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The mathematical model of three-layered beams developed based on the hypothesis of the 

Grigolyuk-Chulkov and the modified couple stress theory and the size depended equations 

governing the layers motions on the micro- and nano-scales is constructed. The Hamilton’s 

principle yields the novel equations of motion as well as the boundary/initial conditions re-

garding beams displacement. The latter ones clearly exhibit the size dependent dynamics of 

the studied micro- and nano-beams, and the introduced theory overlaps with the classical 

beam equations for large enough layer thickness. In particular, a three-layer beam with the 

micro-layer thickness has been investigated with respect to the classical theory of Grigolyuk-

Chulkov. The derived boundary problem is of sixth order and can be solved analytically in the 

case of statics. The carried out numerical experiments allowed to detect and explain size de-

pendent effects exhibited by the micro-beams. The beam deflections and stress yielded by the 

employed couple stress model are less than those predicted by the classical Grigolyuk-

Chulkov theory, while the estimated eigenfrequencies are higher, respectively. It has been 

shown that the proposed model can be reduced to the classical three-layer Grigolyuk-Chulkov 

beam through increase of the layers thickness, which validates our approach. 

 

Keywords: three-layer beam, modified couple stress theory, static/dynamic behavior, analyti-

cal solution 



Download English Version:

https://daneshyari.com/en/article/4922531

Download Persian Version:

https://daneshyari.com/article/4922531

Daneshyari.com

https://daneshyari.com/en/article/4922531
https://daneshyari.com/article/4922531
https://daneshyari.com

