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A Study on the Dynamic Characteristics of a Composite Beam with a
Transverse Open Crack
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ABSTRACT

Free vibration characteristics of cantilevered laminated composite beams with a transverse

non-propagating open crack 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 open crack is modelled as an equivalent
rotational spring whose spring constant is calculated on the basis of fracture mechanics of
composite material structures. Governing equations of a composite beam with a open crack are
derived via Hamilton's Principle and Timoshenko beam theory encompassing transverse shear and
rotary inertia effect. The effects of various parameters such as the ply angle, fiber volume
fraction, crack depth, crack position and transverse shear on the free vibration characteristics of
the beam with a crack is highlighted. The numerical results show that the natural frequencies
obtained from Timoshenko beam theory are always lower than those from Euler beam theory.
The presence of intrinsic cracks in anisotropic composite beams modifies the flexibility and in turn
free vibration characteristics of the structures, It is revealed that non-destructive crack detection

is possible by analyzing the free vibration responses of a cracked beam.
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Table 1 Comparison of the first three natural
frequencies of the beam without crack
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45 |19.831171124.08486|346.56578]19.83640124.31258 | 348.07883
60 |27.85932(174.08764485.20226|27.87284174.67611| 489.09816
75 |33.93046210.82006{582.37096|33.97976 | 212.94751 596.25919
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Table 2 Comparison of the first three natural
frequencies with a crack( v,=05, @ =0.2,
c=01)

A gz| Timoshenko B (Hz) Euler 2 (Hz)

°)
Wy w2 w3 wy w3 w3

0 9.20734 | 57.76005|161.27265| 9.21180 | 57.95537 |162.57311

- 15 9.49394 | 59.71247(167.21803| 9.49573 | 59.80561 {167.84572

30 |12.51998] 79.37244 (223.10624|12.52103 79.47765 223.83460
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60 [23.92175]166.319081481.3164723.92135|166.80220(485.03844

75  126.66928|197.81743|576.48679(26.68682 | 199.42708 | 589.37956

90 |27.34933{204.93331|578.73338(27.44205 | 211.24419627.89382

150 | —— ¢=0.1. ,=27.349 Hz
- =  ¢=03. @,731.072Hz
“-o-- =05, ©,=34.128 Hz
—-— ¢=0.7. ©,=35.706 Hz -
without crack, ©,=36.034 Hz i

-

(=3

o
3

Mode 1 ( translationu }
o
[=]
1

1 L}
0.0 0.2 0.4 0.6 0.8 1.0
nondimensional beam span. n

(b)

—— =01, ©,=204.933 Hz
- = 03, ©=210372Hz
--- c=05. ©,=182570Hz N
—e= =07, ©,=194.080 Hz
-——— without crack. w,=218.522 Hz N

Mode 2 ( translationu )
(=]
v

54

Y T T T

0.0 0.2 0.4 0.6 0.8 1.0
nondimensional beam span, ¢

(c) -
1 -
Z: -~

—— c=0.1. »,;=578.733Hz
- =03, ©,2521.170 Hz
=== ¢=05, «,=581.948 Hz
—--= =07, 0,7492.742Hz
——— without crack, »,=582.871 Hz

Mode 3 ( translationu )

T
0.0 0.2 0.4 0.6 0.8 1.0
nondimensional beam span, n

Fig. 6 Variation of the mode shapes for different
crack positions ( vy =05, a =90° a =02)

1026/#2 22X E388X|/4 9 & A 5 &, 19994

Arelel A 1 ol &
JEHiAE @A o ZAdA 2 33e T4A
E4E Ade) Hold wet = WaE Bl ¥
o 15 THASSFAACl Gt by 2 usE

3 & Aok, 1Yo

Bt Zde] e BFAE Bl g F o9
o] & FAHOE Table 201 JYeERH U

54 2E8A

Fig. 6914 94 =Y ZYold disty A< A
HAAND v 39 b9 « 9 1, 2 33 Z=¥Y
el a9 XA REFAe FALZ
o] Wyt Fgo] ZAdY, 54 Y ZoldA
2ogael FAZo] o] HE nodest TFHol Huj
7} =& antinode o] Yol AHIE=A o Foj

o o mjt

1500
— 3202, ©,234.128 Hz A
- - — 804, ©=20.116Hz i
3 ---- a=06, ©=21.196Hz .
S q0004| — = 08 w=11094Hz R
":."; —— without crack ©,=36.034 Hz Ve
2 e
© 7/
~ 5004 7
] 7/
3 LT e
= (a) /" __________ e = =]
0 T T T T
0.0 0.2 04 0.6 0.8 1.0
nondimensional beam span,
(b) RO
~ 10 PR AN
z .{:r;’,’\\;\\\.\
L =2 ~ s
5 S e SN
@ = SN
2 3.
g \
- — 3=0.2, ®,=182.570 Hz
o - - a=04, m:=140.340 Hz \‘
3 -e-- 3206, ©,=115.395 Hz
2 -10q] —-— a=08, ©,=103.369 Hz
~———— without crack, »,=218.522 Hz
L] T T T
0.0 0.2 0.4 0.6 0.8 1.0
nondimensional beam span, n
0sd (© ;
1
c
2
©
[Z]
c 0.0
g AN
h —— a=0.2. ©,=581.948 Hz
o - = 3=04, ,=580.935 Hz
° ---+ 23206, ©0,=580.384 Hz
S .084| —-— @=08. ,~580.120Hz
-—— without crack, ©,=582.871 Hz
T L T T
0.0 0.2 04 0.6 0.8 1.0
nondimensional beam span, n
Fig. 7 Variation of the mode shapes for different
crack depths (v, =05, a =90°, ¢=05)



Yol ZAse

BYAE B FH §4 A7

wet 7} Aol REido]l gEL & 4 AU Fig.
TAXME L AY9 XA Y ZolE W
SFANHE W 3 BY wo R A WIlE B
AEH. 1, 243 REoAM Y Zoje Zrtd uwat
R iel Artziel AA WH3lslw =YW ¢x9)
node’t AR 3l 32 REoME AP Zolo o

& Ry waist Ay L}E}L}Z] @kt o 4
FEZHHE Fig 44 dehg THAESY Hod
2e 3Y X 2 ZHolg EE, oo wat IS
Be Ry 9y BACL 91—2 & & Ak,

Fig. 8& &3 5U3 2ol IH9 5 R
Zo] Wslo] wWE B e Az 4,0 B 23}

=34S Jedo o] At} Figs, 6, 7 9 23
Ty uwsted By I8 A} Zo)
Wil W& R Aol wEs AYYPXE
FAH2E & FHEA vepdo

B dFE 539 Ao el oF 1, 2, 33
il 1, 2, 3% R=¥Ae ¥zt ARS 7
z2 3 3 2 =AY (modal test1ng)°ﬂ o] 3}
o IHAFTT E RoPg HIlE A& T ®
Y Y] EA A8 ¢ P9 X%, I

a=02(constant) e,
. 20- e
= | A=
c
8
®
’5 0 - e
s [P L
~ ¥ e e —— c=0.1. ©,7204.933 Hz
@ - ~ =03, ©,=210.372Hz
B .20 ---- =05 o=182570Hz
= —-— ¢=07. ©,=194.080 Hz
(a) -~ -~ without crack, ©,=218.522 Hz
M T T L) T
0.0 0.2 0.4 0.6 0.8 1.0
nondimensional beam span, n
c=05(constant)
30 1

Yy

— 3302, ,=182.570 Hz
RS o _ == = 3504, ©,=140.340 Hz
Seel. T || ---- &=06. ©,=115.395Hz
.30 A 9| =-— 8=08. ,103.369 Hz

Mode 2 ( rotation g )
o

T
0.0 0.2 04 0.6 0.8 1.0
nondimensional beam span, n

Fig. 8 Second mode shapes of cross-section rotation
for different crack positions and depths( v, =

05, a =90°

e 327 283 Y ARYYE sl 22
29 AW S VYT 458 5 U

B 0 ATy Adge] Ue BYAE JUH
] A 1 BARE © A ] AHREE vE
G J2L AAEALH, IS 5719 3
ALzgog A#sto AutAY L FE3l Y
< Ty o3 FS AL duh

(1) Z2¥e] e BEFAE B dyx: 99
g o] & 93 I FY 3 Timoshenko B o]
o o &R 2 AAZRAY FE M5
< By

(2) Y ZAgAM= Iy {FFo BARo]
Timoshenko B.ol 2§ Z{1E 47} Euler B v
3 EF voevw 1 A ¢ A7)9 Aol a9
T4AE5NM A dehdt 8 Timoshenko
Ho} Euler B¢ THAES Holx 4823 44
A Ao wet A G v

(3) Afzh ARAH, 2de) 94X @ Polo
4E IRVESF R REILS USRS gHFo
dzsgon B A7 4 AHE ojLsta B
AR B FZEY AGY EA 4% ¥ AYe 9
X, A9 A7) T3 AH JAAFS Hotal
o FTRESY AAAGE #RINL = &£ JE 4
53] AH(NDE) 7+ 7538 Rl

z 7l

°of AFE 1997dxE F&EAEAG g an o
ot AP=HALH olo] ZAEH YT
anes

(1) Nikpour, K., 1990, “Buckling of Cracked
Composite Columns”, Int. J. Solids & Structures,
Vol. 26, No. 12, pp. 1371~1386.

(2) Ostachowicz, W. M. and Krawczuk, M., 1990,
“Vibration Analysis of a Cracked Beam"”, Computers
& Structures, Vol. 36, No. 2, pp. 245~ 250.

(3) Boltezar, M., Strancar, B. and Kuhelj, A,
1998, “Identification of Transverse Crack Location in
Flexural Vibrations of Free-Free Beams”, Journal
of Sound and Vibration, 211(5), pp. 729~734.

R ZRNESSEEX/A 9 A A 5 &, 19991d/1027



(4) Nikpour, K. and Dimarogonas, A. D., 1988,
“Local Compliance of Composite Cracked Bodies”,
Journal of Composite Science and Technology, 32,
pp. 209~223. .

(5) Krawczuk, M. and Ostachowicz, W. M., 1995,
“Modelling and Vibration Analysis of a Cantilever
Composite Beam with a Transverse Open Crack”,
Journal of Sound and Vibration, 183(1), pp. 69~89.

1028/8t2 22X EBExI/A 9 & Al 5 &, 19999

(6) Song, O. 1990, “Modelling and Response

Analysis of Thin-Walled Beam Structures Constructed of
Advanced Composite Materials”, Ph. D. Dissertation,
Virginia Polytechnic Institute and State University.

(7) Suo, Z. Bao, G., Fan, B. and Wang, T. C.,
1991, “Orthotropy Rescaling and Implications for
Fracture in Composites”, Int. J. Solids & Structures,
Vol. 28, No. 2, pp. 235~248.



