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Finite Element Method Programs to Analyze Irradiation

Behavior of Fuel Pellets.

Rayji YAMADAT Yasuo HARAYAMA,
% *
Akihiro ISHIBASHI and Masao ONO .

Division of Reactor Safety, Tokai Research Establishment, JAERI.
(Received September 6, I979)

For the safety assessment of reactor fuel, it is important
to grasp local changes of fuel pins due to irradiation in a
reactor. Such changes of fuel result mostly from irradiation of
fuel pellets. Elasto-plastic analysis programs based on the
finite element method were developed to analyze these local
changes. In the programs, emphasis is placed on the analysis
of cracks in pellets; the interaction between cracked-pellets
and cladding is not taken into consideration.

The two programs developed are FEMF3 based on a two-dimen-
sional axially symmetric model (r-z system) and FREB4 on a
two-dimensional plane model (r-8 system). It is discussed in
this report how the occurrence and distribution of cracks depend

on heat rate of the fuel pin.

Keywords: Fuel Pellet, Crack, Finite Element Method, Program,
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BOHTBHBEHFRAL 2D TITALR, 2T 23y 20— r273T50THAEZL, FFRME
WT 259 2B LATER R D, ATy, 7R Z54HTL400°C ELTHE, &
%, FEMF3RxnTlE, A, BORGIBEWMEINALE, S LENDEI 2 5 5 2
ELTwWhid, 1FZD27y 28 e—-0 2L THLAEL, 27y 20FKBOBDELNK
FEORMRORELZEIN D,

2.4 7V~—FHLUEEILEH OREL

7 U _7'EEEEC @, EEE! *E%mj]s *ﬁ%ﬁ%@@gﬁfﬁifpﬂéo %{ﬁﬁ%ﬁ'@
de °F=% 41 THH, FEMF3, FREB4LVICde JP 40001 ¢BABHBE

d, FTAUTCEFICE » b T 5, ﬁjiréﬂ@ﬂ ) — FERI L
3¢.4d¢ T

{Aecreep}zﬁ_ {": ar’ 60’ rn’} ( B RO )
.; } (241)
.
L2l s e e 2} (FEBHOS)
263 b4 xy
TEZL b A,

ST 5 AEMERTE EANTo=oc(a+5,) LRDELIOETH, RETOR
OMRIGNE 6, (T), Y > 7REE(T)ETHE, a=4g, (T) /E(T) OREDOTFTT,
oy=ca kL be=ay/a" &b, BERIER

X '

Bep
THh, oy, E, n vy, BEELAELICHYEELLTS5X5, ELFREB4TH
~vy FOH EFLL A,

n-1 -n - - a=1
H = =nc(a+gp) =no-Y(1 )En(o‘Y/E+ep) (242)



JAERI-M 8468

3. 7 v & 3 A B R

31 SALRT 9y TREZBITT 0y 54777 4

WMHBE S Y FEZFEMF3 CFREB4 TlH&L, FEMF3HLUFREB4 D7
ny 2 A AT VS A% Fig, 31&Fig, 32 R d, FEMF3THBERFAAI 4RTy 73>
F R A LABETSE, Thbh, EI1HBEANSN KA 22T y 7 THET T D%,
2EEMED 24 x5y 7k, nBBOFETE®HI L2777y 72 LA -AHEESR
B, WO ATy 7TBESLE 25y 737 50K LERZRBE WM STHEL . T iR
WA LB L To+ 1 BOHBEOEO 1 4xFy 732, —FH, FREB4TH, #1 4
25y PEANAA6ZT 9 7L Lo TORREINL, BAL L > THATNFA 22T 5 7
ARETXLESL DLOTHESELATADN L, TAbL, ANAT » Y TIRNEEHEL
HEAt R EATEE NSNS, FOERK 2 7y 7R AN EEMNIL L KiT, HIHE~
Ny ZAFBELBIELETY, SLCLORBTIRERGFE ML TERSET A,
FOBERICS 79 28 AN THEFETINL, LEOFBETTINTORRECRNVBEREEN
DEMTICADETLOVELHET 2. COLDBLEABRTHRRO =T » 7B L,

32 H57n/S5LaBHELU IS T LD0FERRN

FEMPF 32 Table 31 R TRICES 75 25 FATHREL THAOY T 7 77 47T
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Table 3.1 (Con*t )
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Table 3.2 ( Con’t )
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0000 & S 70500 0,500 D400 0.500 0,600 0,700 0.800 0-900 1000 1-100 1.200 1.300 1,400 1.600 §.600x10 3

TIME {c)

Fig. 4.1 Two dimensional plane model (FREB4) . a) Figure of
element numbers, b) figure of nodal points, and

¢) power history (w/cm).
(Fig.41~4.11 show the results calculated by FREB4.)
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STRESS MISTORY (ELEMENT=1),(STRESS=KG/CMwwZ,TIME=HOUR)
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Tive  (b)
Fig. 42 a)Stress history and b) strain history at the element 1
which is located at the center of pellet.
(8ymbols 1 and 2 dencte radial and circumferential
directions, respectively, )
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STRESS HISTORY (ELEMENT=71),(STRESS=KG/CMwe2,T] ME=HOUR}
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Fig. 4.3

TIME (b}

a) Stress history and b) strain history at the element 71
which is located at the circumference of pellet.
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PELLET STATE (TIMER3OHR.LHR=125W/CM ), Y=Y [ELC.C=CRACK) ’ PELLET STATE [TIME=36HR ;L HR=150W/CM),f Y=YIELD,C=CRACK]

{a) (b)

MAGNIFICATION = [ .S07E+02 : MAGNIFICATION = 1.907E+02

PELLET STATE (TIME=42HR,LHR=175K/CM],f Y=YIELL.C=CRACK

(e) ‘ N

MAGNIFICATION = 1.807E+02 -

Fig, 44 Crack and plasticity areas of pellet at linear heat
rate . a) 125w em: b) 150w/ em: ¢) 175w cm;

ALt - Tt
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PELLET STATE {TIMES4BHR LMR=PO0W/CMY . (Y=Y IELD (C=CRACK) PELLET STATE ( TIME=72HR.LHR=300W/CH) . ¥=YIELD .C=CRACK)

@ _ ' (e)

MAGNIFICATION = 1.907E+02 MAGNTFICATION = {.307VE+0Z

PELLET STATE { TIME=10BHR,LHR=450WCM) . Y=YTELO.[=CRRCK !

i
|
|
i
i
!
i
i

{£)

MABNIFICATION = |.907E+02

Fig. 4.4 d) 200w/ em: e) 300w cm» f) 450w em,

—2 (5 —_
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PELLET STATE {TIME=1344HR,LHR=300W/CM} [ Y=YIELD . C=CRACK

PELLET STATE {TIME=i404HR . LHR=100K/CHT .1 YZYTELD, C=CRACK T

MAGNIFICATION = 1.907E+02 HRGNIFIEGTIDN.: 1-907E+02

PELLET STATE [TIME=19BINR,LHR=0w/CH. I Y=YIELL J=CRACK Y

MRGNIFICATION = 1.307€+02

Fig. 44 g) 300w/ cms h) 100w em: i) 0 w/em.

(C1, C2 and Y denote radial, circumferential c¢racks
and plasticity area, respectively)

__,zz 7'__
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Fig. 4.7 Stress and strain distributions of pellet at 450
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'Sfrepé and gpidiﬁidigirihﬁiipna of pellet at 100w/ em
"of linear heat rate . a) the radial stress distribution

gt z=0.0 (kg/%nf). b) the radial strain distribution
at z=00,
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SIG-R DIGTRIBUTION (TIME=24HR.LHR=10GW/CH)
CONTOUR NO.= 2
- coas s
1m -7 5 8 B85 5 B =1 *
¢ -8.487E+02
o~ 3 -5.84GE+0P
g 4 -3.203E+07
5 -5.BL7E+01
£ Q.
g 7 2.0B0E+02
B 4.727F+02
4 9 7.3G4E+D2
: 10 1.001E+03
3 il 1.265E+03
2
‘ . :
N :
- R 1. b4 ] 1)
I
‘ MAGNIFICATION = 1.BiAE+02 (e)
i[ S1G-T DISTRIBUTION (TIME=24HR L HR=100W/CH)
CONTOLR NO.z 3

CONTOUR VALUES
1188 s 8 8 E 6 1 -1.1176+03

-3.231E+07
—g B50E+01

2.061E+02
4.7068€+02
7.352E+02
0 9.957E+02
1 1.284E+03

s D O~ O3 O B (P

MACNIFICATION = 1.BIBE+02 . (d)

Fig 417 ¢) the radia! stress contour map (kg/em®).
d) the tangent ial stress contour map (kg/cmz).
"(The items a),b),c) and d) in figs 418~421 are the
same as those in fig. 417)
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§16-R DISTRIBUTION (TIME=72HR,LHR=300N/CH}
CONTOUR NO\z* 2
o sl
; ; 9 -3, -+
e e & 2 -3.005E+03
A U 3 2.686E+03
1/ 4 -2.107E+03
4 5 -i~6BYE+03
g 6 -1.210E+03
SN 7 -7.8106+02
b g -3:iz282
9 10 1.3666+02
11 5.9548.02
2 b
B |
b
L]
-
:
T [4 F 4 o i1 (4 -1
MAGNIFICATION = 1.B18E+02 {e}
‘ SIG-T DISTRIBUTION (TIME=72HR,LHR=300W/CH )
i
1 CONTOUR NO.= 3
| raags i s
: g 10 3467+
s . Hou u L 2 -3.0156+03
: . W § 2 EBRE+03
| S i 3.13%403
¥, & -1.575E+03
2 B -1.228E+03
‘ 7 7814402
4 _ 8 -3.346E402
] a 0.
g 10 1.1226+02
4 : i1 5.580E+02
3
A .
i
“ .
I 3 =3 T ] ; U 1l a ‘
MAGNIFICATION = 1.BISE+02 - {d)

Fig, 418 Stress and strain distributions of pellet at 300w/ cm
of linear heat rate.
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Fig. 419 Stress and strain distributions of pellet at 450w/ em
(after 108 hours from the start up) of linear heat rate,
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S1G-R SISTRIBUTION (TIME=10BHR,LHR=450K/CH]

CONTOUR NQ.= 2
CONTOUR VALUES
118y 0 1g 030 3 9 10 1 —2.594E+03
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/ l 3 -1.992E+G3
{// ) g -1.691E+03
] B

1o -1 3B9E+03
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T

7 -7.871E+02
B -4.858E+0P
? -1.847E+02
1

o cC.
o 1 1.165E+02

—r o e @

™t N e

! - MRONIFICATION = 1.BISE+02 (e}
SI0-T DISTRIBUTION ¢ TIME=108HR,LHR=450K/CM]

CONTOUR NO.= 3

CONTOUR YALUES
-2 .988E+03
-2 .5688E+03
-2.188E+03
-1.787£+03
-1.38TE+03
-9.869E+02
-5.866E+02
-é BB4E+02

2.136E+02
6.140E+02

1095 10 1 g 10

=
o
e 2 OO0 A G0 O e e

—O

o

MRGNTFICATION = {.BIBE+02 @

Fip, 419 Stress and strain distributions of pellet at 450w/ cm
(after 108 hours from the start up) of linesat heat rate.
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5TRESS DISTRIBUTION (TIME=1320HR,LHR=450W/CM.Z=0.0)
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516-R DISTRIBUTION (TIME=13Z0HR,LHR=450k/CH}
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MAGNIFTCATION = | .BI1BE+02 (e)
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CONTOUR NQ.= 3

i
14 8 7 &7 -5. +02
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MRGNIFICATION = 1.8IBE+02 &i)

-
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= ol
1D
o
] [ ) -
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| Fig. 420 Stress and strain distributions of pellet at 450w/ cm
l (after 1320 hours from the start up) of linear heat
i ' rate,
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SI1G-R DISTRIBUTION ( TIME=1440HR ,L HR=0.0W/CH i
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MAGNIFICATION = 1.B18E+D2 d)

Fig, 4.21 Stress and strain distributions of pellet at 0w cm
of linear heat rate.
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Appendizx B F— 4% ANEK

FEMF3, FREBA4HLIUFPLOTFOE 2 75 allDPnTEODANETRLCE &
7%, Table B.1 I FEMF 3, Table B.2/XFREB4, Table B.3{XZPLOTF
onTOF—2ANEOHRBETSE,

Table B.1 FEMF 3ANTF— 25 H

e 5 s FORTRAN
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=0 EHBLAN
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41-48 | BEH - HEE BEIR HIST( 6, n)
49-56 | Fv o 7HREH (HE) HIST( 7 n)
57-64 | BOLAREN (S LRLALASNE ) HIST{( 8 n)
65-68 | & F B HIST( 9,n)
62-72 | b7y b, n=HIST(10, J&LALE, HIST(10, n)

1 £244x5y 7Rt mBTHESN S 4, nOEK
YT FENE, 00 EE =1 (R
FNrr3EELE, X, 0 >mOCBEEAn— 10L&
DH 7Y by X, HIST(10, J)OE, BCL-T
B2, BCBLITERREERL 7Y » r2F 605,
BIST(io,n)<0
mEL, EE(ERH)
HIST(10.n)>0
BARUREIST, EIE (FME)
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Table B.2 FREB4ATNTFT—#3HEH

h—rES | 74 2 5 3 e
(1;A4) 1-72 | #4 baH— MT I TL(18)
2 1- 5 ; HBisRE FAX 200 NODE

(1615) | s 10 | BRis BA250 NELM
11-15 | ANBER7» 7H# BXR100 NSTP
16-20 | BEFRTRASIOR BK100 NFIM
21-25 | BMEEER T - 27— 7O o NFTB
26-30 | Fv v FXTO X100 NGAF
31-35 | ¥+ v TREFXF - T T E - NGTB
36-40 | B ELON NFIX
41-45 | BHAEE=T LLO¥ BHR100 NPRS
46-50 | RAEF— 47— 70O &KX 5 NPTB
51-55 | FHEHILA/FEEA 7 e ¥ NCND

(17273 | FELD/FHEHE/ I v 22)
56-60 | 7eow wf—¢ﬁﬁLdﬂ%vay NPLT
{01 ;no. yes)
61-65 17U wh - aI¥bR—n- FF Vs NOUT
(0.1 ; no/ BAF— HCRREOYUET
Ty TE)
66-70 | BHStEA 7> ( 071 jno yes ) NPLA
71-75 | 2 ) —7#E+7v=s (0.1 ;no yes ) NCRP
T6-80 | £ 5 v FEEAT (01 ;;n0 yes ) MCRK
3t WHBEEOAN cm HE FERT,

{i) Format (215, 2¥10.0, 15, 2F10.0, 15)
or

() Format (715, 2F10.0)

(i) M, §, X1, Y1, K, X2, Y2, L

(i M, K1, Kz, K3, K4, K5, K6, X2, Y2
IM{ =1 or 20+ 33 () O #47TAD
IM|=3  ocrE(D0s17TAR

M| =1 SANOBEE (X1, Y1)

IM| =2 #&AN (X1, YI)&K (X2, Y2)
COME L AERAE, Z0LEOH
HESHAE (K—NJ ./ (L+11),
feonbfimE L+ 28
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h— &S

2] &

FORTRAN
SYMBOL

(no%)

MAK1»oE2 (585 K3)
FTOERL, K40 5K5 (19
SK 6 )0 BB L TH R EEES
(Xz, Y2)Tfibinnd, 2 LR
K2—-K1 L = K5—K4

K3 Ks
[M|=0 F—s08&b,
(#) M<o@Lzd., EEX,Y)HE, (R, 8)

LanlL, BEEETE,

IM| =3

BE7- 2 AN

Format (16I5)

M, NI, NJ, KI, KJ, KK, KM, LI, LJ, NBR, NBT

M=1 ZEZNIgd#HEBESNI T (KI, KEJ, KK,
EM) Lh#EInABHE2 7 2 CHF
by s> INBR, MERFRmZ 50 2 CH
TEYIFAENBT, (HEEE)
SHBERO L EEEM=0

M=2 BENIH»ONJIJ@#5 (K1, KJ, KK ,EM}
ELTLI LI BEOERL b REL.,
HEESZLI~LJ &BL, 20k &
NBR, NBT $¥AH3 T2 5,

NJ—=NI+1

oY e L ns .
LJ—-LI+1 AN

COBREER k=

M=0 F-—2D#b,

{#f) NBR, NBT #EB0C L& 3 toBENHES
BEEZLTS 250 238h N, RABE
CEHNL 75 2B A% &%, BLNBR
¥ O0BRI~NTR Sy 28ANE, (M
BHEms oy 70 L 5EFEUNBT)

WE HICTT

(2F10.0,
215)

1-10
11-20
21-25

26-30

e EAEHT,

BMHEHEE (FKEEMT, Tt 5HE)
FALRAT y THEIE

BHE2 4257y 7+ L TSTEP (n—1)& STEP(n)
% KSTHEn)Z38+ 5,

AE, n=10+& 2 KSTPQ)=1&2 5,
HEFRO7 Y b3 ribe—an
STEP{(n—1) & STEP)HMTKSTPR)=Fv 70
HEHL T,

KOUT(n)=0 @©tagEI7) >}
KOUT(n)=m OL&tmBEF2CTY ~}
CDF— 2 H—- VEBEB2045411-15CHEEL
#ZNSTPHAH+ A,

Hour

W,/ cm

STEF (n)
POWR (n )
ESTP (n)

EKOUT (n)




JAERI-M 8468

h— B

%

A

FORTRAN
SYMBOL

(5I5)

REOMEE LRI HAO T — 2
I1,I2,IN,ID,IT

HEAES (11, I2) TE&EShA

AeHpIELE LTHEAEIDLL,

I NBODTEET .

I1=00#—- FTF—£D#KD,

e d 7 — sEEENFIM (& F

EE2, #3416-20) THRPAERGAE W,
CDERITRMEREROC T~ 25— P ABFThA,

KFIL{1, n) } FEREET S UL RT
KFIL(2 o) HAET

KFIL(3, n) F QI BT L BEEED
F—g F— T BE

KFIL(3,n)

BiEEE, WHHRE T £
#—F7+1 Format (I5)

NST Bk, SHHYRET - 2 v EET
LEMF— A0
Format ( 8F10.0 )
it =1 ~NST
T A EET ORET -7
Format ( 8F10.0)
MR NSTHEART 5,
Format { 8F10.0)
SEHBET NSTRAS T %,
#—tr7-3%, 7-47ENFTB (#—11 @D
BLAN, COLERET A2F— 25— 71FEBRA
HETHE, .

H— 727
TIN()

#— 73"

— w747

W, em?
°C

HFIL(i, j)
TCOOL (i, j)

{715)

Fyy 7T F
11,12,13,14,IN,1D,IT
A (L1, 12,13,14)L0%8
EIhf ¥ 7EVMIELLT
INEeR, TOL2DOHIE
1D, 8RTE2E» sy o &2
By ADTF— 2 F—FAEFBL I,
ITTS® 5%,
EZINLNEF—-F2ENGAP( #— F1 ) ETEG
ndzbE N,

Ak, F-AOKIRI1=00F— VT b,

(5]
—_

EENN\ANNNN\)

GAP

NOONNNNNN

b

KGAP(5,n?)
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#— rEE

A

o

FORTRAN
SYMBOL

(o5%)

KGAP(1. n)

KGAP(2, n)

KGAP(3, n)

KGAP{(4, n)

EGAP(5, n) BELAEr » 7ERET 2
HFyop Tavgsrir2kh
AETF—FAEE

Foro 7ERET HHA

Foo T7IFFTER () T— &
#—F9+1 Format (I5)
NST | h, ¢@®THRMT -7 vOH
#—1F98-2 Format (8F10.0)
TIN(i), i=1~NST
h, THEET 2EMT -7
#— 9.3 Format {8F10.0)
TIN() €3G LT hg,% NSTEA
T 5,
H—F9-3%NGTB (#»— V1 )E{DELAT,
LOEEETE T~ 25 -7 AFSEATIE,

W/ em?-°C

GAPS(i,j)

(515}

HAEE ST B0 T — &
11,12, IN,1D,IT

HEES (11, I2) TEEINAATTEEE LT
#orlDELINEOLTERET 2,
[1=00#—FTF— 20D,
fEen 27— S#IENPRS ( #— V1) TARThER
LAV, COLE] TREAET - 27 -7 2BET
&5,

KPRS{1.n) WA E=Z2It 210% 5=+ 88
KPRS(2,n) } B5,

KPRS(3,n) T OB T ARAEDT

—2F— 7 EE,

EhoERT2amaEll-12%90° Al el
mTH5,

KEPRS(3, n)

HANET— #
#—1F11-1 Format (152
NET | ANFrER T eEM7 T 0,
A—F11-2 Format (8F10.0 )
TIN(i}), 1i=1~NST
ANEzRET SEMT - 72

kg/cm?

PRES(i, j)
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H— VEH

A =

FORTRAN
SYMBOL

#—F11-3 Format (8F10.0)
TING) CHEL THNEENST
AT+ %,
H#—F11-3 # NPTB ( #—~ F1)ECHELAT,
cOLANET BT —2F— 7o BEEATIE

12
(415)

ERrMRT AHAO T~ £
I1,IN,ID, IV
MAEI 1 LPWSIDELTI NEOHKOWRE LM
IV,

IV=1 ; xAWBEZE

Iv=2 ; yFrmEZ

Iv=3 ; «xyFHlEZE
F—siZ11=00%— FTHKE,
CLTEEIN AMEBAOCHANFIX (#—-M1)
EFEL RTRE TR bR N,

KFIX(n)

13
(4I5)

FEinh, FHEHEL T v ¥ F— £,

COF—Aid h— F1 TEELANCNDS 3O L &K
OHEANT b,

I11,IN,ID, IV
EFILIIHAIDELTINRBOERTHLT
IVTEELAAF 7 v¥a vILT A,

I1IvV=0 ; FELIH%

IV=1 ; YEEH

ECND{(n)
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Table B. 3

PLOTFANT— 258

#— v EE

A =

FORTRAN
SYMBOL

1
(18A4)

AAbnk—F, Foy FEOEEWCZIO XA g
<,
EQF#H— FTE&F—20OATET,

NTITL(18)

(Is,
F10.0)

Ty bEOFA S

NTYPE=0 HBREBUV+r—AEHEOHEERL,

NTYPE=1 ®RIAHRENEESRE(,

NTYPE=2 EBHFMBEBETHEEL T~ EHFOK
®#{, FEMF3 TiRIBHEAH,
FREB4 T AR FESHE,

NTYPE=3 FEMF3 CiH8lifE, FREB4 THA
ErfELTr—s&kgoEy#{,

NTYPE=4 EXFEEL (RAEEFCOHEEL.

24P AONFOREL,

ABLARFAEZ, 25mm%E 7o 78Ty T 5,

() H#o»r— FANRBE. NIYPEOfEIL b
WD F— TN D> T HBE D — MO
ARALAGNEES B\,

NTYPE
* * ok
0 D—-PD -G >@—>>®
1 O—-=@—
2 D—@->0—-0 -
3 D=0 -0
4 C—@—-80—-0—-0

* #— F4ONNEL>0O & & AR,
xx  H— F4DOMCON>O0D & B AT,

NTYPE

XLEN1

(I3,
4F10.0)

I- 5
6-15

16-25

26-35
36-45

F 27— HFONRLELERT » 7EE
R B R
SCALF< 00 & 2 gH 2o —n,
SCALF=00 &L 28— 2 EMUEERLEA,
SCALF> 00 & 253t SCALF,

HmEES, BEXES, BEEEAZSHEFORES,
ARLAEINRE 25 mmE £ b,

* & B

EERCoT AERBOKE DS,
AALEONE S mmE £y b,

NCAS
SCALF

XN

DELL
XLENZ
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A—ES | #T7 A 3! = g%ﬁggiN
4 1- 5 || NNEL | RERO MR LA L~ 2 BEE, NNEL
(1615) NNEL< 0@ & & (a7 — = & 6 L B#E,
6-10 |NGEO=0 BRE&E»%Z N, NGEO
=1 ERICHKHETH#E(,
2 EREORREER#E.
11-15 |NEIM=0 EBEESR#E»ZV, NEIM
=1 ZEENOBRCESEMH(,
= EHBOBECESTH{,
16-20 |NPOI=0¢ #ABSI#»Z N NPOI
=1 EBMNCEHSKCETEE
=2 EFMBEOMALESEM I,
21-25 (NCIN=0 THREBRZHE T, NCIN
=1 EEHORTEZH
=2 EBEORTEEHE(,
26-30 | NTEMP=0 BEf#E»%Z\, NTEMP
=1 EHMOBRCEREMELH
=2 ERGEOBRCEEBE:H.
31-35 | NSTR=0 [IEAREHIE N, NSTR
=1 BRELCEHIETHE,
36-40 | NEPS=0 REIHEIZW,
=1 ZBEELCEEEH
41-45 |NCON=0 EHBEEH»ZV, NCON
=1 RE DEEEETE
=2 g (o) ” w
=3 a, (ag) o #”
= Gz I 7
=5 txy(rrz) ” ”
6 o, 4 ”
=7 o, " ”
=8 Gy " #
=9 ¢, (e ,) 4 ”
=10 ¢ (eg) 7 7
=11 ¢ . #” 7
=12 rxy(r”) # p
=13 ¢ . ” ”
=14 e, #” #”
=15 ¢ 2 #” "
=16 u_ (ur ) ” #”
=17

oy 2 RERFRE 7~ ( FEMF3 ) OFB 4,

u (u ) " ’”
¥ z
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- V&R | A5 a g & ggggﬁ
4 46-50 | [ MCON | REREZEBOH, MCON
(=52) MCON™0 & &3 ( ~ 2 SRMAEOEEANT 5,
(H—Fe&HE)
MCON< 0 ©&2@7m /7 o TEEEHE+RET
b,
51-55| + 7ESEBHOK, MCOM
56-601 HERY— 7D L ¥ OERAFEE. NX
NXZ1 0ragldFursaFTNX=2L2 5,
61-65| NPLA=0 Ef~—2dEdban, NPLA
=1 EEMOBERELCBR~—-2728{,
=2 EHROBEMLITBER—272#{,
Bfk~—23Y, KEIFXN(#— 3 )
66-70 | NCRK=0 273, 2~=—2l#Ehl%A,
=1 ERHOBEHELIKS 55 2=—2 %1
<o
=2 FTRHEROBERLICS 52 7 =—2%%
<o
= —/DREIRFXN(H—F3)
L5y pe—2
C, ;  Radial crack
C, ; Circumferancial crack
Cs ; Transversal crack
Cnmf{ ;3 mix 1=n,m, {<3
5 1- 5| BEBOEVIOES, I1
(3I5) | s-10 | BRBOBKOES, Iz
11-15 | 4, I3
I11=00%— FTF—FAIKT,
6+ 1-10 | #H(~ s EFHOMEL MCON BAT AN T 5, CNVAL (1)
(81:&0) 11-20 CNVAL(2)
21-30 CNVAL(3)
CNVAL(MCON)
7 1- 5| F— 27— 7HOHRERDL 2Ty 7FHE, NCAS
10y | 610 | =75 rriiens 57— 2 ek, NGRF
11-20 | fECEETE PVAL

- NTYPE=20D & &
¥E=PVAL KEFEL TFEMFS TH#i5" S
#E, FREB4 THEFMAMEER L,
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VYMIN = VYMAX O &2 gBixs— it b o
VYMIN , VYMAX ®%& 5,
Bfg, thith s 7c#li(HETERL THRL L,

pe VEE | 97 a ¢ B # SMBOL
7 - NTYPE=30D &%
(o5& ) FEMF3 TR BiEEE=PVAL IKE®EL TH¥&EH
mamEri# e, FREBA TERABE=PVAL €
BEE L TEEAEATHEEHE,
BTG, #F, BEBEEOL Edem, ABEOL B
ETs5,
8 1- 5| BEEERES, NOELM
(215) §-10| B—7 7 77— sIEEH, NGRF
gt sy F- 2R ESH L NGRY RIEETA, NGRF (i}
(1615) 7 2 R ESLNT LWEER,
1. B & 10 & (eg?
2. g, (a,.) 11 g,
3. o, (ay) 120 7, (rpp)
4 a7, 13 ¢,
5.ty (o, 14 e,
6 o, 15 g,
7 ¢, 16 u, (ur)
8 o, 17 u, (n,)
9. e, (e )
#o 2 Jiigsde 7 ( FEMF3 ) O8BE,
BB e & oHRECO T OAERERE TS,
10 1-10 | BEF #2777t 47y 72 AONFD mm XLEN3
O ) K&, AHLAGNE2 SmmE £y b3 5,
11-20 | Bhm BB BME, VXMIN
21-30 | M B&OREXE, VXMAX
VXMIN = VXMAX O & gl gEi=s— AL b
VXMIN , VXMAX #3535,
31-40 | A5 HEO & ME, VYMIN
41-50 | #tH5E ERDORKME, VYMAX
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Appendix C w73 AUR}

=4 7w 7 4y V:TW@L?‘&; %chmﬁ?én

Appendizx D H I NVGEEN

w4 07 4oy /:.Tmﬁbfco %XK%H?%O



