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Free Vibration Characteristics of a Composite Beam
with Multiple Transverse Open Cracks

Tae-Wan Ha* and Ohseop Song™*

ABSTRACT

Free vibration characteristics of a cantilevered laminated composite beam with multiple non-propagat-
ing 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 bend-
ing 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.

z =

EE 32 ¢ U¥oE AFolo YU Y LT LTl A vEhte B3R o BBd) ogF
WE AR Aol e A5 ddtd ARAE 54E é’c‘?}%{t‘r EE 29 RN AR Hg E4&
Y2 fgete] AHEska AYato] p3te] HE DY B ARG EFAE X6l UE dE2NH
Y R AAxAE FEsln, SESs MIYPE AHSI ARE 544 A alE TN EEAE
o] dA dFEA ’}Jvr AP} AF2kE AR, Y9 I3 MF2A Ade] A, EX 44 2 29
Zolg HAslo] o]F W] U AHITSF E ZEFAYY] W3 4TS =E2Ho=H ol te AYo] £X
5ol gl Bt fézﬂ-nl BRoA e AEAs] 2AE T HEE HAE olFd £ e Mt ﬁﬂo}@ Nl
33tk A 23 EFAE Bl @D Ado] gle Bl HE oF Aol Sle B47h o 7B il i3
Y B3 FEH2 el 8-S g

" P
* Fduistn S B



10 sEj g - $24] R AR S
LA Z A5s 2 =GN ws AP 25FoRN Y9
9] o FHo] Tiﬂ‘ﬂ 9l—t— Boh AAAEQ A3
2 el oWl Byolze} 22 IHA Fx2E Aol ¥zt & % H94 7 AHVBI : Vibra-
oA ZH EAE H].‘IM Ql ¥hlog Atdly] ¢ tion Based Inspect10n)7} o]FolA & 9l Mgl
gt} Aol e Bel BF A% A B2 d st} A3kt
7} Aeg=lo} gt :Lr’ﬂur o] Bolo] AFe= F2E F
&3 e Ty AR sty @Y ZY(single
crack)& e 3 B97} diREoln 27 29 2. o] kA mdleEl

(double cracks)o] Y& BE e I d3% 9
Auk ago] Exslth W. M. Ostashowicz §[1]&
Bo) #gsle 5o uel 2548 gRe &
w2 g 2709 Y AYgel de B+E
3t sl Al ‘3“%} oz ¥ Age] A & ZHolg ¥
F2 12 243 'r-4 walg uasych AL S,
Sekhar[2]= %E‘r AR GEe] FEAE 2H
el f3tessironm 2709 Fubek 3y Z e
4T A & RHelE ‘ﬂ%‘-i sla] RAREF, BEY
A 2 JE4EdA 58 BAsiadh e AAR
FEREAA AYe 27 o)} EAT sHeAe] den
olz ¢lsld H& B HEddE sl €t
E3 H3e BEARY A8l F7kE L e FA
o) #lZo] AYo] e BYAR 2 Udor & ¢
ol "oAel Aridm Ak vk B =RelMe
é}% %Og_ 3@101 )J\\« -:'?ﬁuf?n lhfé‘ q])\}o.?:. %‘—Zﬁ,
EAL A7d AR3]1E FFsie obF A (mult-
ple cracks)e] SlE Bel Ai3lE HAd st ¢
T

|

B =5oAE BE Z(lamina)g § WEgow AP
ala] B)uheKchord-wise) ¥ W QF$Fo]

A4 o] vehe BEAE Ko odF 39 T3
=¥ (multiple transverse open cracks)e] & A%
°ﬂ ete] nEsch 9 Ao e v AR B

€ 29 g ol Syg axg Yo

gate] AtEsta AYAfo] 719 BE AWHE B
§l AR EAE E‘?‘}E}G’l ALE del=ie dtdd
g4 2 AAZAE FEsith 221 o8 3

o=

WG FYLEH Wot QFeFel AAPE A37
22 714 d2rd el £5944 2 BA=A
fEAL 9BAE Qe 4 UE AEA B
B A8o ARAE B4 BE A PG
uilRe] 47 A5eA A6 ARG 4320e 4
dsislon, 29 993 Wrey 299 A% 22

94 2 29 Zo|E ARste o|F Wee] B 1

mio

o
T

2.1 ayMEloMe] EYHEENLA]

Fig. 13} Zo] w9l thF AW /N5y =] 3L
B BiAE 2ol xz AN i WA ANl
9] oA EAkS(energy release rate)e oS3 2t}
[41.G= L,n)

da—0

1 i
G = lim y fo"‘[ +0 "0+’EX+OL£\"0] dx
a

bn Wi, by
= — —=Im Ki+
> ( s ) Ky 5

N
xIm () Kirkbyy Im (i) KiKo

o7lolA by & HEHEAFE A oA AFe F
Zefold A, 1y, fh & B4 28 e, K
,Ku = idls =239 74] L1 st Ree SEEuA
F(stress intensity factor)& yEHch o] 2% o] &
s i WA Aol edideuR] s ohet 245].

(;~thda
..f [D,(ZKII.) +Dz(ann) @)

n=1

+D122 K 2 K. 1dA

Nl

7194 a & 3¢ Zol, he B 9 N2 B

o g3t EYAQ FE e foltt. agjm
D= — 22 (it @.1)
2 it
b
D, = T Im (i +18) (3.2
Dy = by Im () (3.3)



%134 534, 2000. 6

o FYo] g BEAE B 45 By 1

L
In ,
L , J
i3
12 o« h
3! r/
NN NN H °
\ 7y
| L Lol (4
172 3 N n ' n+l
x

Fig. 1. Configuration of a cantilevered composite beam with
multiple transverse open cracks
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