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1 Introduction

As in the classical elasticity theory, it is useful to simplify the general 3D micropolar

theory of linear elasticity for the special case of a 1D micropolar beam, and to develop

the micropolar torsion and bending models for a micropolar beam in 3D space. A simple

model for the micropolar beam bending problem was developed by Haung [1] where it

was assumed that shear deformations are negligible and the microrotation over the beam

cross section is constant and is equal to the rotation of the beam plane section due to

the bending. Another simple but more general model of the micropolar beam bending

problem was addressed by Ramezani [2]. Ramezani assumed that the microrotation (which

is constant over the beam cross section) is different from the bending rotation of the beam

plane section and developed a micropolar bending model which is indeed an extension of

the classical Timoshenko bending model. However, due to an error made in the first step

of deriving the governing equations (i.e. using an incorrect definition for the strain tensor

in terms of displacement and microrotation fields), there are some errors in the equations

of motion presented by Ramezani.

In this light the focus of this manuscript is to develop an uncomplicated but comprehensive

model to represent a micropolar beam deforming in 3-space and under all types of external

loading and boundary conditions. Such a model will employ a simple longitudinal defor-

mation theory combined with an extended form of Duleau torsion theory and a revised and

extended form of Ramezani’s micropolar bending theory to characterize the deformation

of micropolar beams with arbitrary cross-sectional shapes.
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2 Conclusions

The dynamic equations are derived from Hamilton’s principle and will be included when

submitting the full version of this paper. To provide numerical examples and make a

comparison with well-known classical beam models, the developed micropolar beam model

is implemented as a FEM model which will be explained in the full version.

As an example, the bending deformations of a cantilevered micropolar beam at beam’s tip

under the action of an external body force f̄
V

2 are shown in Figure 1 where deformations

are normalized with respect to the tip bending deformations of a cantilevered Timoshenko

beam under the action of the same load. In Figure 1, the first pair of plots show the effect

of choice of micropolar material constants κ and γ on the transverse deflection of a beam

of moderate length. For the same beam the second and third pairs of plots show similar

graphs for the rotation of the plane sections and the microrotation respectively. Large

values of κ and γ result in significantly different results whereas small γ values and large

κ values result in a model that approaches the Timoshenko results. The transition region

is well defined and relatively abrupt, notice the parameter scales are logarithmic. These

features will be explored more fully in the full paper.

REFERENCES

[1] F.Y. Huang, B.H. Yan, J.L. Yan, and D.U. Yang. Bending analysis of micropolar elastic

beam using a 3-d finite element method. International Journal of Engineering Science,

38(3):275–286, 2000.

[2] S. Ramezani, R. Naghdabadi, and S. Sohrabpour. Analysis of micropolar elastic beams.

European Journal of Mechanics-A / Solids, 28(2):202–208, 2009.

2



Soroosh Hassanpour, Glenn R. Heppler

00.51
  

d a ta 1

-10 -8 -6 -4 -2 0 2
-10

-8

-6

-4

-2

0

2

10

10

30 30

50

50 50

70

70 70

90

90 90

R̂3 = 50

log(γ̂)

lo
g(
κ̂
)

00.51
  

d a ta 1

-10
-8

-6
-4

-2
0

2

-10
-8

-6
-4

-2
0

2

0

50

100

log(γ̂)

R̂3 = 50

log(κ̂)

(ˆ̄ u
2
) m

p
/
(ˆ̄ u

2
) c

l
×

10
0

00.51
  

d a ta 1

-10 -8 -6 -4 -2 0 2
-10

-8

-6

-4

-2

0

2

10
10

30
30

50

50 50

70

70 70

90

90 90

R̂3 = 50

log(γ̂)

lo
g(
κ̂
)

00.51
  

d a ta 1

-10
-8

-6
-4

-2
0

2

-10
-8

-6
-4

-2
0

2

0

50

100

log(γ̂)

R̂3 = 50

log(κ̂)

(θ̄
3
) m

p
/(
θ̄ 3
) c

l
×

10
0

00.51
  

d a ta 1

-10 -8 -6 -4 -2 0 2
-10

-8

-6

-4

-2

0

2

10
10

30
30

50

50 50

70

70 70

70

90

90

90

R̂3 = 50

log(γ̂)

lo
g(
κ̂
)

00.51
  

d a ta 1

-10
-8

-6
-4

-2
0

2

-10
-8

-6
-4

-2
0

2

0

50

100

log(γ̂)

R̂3 = 50

log(κ̂)

(ϑ̄
3
) m

p
/(
θ̄ 3
) c

l
×

10
0

Figure 1: Relative tip bending deformations of a cantilevered micropolar beam under

volume force f̄
V

2 vs. micropolar elastic constants.

3


	Introduction
	Conclusions

