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ABSTRACT

Free vibration characteristics of a cantilevered laminated composite beam with multiple
non-propagating transverse open cracks are investigated. In the present analysis a special ply-angle
distribution referred to as asymmetric stiffness configuration inducing the elastic coupling between
chord-wise bending and extension is considered. The multiple open cracks are modelled as equivalent
rotational springs whose spring constants are calculated based on the fracture mechanics of composite
material structures. Governing equations of a composite beam with open cracks are derived via
Hamilton's Principle and Timoshenko beam theory encompassing transverse shear and rotary inertia
effect is adopted. The effects of various parameters such as the ply angle, fiber volume fraction, crack
numbers, crack positions and crack depthes on the free vibration characteristics of the beam with
multiple cracks are highlighted. The numerical results show that the existence of the multiple cracks in
an anisotropic composite beam affects the free vibration characteristics in a more complex fashion

compared with the beam with a single crack.

1. M =

F2 2 golwl Eaolxe 2 A
FzEAN T8 ZFAE wAHQ Wyoz
A7) $ist] Ado) gt B FTA AFH
Ao #AF BL T/t A8 gk 2EY
of ¥obeg ATE F= F&F L FWA A=
o M3l @A I HA(single crack)S o= &
797F difioln] 2789] = HW(double cracks)©l
Qe BE oz & dAFE JYAR 250 ¥
73}, W. M. Ostashowicz 5V 2o Fg3e
HZPeo] we FIESAE Jgue dd 2

“Estete Ea

Tsagea A

dol 270¢] TY FAAWo] gl F$E HHHY
HH A Wygor T FAA ol 94 L Zlo]
g ¥4z 13 IHAFSFY AsE n@dEh
A. S. Sekhar®= ¥ deAARH] FEAR
2 diste fRessiyoz 249 F
AT A FF 914 2 HolE ¥MEE FY
IFRAFE, 2ugY £ JAEEESA 58 ©
g, ady AAE FREAA THLE 27)
ol EAE Aol gled oz o HE
BEAE A53FL FuEA Ao = 29
t BgAg Algo] F7HE3 e FAd ¥
Fo] 3] gl BYAE RE gz ¢ 4
T9 B840 ANHD Ao} WA £ =§d
Ae J2 dd a¥o] e EFAs g WA
22 A EAL AFE ARVg XA o



% I ¥(multiple cracks)o] & B AFIAFEH
Ao A3t A&

£ =7dMEe EE F(amim)E & WFo=
¢ A8 P Y(chord-wise) T FTF
&%l 4459 Y Bg4s 24 d3F
3k )T I Y(multiple transverse open
cracks)o] e A$o] diFtq AP @Y
IdoAs} vlA7tARE RE & YA 5
LG EHL 228 J2 AR A2
I 3¥/Ao] el RE AVNY 9 AARA
ARE XFEY HLE d25g Y &
A4 2 BAzALE 239G a8a o]
€ 99% 595 39% 93T 4945
t AFTRE /1A gurd did &3R4
U AAZAL FE8D JLHE IE + Y
P =BHEEd2 dEPE ALdo AFAFESE
Aol #F HE FU E@ARY 44 A¢
249 AH ARu9 AFLE AAH9eq, 3
Ao YA A4=2A 399 7, BEXAA ¢
HolE AR ol WSd U n{AFS
Y2 e Yo W3 AYL =EHOEN 9
o] g4 3] X e nofp AAAHI 4
o] A dsd 2AE £ ¥FIAFAKVBL
Vibration Based Inspection)’} ©l§o13@ 4 &
Wt g3t A3

2. 29 8y 2yy

2.1 3RAGA 9 gAY AR

Fig. 13 Zo] nile dF WY /NFY 29
o] & EYAE R xz FAZoA i WA
FAXGo| ) o= S (energy release rate)
< g3 249 (i=1, n)

hnrgo—zlzf (670 00+ 10 00 dx

% Im(—#‘—m)K2+—bz’—‘ N

x Im( py+ p5) Kb+ by Im( gyp00) KiKyp
Azl b= HHAGZEHAA opFPARY
BEHNAZ, gy, ms FABRAY =& Ye
e, K, Kpe 34 339 A L 11 $ARE
o] Sl Al(stress intensity factor)E YEHA
.

IR
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beam with multiple transverse open cracks
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