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ABSTRACT

This paper presents the finite element algorithm and results on
dynamic response of cracked plate structure on elastic foundation
subjected to moving oscillator with a constant velocity and any motion
orbit. The response to a single moving oscillator is first investigated
and then the effects of crack, velocity, elastic foundation stiffness, and
stiffness of the spring of moving oscillator are studied. Results
indicate that the number of crack and the foundation stiffness and the
velocity of the oscillator moving have significant effects on the
dynamic response of the cracked plates.

Keywords: Dynamic; cracked plate; foundation; maving oscillatar;
finite element method.

TGM TAT

Bai bao trinh bay thuat toan phén tir hitu han va két qué tinh toan
dap tng dang cia tAm ca vét not tua trén nén dan hdi chiu tac
dung cia tai trong di dang (khdi lveng di dong va he dao dang di
déing) vai van tdc khang ddi va quj dao chuyén dang bét ky. Trong
ma hinh bai todn, tac gid tinh todn dap dng dang cia ket cdu khi
chiu tac dung cia mat tai trong di dang, sau da phan tich anh
huréng cla céc thang sd vét nirt, da cing nén dan hai, van tac va do
cirng cia he dao dang di dong dén dap ang dang cia két céu. Cac
ket qua khao sat sd cho thdy sd lveng vet not, da cing cia nén va
van tic cia he dao dang co anh hudng dang ké dén dap ing dang
|irc hoc cia ket céau.

Tir khéa: Phan tich dang; tdm ca vét nit; nén dan hai; tai trong di
ding; phueng phap phéan tir hiru han.

1. INTRODUCTION

In fact, the type of plate structures resting on elastic foundation
affected by the moving loads is normally quite a lot in practice,
such as pavement, runway pavement, bridge floor, etc. In the
process of being subjected to loads and the environment, plate and
beam structures on elastic foundation often crack, which results in
reduced their stiffness. Therefore, the calculation of dynamic
response of plate structures subjected to moving loads have been
studied by many scientists. Accordingly, N. T. Chung and L. P. Binh
[1] analyzed the cracked beam on the elastic foundation under
moving mass by finite element method (FEM). S.R. Mohebpour and
P. Malekzadeh [2], P. Malekzadeh et al. [3], Qinghua Song et al. [4],
Qinghua Song et al. [5] are presents a finite element model based
on the first order shear deformation theory to investigate the
dynamic response of laminated composite, FGM plates subjected
to a moving oscillator or moving mass. Ahmad Mamandi et al. [6]
simulated nonlinear dynamic of rectangular plates subjected to
accelerated/decelerated moving load by using FEM and ANSYS
software. M. H. Huang and D. P. Thambiratnam [7] used FEM to
dynamic analysis of plate made by isotropic material on Winkler
foundation subjected to a moving concentrated load. A.R. Vosoughi
et al. [8] analyzed the moderately thick laminated composite plates
on elastic foundation subjected to moving load. G.L. Oian, S.N. Gu
and J.S. Jiang [9], Marek Krawczuk [10] analyzed the cracked plate
subjected to dynamic loads by FEM. N. T. Chung et al. [11]
presented the finite element algorithm and results of dynamical
response of cracked plate subjected to moving oscillator with a
constant velocity and any motion orbit. There are many surveys
considering the dynamic response of the plate when there is a
change in number of cracks and the stiffness of the spring of
moving oscillator. Results show that the effect of cracks on the
plate's vibration is significan.

2. FINITE ELEMENT SIMULATION AND DOMINANT
EQUATIONS

In this research work, an isotropic homogeneous elastic
rectangular cracked plate resting on an elastic Winkler foundation
under moving oscillator is considered as shown in Figure 1.
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Fig 1. Cracked plate on elastic foundation subjected to moving oscillator

For the finite element model formulation the following
assumptions are made: Materials of the system are linear-elastic;
cracks are considered penetrating, open and non-propagating
while system operate; load and pavement are not speared in the
activity duration of system.

2.1. Cracked plate element on elastic foundation subjected to
moving oscillator

2.1.1. Cracked plate element on elastic foundation subjected to
dynamic loads

Plate is described by bending rectangular four-node elements
(Fig.2). Arbitrary point in the element has positions (x,y) in global
coordinate and positions (r,s) in local coordinate [15]. Assume that
the thickness of plate element h is a constant and the conditions of
Reissner - Mindlin plate theory are satisfied.

a. In the general coordinate system b. In the natural coordinate system

Fig 2. Model of 4-node plate element and the coordinate system
The displacement fields are written as [171:

u(x,y,z,t) =u0(x,y,t)+ Zey(x,y,t),
v(x,y,2,t) =vo (x, 1) - 20, (X, y,1), (1)
W(x,y,z,t) =w0(x,y,t),

where uo, vo, o are the displacements of the midplane and 0x,
0y - rotations of normal about respectively the y and x axes.
The strain vector is presented in the form:

{‘917} :{{"’"x

where
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The constitutive equation can be written as

(]} [

o, E 1 v 0 &,
{Ub}: Y7152 v 1 0 v (=
_V -
T 00 05(1-v) ||y, )

:[Dh}{g}’} = [Dh}({go}+z{1(}),

{o°} is stress vector of shear stress:

R s I L S

with E is elastic modulus of longitudinal deformation, v is
Poisson ratio.

Using Egs. (7), (8) the components of internal force vector {F}
are determined as follows

h
2 |o
(M, M, Mxy}T:J‘z G; dz:E[Db}{K},
h
)

12
Ty
r h/2 . . : . ®
o of = | [pr]jer)ac=anlo]fer)
~h/2 (10)

So that one obtains

=L e o

where [Dcs}= 2t S T I

strain matrix,

T
Ky Vs ;/yz} is the vector of curvatures and

{g”} ={k &,

shear strains, o is the shear strain correction factor, usually equal o
=5/6.
The displacement of a point of the element represented as [15]:

4 4 4
w= ZNle’ 0, :ZNiexia ey = ZNigyb
i=1 i=1 i=1 (12)

where wi, 0x, 0y are displacement w, 0x 0y at i node,
respectively, Ni are shape functions.

4
{ECS}E =[8J4}, = Z[Bt]{‘li}’

i=1 (1 3)
matrix for force determination,

{(I}e={{ql}T {qz}T {q3}T {q4}T}: is vector of node

where [Ble is internal

displacement,  with {qi}:{wi 0, Hy,-}T , 0 = 1,234).

Substituting Eq. (13) into (11) leads to:

[P35 ]t}

i=1
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b
where |:DcsBi:|:|:DcsBl} +[DCSBi:|S, (15)

b
[DCSBZJ , [DCSBiT are matrices corresponding to bending

moment and shear force respectively [10].
The dynamic equations of plate element can be derived by
using Hamilton's principle [15], [16]:

o)
5[[r.-nJa=0,
h

(16)
where Te, ITe are kinetic energy and total potential energy of the
element, respectively.
The kinetic energy of the element level is defined as [15]:

1 in T Cs:| if 1 J‘ 2 _J B
=2 j{F }e [D {F }edAe v | kpwida,— | wpds, =
A A A,

e e e

=Sl ([0 + (5] Jlgh ) (71,

(17)
where

(o), = [[BT [ [Bda [&], = [[VT kf[N ]
{f}e = J‘[NJT pdA,

are stiffness matrix (plate element and
foundation) and node loading vector of the element, respectively,
[N] is mode shape function matrix of element, p is pressure of
intensity, kr is elastic foundation coefficient, w = [N]l{g}e, Ac is the
surface area of the plate elements.

Kinetic energy Te of element is determined by [15]:

1 . .
.= [ plall fi}, av.
v,

—al!| [ PV T TN av. \(a}, =S a [Mo], 4d),.
" (18)

[M], = [ PN T [V Iav,
where Ve

{q}e -velocity vector.

Substituting equations (17) and (18) into equation (16), the
dynamic matrix equations of plate element on elastic foundation
without damping can be written as:

[0 b+ (KoL #[K/ ] Mabe =t .

The cracked plate element stiffness matrix [KJe can be written
as [8]:

[k.1,=[8][¢,] 5]

- mass matrix, p - mass density

and

(20)

CAREIRCE
where [B] is the transformation matrix,

in
<]
which L ° Jis the flexibility matrix of the noncracked element,

c/ ]
[ ! is the flexibility matrix due to the presence of the crack [11],

[14].

Now, the dynamic matrix equations of the cracked plate
element on elastic foundation subjected to dynamic loads
becomes:

(Mol ta + ([ (5 L Jabo =tk

2.1.2. Cracked plate element on elastic foundation subjected to
moving oscillator

The force of the moving oscillator on the plate at the time t is
determined as follows [6]:

Re _[ml dzw(x,y,t)

+m2ii+(m1 +m2)g—Q(t)]

dr* g
y=n 22)
where g - acceleration due to gravity, u. acceleration of the
dzw(x,y,t)
at

mass mp,
setpoint is given by:

- acceleration of the plate at the force

62w.2 62w.2 o*w o*w
X+

2o o e e e
ar* Pw L Pw Low L ow
2X——+2y—+X—+y—
OxOt oyot  Ox oy (23)
Substituting w = [NI{g}e into Eq. (23), yields:
[N (g, +[ N,y ] (e}, +[N](a), +
d .. . .
7;}: +2xy[nyJ{q}e+2x[Nx]{q}e+ s
(N o), e, S ),
B LA VA R L PV A A VR TR L
with [NXJ_F,[ XX] o ,[ XYJ oxdy [ }’J oy ’
&[]
[NWJ:

7 . . .o
S , X, yand X yare the velocity and acceleration of
the loads along x, y axes, respectively.

Substituting Eq. (24) into (23), the force of the moving oscillator
on the plate at the time t can be written as:

R=0(e)=m[NJ(d}, ~2m ([N, ]+ 5[ N, J)id},
N [N J82 [ Ny, 37 + 285 NV, |
l +5é[Nx]+j}[NyJ ¢

—mzii—(ml +m2)g. (25)

Concentrated force (25) is described by the uniformly
distributed load as follows [11], [15]:

P(Xa)’,t):5()‘—6&)5()’_77)R(X>J’J), (26)
where §(.) is the Dirac’s delta function.

Substituting equation (25) into equation (26) leads to:
p=06(x=£)8(y—n)-m[N]o(x-£)s(y-n){g},

2 (i[N, ]+ 5[ N, )8 (- €)8 (v -m)id},
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o +2xy|:N J+x[Nx]+j}[NyJ

§(x=¢)s(y-n)aj,

—mzué'(x—f)5(y—77)—(ml+m2)g§(x—§)5(y—77). 27)
The element nodal load vector is [15]:
ba
}e = II[N]T p(x,y,t)dxdy =
.”.[Nfﬁ (x v, )dxdy.
(28)

Substituting equation (27) into equation (28) leads to the nodal
load vector:

(1 =tp) - [Mp] fa), [ vy | i
B [CI’L {q}e _[KPL {q}e,

(29)
where

{P(t)}e:[N(é’,n)JT(Q (m1+m2)g) 0
[ ] =mN(en)] [M(En)], o
[y ] =mo[N(zm)]. "
(o], =2m[N(en)] (([n(em] 3N, (£n)]).

(33)
[N (&) ]88 +[ N, () |37 +
[k, | =m[N(Em)] |2V, (&m)]+

HE[ N (&) ]+ 3Ny ()] (34)

Substituting Eq. (29) into (21) leads to the dynamic equation of
the cracked plate element on elastic foundation subjected to
moving oscillator becomes:

([Mo] [M’”'} J{} +[Mp’"2Lij+[CpL{c}}e
{lxcd +[K0], 4K, Jiab, = {P)-

The dynamic equation of mass m2 can be written as:
myti + cit + ku — C[N]{c}}e - k[N]{q}e = Q(t),

(35)

(36)

Combining Egs. (35), (36), we have the dynamic equations of
the system consist of cracked plate element on elastic foundation
and mass m; as follows:

(Lo, o] Jah, +[ae ] i+, ] ol
+(lx,+ [k, + (& b =17,
)

myti + cu + ku — C[N]{Q}e - k[N]{q}e = Q(t

>

(37)
Or
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2.2. Governing differential equations for total system
Assembling all elements matrices and nodal force vectors the

governing equations of motions of the total system can be derived
as:

L) v ) [

+Bd{&PVJ{@]WWM}%H}
—k[N(&m)] kLu ] l0)]
[My]= 2 [Mo],

(38)

where No is the overall structural mass matrix,
[Ko]= Z [Ko,
Ny—N,

is the overall structural stiffness matrix with

[Kc’] = Z[Kc’]e

N, .
¢ is the overall structural

(k1= 20 /],

Ny

total uncracked elements;

stiffness matrix with total cracked elements, is

[ ]= 0[],

) . . N
the overall foundation stiffness matrix; Enl ,

[y ]= 2],

Ne .
Emt are the overall mass matrix due to mass ms,

)= 2],

. . Ne . .
m2 moving, respectively; K is the overall damping

matrix due to mass ms moving;

[Cr]=ar[Mo]+ Ar([ Ko ]+ [%. ]
damping matrix [15], [16].

The linear differential equation (39) can be solved by using
direct integration Newmark’s method. A Matlab program named by
Cracked_Plates_Foundation_Moving_2023 (CPFM) was conducted
to solve Eq. (39).

is the overall structural

3. NUMERICAL ANALYSIS

Consider the rectangular cracked plate resting on elastic
Winkler foundation showns as Fig. 1. The data for the plate,
foundation, and load for numerical examples treated in this and
later sections are given by: L = 100m, W = 10m, h = 0.3m, crack
length We = 0.5m (it appears in the middle of the plate), E =
3.1x10"°N/m?, v = 0.25, p = 3200kg/m?, m: = 300kg, m, = 200kg, k =
1.5x10°N/m, ¢ = 4.5x103Ns/m. The boundary conditions are: free
along the longitudinal edges (y = 0, y = 10m) and simply supported
along the shorter edges (x = 0, x = 100m).

In this numerical example, the elastic foundation stiffness is set
to kr = 1.0x10’N/m3. The moving oscillator moves along the
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centerline (y = 5m), parallel to the x axis with constant amplitude
and constant velocity v =25m/s.

The dynamic response of the plate subjected to moving
oscillator (MO) and moving mass M = m1 + m2 = 500kg (MM) consist
of displacement, velocity, and stress are shown on Table 1 and Figs.
3,4, 5, 6. The maximum values of the above quantities at the point
A are shown in Tab. 1.

Table 1. The maximum values are at the point A

Case of w X w X o oy
load [m] [m/s] [N/m?] [N/m?]
MO 0.029 1.194 1.11x108 1.05x108
MM 0.035 1.372 1.30x108 1.36x108
'E 0.02 T T 4 —_MO

e MM
= 001 -
€
g2 o0
(1]

&
%-0,01-
a
= -0.02
o
$-003

-0.04-

-0.05 -

0 05 1 15 2 25 3 35 4

Time t[s]
Fig. 3 Dynamic vertical response at point A
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Fig. 4. Vertical velocity response at point A
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Fig. 5 Stress response oy at point A
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Fig. 6 Stress response Gy at point A

Comment: Numerical example above show that the dynamic
response curves of a cracked plate on elastic foundation subjected
to moving oscillator are rough and complex while they are smooth
and simple for cracked plate resting on elastic foundation under
the corresponding moving mass.

3.1. Effect of the crack length

Evaluating the effect of the crack length to vibration of cracked
plate resting on elastic foundation under moving oscillator,
numerical caculation with different crack lenghts. Figs. 7, 8, and 9
shows the maximum dynamic deflection at a certain point of the
plate (point A) and tip of the crack (point B).
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Maximum deflection w[m]
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Fig. 7 Maximum dynamic deflection of central point with different crack lengths (v =
25m/s)
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=

0 . . .
0 0.2 0.4 0.6 0.8

Crack length Ler[m]
Fig. 8 Maximum dynamic stress Gr;m of central point with different crack lengths (v
=25m/s)
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Fig. 9 Maximum dynamic stress Gfm of tip of the crack with different crack lengths
(v=25m/s)

Comment: Numerical analysis of cracked plates on the elastic
foundation under moving oscillator shows that the crack is cause
reduces the stiffness of the plate: as the crack length increases,
both displacement and stress at the points of the plate increased
significantly.

3.2. Effect of the foundation stiffness

When the foundation stiffness krincreases from 1.0x10°N/m? to
1.0x107 N/m3, Figs. 10, 11, and 12 show the variation of the
maximum values of deflection and stress respectively.

2
0 ——MO

—e— MM

&

©
(%)

0.15

Maximum deflection w{m]
o

3

1 2 3 4 5 6 7 8 9 10
Foundation stiffness [N/m?] A0
Fig. 10 Maximum dynamic deflection of central point with different foundation
stiffness (v = 25m/s)
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)
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IE
0

Maximum stress xicma max
=i

0,€T
0 ] . . . . .
1 2 3 4 5 6 7 8 9 10
Foundation stiffness [N/m?] <10
Fig. 11 Maximum dynamic stress oy of central point with different foundation
stiffness (v =25m/s)
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Fig. 12 Maximum dynamic stress o of tip of the crack with different foundation
stiffness (v = 25m/s)

Comment: The results show that the elastic foundation
stiffness is the factor that significantly reduces the deflection and
stress in the plate resting on elastic foundation.

3.3. Effect of spring stiffness of the oscillator

Calculation with the change of spring stiffness value of the
moving oscillator from 1.0x10°N/m to 1.8x10°N/m. Figs. 15, 16, 17
shows the variation of the maximum dynamic values of the plate.
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0.04 T T T

0.035 J
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o
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0.025

0.015 - 1

Maximum deflection w{m]
o
o
N

0 . . \ . . . .
1 1.1 12 1.3 14 15 1.6 17 1.8

Spring stiffness[N/m] %10°
Fig. 13 Maximum dynamic deflection of central point with different spring stiffness (v
=25m/s)
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S

=
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Maximum stress xicma
D
T
|

0 . . \ , . . \
1 11 12 1.3 14 15 18 1.7 18

Spring stiffness[N/m] %108
Fig. 14 Maximum dynamic stress oy of central point with different spring stiffness (v
=25m/s)
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Maximum stress xicma
(o))
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4 - 4
2 - .
0 1 1 1 1 1 1 1
1 11 1.2 1.3 1.4 1.5 1.6 1.7 1.8
Spring stiffness[N/m] «10°

Fig. 15 Maximum dynamic stress o of tip of the crack with different spring stiffness (v = 25m/s)

Comment: When spring stiffness is changed, the oscillation
of the system varies considerably. With the parameters of the
given plate, the displacement response, and stress at the
computed points are the greatest values.

4. CONCLUSIONS

The results numerical analysis of the cracked plate on elastic
foundation shows that, with the set of survey parameters, in the
case of the cracked plate under the moving mass is more
dangerous than moving oscillators operate. However, the
problem of texture affected by the oscillation system is a
complex problem, requiring more follow-up studies. The
response of system consist of cracked plate, moving oscillator,
and elastic foundation depends on the interrelation between
the frequency of the stimulus and the natural frequency of the
system.
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