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An Interface Crack in a Laminated Beam Subject to Thermal Gradient

Kazuyoshi Fuxacawa®, Masao Arrromt ¥, Mikio Opa™** and Masayuki Toya*

* %

A laminated beam containing an interface crack subject to thermal gradient is analyzed on the basis of the clas-
sical beam theory. The axial forces are induced in the parts of the constituent beams above and below the interface
crack. For the case where crack faces are open, a nonlinear equation for determining the in-plane forces is derived by
modeling the cracked part as two lapped beams hinged at both ends, and by imposing the compatibility condition of
the deformations of the two beams. Numerical solutions are obtained for some model beams. It is shown that the rel-
ative displacement at the center of the crack increases gradually with the increase in temperature gradient. However,
at a critical temperature gradient, the relative displacement begins to increase very rapidly, i.e., local delamination
buckling occurs. Energy release rate is small for temperature gradient below the critical value, but it takes a large
value when the temperature gradient is increased beyond the critical value. The model where the two crack faces are
contacting one another is also analyzed. In this case it is shown that the energy release rate is identically zero if the

temperature gap between the crack faces is zero.
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Fig. 1. Alaminated beam containing an interface crack.
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(b) Free-body diagram of the delaminated part

Fig. 2. Forces and moments in the interval BC.
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M DR ABEL2EDTELZENS.)

B =P-iy[@E: (G -T)-2Ey]/2, B=0  (66)
My" =~M; ~0, Eh2(Th - Tp) /12 67)
ZIT, FEMETIIZONTL, K (66) O PILRHTHI
TROZWH PORMERAZR L, £ 67) O M

&, RIETCRDZ My (R (30) #FBkT 5.

27y 0 OWDHERIEEE Aa IR LB EN ST 3L
F—lZ Toya 2k EtEE R, T-FI1LE-FID
FRAILTOESIZEAZ LGNS,

Gt = (G/2)[1+ F(g) cos(2ea’ + () + 60)| Az (68)

Gft = (G/2)[1- Fle) cos(2ea’ + ¢ () + 60 )| Az (69)

> >
— e

1/2
sinh (27e) |

Fle) = | 12T

(¢) { 2me (1+ 4€’ )} (70)
a’ =In[Aa/2h, ] 71
¢@%:i mn4lfn—mn41£ (72)

n=0 E +n

6o = cos™! ﬁiik—

’ JL+4e¥(1+ 1) (73)
k=Ky/K (74)

o DIEIFTTIZEIH IR TRIZE LD LN TED, ¢ <
0.05 DFH TR T ORMHEHTX 3,
¢(e)=-2¢ln2=-1.3863¢ (75)
T, BTFE BT
G= (Klﬂ—jl + KZM—;Fl)(KIZ +x7)/ [16cosh?(me)|  (76)
Th5. FERDIANF —BHEDER im s GP [Aa
FIW>TRE Y 5 v 7 O FNE—~RIRBORK S & 7E
FLEILLTY, WIRENGFELEODTATARE TS
3, ThWZ, Rl 5 v oD XX —IFRBEDORRE
iR E R Aa 12X L T
Gi =G} /Aa, Gy =Gh/Aa 77

ELTERTOILEND 5.

9, BSHEBI /ML TOIBAEELS. R
(A1), @H» 56 THALF —MECRIZTIZ S BER & ¢ 2R
LanZehbnd, £7BcBEBRKTALD Ty =
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R (67 I, ZoRRERX G4 IZRATZZET
Mo=02360%. #EX (G, (62) & DX EEHBT A
B LT, BmBICEE X v v THARVEGAIZIE
IINF—BRBEIEIIRTHHILPREINS,

KA BER S APEBAOB A EE XS, BDOME,
SHERRACEOEF Y, BESEEE Ty = 100C, T =
0°CE¥5%., 722797 DINEREH% Ac = 0.lmm
E35. &G, 62), (69), (70), (76) #HVTI X
NE—FRRBLZORD G, G1, GuaaIH L7z, Fig.9
IZ2Bc = 81K AL RN —RBBL LG T=bADZE
dw L EHEE c OBRERT. ZORPLEHRE ¢ &
INEVEE GRIZIFOTHBD, BEISELZ L GAR
BUIHEK T 5 Z & ba 5. Fig. 10 13 Fig. 9 LA TH
ZMGIZRT S Gr, GOl EHEE ¢ LOBBRDFF
WARLZROTH S, ZORIE, HEIEL ST,
FRBAMPNENEEER G TS GrDILERITKE
A, BEPEL EBIZONGIOEENEAL (GuDtk
FILED) , FEIEAE U 25 TIIRORZ DA RS Z
EERLTWS, L LEBE%RITZY 7 v 7 REDEKIC
vy, GIOHENRED L, Wi GBI AL TE
AWK DSRERIIZ A 5 T B,

WRBIZEA L Be DA A 57280 Fig. 1112 Bc = 1,
2,4, BIZHWTATANT~RNEGCLEHEZ D
BBART. BESELSHTIE G c 2k oPIRIE—
ETH DM, ZOMIE Be AWNEWEEKE W, ZOME
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Fig. 9. Variation of the energy release rate with crack
length. (B, = 8, T1 = 100°C, T2 = 0°C)
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Fig. 10. Variation of Gi/G, Gu/G and dw with ¢. (B, =8,
Ty =100°C, Tz = 0°C)

60 T ' T

G (J/m?)

Fig. 11. Variation of G with ¢ corresponding to Bc = 1,
2,4,8. (T1 =100°C, T, = 0°C)
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