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ABSTRACT

The dynamic behavior of microbeams with rectangular cross section under action of a moving
mass is studied in the present paper in the framework of a refined higher-order shear deformation
beam theory. The modified couple stress theory (MCST) with only one additional scale parameter
is adopted to describe the influence of the microsize effect on the dynamic response of the mi-
crobeams. A finite element formulation with ten degrees of freedom is formulated and used to
establish the discretized equation of motion for the microbeams. The formulation, taking into ac-
count the influence of the inertial effect, the Coriolis and centrifugal forces resulted from the mass
moving, is derived from the expressions of the elastic and kinetic energies of the microbeams. The
accuracy and efficiency of the derived formulation are confirmed by comparing the result obtained
in the present work with the published data. The dynamic response of the microbeams with sim-
ply supported ends, such as the curves for dimensionless mid-span deflection-moving time rela-
tionship, the dynamic magnification factors (DMFs) and the thickness distribution of stresses are
assessed by using an implicit Newmark method. The obtained numerical results reveal that the
material length scale parameter which is introduced in the MCST has an important role on the dy-
namic behavior of the microbeams, and the DMF obtained from the theory incoporating the MCST
is considerably lower than that using the conventional beam theory. It is also shown that the am-
plitude of both the axial stress and shear stress is considerably decreased by the increase of the
material length scale parameter. A numerical study is carried out to highlight the influence of vari-
ous parameters such as the moving mass velocity and the the ratio of the total beam length to its
height on the dynamic response of the microbeams.

Key words: Microbeam, refined higher-order shear deformation beam theory, MCST, moving

mass, finite element dynamic analysis

INTRODUCTION

In recent years, beam—type microstructures, whose
characteristic dimensions are measured in a micro-
meter scale, have wide application in the micro-
electro-mechanical system (MEMS) 1. Therefore,
studies on the behavior of microbeams are of great in-
terest. Theories of the classical continuum mechan-
ics, however, cannot model the size dependence of
the deformation behavior in the microbeam due to
the lack of a material length scale parameter’~*. The
classical couple stress theory with four material length
scale parameter proposed in 60s of the last century
can model the size effect the size effect faces diffi-
culties in implementation. Yang et al.> modied the
couple stress theory by reducing the scale parame-
ter from four to only one, and this theory, named as
modified couple stress theory (MCST), is widely used
by researchers to study the behavior of microstruc-
tures. Regarding the microbeams, based on MCST
and classical beam theory, Park and Gao® studied
bending of a cantilever beam. They concluded that

the size effect in the micron scale was significant in
the beam bending problem. Ma et al.* extended the
work by Park and Gao® to the bending and free vi-
bration analysis of Timoshenko microbeam with sim-
ply supported ends. Kahrobaiyan et al.>, Dehrouyeh-
Semnani and Bahrami® adopted Timoshenko beam
theory and CMST to develop beam elements for bend-
ing analysis of microbeam. Their numerical finding
showed that the maximum deflections are overesti-
mated by ignoring the influence of size effect.

The moving load/mass problem has attracted great
attention from researchers due to its practical ap-
plication. Therefore, it is crucial to understand the
mechanical behavior of structures excited by moving
loads. The mechanical behavior of the beam under
moving loads has been carried out by various methods
such as the modal superposition method’, Galerkin
method®, Fourier transform technique’, Lagrange
d 10-12 . The
above studies are performed with traditional beams
based on the Euler-Bernoulli/Timoshenko beam the-

method!?, the finite element metho
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ory, where the velocity of the moving load is mostly
considered to be constant. Some recent reports focus
on small-scale structures excited by the moving load.
Kiani and Mehri'® investigated the vibration of nan-
otubes excited by a moving nanoparticle in the frame-
work of the nonlocal continuum theory of Eringen.
Their investigation showed that the scale parameters
and the moving nanoparticle velocity are important
factors that significantly influence the maximum dy-
namic deflection of the nanotube structures. Based on
the nonlocal Euler-Bernoulli beam theory, Simgek '
investigated the dynamic responses of a simply sup-
ported single-walled carbon nanotube subjected to a
moving harmonic load. The dynamic behavior of the
Timoshenko microbeam under a moving load was
studied by Esen '° using a MCST based finite element
procedure. The author developed a simple finite ele-
ment formulation with only four degrees of freedom
by using the solution of the homogeneous equilibrium
equations as the shape functions for study the influ-
ence of material size parameter and the load velocity

1.1° used the same

on the beam dynamics. Esen et a
method in Esen ' to investigate the vibration behav-
ior of perforated microbeams traversed by moving
load/mass. The parabolic shear deformation theory
was employed in combination with MCST by Zhang
and Liu!” to study the forced vibration of porous mi-
crobeam excited by a moving harmonic load. The ma-
terial of the beam is assumed to be graded in the thick-
ness direction by a power-law distribution.

In this paper, the dynamic response of microbeams
traversed by a moving mass is studied in the frame-
work of the higher-order shear deformation beam
theory and the finite element method. The MCST is
adopted to model the size effect of the microbeams.
Energy expressions for the beams and the moving
mass are derived and used to derive a finite element
formulation with ten degrees of freedom. The dis-
cretized equation of motion is established and solved
by a direct integraation Newmark method. Numeri-
cal investigations are presented to show the effects of
various factors such as the material length scale pa-
rameter, the moving mass velocity as well as the beam
geometry on the dynamics of the microbeams.

THEORETICAL FORMULATION

Figure 1 shows a microbeam with length L, simply
supported ends subjected to a moving mass m. In
the figure, the beam cross section is considered to be
rectangular with sizes (bxh), and x,, is the current
abscissa of the mass m, measured from the left sup-
port. It is asumed that the velocity of the mass m is
unchanged during the mass moving from the left end

to the right end of the beam. In addition, the mass
is always in contact with the beam during it is on the
beam. The plane (x,y) of the Cartesian coordinate sys-
tem (x,),2z) in Figure 1 is identical to the beam mid-
plane, while the z-axis directs upward.

cross-section

Figure 1: A simply supported microbeam under a
moving mass

According to the refined higher-order shear defor-
mation theory,18 the displacements, u,(x,z,t) and
uz(x,2,t), in the x- and z-direction, respectively, of a
point in the beam are of the forms

ux(x,z,t) =
u(-xvt)_Zwb,x(xvl)_f(z)ws,x(xvt)7 (1)
Uz (X7Z,t) = Wp (X’l)+WS (X’l)

where is the displacement in x-direction of the point
on the x-axis; wj, and wy are, respectively, bending
part and shear part of the transverse displacement; ¢ is
the time variable, and f(z) is the section shape func-
tion of the axial displacement, and it is of the form

_ 473

= 2
W )

f@

The subscript comma in Eq. (1) and hereafter indi-
cate the derivative with respect to the variable which
follows.

The microsize elfect is modelled herein by using the
MCST of Yang etal.?. In this regard, the elastic energy
of the microbeam is given by

1 ..
U= E/(thslj+mljxu)dv7 L]=XY2 (3)
v

In the above equation, Othe sum is performed on re-
peated indices; V' is the volume of the beam; 6, €;},
m;j and x;; are, respectively, the components of the
stress and strain tensors, deviatoric part of the couple
stress tensor and symmetric curvature tensor. These
componeents are defined 4 follows

1
5 (i +uji),

1
mij = 22Gij, Xij = 5 (6:,j+6).)

Ojj = Aekk&j +2G£,‘j, &j=

)

with u; (i=x,),2) is the displacement in the i direction;

I is a material length scale parameter; A = %
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elastic modulus, and v is Poisson’s ratio; 6; is the

are Lame’s constants, in which E is

components of the rotation vector and it is given by

1
0 = 5eijkik.j

where ¢; j. is a Levi-Civita system that allows to deter-

(5)

mine the sign in the permutation in tensor analysis.
From Eq. (1) and Egs. (4)-(5), the elastic energy U in
Eq. (3) can be recast in the form

U=
1 (L
)
,1/
,2(0

2A13 UxWs xx + 2A23u,st,xx + A33W32~,xx

2 2
+2B13 Whoxx +2B12Wp xxWs xx + BZZWs,xx
+Dq W%ﬂx)dx

/t4 (O'xxgxx + 20,6 + 2mxyXX)’) dA
(Allu?x —Alzu,wa,xx +A22W%‘xx_ (6

in which A=bxh is denotes the area of the beam cross
section; Ay, A2, A2, A13, A23, A33, By, Bio, B
and Dy are the rigidities of the microbeam which are
defined as

(A1, A2, Ap, A3, A2z, Az3)

=b(2+26) [")7, [1,2.2.f () .2f (2). £ (2)] dz
(B11,B12,B22)

bI>G [h/2 1 ,
- 7/1/2{17 [1+fz(2)75[1+ﬁz(z)] }}dz

2 2
pu=sorfd (1) ¢ [459] e

The kinetic energy T' of the microbeam is of the form

1 L )
T_E,/o /Ap<ux+uz>dAdx

where p denotes the mass density, and the over-dot in

(8)

the equation and hereafter denotes the partial deriva-
tive with respect to the time variable. Using Eqgs. (1)
and (2), the kinetic energy in (8) can be rewritten in
the following form

1 L 22 .
T= 5/0 {I {u + (wb +w3) } — 2l puwp
) .. . .
+howp,  — 2113uwy x + 2D3Wp x W x
+]33W52"x}dx

where 111, I12, In2, I13, I3 and I33 are the mass mo-
ment coefficients of the beam, and they are defined as

(I11,112, 022,113,123, 133)

10
Y A NIRRT NATS) P

The potential energy of the moving mass is given by !

Vin = — f(f
[(mg — mii; — 2mvit, x — mv?uz 5 u (x,1)
—miiu (x,1)]0 (xp, — vt) dx

(11)

)

In the above equation, g represents the gravity accel-
eration; mu and mui, are the inertia forces in the axial
and transverse directions, respectively; 2mvu, . is the
Coriolis force; mvzuz,xx is the centrifugal forces; and
&(.) denotes the Dirac delta function.

SOLUTION METHOD

The present work employs the finite element method
to compute the dynamic characteristics resulted from
the moving mass. To this end, a finite element model,
namely a two-node beam element is derived in this
section. Denoting I, as the length of a generic ele-
ment. The element has ten degrees of freedom with
the vector of nodal displacement d of the form

d :{du dy, dwd_}T (12)

10x1

with dy,dy, and d,, are, respectively, the nodal dis-
placement vectors for the u, wy, and w;. These vectors
are represented as follows

T
du:{ul MZ} )

T
de:{Wbl Wplx  Wp2 sz,x} (13)

T
dy, = {Wsl Wslx Ws2 WSZ,X}

)

where uj, Wpi, Wpiny, Wsiand wyix (i = 1;2) are the
nodal values of u, wp, wp,, Wy and w;, at the two
nodes, respectively; In Eq. 9130 and hereafter the su-
perscript “T” indicates the transpose of a vector or a
matrix. Interpolations are now needed to introduce
for the axial and transverse displacements as

u=Ndy, wp, = Hd,,, wg = Hd,,, (14)

where N=[N| N,], H=[H;H,H3 H4] with N| and N,
are Lagrange polynomials, and Hy, Hy, H3z, Hy are
Hermite polynomials.
With the introduced interpolations, one can rewrite
the elastic energy of the microbeam in Eq. (6) in the
following matrix form

1
U= Endeked

(15)
where ne is the number of elements needed to dis-
cretize the beam; and k., is the stiffness matrix of the
element, and it can be written in sub-matrices as

kau kab kas
e =V kan) ki ki (16)
* (km)T (kbs)T ksx

The sub-matrices kqg, kpp and kg in Eq. (16) repre-
sent the element stiffness matrices resulted from the
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axial stretching, bending and shear deformation, re-
spectively. These sub-matrices are defined as

kaa = féﬂ NTALIN xdx, kyp
4x4

2x2
= Jo H . (Ap +2B11) H xdx, (17)
kss =
4?4
I [Hix (A33+Bn)H +H§D1 1H i dx
The submatrices kg, k;s and kp,  in (16) are,

respectively, the stiffness matrices due to the axial
stretching-bending, axial stretching-shear, bending-
shear coupling effects, and they have the following
forms

kap = *fé‘) N5A12Hﬁxxdxa

2x4 .

kas = — j()( NEAISH,xxdxu

2x4 .

fbf; = fo" H;x (A3 +B12) H ydx
X

(18)

Similarly, the kinetic energy of the microbeam defined
by Eq. (9) can also be written in a matrix form as

lne.T

T= EEd med (19)

which the mass matrix of the element m, can be
rewritten in the form

Maq Map Mgs
e = (map)” mpy g (20)
X
(maS)T (mbs)T Mgs
where

Maq = [l NT Iy Ndx,
2x2 .
T”f = Jo' (H"In1H + H I H ) dx,
X
myg = for (HT I H + H'I33H ) dx,

-,
Mmyp = —jO”NTlle?;dx,
2x4

)
Mas = — Jo' NTIj3H  dx,
2x4 '

mys = [0 (HT Iy \H +H I3 H ) dx
4x4
The potential energy given by Eq. (11) can be written
as follows
Vin =

ne ..T . T . (22)
X(d mpd+d cpd+d kyd—d’ f,,)

with my,, ¢, and k,, represent the element mass,
damping and stiffness matrices caused by the influ-
ence of the inertia, Coriolis force and the centrifugal
force of the mass; f ,,, is the element vector of the exter-
nal load, and it is time dependent. The detail expres-

sions of these matrices and vector are given below

NN 0 0
M, =m| 0 HTH HTH| ,
10x10 0 HTH HTH i

e

(23)

0 0 0
cm =2mv|0 H'H, HTH,| . (24)
10x 10 0 HTH,X HTH,X .
0 0 0
km =mv*|0 HTH,, HTH,./| , (25)
10x 10 0 HTH.X)C HTH,XX .
and
T gr]’
fu =mglo HT HT| (26)

10x1

In Egs. (23)-(26), the notation [.] . indicates that the
quantity inside the square brackets [.] is evaluated at
x. the current abscissa of the mass m. This abscissa
is calculated from the left node of the element. It is
worthy to note that the element matrices m,,, ¢, k
m and the force vector f,, are all zeros for all ele-
ments except for the element that currently contains
the moving mass.

By asembling the element matrices and vector into the
global ones, one can establish the discretized equation
of motion for the vibration analysis of the microbeam
under a moving mass in the following form

(M+Mpu)D+CyD+ (K+K,)D=F 27)
In the above equation, D, D and D denote the struc-
tural vectors of nodal displacements, nodal veloci-
ties and nodal accelerations, respectively; M, M, are
the structural mass matrices, resulted from assem-
bling the element matrices m,, m ,,, respectively; C,,
K, K, and F are the structural matrices and vector,
which are result of assembling the matrices ¢, ke,
k,;, and f ,, over the elements, respectively. In the
present work, an implicit direct integration method,
namely the average acceleration method of the New-
mark family of methods with Newmark parameters
B=1/4, y=1/2" is adopted in solving Eq. (27). This
implicit method ensures the unconditional conver-
gence of the numerical algorithm, and its details can
be found in the textbook '°.

NUMERICAL RESULTS AND
DISCUSSION

This section performs numerical investigations to
study the dynamic behavior of the microbeam sub-
jected by the moving mass. The beam considered
herewith is made from Aluminum (Al) with the ma-
terial data are as follows: E=70 GPa, p=2702 kg/m?,
v=0.3. The geometrical parameters of the beam are
defined as'”: h=10 um and b=1 um. For the con-
venience of discussion, the dimensionless parameters
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represented the dynamic magnification factor (DMF
- D), the mass ratio (r,,) and the mass velocity (f3)

are used
L/2,t
Dd:max(M)j
Wt
m B Xv Lw; (28)
m=——"0, = —, =
" pAL i ' T

where w‘y,:mgL3/ (48EI) is the static deflection of the
beam under action of the load mg at the mid-span; @
is the first natural frequency of the microbeam. The
microbeam is assumed to be simply supported at both
two ends.

The derived beam element should be validated to en
ure its accuracy. In Table the fundamental frequency
parameters of a macro beam obtained herein by set-
ting /=0 are compared with the analytical solution ob-
tained by Sina et al.?’. The frequency parameters are
calculated for a beam with L/h=(10, 30, 100). It can
be observed from Table 1 that the frequency parame-
ters obtained by the present method agrees well with
the referenced data, regardless of the length-to-height
ratio.

Table 2 compares the dynamic magnification factors
of a macro beam (I=0) traversed by a moving load with
various values of the speed parameter obtained in the
present work with the finite element solution of Ols-
son’!. It is necessary to note that the DMFs obtained
by Olsson?! are based on the classical Euler-Bernoulli
beam theory. A good agreement between the result of

21 can be noted

the present paper with that of Olsson
from Table 2.

Table shows 3 convergence of the present beam el-
ement in computing DMFS of the microbeam sub-
jected to the moving mass for 7,=0.5, f=0.1 and
different values of the dimensionless material length
scale parameter I/h aa well as the length-to-height ra-
tio L/h. One can see from the table that the conver-
gence of the present element is relative fast, and the
used of 14 elements ensures the convergence, irre-
spective of the values of I/h and L/h. Because of this
convergence, 14 elements are used for all the compu-
tations below.

The effects of the mass ratio r,,, dimensionless mi-
croscale parameter I/h and length-to-height ratio
L/h on the dynamic magnification factor D, of mi-
crobeam are given in Table 4 for a velocity parame-
ter $=0.2. It can be seen from Table 4 that the factor
D, increases by increasing r,, and decreasing I/h, re-
gardless of the length-to-height ratio L/h. The effect
of the length-to-height ratio L/h on the factor D, is
more signification with values of L/h smaller than 20,
regardless of the mass ratio and scale parameter.

The curves of dimensionless moving mass time ver-
sus the mid-span deflection of the microbeam are de-
picted in Figure 2 for L/h=20, r,,=0.5 and various val-
ues of the velocity ratio f and microscale parameter
I/h. Tt is evident that both speed parameter  and mi-
croscale parameter I/h have a significant effect on the
mid-span deflection. The mid-span deflection of the
microbeam declines when increase the value of mi-
croscale parameter I/h, irrespective of the speed ratio.
Thus, the traditional beam theory which ignores the
size effect results in an overestimation of the dynamic
deflection of the microbeam. The figure also shows
that the maximum mid-span deflection of the beam
is larger when it is under a mass moving with a higher
velocity, regardless of the value of the microscale pa-
rameter I/h.

The variation of the DMF D, with the moving mass
velocity parameter 3 of the microbeam is displayed in
Figure 3 for a length-to-height ratio L/h=20 and dif-
ferent values of the mass ratio r,; and the microscale
parameter I/h. The dynamic magnification factor D,
in the figure undergoes a repeatedly increasing and
decreasing period when increasing the velocity pa-
rameter f3, and it then approaches a maximum value.
The influence of the material length microscale pa-
rameter //h on the dynamic response is clearly seen
again from Figure 3a, where the factor D is decreased
by increasing scale parameter [/h, regardless of the
speed parameter. Besides, as expected, we can ob-
serve that the DMF D, increases when increase the
mass ratio r,, (Figure 3b).

The length-to-height ratio L/h versus the dynamic
magnification factor D of the microbeam is shown in
Figure 4 for different values of the microscale param-
eter I/h, the mass ratio r,, and for a velocity parame-
ter $=0.2. The influence of the length-to-height ratio
on the DMEF, as can be seen from Figure 4a, tends to
be less significant when the microsize effect is taken
into consideration. Since the length-to-height ratio
represents the influence of the shear deformation on
behavior of the beam, the ignoring the microsize ef-
fect is not only overestimated the dynamic deflection,
but it is also overestimated the shear deformation ef-
fect of the microbeam. The mass ratio, as seen from
Figure 4Db, is hardly changed the relation between the
DMF with the length-to-height ratio, and the influ-
ence of the length-to-height ratio on the dynamics of
the microbeam is more significant for L/h<20.

The distribution of axial and shear stresses in the
thickness direction of the microbeam is respectively
presented in Figure 5 and Figure 6 for L/h=20, ,,=0.5,
B=0.1 and various values of the dimensionless scale
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Table 1: Comparison of fundamental frequency parameters of a macro beam

Source L/h=10 L/h =30 L/h =100
Sina et al. ?’ 2.797 2.843 2.848
Present 2.7977 2.8432 2.8486
Table 2: Comparison of dynamic magnification factor of a macro beam

Sourse B

0.125 0.25 0.5 1
Olsson ?! 1.121 1.258 1.705 1.548
Present 1.1300 1.2661 1.7162 1.5640

Table 3: Convergence of the beam element in computing DMF of microbeam (3 =0.1, rm=0.5).

I/h L/h ne=4 ne=6 ne=8 ne=10 ne=12 ne=14
0.1 10 0.7935 0.7986 0.7977 0.7972 0.7971 0.7971
50 0.7679 0.7720 0.7715 0.7713 0.7712 0.7712
100 0.7671 0.7713 0.7707 0.7705 0.7705 0.7705
0.5 10 0.4363 0.4388 0.4384 0.4382 0.4381 0.4381
50 0.4274 0.4297 0.4294 0.4293 0.4293 0.4293
100 0.4272 0.4295 0.4291 0.4290 0.4290 0.4290
Table 4: Dynamic magnification factor of the microbeam for 3=0.2.
L/h
I'm I/h 10 20 30 50
0.25 0.25 0.7068 0.6918 0.6886 0.6870
0.5 0.4589 0.4513 0.4497 0.4491
1 0.1908 0.1888 0.1884 0.1883
0.5 0.25 0.7505 0.7336 0.7303 0.7287
0.5 0.4863 0.4786 0.4770 0.4763
1 0.2022 0.2003 0.1999 0.1997
1 0.25 0.8402 0.8207 0.8170 0.8150
0.5 0.5440 0.5353 0.5336 0.5327
1 0.2262 0.2240 0.2235 0.2233

parameter I/h. The stresses in these figures are calcu-
lated at the time when the mass m arrives at the beam
mid-span. Both the axial stresss and shear stress are
normalized by a compressive stress oo=mg/(bh), that
is Oy = Ox(L/2, 2)/00, and Ty *=T (0, 2)/C. As
seen from these figures, both the axial and shear stress
are symmetric to the mid-plane of the microbeam, re-
gardless of the value of the microscale parameter I/h.
In addition, all stresses considered herein are signif-
icantly influenced by the microscale parameter, and

an increase of the microscale parameter I/h results in
a decreases of the maximum axial stress and shear

stress.

CONCLUSION

The dynamics of the microbeams subjected to a mov-
ing mass has been investigated in the present work in
the framework of the refined higher-order shear de-
formation theory and the finite element method. The
MCST containing only one microscale parameter is
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Figure 2: Dimensionless moving mass time versus mid-span deflection of the microbeam for L/h=20, r,,=0.5
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Figure 3: Variation of DMF with velocity parameter of the microbeam for L/h=20.

adopted to model the size effect of the beams. The
discretized equation of motion for the microbeams
was established by using a ten degrees of freedom fi-
nite element formulation. Using the direct integration
Newmark method, the dynamic response such as the
curves for dimensionless time-deflection relation, the
dynamic magnification factors as well as the stresses
of the microbeam were computed. The obtained nu-
merical re ults show that the microsize effect has an
important role on dynamics of the microbeam, and
the classical beam theories which ignore the size ef-
fect leads to an overestimation of the dynamic mag-
nification factors and the dynamic deflections of the
microbeam. Investigations have been carried out to
highlight in detail the effects of various parameters

such as the mass velocity parameter, the mass ratio,
the beam length-to-height ratio on the dynamic be-
havior of the microbeam. We would like to note that
though the numerical investigations have been pre-
sented in this paper for a microbeam with simply sup-
ported ends only, the microbem model and the finite
element formulation of the present work are capable
to compute dynamics of microbeams under a moving

mass with other boundary conditions as well.
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TOM TAT

Bai bao nay nghién ctiu ting xtr dong luc hoc clia dam micro véi mét cat ngang hinh chir nhat chiu
tac dong clia khéi lugng di dong trong khudn khé Iy thuyét bién dang trugt béc cao cai bién. Ly
thuyét Ung suat cap cai bien (MCST) chiia mét tham s6 kich ¢& dugc sirdung dé mé ta anh hudng
cla hiéu Ung kich thudc micro lén dap ng dong luc hoc clia dam. Cong thic han td hiu han
mudi bac tu do dugc xay dung va st dung dé thiét 1ap phuong trinh chuyén dong rdi rac cho dam
micro. Cong thiic, 6 tinh dén anh hudng clia luc quan tinh, luc Coriolis va luc ly tam do khéi lugng
di dong, dugc xay dung tir céc biéu thiic nang lugng bién dang va déng nang clia dam micro. B
chinh x&c va tinh hiéu qua clia cong thic dua ra duge khdng dinh bang cach so sanh cac két qua
nhan dugc trong bai bao vdi cac két qua trong tai liéu da co. Bap ing dong luc hoc clia dam micro
vai bién tua hai dau nhu: dudng cong gitia do vong dam khong thd nguyén — thai gian, hé s6
dong luc hoc (DMFs), su phan bé ting suét theo chiéu day dam dugc danh gia bang phuong phap
Newmark an. Cac két qua s6 thu dugc cho thdy tham s6 kich ¢ vat liéu, trong MCST, dong vai tro
quan trong déi véi ing xt dong luc hoc ctia dam micro, va DMF nhan dugc ti ly thuyét két hop vai
MCST thap hon dang ké so véi DMF nhan dugc ti ly thuyét dam truyén théng. Két qua cing chi
ra rang bién do clia Ung suat doc truc va Ung suat truct giam dang ké khi tang tham sé kich c& vat
liéu. Nghién ctu s6 dugc thuc hién dé lam ré dnh hudng clia cac tham s6 khac nhu van téc khoi
luong di dong va ty s6 gitta d6 dai dam va chiéu cao téi dap iing dong luc hoc clia dam micro.
Tuw khoa: Dam micro, ly thuyét bién dang trugt bac cao cai bién, MCST, khéi lugng di dong, phan
tich phan t& hru han déng luc hoc
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