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Appendix A. Coefficients of Eq. (3) 
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 (A1) 

where K
2  is the effective stiffness [35], K

1  the equivalent stiffness of the simply-supported laminated 

shell, M
2 is impactor mass and M

1 is the effective mass of laminated shell [35]. V represents the 

velocity of impactor. 

 

Appendix B. Virtual energy terms 

 

The virtual energies reflected in Eq. (10) are expressed in terms of displacement field as below: 
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Resultant stress components are described using below equations 
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Substituting (B4) and (B5) into (B3), we will obtain: 
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(B1), (B2) and (B6) are substituted into Eq. (10) and performing part-by-part integral, we will obtain: 
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 (B7) 

Recalling from Hamilton principal, virtual displacement at t = 0 and t = T are zero. Applying this 

assumption to (B7), equations of motion are obtained as expressed in Eq. (11). 

Appendix C. Components of stiffness matrix of a lamina in cylindrical 

coordinate system 
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For an orthotropic material Q16
,  Q

26
,  Q

36  and Q45  are zero. 
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Appendix D. Constitutive equation of laminated composites in the context 

of LWT 
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where: 
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Appendix E. Differential operators reflected in final governing equations 

for obtaining displacement field 
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Appendix F. Weight coefficients for DQM  C
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