enf)

170

‘ 1 3 ‘Timing wire M9 W side .
4 N -

Time

2
longitudinal strain
@ 1F
T — 1
Crack : 5007 100 1500
&
§ ' circumferential strain
- by _ i
Lt
Distonce fo_wofd the crack tip (rnm-)r
E1iT. R0 4%
XVT
F D I ;113\/?/\/557 Ny gas (V1)

 >3D

7 =V1i/ (Vi +Vy)
?2(G‘y+0‘u)7/2

Water (Vg)
d'i-:Pf D/Zt

t=Pipe thickness
E18. #Hr=7
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