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ABSTRACT

In this paper, the influence of a crack on the natural frequency of cracked cantilever L-shaped beam with coupled
bending and torsional vibrations by analytically and experimentally is analyzed. The L-shaped beam with a crack
is modeled by Hamilton's principle with consideration of bending and torsional energy. The two coupled governing
differential equations are reduced to one sixth-order ordinary differential equation in terms of the flexural
displacement. The crack is assumed to be in the first, second and third mode of fracture and to be always opened
during the vibrations. The theoretical results are validated by a comparison with experimental measurements. The
maximal difference between the theoretical results and experimental measurements of the natural frequency is less

than 7.5% in the second vibration mode.

Key Words : L-shaped Beam(L3 T X)), Natural Frequency(31-+%15%), Open Crack(Z}3 =), Coupled
Bending and Torsional Vibrations(¥-HlEd A47%F)
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Table 3 Natural frequencies of cracked cantilever L-shaped
beams(c,= 0.5)

Natural frequencies(Hz)

& Theory Experiment Error(%)

I T W Wy Wy W) Wy Wy
0.1 86.4 5785 1658.1 83.5 581.1 1597.6 3.4 0.5 3.7
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0.5 93.9 558.0 1668.6 92.88 518.9 1576.5 1.1 7.5 5.8
0.7 952 574.0 1551.9 9538 549.1 1602.0 0.2 4.5 3.1

Experiment — Theory
Experiment

03, 0.5%0 AF AF olE&H Uit ZH ke
HAY exE EF 231 REoA Yehe 1 327)e
247y 5%, 7.5% wlRre s viwE & dxE o F

At

x100°|t}. =Y =AUz}

5. 7E=I —

LBge] e 717 nel g5y 94 Qs
t A% we Qs M 2] ol
Bkl Avsgh WA clgAae Fael A4
At L8 ©W mel IAAEFE Taigon
A9e Fael 0 A4S Fusgeh o
Avisl A9 A%E washd 2de] 279 91X
o met ofzie] Aot Yot AR 274 mE
o WFABFANA A oA} tehton ukd

o=z A 23t 7.5%= vlud Z dx]sgct

oat
kI
Ao
ok

1. Datta, P. K. and Lal, M. K., "Parametric Instability
of a Non-prismatic Bar with Localized Damage
Subjected to an Intermediate Periodic Axial Load”,

and Structures, Vol. 4, No. 6, pp.

1199-1202, 1992.

2. Ruotolo, R. Surace, C. Crespo, P. and Storer, D.,

Computer

"Harmonic Analysis of the Vibrations of a

Cantilevered Beam with a Closing Crack”, Computers

and Structures, Vol. 61, No. 6, pp. 1057-1074, 1996.

3. Chondros, T. G., Dimarogonas, A. D. and Yao, J.,
"A Continuous Cracked Beam Vibration Theory”,
Journal of Sound and Vibration, Vol. 215, No. 1,
pp. 17-34, 1998.

4. Tsai, T. C. and Wang, Y. Z., "The Vibration of a
Multi-crack  Rotor”, International Journal of
Mechanical Science, Vol. 39, No. 9, pp. 1037-1053,
1997.

5. Chondros, T. G., Dimarogonas A. D. and Yao, J.,
"Vibration of a Beam with a Breathing Crack”,
Journal of Sound and Vibration, Vol. 229, No. 1,
pp. 57-67, 2001.

6. Owolabi, G. M., Swamidas, A. S. J. and Seshadri,
R., "Crack Detection in Beams Using Changes in
Frequencies and Amplitudes of Frequency Response
Functions”, Journal of Sound and Vibration, Vol.
265, No. 1, pp. 1-22, 2003.

7. Zhu, X., Li, T. Y., Zhao, Y. and Liu, J. X,
"Structural Power Flow Analysis of Timoshenko
Beam with an Open Crack”, Journal of Sound and
Vibration, Vol. 297, No. 1~2, pp. 215-226, 2006.

8. Lee, Y. S. and Sheu, J. J., "Free Vibration of an
Extensible Rotating Inclined Timoshenko Beam”,
Journal of Sound and Vibration, Vol. 304, pp.
606-624, 2007.

9. Loya. J. A., Rubio., L. and Fernandez-Saez, L.,
"Natural Frequency for Bending Vibration of
Timoshenko Cracked Beam”, Journal of Sound and
Vibration, Vol. 290, No 3-5, pp. 640-653, 2006.

10. Lele, S. P. and Maiti, S. K., "Modelling of
Transverse Vibration of Short Beams for Crack
Detection and Measurement of Crack Extension",
Journal of Sound and Vibration, Vol. 257, No. 3,
pp. 559-583, 2002.

11. Li, J., Shen, R., Hua, H. and Jin, X., "Response
of Monosymmetric Thin-walled Timoshenko Beams
to Random Excitations", International Journal of
Solids and Structures, Vol. 41, pp. 6023-6040,
2004.

12. Viola, E., Ricci, P. and Aliabadi, M. N., "Free

_14_



s @A A, A0,

A4z

13.

14.

15.

Vibration Analysis of Axially Loaded Cracked
Timoshenko Beam Structures Using the Dynamic
Stiffness Method", Journal of Sound and Vibration,
Vol. 304, pp. 124-153, 2007.

Ricci, P. and Viola, E., "Stress Intensity Factors
for Cracked T-sections and Dynamic Behaviour of
T-beams", Engineering Fracture Mechanics, Vol.
73, pp. 91-111, 2006.

Son, I. S. and Jo. J. R., "Stability Analysis of
Cracked Cantilever T-beams  Subjected to
Subtangential Follower Force", Journal of KSMPE,
Vol. 9, No. 3, pp. 49-55, 2010.

Li, J, Li, W., Shen, R. and Hua, H., "Coupled
Bending and Torsional Vibration of Nonsymmetrical
Axially Loaded Thin-walled  Bernoulli-Euler
Beams", Mechanics Research Communications, Vol.
31, pp. 697-711, 2004.

_15_



