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Criteria for Fracture and Kinking of Mixed Mode Interface Crack
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Delamination of an interface between dissimilar materials is one of the main causes of failure of
composite materials, electronic packages and so on. The interface crack problems are primarily
mixed mode and often include the residual stress. We developed a new method for the stress intensity
factor analysis of an interface crack under thermal stress condition in the previous study. In this
study, we focus on the mixed mode fracture toughness and the kink angle of an interface crack. We
measure residual stress and perform mixed mode fracture tests for three types of interface crack.
Two of them are cracks between aluminum and epoxy resin and another is an interface crack
between two epoxy resins which have different stiffness. Each obtained mixed mode fracture
toughness including residual stress is successfully described by stress intensity factors K1 and KII
for each interface crack. The kink angle of each interface crack also can be expected by the stress
intensity factors using the modified maximum hoop stress criterion.
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Fig.1 Coordinates system around an interface crack tip.
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Fig. 3 Kinking of an interface crack.
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Fig. 4 Shift of the estimated kink angle with the value of Ty

EFVERET S, Uk, SHORMAOTUMHE VS &
KT, 0, %o, LlTs. RicRanasyn s, He
DU, rer, T, 0, WKL RD LD LhH o, %KD
B HFAZDOVTHRICBANS . RADADHERZ &, =], T
HBGEIIY=0L %D, o, WAL %D HIE, i, 7F
PRELLZREHTRKDOLNB I LSh25. ZOBA, ¢
DEDHFI A S LRI ER S v &) FIR &4 8
VL INED, n=lThHhBE L ED, FRDDDIZEST
bbh., Eiz, RUAHUHHLERA5HED, L ELICLE
BEOYEROBIENTELID, =l 2B S o,
W, MART &9zl L LTROLZYRAY—H—T%
—eln(l/0) 720F, HATRE) (V7 b)) $HZLICE koD
CEWTESL, bRAIITAY —H—TIX, &, FOE
TWMIZ—FT 5. 72, B=0(e=0) DIFAHIZIE, TNV 7+
BEELZVOEEI T RV, TOTFLVTIR, &%
JR B A DIEERE & —HT 5 &9 ICHY B O R RE L
TR 5%, ZOr,OfEIC L - T, JR#SEOTFRMED
¥ 7 MY 541, Geubelle and Knauss® 12 X 5 L4 )L & —
FRECRERET ML BIEHAOFAMES, B/ E BER
REsUKRETAHRELLEBL TV L. #R, = rE—
FRBCRRE 7V, AATRKRIETE 7 VOV b R
SROISTIIRBED B0 5B A% RETE R VET
BRI CT®HA. L L, Geubelle and Knauss® 5 DFET
3, TRV F —BRERE RO % KD 2 720 HR
BRFEMOCSESERHMCER BRI TADL &
WO RBD TIHM R TR ESLEL 2D, F72, M X5
BEIZL 2 FEMAD S 7 N OWEN L ERIAHTH
2O L, AFETIE, FilEHOICTIEKREHD A
LI AT TE, FRRMADOY 7 FORKE D
HETH 5.

3. RET— FHEAR

3.1 RARRFOMFHR  EEMAEHEROBAET- FHK
SEEIVENE & JE B O Criteria 2 4&FES 5 728, [SISRY & 9
7 P& RUBR P (4% 60mm, HUE 12 ~ 13mm) % FWV T,
REE— FIEERBREITo 72, ME 1L, 208adbeE L
T, BUFIORY &9 2 3 ”iffix vz,

Case 1; Aluminum - Epoxy Resin A

Case 2;  Aluminum - Epoxy Resin B

Case 3;  Epoxy Resin B - Rubber Toughened Epoxy

Z ZC, Epoxy Resin A i, —HMAMMILEESR)
(XNR3506, i 7/V), EpoxyResinB i, YA 7= /—)
A IR TR F DB IR(AER250, RHET /) HE 1.0 1K L
T, LA L L TERY) D (HYI56, B HEF/\) ER0.05%
MR 72 @, Rubber Toughened Epoxy 1&, Epoxy Resin B IZ
Trya= b NVT Y YLy TLCTBN, FHREE) T
AER250 (23§ 2 BRI 015 2R b DTH 5. Kt
BOMEER L E1IZ, Case 1 ~3 D Dundurs'™»MD /85 X —

— 149 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

F— o BLUREMOE e # £ 2 1R L.

KRERF OFESKIE, Case 1,2 T, Aluminum % & & %
UMM T L, AT 2 #4000 > FR—/$—
THHEL728&, 72 F Tl L2 b 02 OSSR A
n, 70 OFMEOE S I Epoxy Resin % i LA A THER
L7z, FEERIE, FRHEO Aluminum % 512 A b
RIS, AL AR ZBA L TB &Ik nE
A L7z, Case3 Tid, Epoxy Resin B % $581|2 AN CTHER
LZZEMBORDEEE %, 2213 ) #4000 ¥ K R—/%—
THIEL7:. 3512, Tha 1y /) —VTHkEL, Y9
B 24T o 72 b D% HEIZ AN, Rubber Toughed Epoxy %
MLAATHER L. COEAD, RM &R Case 1,2 &
FIARIC U CEA L 72, #BE Db 45 1%, Epoxy Resin A 7%
120°C T 120 %, Epoxy Resin B 8 X U° Rubber Toughened
Epoxy Ti, 120CT16BEf & L/,

3:2 BRESHOAE BREMRERE ZROBE
12, SRR OB R R EGE R BIIR OMLRIC L b, 3RE
IETIDHET B 2 EHE WV, ZOBOERBIEHOHE R, B
DRFCIRR AR % JRe, AT AW ST CIER %
KRR R L, MR ERTE LR LI
XY NEEAMES . ABIFETI, K6 IIRT &9 s ER
FrORBIZOT AT =D&, B % B T#E» I
BEFEZRBES L SOBBOT A Ae 5, WER
iz BT, M1 L 20BIRTE AR, & KD 2O
B, SMEIORE L I, TR ERoOMEHTHTH
BURELT:. BEME X SHSELHKD, Ae £ AR, D
MR, koL ) IoRENS.

=
P=—AE//{ 1 +(h2+h‘)z} o)
Wh,E, 20W 2
I,
o-Elleeny s Bla-enf) oo
- B -
_ Ehy+2E ok, + Eh} o

b= 2(h,E, + hE)

ZZTC, hINRE, EGHBEEARTT, mE1213ME,2
DER ENFNRT. Tz, WIHRIE, i, Ehohy
WAL LT ORESROEET, 2 31 0%
Wz, z, IME2OREEZRT. ZOFEIZL) KD
EREFRIIIRT. S5, Case | ~3DEFNFRD T —
A DWTRD I BIREEN S, a4 255 L7z, K
MERERE T VTSI T OREM R E S 2Us itk
RERDIENT 24T Fi] 9 2 VT, BBIEHIZL B0

Table 1 Material constants.

Material Young's Modulus Poisson's Ratio
(GPa)
Aluminum 73.1 0.32
Epoxy Resin A 3.35 0.43
Epoxy Resin B 3.84 0.37
Rubber Toughened Epoxy 2.58 0.37

Table 2 Dundurs's parameters and bimaterial constants.

o B €
Case 1 0.904 0.104 -0.0333
Case 2 0.896 0.182 -0.0586
Case 3 0.196 0.0405 -0.0129

Table 3 Measured released strain and stress intensity factors
caused by residual stress.

Case Ag AB,,, K K

T 1 n

(ustrain) (%) (MPavm ) (MPa/ii)

Case 1 961 -0.105 0.214 -0.450
Case 2 381 -0.0421 0.117 -0.176
Case 3 460 -0.0493 0.002 -0.011

({,= 10 pm for all cases.)

120" | 90 o [mm]

4 30
10) \Load angle

60

Fig. 5 Round shape mixed mode interface crack specimen
(= 12mm for case 1, 13mm for case 2 and 3).

20 . Strain gauge
eI L 2T Y T Matefai” T,
< LN
100 Material 1

(mm)

Fig. 6 End notched joint specimen for measuring residual
stress.
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Fig. 7 Angle of crack kinking.
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Fig. 8 Mixed mode fracture toughness for Case 1 (/ = 10pum).
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Fig. 9 Mixed mode fracture toughness for Case 2 (/, = 10pm).
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Fig. 10 Mixed mode fracture toughness for Case 3 (1, = 10pm).
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Angle of crack kinking for Case 3.
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Fig. 14 Mixed mode fracture toughness for Case 1
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Table 4 Estimated K, .and K,

K, MPaym) K, (MPa/m)
Case 1 1.0 1.0
Case 2 04 0.24
- Case 3 0.64 0.52

(/=14 X 10 um for Case 1, = 1.1 X 10 um for Case 2,
= 10 um for Case 3)
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