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Analyses of Delamination Located at the Center of Supports
of a Laminated Beam Subjected to Three-Point Bending

Masayuki TOYA, Takashi ONO,
Tadashi MIYAWAKI and Ken KIRIOKA

Delamination or interfacial cracking in a two-layer laminated beam subjected to three-point
bending is analyzed. The initial partial debonding is assumed to locate at the center of the beamn and
to symmetrically spread toward both ends along the bond-line. The compliance and energy release
rate are derived on the basis of an elementary beam theory. The results are shown to compare well
with those based on the finite-element method. It is also shown that the delamination process is
generally of a mixed-mode type; i. e., both mode I and II deformation near the crack tips contribute

to the cracking process.

Key Words: Fracture Mechanics, Delamination, Laminated Beam, Beam Theory, Three-Point
Bending, Energy Release Rate, Finite-Element Method
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—BREROMEANE2 52 3.

(2) EREXRZRC LY, AEAESHOENT2H
Wi, RSB DR AN H B Z L tbir o, L
Tei3o T, RS IR T 2 BRI ER K
% {BoTWA, LrL, ZOBWZEAYFIA4T
ARIANFY BRI RELEELRIZE LV,

(3) FEiEpbEa+ ERICANT-ERBEREMIT
To7. #OFKR, REHII 00 2F i3 —MckO
ERMBTFELET 2 Lnbhot:, ZOMAOEMIE, =
AINF —ERBRONBIZIRKEHEERIZL, Z<B
ERIFEHCEESE—FTEILZ I tbhrot,
RBEEMIEZ D CBWL TR BERIMERELE—F
NFETE I3,

(4) Z2HBLrBFNAETCBLTIEETOEDIE
BLTWw3, BOOBATRRIIDZbAZLETT
BhoTwdELRETFMIEDOOTHERITL T, BB
BRI, LA TCOBMEBRELLET L EIZIZ—
L7, LHALIDETFLIIEERABLETSHY.,
IOBET, REEMERELZETLDIIE D BENRT
Wb,

ft i

A(5)ITBWLT, ¢x)=0 L BV LBIHBRADK
RENLFRUTO LG 2505,
1=K, cos (2xx/c)+ K: sin (2xx/c)

— aPT/(2Z) — Myo/Z + I |2 weveveveneenes (38)
y2= Kz exp (2Ax/c)+ K. exp (—2Ax/c)
+ﬂPx/(22)+Mzo/Z—h2/2 """""""" (39)
ZZT
x=(c/2)(ZID)"?, A=(c/2)(Z[Dy)"?:++++++ (40)

EHKG=1~4)13, x=0T y=9.=0, 8 £ V=
/2T yi=y;=0, LI 4 DDRENSUTD LS IZ
EHoiLD,
K1=M10/Z—hl/2 ................................. (41)
K=K tan x+aPc/(4 x Z cos x)-+++e=er (42)

— 97 —
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K3=g{ke‘*—BP/(ZZ)} ........................ (43) Qs=1—sech i, Qi=1—secx
Ki=g{ke*+ BP[(2Z)) ++eserrerrsrrerannannnnnns (44) ~ Qs=sec x—sech A, Qo=itan x——%tanh 1
i o

k=A(h2—2M/Z)/c, g=c/(4 Acosh A)

Rz, &MF, =0T dp/dr=dy./dz, 2:=¢c/2 T y=
Vo, BEXURAMP L T— 2V N OHEVELH,

a+B=1, Mio+Mxp=N «rreereeeenininnnnne. (46)
VD AR
N=P(l—c)/4
DEDOR»S a, 8, Mo, Mo SBREX NS, T4b
b,
a=%{l§ﬁ(z Q: tan x+2 Q. tanh A)
+ 57 (@:Qu— Qs (Q:Qi+x Qs tan x)
C
............ (47)

M10=é{Ql(Qs tanh A— Qs Qs)

+TPZQ (Qa_Qs)Qs'*'% (x Qstan x + QAQs)}

Q=22 G=xtanx+atanh2

Q7=P(Q2QG”Q:?)
WO ZERETHDCREN) AV, #(38),
BNEDV VT B e, e 2RKODAIIRAT B LI
T OEXDOAGBN nB5NS,

X L
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