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Abstract

This paper deals with the effect of adhesion layer and material combination on the stress intensity factor for small edge
interface crack in butt joint plate under uniaxial tension. The stress intensity factors of the small edge interface crack are
analyzed by the crack tip stress method with varying the crack length, adhesive thickness and material combination. The stress
intensity factor of the edge interface crack is controlled by the singular stress field at the interface free edge in butt joint
without the crack when the crack is very small. The calculation shows that the stress intensity factors K; and K; of the small
edge interface crack are related to the intensity of singular stress field K, and the singularity index A1, at the interface edge
without the crack. Then, it is found that the stress intensity factors can be expressed as K, +iK, = (F, +iF,)K a2 %%z (1+ 2i¢)

and the normalized stress intensity factors F1 and F, are constant values when the crack length a/h<107 irrespective of the
adhesive thickness and length of butt joint plate. Therefore, it can be concluded that K; and K. are an equivalent parameter
each other.

Key words : Interface crack, Stress intensity factor, Intensity of singular stress, Fracture mechnaics, Bonded plate

1. #

BRI, IEEREI OB NI OANAEETH Y, H#EATHLO TEHEMAMEICHLERLTEY,
L OEETHEH SN TS, BEME A G UM E O S SIS DFFERENE U 5720, FmEimnr o
HEE CREEZ) NAEL, BEEICWZDBENE. D720, BEEHEEM OBEE MO RIS ISV T,
INFETEL OGNS D WISATHIIZER T T 5 (Bogy, 1965 ; B, 7E4y, 1991, 1993 ; #Efth, 2011ab).
PEAg - BEOUREY, MEHRGECERIE SITIRIE L, —RICHEEE N EL 22513 CHE TIN5 (Suzuki,
1987 ; Akisanya and Meng, 2003 ; Afendi etal., 2013) . 3 & O— NI, FEEEOHEA O 5 [RGB KOS
SR RS OB S KA L, i 2 OBEE IR S OFEETREN Ke=—E TR IND Z & &R L7z (B Hifth, 2014) .
—F, BEEWEORRISTGICER UCREFHMEZ1T 2 56, [F UMEHEGE 0BG T HEATIRIC Lo T
HNEFREN T D L WO RERE Z RS D7, FUEsmBIc e S RZHEBE L, 0O HOISIITERRHIT
X0 W BREE RN 2 Sk 3 2 3 A HAAREF STV D (R, 2002 ; BFHf, 2014 ; Nodaetal., 2015) . fxilt,
B H 1%, RARR 7o N & FUT K DISTHERRE A RV U Tc s A OSBRI O A 2 7~ LT % (B
FHfl, 2014 ; Nodaetal., 2015) . BFEMEHESH OMEFHHOF] & LT, K10 K5 REaEEaR A OfEEE

No.15-00557 [DOI: 10.1299/transjsme.15-00557]
TIER, KOKRFIEHE (T870-1192  K4yURKsyTh HEFJE 700)
2 ROY KRR LR
B ER, 7=w—, JUNTIERFEREBE TR (T804-8550 & M WAL LN AT = ABALAKHT 1-1)
E-mail of corresponding author: oda-kazuhiro@oita-u.ac.jp
[DOI: 10.1299/transjsme.2014smmO000x] © 2014 The Japan Society of Mechanical Engineers



Kikai and Gijyutsu, Transactions of the JSME (in Japanese), Vol.00, No.00 (2014)

Table 1 Material properties of the butt joint specimen (Fig. 1).

Material E [GPa] 2 300
Material 1 ' YH75 (AL-alloy) 71 0.33
B - i |
Material 2 Epoxy adhesive 3.4 0.396 250 | * Experimenta
Material 3 SUS304 206 0.3 oo Lo
g .
Z .
é)15.0
. ¢ .
<] | susso4 ALYH75 | 100 R 8
o | 40 (Material 3) (Material 1) o . . ‘S 4
< Adhesive N 50 o
(Material 2)
0.0 : : : :
70 h 70 01 03 05 h[mm] 0.7 0.9 11
Fig.1 Butt joint specimen used for tensile test. Fig.2 Failure stress o for various thickness h (Afendi et al., 2013)
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Fig.3 Adhesive strength of butt joint specimen expressed as a constant critical values of Kic and K¢ for various adhesive thickness h.
(a) Values of K¢ for fictitious interface crack between YH75 and epoxy adhesive are calculated by the crack tip stress method
when the crack length is assumed a=102 [mm)] (10°< a/h <10%), (b) values of K. of YH75/epoxy interface corner edge are
evaluated by the finite element method.

JEE h 3T 2 5 IRIEIEITRE o OISR 2 X 2 12~3 (Afendietal., 2013) . & LICHEARER T OMENES AR~
T 2 OEERE o 2V, TR 7e 2 R ATRE UAHEE IR S h o3 L TROTZBRA OIS LK%
$ Ky THEEL U7 AERNK 3(a), & ROMENBEAR ORI RIS I DM S K o THEBIRR 27~ L7288 X
3V THD. K@D KL, THIEeLTRF U OREIZES a=10%[mm] (a/h=103~102) ORI e & AR
T UHT LTS IERERECTH D, K 30)D K ¢ 1%, T/ I A& L oRF L ORI 2 58S 0k
ETHD. FREDIZHSEIHDH B ODMI/NT A — 2 TP U= fERE, $EEEIE S 12030 vb b TR K
=—EHDWIK o =—ELAHRTIENTE, Kie dDWITK o (S BESFEHINEL &5 & b [REkAeRS
RebG2HEEZ2LND.
EHOOZNETOWRICE Y, HEMOFUmSHHOM N2 i & OIS IIERERENL, & HO MmO GG R
LGOS IR EEIND ZEBHLMNTR> TS VN, 2015). LU b, MEEIFRITFIEICES<
AT FORERETHIZA T 5 —2DOT7 70 —FThd Ky & KeD/3T7 A—XBIZED L 5 7eBfRn3 H 5 )
WCOWTIEHBIREIC STV, 2 2 TARIFETIE, K 4@ X 272 E AR AR OSSR OES
St 12 oo S & RETED IS IERERENT SV TRET 2 ARE OMEHEE I LTI 2170, #78E3 (1
B OEWIRERE JOICHIERBREIC ED K 5 R BA2 B2 2NMTER L, K 4b)D L 5 7 & &)
PR\ E O FURIRE ARSI ) & DRRZ A H M T 5.
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Fig.4 Butt joint subjected to tension.

2. fRAE

B 4)0> & 5 Zefy N Rk & AT D B EHEG RIS RIS W 2MER T 2 REIBEIZ DWW TE 2 5. Mk
1, 2, 3IFTNENGEHEIERL L, BIEREG,, Y/ RE,, BT Y Uty (i=1, 2, 3)THD. TIRTIE
MEFL 2, 3%FT. MTET VL, EHEZa, WIEW, IWOEIL(L=W), #EEBEXh LT

AWFFETIE, AIREHREICL > TR LD SRS OEIEEZ O ZFRIAL, K 4@ T I SHERGR
BN ORI & X 5 (ORI HAERE O & ZUERE S OIS IEE DA & 5 2 212 L 0 IS IERIRE R ET D,
Y iR VS (NEfh, 2000 ; BFEML, 2010 ; /NH, BFHE, 2012).

Z OFRNTETIE, ISJIERFRE DB CTH D BEREOAMISNIT LS i+ 2 LIk - T, REOR
AL HE UWRERIC) G2 EY 9. Fim & 20eimlTRaE— NIRE L o728, EHERELE LT, M5I1RT—
BRZRBIRISN T BLORAWIE) S 22T AR A B 2 5. BIRISNIT =1H2 W0 TEAWIE)S=1L
L 72856 o FEYER R 0 S & 20 D FEM RHTIEZ Z 121 oyokem *» Txyorem * 38 £ BN oyorem *»
tgorem * & L, ISIHERIREDIRENORE (K 5) ODENE 0 ey > Tyorem & FLTHUE, JEUERTE & RJnf
BO X SIS IRE LN E WS REL Y, KUERBEICERA S 2AM)G0T, S OEEFKRAL v IET
5.

s=1 % S=1 % T=1 %
Oyo,FEM “Txy0,FEM = —Oyo,FEM  “Txy0,FEM Oyo,FEM ~ Txy0,FEM —

1 , S=

T=1 *
O T
y0,FEM  “xy0,FEM 1
UT= *.TS=1 *_O_S=l *'TT=1 * O_T:l *‘TS=1 *—O'S=1 *~TT=1 * ( )
y0,FEM xy0,FEM y0,FEM xy0,FEM y0,FEM xy0,FEM y0,FEM xy0,FEM

T=

Z I T, FEM T DR, “HOORBETEEIEmED A v 2237 — B LOMENERDFE L &) &b
WHELT&H % (71N, 2009).

RO EVRDET, SOELY, EHERMETH D RS BERE O F < ROJEIIEREEENT, ’ALY
Kobhs.

Ky +iK," = (T +iS)yza’ (L+2ie), 8_%Inﬁﬂ+lJ/(K2+lj] 7

G Gy G, G

TIT, RIS, & =3- 4y, CPEOTR) . Gov)/Qiv) CEEISS) , v &7 Vb (i=12)
T D, RO HEAREIEAORIED b 0 L5 L=, [ 4@) 0K ) AR,

Ki=K;, Ky=K; €))

ThD. LiEXY, REOMBEDIEIIEREE K, & K, ZEICRIET D2 LN TE D, 2 THOLNDIGSE

[DOI: 10.1299/transjsme.2014smmO00x] © 2014 The Japan Society of Mechanical Engineers



Kikai and Gijyutsu, Transactions of the JSME (in Japanese), Vol.00, No.00 (2014)

REEEE, RO XD ICEERBEOREERES 28" 2 ERI L LIV DOTHL Z LITEET .

0y+irwzrﬁj%%?i(5£;J @)
T I, FEMEDI WERRE S KO AR S RISk 2T TERL L TS,

FEAT VT TREL BT 7 1 75 2 MSC.Marc % AV, 8 il EEE A L-. BEHENE T X 20T
DEFRH A Xe NERAEZalcxf L Tela=1/729 725 L HITEREL, K5 D X 5 2RI 52— % iz,
SRR S LREOalW, HEBES EHIEOLNW 22 /bS8, MEHL, 3 WS ek 2 (B256)
OMEHLAEIE, K(G)D Dundurs DIEE/IT A—Z 2L > THRTHDE Lz, K(5), 6)D FaFIIAE1, 2, 3
ERL, B THEH & jOMAEEEZRT.

VUG ) +G (kg +D) TN Gi(xj +1) + G (x; +1)
E. 37V, (plane stress)
| = L, x5 =21+v; (6)
2(1+v;)

. (plane strain)

Ab)D ZFHDINEA RO FF RIS O S OfRNTIE, RO OFEEZHAWZ (5Ef, 2011a, 2011b).
T

bt
vz;l'_ G,,v, T—V>2T
crack
i 28, 4l
llevl

R

Fig. 5 Reference problem used in the crack tip stress method and FEM mesh pattern around the interface crack tip.

3. BIERELUEER

FEHDIE, INETICH 4@QDPEEM BEHL & 3) BREICHAEO—E518E Y B X OmNiS &%) 285
AWM T DT 21TV, ERABNENGAORE R R B2 B85 2 LIC L0, s R mmEc A
U 7= 48N i & ZAD IS E AR O I A LTV D (N, 2015). ABFZECIE, X 4@Q)IC7RT L TR
72 DR OBEERBA R OBEE LR 12 EORy N Ffitx & KOS IHEREREIZ DN T, FEROBRET 21TV, ISPk
KRB ORI DN TIREHB L OB R AT o 72,

31 FRENSFRIEHBICHT IERBES LMHHEEEORE

N2 R R & P IR BSOS Z I B0 T, £, X 40)D E OB EARIC S
WTHHT 21TV, BT 2 5 2 B G M B O s A RS 185D TR 21T o 72

FEAREL2ZK6 DX D72 2 DOMELOBEEROBESIRERFERIS DIHC OV UL, 3 CIZEER RT3 22 S
TW5 (B, 7945, 1993). AWFZE CIIEEE Rl EOFFRIE I AICER LT 6 DX H120=7/2 ZRA L TH -
PAROREZEIT S L2k 0, FHEICH I FERIENGEZRO L IICET LN TES.

_ Ko‘ _ fr@ Ko‘
Gy(r)—my Ty () = fggm 0
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foo = 2205(Aa5 + )Y, SIN(Ay 7 1 2) + 224,°Y; COS( Ao 1 2),
fro = 2205( Ao — DYy SiN(Ao7r 1 2) = 24,°Y, COS(A o 1 2),
Yy = 423,815 C0S(A4 o) + 2B1,[C0S( Ay o) — 1 + 44u,5( A p + Werrs — i),

Y, = 2(2212&2 —1)5”‘(212”)

ZIT, K, EEA SR RS S5 DR S

f¢90 ’

(8

o [EAPEF 1 LEPEF2 DIA DA TR E 5B TH 5.

FEEF 1 & AP 2 O SRR MR A, 15, Q) DI TR 6ok s (B, 154, 1993).

(37)

2 T 2 2 2 2 o T 2 2( 2 »2 S|n2
Sin E/Iu —/,lij ﬂ'] +2/1ij Sin E/llj _ﬂ’ij aijﬂij+/1ij /1” -1 ij +

-0 )

R(7), @)&V, HEAFEIAE LIS OEIT oy (1) 1,y (r) = fpy! £y TETHY, FRRAIHEFL &
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Fig. 6 Bi-material strip and singular stress distribution near the interface free edge.

FRROEmA I E 2R T, K Ab)DHERE AT D HEARO S w2 AR S B UM ERL G
DRBERET 2. SRR RIEO AT oy (g —28;) > 0 DRIFTIRE 72, LUFISRTMr eI, S 12
BILORME 23 1T 2R RO F LA EE LT, £ 2 IR THEHLEEZ AW, £ 3120%, 2 OFMERLS
K95 Dundurs 237 A — & 35 L OVRE B FER 2 7R T,

Table 2 Material properties used in the present analyses.

Material 1 Material 2 Material 3 . .
. Edge singularity
Group (lower) (adhesion layer) (upper)
Ei[GPa] 1 E;[GPa] ) E3[GPa] vs | interfacel2 interface23

1 1000.0 0.002 | 176.471 0.118 70.3 0.345 O O
2 1000.0 0.002 | 176.471 0.118 | 2383 0.35 O X
3 1000.0 0.409 | 333.333 0.003 | 15.34 0.15 X O
4 1000.0 0.409 | 333.333 0.003 466 0.26 x X

Table 3 Dundurs’ parameters and the singularity index for material combination shown in Table 2.

Group 012 i) 023 Jirs) 1-212 1-223
1 0.7 0.3 -043 -0.109 0.0652 0.0679
2 0.7 0.3 0.149 0.115 0.0652 -0.0102
3 0.5 0.3 0.912 -0.384 -0.0558 0.1317
4 0.5 0.3 0.167 0.134 -0.0558 -0.0151
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B 7 \ZHAE )R & hIW=0.002, 0.01, 1 DEHTROIAEGIE 12 LOIST )53 fi oy (r) Zxd. 22T, ridht
2 D OHEE, o (r) I3EERE Loy FMEEIL ) THS. Group2 & 4 O hW 22k SE 7R3 Group 1
L 3 LERRDFERTH D728, hIW=0.002 DIGHHADOIHR LT, X7 Olix$7 7 7 OfER L0, BAmSIT
FETIE, ISIORE SITHEERESOMEE 3 (BER) ([TRBE2ZT 20, I infofEizznth—
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X 8(a)iZ h/W =0.002 D54 it L7z ety ik 12 LORES SESHTtED o, (r) & 7,4, (r) Db & i S O
KHBRRE Y /h & ORIR A RT . FLSAIMAT & 0 RO oy (1) 7,4, (1) DIETH Y, feHEA(T), (8) & 1 Rz fyy/ fy
DIETH L. X 8@ £V, BEAMHLIEETIE, o)/ 1, (r) OEE, A8 3 (LEgdEast) (g8 sn T —E
ECTd Y, FEM NI B3RO 7Z o (1) [ 7, (1) DIEE K(T), @) 5HRDT= fy/ ) DIEIT—BL T D Z L p3bahs
%. X 8O)WS#HT BRI HEE U 12 EOEE RO o, (r) & 1, (1) O EHEHEBEES hIW & OBRRE
I B0y (r), 1y (r) O, FESEBITLEO W=107 (HEO A F 7z, [ 8(b) & v, k3 (LigEas
) OICERR <, HEREIES ZIAFEHICELSETH o) 1y OEIT—ETHD 2 EMDND. LER->T, K
4@)D K O IR EEEE A OMEL L (TERBEEEM) AR 2 (BEEH) oA S sk BIG0E, 6 1R Bk fa gk
1- A, BEOIEHKG D oy 17,y IT—EHETH Y, #EL (PSR &2 &) OMEEDORIIE -
THT),@) L [FRICET Z LN TE D, Thbb, #HEEEIBIOME 3 DEWNE, T XTK,OEOELE 7R
STEINA.
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Fig. 7 Singular stress distribution o(r) along the interface 12 for various adhesive thickness h/W and material combination. The
slopes of singular stress distributions in the double logarithmic plot are determined by Dundurs’ parameters ca2 and S, only.
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(@) oy(r)/ 5y(r) along the interface 12 (h/W=0.002). (b) Variation of the ratio oy/zy at the interface edge with h/W
Fig.8 Ratio between the singular stress components oy(r) and zy(r) near the interface free edge. The ratio oy/zy near the interface
edge is determined by Dundurs’ parameters ca2 and S, only, and coincides with the value calculated from egs. (7) and (8).

3+2 HNGHRERESROMHGREY EREDINBHRIGNIBOES & DR

W, BEARE 12 FICR@EZGE AN E U BAIc W THRE 21T 72, FEM T L7- & ZUeiols i %
FWT, SRR K, Ky 258 P afifiE TR L, M9@D L 9 R8Ik ENLA U &84T, AR mEN
& ZFDOYIR X JED E ZLHRALE OIS B Z AW TS IHERRE A TIT 5 Z ERETH S (T4, 1984). %
A (12 9(b) DN R E A G IS HEPEICA U ERTH L DT, EEMOISHEZ WS HYER
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ERATHIET 5 = L B TRETH D L EA BN (M9 DISHMREEEN RN E XD LD THB). LER-T,
WD I 5 A R BRI ERAREL Ky, K, & & ZUERA I 51 5 RIS /1 o, (a) 125
REFLF, TERT 5. AMEEETL (o,(@) =K, a™), IEIIAREK,, K, &80 RIS
A K, & OB 225,

Ky +iK, = (R +iF,) oy @)WmL+ 2ie) = (F, +iF,) K,a% %z (L+ 2ie) (10)

10, 11 (IR0 DFRHF, F, LRI & RE Zalh & ORfRE RS, fifhri, BEEES W ZEEL, &
FE&azZbSETEmLE. 110,11 kv, EEEESICH L TEHES B/ S WOEPE (a/h<107?)
T, BREF, R Tl E 7220 Z L 3bind. iU, B 9O)ITR Lz & i, MuhEROISIIERRED, &
HOMNE X ORISR AL SN TND 2 L2 EWT 5.
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Fig. 9 Normalized stress intensity factor defined by using the stress values oy(a) at the crack tip position. The red line expresses the
stress distribution near the notch or interface edge without the crack.
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Fig. 10 Variation of F; and F, with a/h for a small edge interface crack in butt joint subjected to uniform tension (Group 1, 2). FEM
analysis is performed by changing the crack length under the fixed h/W. The values of F; and F, are almost constant when

a/h<0.01.
o
3 0.3 1 T T Y
Group3 Material 3
Group3 G;,E3 13
01 L Group4 \ i t
[T e |
Group4 Material 2G, E, v, | h
001 a
’
w L
K, +iK, = (F +iF, K, a2 05 /7 (1+ 2is) Ky +iK, = (F +iF, )K,a%2 705 7 (1+ 2is) Material 1
Gy, By
03 . . . . . . 0.001 . . . . . . l l l
1E-05 0.0001 0.001 0.01 0.1 1 10 1E-05 0.0001 0.001 0.01 0.1 1 10 v
ah a/h o
(@) F1vs. alh (b) F2vs. a’h

Fig. 11 Variation of F1 and F, with a/h for a small edge interface crack in butt joint subjected to uniform tension (Group 3, 4). FEM
analysis is performed by changing the crack length under the fixed h/W. The values of F; and F are almost constant when
a/h<0.01.
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hIW IZE > THRARDN, FLF, OMEITEERBES hIW OEHHTIREE LW L85, £ EEE RS
K2 A9 % Groupl, 2 OFAETIRZEEEE > TWE. ZDZEb, alh<10? O#PHT, X(10)
TiEF LIS LSRR Ry, Fy 13, HERE S IR —EETH LD EEALND.

Fro, H#AKROES L £ LIW=0002~1& 23T, REF,F I8 282 R L. 13 I
a/W =10"° Th/W =0.002 ®¥4 (al/h<10?) OF,,F, LHEAROE S LIW OBREZRT. LIW =0.002 D
A1 L=h=0.002THY, [FUERDMEE 3 DERTWDHIREERO TREM & B2 TEV. TNTNOEAK
DFEE LIW kT 2 5B O SR RIS 50O S K, Oz ()PISRT. K13 L0, K, OfEiEs
AROFEE LICE>TEIT 523, F,F, OEITHEGHRORE SITBFRRIZFE LW E3b7 5.

VL EDORERD G, alh <102 OHAIC—EE L LTH LI HR(0) TER LIz BRI L Fy 13, ML (T
RHER) LRPRE 2 (BEEA) OMEHEEEIZBIERT 2 Dundurs #6537 A —Z ODRIZBHRT HFHTH Y,
P BIE S OBAME SITKFE LRV E S 2 5.
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Fig.12 Relation between F;, F» and h/W (a/W=10, a/h<10?, o=1). The values of F; and F are almost constant irrespective of h/W.
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Fig.13 Relation between Fi, F, and L/W (a/W=10¢, h/W=0.002, o=1). The values of F;, F, are almost constant irrespective of L/W.
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14 (2, Dundurs D37 A —XZ THR I LRI THNT LTARK R, F, 2773, £ 4, 5120%, o, >0 O
TRDTAR R, F, OFGEZ T, THRTR LU TWDEIEIE, Dundurs /X7 A —% 73 o, (e, —28,,) =0 CRridE
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Table 4 Values of F; as a function of axand iz [ Ky +iK, = (F +iF, K, a2 %57z 1+ 2ig)].
o2 | P12=-02 | p1=-0.1 P12=0 | p1=01| p1=02| p1=03| p1o=0.4

0 1.073 1.109 1.121 1.108 1.072

0.1 1.271 1.163 1.146 1.102 1.058

0.2 1.192 1.154 1.119 1.061 0.808

0.3 1.274 1.182 1.146 1.078 0.909

0.4 1.292 1.194 1.157 1.113 1.008

0.5 1.325 1.228 1.186 1.176 1.044

0.6 1.348 1.272 1.207 1.203 1.102

0.7 1.337 1.244 1.226 1.147 0.929

0.8 1.320 1.287 1.262 1.220 1.081

0.9 1.423 1.373 1.321 1.246 1121
1 1.500 1.441 1.369 1.309 1.238

Table 5 Values of F» as a function of aixand fi2 [ Ky +iKy = (F +iF, )K a™2 957 (1+ 2ie) ],
a2 | P12=-02 | p1=-0.1 P12=0 | p12=0.1| p12=0.2 | p1=0.3 | p1=0.4

0 0.209 0.109 0.000 -0.109 -0.208
0.1 0.288 0.163 0.054 -0.057 -0.165

0.2 0.210 0.105 -0.004 | -0.117| -0.177

0.3 0.245 0.155 0.050 | -0.064 | -0.167

0.4 0.301 0.196 0.101| -0.009| -0.131

0.5 0.339 0.240 0.149 0.048 | -0.073

0.6 0.368 0.282 0.192 0.102 | -0.014

0.7 0.327 0.235 0.151 0.046 | -0.083

0.8 0.349 0.277 0.198 0.103 | -0.019

0.9 0.404 0.328 0.246 0.154 0.045
1 0.448 0.371 0.288 0.202 0.103
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4. ¥

AWFFETIE, 519D MEMT 2 L F OB R 2 B O 12 EOFHESREFEIS 5 OM S K, &
Sk & ROMSNIEREREL Ky, K IZRIET A EHEAEOHEEIRE S DRI OV T FEM AT 297V, S b
FrdIE 18 LICTHERERELDBRIC OV TIRET LT, /o NIZmMR 2 £ L 0D EIRO KL HIT0D.

(1) Fhif 12 EOBEEHBITEE OIS OWTRET L7RER (K7, 8), Flifi 12 Lo Rt s /1513,
M3 (LEHEGEM) B L OB EE SISBIRR <, ISR R L - 4, B LIRS Dt oy T7, 1%
—ETHY, ML (FEBEEEM) &2 BEEM) OMEEDAIL > TRED Z L3 bl

(2) oSk E RO THERIREK,, K, &2 & S 610 Rl is ) oy (a) 123D <HRE R, F,
TIROEDITEFE LT,

K, +iK, =(F, +iF, ) K a2 05z (1+ 2ig)

SRS LEBBIES Olalh <102 OB, SRTHLRKF, F, DIEEHICETHY, ME 1 (FHk
Bkt LAPER 2 (BEEHD) OBPEHILARICBIET S Dundurs /85 A — 2 OIS (K10, 10).

(3) HAEEES h LRORS L OBV T HRr LR, B S 0 R S 7SR5I 2L LT b
WOLAREL R, F, O Ch s (K12, 13).

(4) ABIEOMNRERA B, AR OO BN G 2R RS & SRS S 003 & |34
R TA—=2ThHY, A0V EWIZEBRAEETHD Z b hotz. £Dicdh, EHLELDNRT A —H%
FAVNT b AN Sl AR AR 21T 5 = & 43T % 5.
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