
 
 Journal of Science Ho Chi Minh City Open University – VOL. 20 (4) 2016 – December/2016 3 

 

MULTI-LAYER MOVING PLATE METHOD FOR DYNAMIC 

ANALYSIS OF PAVEMENT STRUCTURES SUBJECTED TO 

MOVING LOADS 

 
CAO TAN NGOC THAN 

Ho Chi Minh City University of Technology, Vietnam National University HCMC 

Email: ctnthan@ctu.edu.vn 

 

DO DUY MINH 

Research and Engineering Institute for Offshore Oil and Gas, 

Joint Venture Vietsovpetro, Viet Nam – Email: doduyminhkt@gmail.com 

 

 LUONG VAN HAI 

Ho Chi Minh City University of Technology, Vietnam National University HCMC    

Email: lvhai@hcmut.edu.vn 

 

 TRAN MINH THI
 

University of Architecture Ho Chi Minh City, VietNam – Email: thi.tranminh@uah.edu.vn 

 

(Received: September 09, 2016; Revised: November 29, 2016; Accepted: December 06, 2016) 

 
ABSTRACT 

This paper presents a new approach, namely multi-layer moving plate method (MMPM), for the dynamic 

analysis of pavement structures subjected to moving load. The pavement resting on multi-layer foundation is 

modeled as a two-layer plate connected by a spring-damper system resting on a viscoelastic foundation. This model 

gives a accurately pavement structure model so that the dynamic responses of the surface slab and the base can be 

obtained.  The governing equations as well as the plate element mass, damping and stiffness matrices are formulated 

in a convected coordinate with the idea of attaching its origin to the applied point of the moving load. The proposed 

method simply treats the moving load as ‘stationary’ at the node of the plate to avoid the updating of the location of 

moving load due to change of contact points on the plate. Numerical examples related to the dynamic analysis of the 

pavement structure subjected to a moving load are conducted to investigate the effects of various parameters such as 

concrete slab thickness, base thickness, foundation stiffness and the load’s velocity on dynamic responses of the 

pavement structure. 

Keywords: Multi-layer moving plate method; pavement structure; multi-layer foundation; moving load; 

interaction. 

 

1. Introduction 

The dynamic interactions between 

pavement structure and moving vehicles such 

as cars, trucks and aircraft have attracted 

much research attention in the last two 

decades. The results of these studies can be 

employed in many branches of modern 

transportation engineering such as the design 

of track/road beds, highway and runway 

pavements. Analytical methods were used in 

earlier research works to study the dynamic 

responses of the pavement structure. 

Gbadeyan and Oni (1992) investigated the 

dynamic responses of rectangular plate resting 

on elastic Pasternak foundation traversed by 

an arbitrary number of moving concentrated 

masses by using double Fourier sine integral 

transformation. Kim and Reosset (1998) 

studied the steady state response of infinite 

plate on an elastic foundation subjected to 

constant amplitude or harmonic moving loads, 

in which, the double and triple Fourier 

transformations are used to approximate the 

moving constant and moving harmonic loads. 
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The effects of parameters such as load’s 

velocity, load frequency, and internal 

damping on the responses of the plate were 

examined. Fryba (1999) investigated the 

dynamical characteristics of an infinite or 

finite plate subjected to moving load for 

various boundary conditions. Huang and 

Thambiratnam (2001, 2002) developed a 

procedure with use the finite strip method to 

treat the responses of rectangular plate 

structures resting on an elastic foundations. 

Sun (2003, 2005) established a closed form 

solution by using Fourier transformation to 

derive the analytical dynamic solution of a 

Kirchhoff plate on a viscoelastic foundation to 

harmonic loads. Javad et al. (2013) employed 

the Eigenfunction Expansion Method (EEM) 

to investigate the vibration of Mindlin elastic 

plate under moving mass excitation.  

The above mentioned works treat the 

pavement structure as a plate resting on a 

viscoelastic foundation model subjected to 

moving load. These approaches may be 

cumbersome when the foundation is modeled 

by multi-layer foundation. Hence, their use for 

dynamic analysis of pavement resting on 

multi-layer foundation is rather limited. 

In practice, the finite element method 

(FEM) has been more widely used to solve 

the dynamic responses of pavement structure 

subjected to moving load. Yoshida and 

Weaver (1971) investigated the dynamic 

response of simply supported beams and 

plates to moving force and moving mass load. 

Wu et al. (1987) used FEM to analyze the 

response of flat plate structures and to study 

the effects of eccentricity, span length, 

acceleration and initial velocity of moving 

load. Zaman et al. (1991) investigated the 

dynamic response of a thick plate on 

viscoelastic foundation to moving load by 

taking into account the transverse shear 

deformation as well as bending of the slab. 

Pan and Atluri (1995) analyzed the dynamic 

response of finite sized elastic runways 

subjected to moving loads using a couple 

FEM/BEM approach. Li et al. (2013) studied 

the dynamic response of a rectangular plate on 

viscoelastic foundation under moving load 

with varying velocity. Zhang et al. (2013) 

investigated the dynamic response of highway 

subgrade under moving heavy trucks in cold 

regions. In this study, the 3D dynamic 

interaction model of heavy truck–pavement–

subgrade is employed to calculate heavy truck 

vibration induced by road roughness and the 

dynamic response of the subgrade. Wu et al. 

(2014) built a three-dimensional finite 

element model (3D FEM) using ABAQUS to 

analyze the dynamic response of a concrete 

pavement structure with an asphalt isolating 

layer under moving loads. In FEM studies, a 

global coordinate system fixed in space is 

normally defined to form the structure 

matrices. In such an approach, as the load 

moves from one finite element into the next, 

the load vector has been updated at every time 

step of the solution procedure. Furthermore, 

some boundary conditions have been 

introduced artificially to truncate the infinitely 

long plate at the edge of the plate. 

To overcome the complication 

encountered by FEM, Krenk et al. (1999) 

proposed the use of FEM in convected 

coordinates to obtain the response of an 

elastic half-space subject to a moving load. 

The key advantage enjoyed by this approach 

is its ability to overcome the problem due to 

the moving load travelling over a finite 

domain. Andersen et al. (2001) gave an FEM 

formulation for the problem of a beam on a 

Kelvin foundation subject to a harmonic 

moving load. Koh et al. (2003) adopted the 

idea of convected coordinates for solving 

train-track problems, and named the 

numerical algorithm as moving element 

method (MEM). The method was 

subsequently applied to the analysis of in-

plane dynamic response of annular disk (Koh 

et al. 2006) and moving load on continuum 

(Koh et al. 2007). Xu et al. (2009) extended 

the one-dimensional MEM proposed by Koh 

et al. (2003) to two dimensional problem in 

which the vehicle moves on an infinite 

Kirchoff plate supported by Kelvin 

foundation. Recently, Ang et al. (2014) 

applied the MEM to investigate the “jumping 

wheel” phenomenon in high-speed train 



 
 Journal of Science Ho Chi Minh City Open University – VOL. 20 (4) 2016 – December/2016 5 

motion at constant velocity over a transition 

region where there is a sudden change of 

foundation stiffness. The effects of various 

key parameters such as speed of train, degree 

of track irregularity and degree of change of 

foundation stiffness at the transition region 

were examined. Tran et al. (2014) analyzed 

the dynamic response of high-speed rail 

traveling at non-uniform speed using moving 

element method. The linear and nonlinear 

wheel-rail contact models were examined in 

this study. On the same thread, Tran et al. 
(2016a, 2016b, 2017) employed the MEM 

method to investigate the dynamic response of 

high-speed rail experiencing heavy braking 

and abrupt braking. Most recently, Tran et al. 

(2017)
 

examined the vertical dynamic 

response of high-speed rails during sudden 

deceleration. The effects of the wheel sliding, 

initial train deceleration, initial train speed 

and the severity of the railhead roughness on 

the dynamic response of the HSR were 

investigated. However, as the author’s 

knowlegde there are not researches on 

dynamic responses of pavement structure 

resting on multi-layer foundation under 

moving load using moving element method.   

In this study, a new approach, namely 

multi-layer moving plate method (MMPM), is 

proposed to investigate the dynamic responses 

of pavement structure resting on multi-layer 

foundation subjected to moving load. The 

pavement structure resting on multi-layer 

foundation is modeled as a two-layer plate 

connected by a spring-damper system and 

resting on a viscoelastic foundation. In which, 

the first layer plate is the surface slab of the 

pavement and the second layer plate is the 

base of the pavement. This model give a 

accurately pavement structure model so that 

the dynamic responses of the surface slab and 

the base can be obtained.  The governing 

equations as well as plate element mass, 

damping and stiffness matrices are formulated 

in a relative coodinate system attached to the 

moving load. The main advantage is to simply 

treat the moving load as ‘stationary’ at the 

node of the plate to avoid the updating of the 

location of moving load due to change of 

contact points on the plate. To verify the 

accuracy of this method, the maximum 

displacement of the pavement structure under 

static load is calculated and compared with 

the solution of the ABAQUS 3D finite 

element model. Next, numerical examples 

related to the dynamic analysis of the 

pavement structure subjected to a moving load 

are conducted to investigate the effects of 

various parameters such as concrete slab 

thickness, base thickness, foundation stiffness 

and the load’s velocity on dynamic responses 

of the pavement structure. 

2. Formulation and methodology 

2.1. Pavement on Multi-Layer 

Foundation Model 

The pavement on multi-layer foundation, 

including slab, isolating layer, base, subbase 

and subgrade (Wu et al., 2014) is considered 

as shown in Figure 1. The concrete slab and 

the base are modeled as two rectangular plates 

connected by the spring ck  and dashpot cc  

system, which is the model of the asphalt 

isolating layer. The viscoelastic foundation 

are presented by the spring gk  and dashpot 

gc . The pavement is subjected to a load 

(vehicle) moving with velocity V on the 

surface.        

Concrete slab (thickness : 22cm)
Asphalt isolating layer (thickness 0-3cm)
Base (cement gravel thickness 18cm)

Subbase (graded gravel thickness 20cm)

Subgrade (soil thickness 200cm)
Foundation

kc
cc

k
c

cc

kc

Concrete slab

Asphalt isolating layer

Base (cement gravel)

Foundation
kc

cc kc
cc

kg cg
kg

cg

kg

kg cg kg cg

velocity V

P
P

velocity V

 
                              a)                                                                        b) 

Figure 1. a) Concrete  pavement structure; b) Concrete structure model. 
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Consider the plates under bending 

deflection. The middle (neutral) surfaces of 

two plates are chosen as the reference planes. 

Let ,c gw w  be the deflections and 

T T

,c xc yc g xg yg             be the 

vectors of rotations of the concrete plate and 

the base plate, respectively. In which, 

, , ,xc yc xg yg     are the rotations of the 

middle plane of the concrete plate and the 

base plate around y axis and x axis, 

respectively.  

The unknown vector of three independent 

field variables at any point in the middle 

surfaces of the concrete plate and the base 

plate can be written as  

T

c c xc ycw     u                  (1) 

T

g g xg ygw     u                  (2) 

The curvature of the deflected plate 

,bc bg   and the shear strains ,sc sg  of the 

concrete plate and the base plate are defined, 

respectively, as 

bc d cL                     (3) 

bg d gL                     (4) 

sc c cw                                (5) 

sg g gw                                (6) 

where   / /
T

x y       , and dL  is a 

differential operator matrix defined by 

/ 0

0 /

/ /

d

x

y

y x

  
 

  
 
     

L                    (7) 

The weak-form Galerkin for the dynamic 

response of the concrete plate is given by 

T T

T T ( )

( )

c c

c c

c c

bc bc bc sc sc sc

c c c c c c g

T T

c c c g c c

d d

d w k w w d

w c w w d d

 

 

 

 

 

 

  

     

     

κ D D

u m u

u b

  

  (8) 

The weak-form Galerkin for the dynamic 

response of the base plate is given by 
T T

T T

T

( )

( )

0

g g

g g

g g

g

bg bg bg g sg sg sg g

g g g g g c c g g

T

g c c g g g g g g

T

g c g g

d d

d w k w w d

w c w w d w k w d

w c w d

 

 

 



 

 

 



   

     

     

  

κ D D

u m u

  

       (9) 

where  
T

0 0c Pb  is the load vector 

applied on the concrete plate; cm  and gm are 

mass matrices of the concrete plate and base 

plate containing the mass density of the 

material c , g   and the thickness ch , gh  as    

3

3

0 0

0 0
12

0 0
12

c

c
c c

c

h

h

h



 
 
 
 
 
 
 
  

m ;   
3

3

0 0

0 0
12

0 0
12

g

g

g g

g

h

h

h



 
 
 
 


 
 
 
  

m

       

(10)

 

and bcD , bgD  and scD , sgD   are the material 

matrices related to the bending and shear 

deformation of the concrete plate and base 

plate, respectively, as follows  

 

3

2

1 0

1 0
1

1
0 0

2

c

c c
bc c

c
c

E h







 
 
 

  
  

 
 

D ;
 

3

2

1 0

1 0
1

1
0 0

2

g

g g

bg g

g
g

E h







 
 
 

  
  

 
 

D

   

(11)

 

 

1 0

0 12 1

c c
sc

c

kE h



 
  

  
D ;

 
1 0

0 12 1

g g

sg

g

kE h



 
  

  
D   (12) 

2.2. Multi-layer moving plate method 

(MMPM) 

In this section, a new approach, namely 

multi-layer moving plate method, is proposed 

to study dynamic response of pavement 

structure resting on multi-layer foundation. In 

this method, the multi-layer moving plate 

elements are formulated in a convected 

coordinate system attached to the moving 

load, instead of a fixed coordinate system. In 

the model, the concrete slab and the base plate 

are considered as two layer plates and 

discretized into multi-layer moving plate 

elements, as shown in Figure 2. 
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                            a)            b) 

 

Figure 2. a) Discretization of the pavement structure model into multi-layer moving plate 

elements; b) A typical multi-layer moving plate element with 54 DOFs. 

 

The quadrilateral nine-node  9Q element 

of the serendipity family is employed in this 

study. The node displacement vector can be 

defined for the multi-layer moving plate 

element as 

1 1 1 18 18 18...
T

x y x yw w      d      (13) 

where iw , xi , yi ( 1,2,...,18)i   represent 

vertical displacements and rotations for node i. 

Using the shape function, the 

displacement vectors of the concrete plate and 

the base plate can be expressed as 

c cu N d                (14) 

g gu N d                (15) 

with 
1 2 9

1 2 9

1 2 9 3 54

0 0 0 0 ... 0 0 ... 0 0 0

0 0 0 0 ... 0 0 ... 0 0 0

0 0 0 0 ... 0 0 ... 0 0 0

c

x

N N N

N N N

N N N

 
 


 
  

N

 
(16) 

1 2 9

1 2 9

1 2 9 3 54

0 0 0 ... 0 0 0 0 ... 0 0

0 0 0 ... 0 0 0 0 ... 0 0

0 0 0 ... 0 0 0 0 ... 0 0

g

x

N N N

N N N

N N N

 
 


 
  

N

 
(17) 

and the vertical displacements of the concrete 

plate and the base plate can be expresses as 

c wcw  N d                 (18) 

g wgw  N d                (19) 

where wcN , wgN  are the matrices containing 

the displacement of shape function. 

 1 2 9 1 54
0 0 0 0 ... 0 0 ... 0 0 0wc x

N N NN    (20) 

 1 2 9 1 54
0 0 0 ... 0 0 0 0 ... 0 0wg x

N N NN    (21) 

The bending and shear strains of the 

concrete plate can be expressed in the matrix 

forms as 

bc bcB d , sc scB d                   (22) 

in which  

91

91

9 91 1

3 54

0 0 ... 0 0 ... 0 0 0

0 0 ... 0 0 ... 0 0 0

0 ... 0 ... 0 0 0

bc

x

NN

x x

NN

y y

N NN N

y x y x

 
 

  
 

  
  

   
 

    

B

   

(23)

 

91
1 9

91
1 9

2 54

0 ... 0 ... 0 0 0

0 ... 0 ... 0 0 0
sc

x

NN
N N

x x

NN
N N

y y

 
  
 

 
   

B

   

(24)

 

and the bending and shear strains of the base 

plate can be expressed in the matrix forms as 

bg bgB d , sg sgB d                   (25) 

in which  

91

91

9 91 1

3 54

0 0 0 ... 0 0 ... 0 0

0 0 0 ... 0 0 ... 0 0

0 0 0 ... 0 ... 0

bg

x

NN

x x

NN

y y

N NN N

y x y x

 
 

  
 

  
  

   
 

    

B

   

(26)

 

91
1 9

91
1 9

2 54

0 0 0 ... 0 ... 0

0 0 0 ... 0 ... 0
sg

x

NN
N N

x x

NN
N N

y y

 
  
 

 
   

B

    

(27)

 

The MMPM method adopts the idea of 

attaching the origin of the spatial coordinates 

system to the applied point of the moving 

load. Fig. 2 shows a travelling coordinate 

 ,r s  moving at the same speed with the 

moving load.  The relationship between the 

moving coordinate  ,r s  and the fixed 

coordinate  ,x y  is given by 

k
c

cc
k

c

cc

k
c

Concrete slab

Base

k
c

cc k
c

cc

kg cg
kg

cg

kg

kg cg kg cg

velocity V

P
y

x

r

s
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r x Vt

s y

 


         (28) 

With simple transformation, the govening 

equations calculated in the moving coordinate 

 ,r s  for the concrete plate in Eq. (8) can be 

rewritten as 

ec ec ec ec  M d C d K d F            (29) 

in which 

ec

T

ec c c c ecd


 M m N N                (30) 

 ,2 d

ec

T T T

ec c c c r c wc wc c wc wg ecV c c


    C m N N N N N N
         

(31)
 

2

,

, ,

d d

d

ec ec

ec

T T

ec bc bc bc ec sc sc sc ec

T T T

c c c rr c wc wc c wc wg

ecT T

c wc wc r c wc wg r

V k k

c V c V

 



   

  
  

   

 



K B D B B D B

m N N N N N N

N N N N

  (32) 

d

ec

T

ec c ec



 F N b                 (33) 

The govening equations calculated in the 

moving coordinate  ,r s  for the base plate in 

Eq. (9) can be rewritten as 

eg eg eg eg  M d C d K d F              (34) 

in which  

eg

T

eg g g g egd


 M m N N               (35) 

,2
d

eg

T T

g g g r g wg wg

eg egT T

c wg wc c wg wg

V c

c c

  
  

   


m N N N N
C

N N N N
         (36) 

2

, ,

, ,

d d

d

eg eg

eg

T T

eg bg bg bg eg sg sg sg eg

T T

g g g rr g wg wg r

T T T

g wg wg c wg wc c wg wg eg

T T

c wg wc r c wg wg r

V c V

k k k

c V c V

 



   

 
 

     
 
   

 



K B D B B D B

m N N N N

N N N N N N

N N N N

  (37) 

0eg F                  (38) 

Finally, the mass, damping and stiffness 

mactrices for a typical multi-layer moving 

plate element can be obtained as 

e ec eg M M M             (39) 

e ec eg C C C                 (40) 

e ec eg K K K              (41) 

e ec eg F F F               (42) 

Assembling all element matrices gives 

the equation of motion of the pavement 

structure resting on multi-layer foundation as: 

Md +Cd + Kd = F              (43) 

where d , d  and d  denote the global 

acceleration, velocity and displacement 

vectors of the nodal, respectively; M , C and 

K the global mass, damping and stiffness 

matrices, respectively; and F the global load 

vector. The above dynamic equation can be 

solved by any direct integration methods such 

as Newmark- method. 

3. Numerical results 

In this section, several numerical 

examples are carried out in order to 

investigate the dynamic responses of 

pavement structures resting on multi-layer 

foundation subjected to moving load. Firstly, 

the displacement of the pavement under static 

load is investigated for verifying the accuracy 

of the proposed method. Then numerical 

examples related to the dynamic analysis of 

the pavement subjected to moving load are 

conducted to determine the effects of concrete 

slab thickness, base thickness, foundation 

stiffness and the load’s velocity on the 

dynamic responses of the pavement. 

Static analysis 

For the purpose of verification, the 

concrete pavement structure model is used the 

same with the model of Wu et al. (2014) as 

shown in Figure 3. The size of concrete 

pavement slab is 4.5mx3.75m and the slab 

thickness is 0.22m. The thickness of base 

plate (cement stabilized gravel) is 0.18m. The 

material parameters of the concrete slab and 

the base (cement gravel)  are shown in Table 

1. The asphalt isolating layer is modeled by 

the spring ck  and dashpot cc  system and the 

viscoelastic foundation is modeled by the 

spring gk  and dashpot gc  system. The values 

of these stiffness and damping coefficients are 

presented in Table 2. The pavement structure 

subjected to a static load P=100000N at the 

center of the pavement and the plate is 

discretized into 20 20  elements.  
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a) 

 

 

 

 

 

 

 

 

b) 

 

 

 

Figure 3. a) Concrete pavement structure and b) Concrete pavement model. 

 

Table 1 

Material parameters 

Pavement structure Modulus of elasticity 

 cE  (N/m
2
) 

Poisson’s ratio  

c  

Density 

c  (kg/m
3
) 

Concrete slab 3.1x10
10

 0.15 2400 

Base (cement gravel) 1.5x10
9
 0.25 2300 

 

Table 2 

The stiffness and damping coefficients of the connecting system of two plates and the stiffness 

and damping coefficients of the foundation 

Pavement structure Stiffness coefficient 

   (N/m
3
) 

Damping coefficient    
(Ns/m

3
) 

Connection 
ck  1.72x10

8
 cc 1.75x10

6
 

Foundation 
gk  1.52x10

7
 gc 3.79x10

5
 

 

Table 3 presents the maximum displacement at the center of the concrete slab under static 

load. The solutions obtained in this study are compared with the result of Wu et al. (2014) using 

the ABAQUS 3D finite element model. The comparision shows that these results are strong 

agreement.  

Table 3 

Maximum displacement at the center of concrete slab under static load 

Method Maximum displacement (mm) 

ABAQUS 3D finite element model  

(Wu et al., 2014) 

0.3562 

MMPM (This study) 0.3561 

Percentage difference (%) 0.03% 

Concrete slab (thickness : 22cm)
Asphalt isolating layer (thickness 0-3cm)
Base (cement gravel thickness 18cm)

Subbase (graded gravel thickness 20cm)

Subgrade (soil thickness 200cm)

Foundation

kc
cc

kc

cc

kc

Concrete slab

Asphalt isolating layer

Base (cement gravel)

Foundation
kc

cc kc
cc

kg cg
kg

cg

kg

kg cg kg cg

P

P

L=3.75m

B=4.5
m

L=3.75m

B=4.5
m
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4. Dynamic analysis 

After verifying the accuracy of the 

proposed method, the effects of various 

parameters on the dynamic responses of the 

pavement structure subjected to moving load 

are investigated in this section. A rectangular 

pavement structure having length 20L m , 

width 10B m  is considered. The material 

properties of the pavement structure are 

employed as in example 3.1. A load 

100000P N  moves along the longitudinal 

middle line of the plate with velocity 

40 /V km h . In this analysis, the plate is 

discretized into 20 10  moving elements of 

size 1 1m m . The equations of motion are 

solved using Newmark’s constant acceleration 

method employing a time-step of 0.0025s. 

Note that this configuration of the MEM mesh 

and time-step size have been decided based on 

the outcome of a convergence study. 

Firstly, the effects of the concrete slab 

thickness and the base thickness on the 

maximum displacement of the pavement are 

investigated. Figure 4 and Figure 5 show the 

variation of maximum displacements of 

concrete slab and base against the change of 

concrete slab thickness and base thickness, 

respectively. Figure 6 and Figure 7 show the 

deflected shapes of the along longitudinal mid 

line of the concrete pavement slab and the 

base plate with different concrete pavement 

slab thickness. Figure 8 and Figure 9 show the 

deflected shapes of the along longitudinal mid 

line of the concrete pavement slab and the 

base plate with different base thickness. The 

general trend is that when the concrete slab 

thickness or the base thickness increases, the 

maximum displacements of both two layers 

decrease. Figure 4 shows that the the concrete 

slab thickness has more strong effect on the 

displacement than the base thickness. 

However, when the concrete slab thickness 

increases more than 0.8m, the displacement 

decreases very slightly.  

 
Figure 4. The variation of the maximum 

displacement of the concrete slab and the base 

against the change of the concrete slab thickness 

 
Figure 5. The variation of the maximum 

displacement of the concrete slab and the base 

against the change of the base thickness 

 

Figure 6. The deflected shape of the concrete 

slab along longitudinal mid line of the plate 

for different concrete slab thickness 



 
 Journal of Science Ho Chi Minh City Open University – VOL. 20 (4) 2016 – December/2016 11 

 

Figure 7. The deflected shape of the base 

plate along longitudinal mid line of the plate 

for different concrete slab thickness 

 

Figure 8. The deflected shape of the concrete 

slab along longitudinal mid line of the plate 

for different base thickness 

  

Figure 9. The deflected shape of the base 

plate along longitudinal mid line of the plate 

for different base thickness 

Secondly, the effects of the foundation 

stiffness on the maximum displacement of the 

pavement structrure are investigated. Figure 

10 shows the variation of maximum 

displacement of the concrete slab and base 

plate when the foundation stiffness increases 

from 1.52x10
7
N/m

3 
to 10x1.52x10

7
N/m

3
. 

Figure 10 shows that the maximum 

displacements of both the concrete slab and 

the base plate decrease gradually as the 

foundation stiffness increases. It can be 

inferred that the increment of foundation 

stiffness can reduce the damage of the 

pavement structure. 

 

Figure 10. The variation of the maximum 

displacement of the concrete slab and the base 

plate against the change of foundation stiffness. 

Finally, the effects of the load's velocity 

on the maximum displacement of the pavement 

structrure are investigated. Figure 11 and 

Figure 12 shows the variation of maximum 

displacements of the concrete slab and the base 

against the increment of the load’s velocity. 

Figure 11 shows that when the load's velocity 

increases, the the maximum displacement of  

the concrete slab decreases. By contrast, when 

the load's velocity increases, the the maximum 

displacement of the base increases. It can be 

inferred that when the load moves with high 

velocity, the base is affected stronger than the 

concrete pavement on the top. 

 

Figure 11. The variation of the maximum 

displacement of the concrete slab against the 

increment of load’s velocity 
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Figure 12. The variation of the maximum 

displacement of the base against the increment 

of load’s velocity 

 

5. Conclusion 

In this paper, a new approach, namely 

multi-layer moving plate method (MMPM), has 

been suggested to investigate the dynamic 

responses of the pavement structure resting on 

multi-layer foundation subjected to moving 

load. The pavement structure resting on multi-

layer foundation is modeled as a two-layer plate 

connected by a spring-damper system and 

resting on a viscoelastic foundation. This model 

gives a accurately pavement structure model so 

that the dynamic responses of the surface slab 

and the base can be obtained. The governing 

equations as well as the multi-layer plate 

element mass, damping and stiffness matrices 

formulated in a relative coodinate system 

attached to the moving load are proposed. 

Through the numerical examples, some 

concluding remarks can be drawn as follows: 

 The proposed method converts the 

moving load problem into an equivalent static 

problem which can be  solved more efficiently 

than solving dynamic equation. Thus, this 

method can overcome the difficulty 

encountered by finite element method. 

 This method gives a accurately 

pavement structure model so that the dynamic 

responses of the surface slab and the base can 

be obtained. 

 The accuracy of the method is 

illustrated by comparing the results obtained 

in this study with those of the ABAQUS 3D 

finite element model. 

 The general trend is that when the 

concrete slab thickness, the base thickness and 

the foundation stiffness increase, the maximum 

displacements of both two layers decrease. 

However, when the concrete slab thickness 

increases more than 0.8m, the displacement 

decreases very slightly. In addition, as the load 

moves with high velocity, the base is affected 

stronger than the concrete pavement on the top 
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