
Accepted Manuscript

Predictions of the frequencies of bending-torsion coupled laminated composite
plates with discontinuities: novel analytical modeling and experimental valida-
tion

M. Shaat, B. Aidi, S.W. Case, A. Abdelkefi

PII: S0263-8223(17)30963-7
DOI: http://dx.doi.org/10.1016/j.compstruct.2017.08.013
Reference: COST 8771

To appear in: Composite Structures

Received Date: 25 March 2017
Revised Date: 13 June 2017
Accepted Date: 2 August 2017

Please cite this article as: Shaat, M., Aidi, B., Case, S.W., Abdelkefi, A., Predictions of the frequencies of bending-
torsion coupled laminated composite plates with discontinuities: novel analytical modeling and experimental
validation, Composite Structures (2017), doi: http://dx.doi.org/10.1016/j.compstruct.2017.08.013

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.compstruct.2017.08.013
http://dx.doi.org/10.1016/j.compstruct.2017.08.013


  

------------------------------------------------- ∗Corresponding author. Tel.: +15756466546; Fax: +15756466111.  

E-mail addresses: shaat@nmsu.edu (M. Shaat), bilel@vt.edu (B. Aidi), scase@vt.edu (S. Case), abdu@nmsu.edu (A. 

Abdelkefi). 

Predictions of the frequencies of bending-torsion coupled laminated 

composite plates with discontinuities: novel analytical modeling and 

experimental validation  

M. Shaat
1
, B. Aidi

2
, S.W. Case

2
, and A. Abdelkefi

1
* 

1
Department of Mechanical and Aerospace Engineering, New Mexico State University, Las Cruces, New Mexico 

88003. 
2
Department of Biomedical Engineering and Mechanics, Virginia Tech, Blacksburg, Virginia, 24061. 

 

 

 

Abstract 

 A novel analytical model that accurately represents the free vibration response of intact/damaged 

composite plates accounting for the bending-torsional coupling is developed. Unlike the existing models for 

the bending-torsion vibrations of composite plates, in the present model, the equations of motion are derived in 

an uncoupled form. It is then easier to derive analytical solutions for composite plates under coupled bending-

torsion vibrations. In addition, for the first time, analytical solutions for the free bending and torsional 

vibrations of cantilever and clamped-clamped laminated composite plates with discontinuities including 

circular holes, rectangular holes, notches, and internal and edge cracks are easily obtained. Shifts in the natural 

frequencies due to discontinuities are modeled where the reductions in the plate stiffnesses are related to the 

amount of the energy release rate due to a defect formation. In order to verify the accuracy of the proposed 

model and the derived solutions, the proposed model is compared to the available conventional models. 

Moreover, experimental measurements of the free bending and torsional vibrations of carbon-fiber-laminated 

composite plates with circular holes is performed. A set of finite element analyses are carried out and 

compared to the experimental and the proposed model results. Then, a parametric study is presented in order to 

investigate the effects of the discontinuity size and location on the bending and torsional natural frequencies of 

laminated composite plates with various forms of discontinuities. The performed analyses demonstrate the 

accuracy of the proposed models to represent the free vibrations of laminated composite plates with 

discontinuities.  
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