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Abstract : A size-dependent Euler&ndash;Bernoulli beam model, which accounts for nonlocal stress field, strain gradient field
and higher order inertia force field, is derived based on the nonlocal strain gradient theory considering velocity gradient effect.
The governing equations and boundary conditions are derived both in dimensional and dimensionless form by employed the
Hamilton principle. The analytical solutions based on different continuum theories are compared. The effect of higher order
inertia terms is extremely significant in high frequency range. It is found that there exists an asymptotic frequency for the
proposed beam model, while for the nonlocal strain gradient theory the solutions diverge. The effect of strain gradient field in
thickness direction is significant in low frequencies domain and it cannot be neglected when the material strain length scale
parameter  is  considerable  with  beam thickness.  The  influence  of  each  of  three  size  effect  parameters  on  the  natural
frequencies are investigated.  The natural  frequencies increase with the increasing material  strain gradient length scale
parameter or decreasing velocity gradient length scale parameter and nonlocal parameter.
Keywords : Euler-Bernoulli Beams, free vibration, higher order inertia, Nonlocal Strain Gradient Theory, velocity gradient
Conference Title : ICBMMAS 2017 : International Conference on Biomaterials, Microstructure, Macrostructure and Atomic
Structure
Conference Location : London, United Kingdom
Conference Dates : March 14-15, 2017

World Academy of Science, Engineering and Technology
International Journal of Bioengineering and Life Sciences

Vol:11, No:03, 2017

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 B
io

en
gi

ne
er

in
g 

an
d 

Li
fe

 S
ci

en
ce

s 
Vo

l:1
1,

 N
o:

03
, 2

01
7 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/a

bs
tr

ac
ts

/6
03

30
.p

df

ISNI:0000000091950263International Scholarly and Scientific Research & Innovation 11(03) 2017 1

https://publications.waset.org/abstracts/60330.pdf

