International Journal of Applied Engineering Research ISSN 0973-4562 Volume 11, Number 1 (2016) pp 244-258
© Research India Publications. http://www.ripublication.com

On Response of Elastic Isotropic Damped Shear Highway Bridge Supported
by Sub-grade to Uniform Partially Distributed MovingVehicle

Agarana M.C, Gbadeyan J.A, *Emetere M.E.

!Department of Mathematics, Covenant University, Ota, Ogun State, Nigeria.
2Mathematics Department, University of llorin, llorin, Kwara State, Nigeria.
Department of Computer Science and Management Information System,
Covenant University, Ota, Ogun State, Nigeria.

Abstract

Plates and Plate-like structures resting on elastic foundation,
such as Winkler or Pasternak foundation, have wide
application in modern Engineering practices. Areas of
application include vibration of railway and highway bridges,
as well as effects of moving loads on highway pavements. In
this paper we attempt to analyse the effect of shear
deformation, damping and Winkler foundationon the vibration
of a typical highway bridgethat is elastic and rectangular, as a
result of moving vehicle on it. The moving vehicle (load) is
assumed to be uniform partially distributed, while the Bridge
(plate) is isotropic. We used MATLAB, in conjunction with a
computer program developed, to solve the resulting set of
algebraic system of equations obtained from the conversion of
the coupled partial differential governing equations viafinite
difference method. The desired solutions are obtained. The
results are consistent with the ones in literature. In particular,
deflection is lower with shear deformation when compared
with results in literature where the effect of shear deformation
was neglected. Also, there is a significant effect of the
damping and foundation on deflection of the bridge, as these
two factors reduce the vibration of the bridge under a moving
vehicle.

Keywords: Damped Shear Highway Bridge, Sub-grade,
Uniform Partially distributed moving vehicle

Introduction

The solution of problem of carrying out an analysis of plate
resting on elastic foundation, which is often encountered in
the analysis of bridges and other geotechnical structures,
demands modelling of the mechanical behaviour of the
bridge[3,11,15]. Alsothe mechanical behaviour of the soil as
elastic subgrade,and the form of interaction between the
bridge and the soil are very important in the analysis[6,11].
Several foundation models have been reported in the literature
[7,16] and investigations on the static deflection, the dynamic
response and the dynamic stability of plates on elastic
foundations have been carried out [1,15,16]. Many
researchersuse the Winkler model for soil structure interaction
in the static and dynamic analysis of plates resting on elastic
foundations where the vertical surface displacement of the
plate is assumed to be proportional at any point to the contact
pressure at that point [2,4,5,6]. In Winkler model, it is
assumed that the foundation soil consists of linear elastic
springs which are closely spaced and independent of each
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other [1].The importance of moving load problem manifested
in several fields of applied mathematics, Engineering, applied
physics and transportation.[1,3,8,11,12,] Bridges, guideways,
overhead cranes, cableways, rails, roadways, runways, tunnels
and pipelines are examples of structural elements.[1,3,6,]
They support moving masses. Various kinds of problems
associated with moving loads, especially the medium on
which they move, have attracted the attention of researchers
since 1897. Recently, developments and results can be found
in state-of-the-art reviews [2,4,6,14] The dynamic
behaviour[5,7,] of an elastic shear highway bridgeresting on a
Winkler foundation and traversed by uniform partially
distributed moving load is consideredin this paper. The elastic
bridge is the shear’s rectangular bridge. The effect of rotatory
inertia is neglected. The study of such problem is of practical
importance because of its applications in Engineering and
other fields.[13,16] For example, this study is relevant when
considering the reliability, safety and performance of modern
highway bridges over which loads, like vehicles,move. In this
analysis, both damping and the gravitational effects of the
moving load are taken into account. The effect of shear
deformation on the response of the damped bridge resting on a
Winkler foundation under the action of partially distributed
moving vehicle is investigated. The bridge is modelled as a
plate while the moving vehicle is modelled as a normal
moving load [1,9.10].Numerical discussions of the deflections
of the bridge on Winkler foundation of various stiffness are
also presented.

Formulation of Problem
A highway bridge, modelled as a rectangular plate, with a
moving small vehicle (moving load) and different boundary
conditions is considered. The load is relatively small, so its
inertia can be neglected, and is moving along the mid-space
on the surface of the bridge, supported by a Winkler
foundation [1,2,6].
Assumption:
The following assumptions are made[2,16]:
* The plate is of constant cross-section
+ The moving load moves with a constant speed
* The moving load is guided in such a way that it keeps
contact with theplate throughout the motion
* The plate is continuously supported by a Winkler
foundation
+ The moving load is a partially distributed moving load
* The rectangular shear plate is elastic.
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Initial Conditions
a
W (X, y,0)=0=27(x,Y, 0)

Boundary Conditions.

WX Y, )=Mx Xy t)=Wy Xy t)=0forx=0andx=a
WX Y, )=My Xy t)=WUxXyt)=0fory=0andy=b
Where Mx and My are bending moments in the x —and y —
directions respectively, Ux (x, y, t) and Wy (X, y, t) are local
rotations in the x —and y — directions respectively. W (x, y, t)
is the traverse displacement of the plate at time t.

Problem Solution

The set of dynamic equilibrium equations which govern the
behaviour of Mindlin’s plate (with the effects both rotatory
inertia and shear deformation) supported by Pasternak
foundation and traversed by a partially distributed moving
load may be written as [2,14,16];

M, My

_poh®o%ex Py

pLhj [0%0x
Q- ax  ay 12 aT2 = 12 [aTZ + Ua arz T
U (M, M) _Uv  OMy . 0My
D(vz—l){ ar +U ax} D(v2- 1){ +U }]B @
My My _ ph® 3%y, puhi [0%0x | g 9%0x
Qy ax  dy 12 oT? D) [aTZ + Uaxarz +
U (oM, oMy Uv oM, oM,
D(vz—l){ aT +U ax } D(vz—l){ aT +U ax }]B &)
a
& Qy + KW + (M fph)sl”DT l\:L [g + = aDT + UaDT
ap, | D, M, U W
G (ax + )+{ D(u2—1) X p2-1) M,
U 00« Q|5 — 0%0x
«Gh LaT ax aT
(2 u2|g = pZ2 @

where Py, and 1, are local rotations in the x — and y —
directions respectively. My and My bending moments in the x-
and y- directions respectively, Myy is the twitting moments, Qx
and Qy are the traversed Shearing forces in x — and y —
directions respectively, h and h; are thickness of the plate and
load respectively,s is the viscous damping coefficient,p and
pL are the densities of the plate and the load per unit volume
respectively. W(x,y,T) is the traverse displacement of the
plate at time T, P(x,y,T) is the applied dynamic load (force)
and the last terms in equation (1) and (2) account for inertia
effects of the load in x — and y — directions respectively. It is
the velocity of a load (M) of rectangular dimensions E by U
with one of its lines of symmetry moving along Y=Y;
Theplate is Lx and Ly in dimensions and &= UT + £/, as

shown in figurel, also B = Bx By, where B, =
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1-H(x=¢+5)mnn0<1<s
H(x - +§),H(X,¢—,:;) e
H(¢ +§) %‘ =T < (Ly+2)/U
w Lt ) UST )
By=H(y—y,+4) - H(y-y -%) ()
H (x) is the Heaviside function defined as
1 x>0
HX)= 05 x=0 )
0 X<0

K is the foundation stiffness, Gis the foundation Shear
modulus and Mk is the mass of the foundation.

Now considering the situation in which effect of rotatory
inertia on the plate is neglected - shear plate, and supported by
the simplest elastic foundation — Winkler foundation, the
equations (1), (2) and (3) become, respectively [1,2]:

_OMyx  Mxy _ pihi [9%0x Py U (M,
Q« ax  dy 12 [arz +Uoe 9,0T? D(vz—l){ ar T
oMy _uy oMy oMy
U5 } Dw?-1) U=, }] (7
Q _ OMyy _ i)ﬂ — M [az‘l’x gy U {aMx +
Y- ox ay 12 lorz 3,072 ' D2-1) l aT
My) _ _Uv (M My
ax } D(vz—l){ aT +U ax }]B ®)
a
Ly Qy+kW+(Mf7ph)SaDT [ + 20+ U+
aq;x U W U 0Q, 2,
+U{ D(u2—1) M D(v2-1) «Gh L oT u Ox} B
=0 ©)

The equations for the bending moments, twisting moments
and Shear force are given as follows [2]:

My = -D (G 4+ p 20 (10)
M, = -D (‘% +v 2k (11)
Mo = (59D G +v52) (12)
Qx = - K*Gah (W, - 27) (13)
Qy=-KGih (W, - 7 (14)

Where G; is the modulus of rigidity of the plate, D is the
flexural rigidity of the plate defined by D = %Eh3 (1-v?) =
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G1h®/6(1-v) for isotopic plate k? is the Shear correction factor
and v is the Poisson’s ratio of the plate. Also, in equation (1),
(2) and (3);

ow

Dy =2
T~ %r

(15)
The set of partial differential equations (7) — (15), are the
partial differential equations to be solved for the following
eleven dependent variables: Qy, Qy, My, My, Myy, Wxt, Wy, Dt
and W.

The Non — Dimensional Form

The following variables: Qx, Qy, My, My, Myy, Wxt, Wy, Drand
W, in the above equations are the unknowns. These variables
and others can be written in a non — dimensional form as
follows:

Q
A = Son (16)
Q
4y = o (17)
M
My = o(Gh’;Lx (18)
_ My
my = XGh¥Lx (19)
Myy
My = Senvix (20)
w== 1)
LyDT
dt = whc (22)
Ly,yx,t
Dy = );TC (23)
L
Py = 5 (24)
where ~_dy, _oyy D _ow
SR S | )
ol A My Ly U
For the parameters: a= ——-m = e In = U= X =
S A =3
Lx'y_ Ly’ Ly/¥c’ T ¥

The dimensionless form of equations (7) — (15) using
equations (16) — (24) are:

« Ghq,— o« Ghy —* Bmx — & Ghy —=% amxy = o [ﬁ% +
a Ly Ot
0%c3u dy ycu {aGhy ci)mx y2cuaGh 6mx}
L2, Tot D(v2-1) Ly ot Ly Tox J
yYGuv

29my 2 omy
{caGhy 5 T vicuaG — }] B, (25)

D(v2-1)
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ﬂ _ pL] [Y3cPudox:
x Ghq, Y [ L2,  Ox
v*c3udeye yeu omy)
7. ox D(vz 1) {aGhy c —= +aGhy cu — }
ycuv Bmx
207D {aGhy c—=+ aGhy3cu }]B (26)
aGh gy | aGhIdy phly c sadr _ phm [y
Ly Ox + Ly 0y +KhW + L2, at a [Lx n
ZCZh% y3c3hu% yz_c
sz at L2, dt + yeu {Lx Pxe T
ycUv
D( 2 1) aGhyL,M, — 502D aGhnyMy}_
yeu aGhycaﬂ acuaGhaﬂ _
aGh{ Ly Ox + Ly Ox }] B, =0
(27)
2 . 0my Dyzcath_ Dvy3c 0yt
aGhy“c %t = 12, oy 2, oy (28)
2 9my _ Dy*cdpyr  Dvyicdgy:
aGhy“c w2 oy 2 oy (29)
amxy D(1 v) [r2cdoxt | Y2cd9yc
aGhy “ ot [sz ay L2, dx ] (30)
aGhyc 6qx _ vc y cadt
Ly ot ahG[ Pxe — . ot )
convedny _ ot yneoa
Ly o0t ahG[Lx Pyt L2, dy (32)
yhe 4o _ hyedw
Ly dt = Ly Ot (33)
h
Wherey = i and B, =B,,B,,
— n n
-+ =)-——- 0<1«—
(x & 2) L
2,
B = H(X_En )_H(X_En_;n)_____f‘ 11?‘
] & Ly ) (L+e)
e
R (Lytey) <1
Lo (34)
u
Byn {y— Y1 } - H{y— Y1 —7"} (35)
&
m=—
Ly
M
Hn = L_\
3
‘fn L_
x (36)
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. . 6q at
H(x) is a defined by =7 ((pxt - E) (44)
1 x>0 aqy adt
2y _ _ o 45
HG) = 05 x=0 ot Y((pyt ay) (45)
S dt = 2 (46)
0 x<0 ot
Writing equations (25) — (33) in a more concise form, we have Where »
[7] b= aGhl?x |
NiNp  NiNpOMy  NyNp OMxy _ an§< N1 0¢xt N, = &5
phc ¥ pc  Ox pc 8y 12 \L2xph ot 2Ty
N1CU OM, N3U My N3U 0My _ N3UV oM, _ 1 L
pL: ot | L3xph 9t | phiZ ox phlZ ot BT wr-)
phLZ dx By, (38) k= ph3
- (47)
NN, Ny My NNy My piid [Ny Oy Equatlc_)ns (3?8) - (4_6) are thg non-dimensional first order _
ove 7T Tpc ox  pe oy . 1z \pmiZ ot governing differential equations to be solved for the following
NiU 0¢xe , N3U OMy | N3U29y  NUV My nine dependent variables
phly ox  phL} ot phl} dy  phly ot Qo> Qyy My, My, My, W, dE, @, and @
r Yy X’ Yy Xy’ ) ) xt yt
NyUZV OMy ) B (39) The non-dimensional boundary conditions are:
phl} 9y n
dt=m,= @y =0(atx=0andx =1)
yra ZTN% LW + (05 + 5B, + dt = my = g =0 (aty = Dandy =1/y) (48)
X X
NiMYCU) gt _ ™ Mg 4 M N3U? M. — Finite Difference Algorithm for the Shear plate
Lxa ot a Ly 9" 1k TR 1 T Equations (38) - (46) is solved using a numerical method
N2UPV o, NaUdax Nl_””&] X (40) based on the finite difference algorithm. These equations are
Le Y Ly ox Lyy 0x to be transformed into their equivalent algebraic form. The
finite difference definition of first order partial derivative of a
omy _ Opxt 9yt function E(X,y,t) with respect to x,y and t respectively are as
at ax ay follows:[5,7]
omy _ 9oyt Opxt
at Ny ay Ny ax (42)
OMyy _ (1-v) (a(l’xt a‘pyf)
at Ny 2 ax ay (43)
oE 1 + + + +
a2t ar ik+1,1j+1 + Eik+l.1j + Eilfjil + Ei‘fjl - Ei‘il.j+1 - Eik+1.j - Ei‘fj+l - Eilfj ) (49)
OE 1 + + + +:
5 = E ik+1,1j+1 + Eik+1,1j - Eilfjil - Eilfjl + Eitl,j+l + Eitl,j - Eilfj+1 - Eilfj ) (50)
aE 1 =+ =+ +: +:
E = K Eik+1,1j+1 + Eik+1,1j - Eilfjil - Eilfjl + Eik+1,j+1 + Eik+1,j - Eilfj+1 - Eilfj ) (51)

Where E is the function value of the centre of a grid, which is well approximated by the average of its values at the grid nodes [5]

r

E(x+h,y+5,t+
2 2 2

Hence,

J

1

8

(

E-k +1

i+1, j+1

k+1
+ Ei+1,j

k+1
+ Ei,j+1
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+ET+E

k
i+1, j+1

k
+ Ei+1,j

k
+ Ei,j+1

+Ei‘fj)

(52)
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oq 1
X _ k+1 k+l _ qk+l k+1 _ L
GX - (qu j+l qXHlJ qx qXHl o1 qu j+l qXHlJ qxu i qxi‘j )
aqy
k+1 k+1 k+1 k+1 k k
YT (o el —a e wal val, —a —d )
odt 1
_ - k+1 k+1 k+1 k+1 k _dk _Ak _(Ak
ot - Ar (dti+1‘j+1 1 + dti‘j+1 + dti, d G ja dti+1‘j dti,j+1 dti,j )
amxy _ i mk+1 k+l  _ ak+l kil k k _mkK _mk
aX - 4h XYis1, ja1 XYis1,j XYi i XYis1, ja1 XYis1,j+1 XYis1,j XYi ja XYi j
amy i mk+1 k1 ok+l okl k k _mk _mk
ay - 4k Yisg, ja1 Yis1,j Yis Yij Yis1, ja1 Yi ju Vi j Yij
om, 1 mt K+ K+ Kl ok ok kK
at 4 r XI+1‘]+1 XI+1,J X L+ XI‘] X|+1,j+1 X|‘1+1 Xi+1,] X N
op, 1
yto_ k+1 k+1 k+1 k+l _ ok _ ok _ ok
ot 4r (wyt.u j1 qoytwlj (pytl jo1 (pyt ¢)’t.+1 i+ qoytnx i qD)’ti, jol ¢yti, i )
o, 1
xt k+1 k1 k+l K+l k k _
at 4h (¢th+1 1 ¢thl j ¢Xt|.j+1 ¢)Xl|, j + ¢)Xl|+1, j+l + ¢)th+1‘1 ¢ 3 j+ goXl )
o, _
X k+1 k+1 k+1 k+1 k
at (qxwl j+ qxl +1,] qx qxl L qx|+1 j+ qulj qxl L qXi,j )
om 1
X _ _— k+1 k+l kD okl k k k _mk
6X - 4h (mxi+1,j+1 Xis1,j X ja1 Xi Xis1,j+1 + mxi‘j+1 +m 41, mxi‘j )
om 1
ol met el —mE ey ey —my —m! )
ay 4k i+1, j+1 i+1,] i+l i) i+, j+1 i, j+1 i+1, ] M,j
8my _i mk+1 k+1 k+1 k+l K _mk _mk _mkK
8t - 4k Yisd, j+1 Yis1,j Yis1,j Yij Yisd, j+1 Yija Yis1j Yij
ame _i mk+1 +mk+l _ mktl kL k k _mk _mk
ay 4k XYis1, ja1 XYis,j XYi j XYis1, j+1 XYis1, j+1 XYii,j XYi j+1 XYi i
amy _ i mk+1 k1 k+l okl k k _mk _ mk
X 4h Yisg, j+1 Yisd,j Yisd,j Yij Yisd,j+1 Yijj Yisj Yi.j
op 1
Xt _ _— k+1 k+1 k+1 k+l k
at - 4r (¢Xti+1,j+1 ¢th+1j ¢Xt| L ¢Xt ¢Xt|+1 jH ¢)<t|+1] ¢th L ¢ | N )
op, 1
yto k+1 k+1 _ k+1 _ k+1 k _ k _ k
ay - 4k (qoytiﬂ.jﬂ wytm, §0ytl e goyti,j + wytiﬂ,jﬂ goytHl] ¢ Y i ¢Yti,j )
ame _ i mk+1 k+1 k+1 k+1 _mk _mk _mk _mk
6t - 4r XYis1, ja1 XYis1, j XYi j XYis1, j+1 XYis1, j+1 XYis1,j XYi ja XYi j
odt 1
k+1 k+1 k+1 k k k k
o _(dtm 1 t|+1 d G 1 dti ;T dti+1 1 dti+1 P dti o dti i )
X 4h g i J g J B B
Gdt 1
k+1 k+1 k k k k
= (dy —di—ditedf wdf —df —d )
4k |+1 J+1 |+1J | j+1 i |+1 jH i+, i, j+L i
_ i k+1 k+1 k+1 k _nk L
t 4 Y|+1 je1 qulj q)’. B qu“ in,j+1 quj qy1+i,j qxi‘j
x i k+l k+1 _ Akl k+1 _ _nk
X - 4h |+1 ]+1 |+1J qx qX|+1 j+ qul jH qXHl] qxl L q>(i‘j
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09,
t k+1 k+1 k+1 k+l k
6y 4k ((0 b (DXtHiJ - (Dxt, " - (oxt (pxtl i (0xtHl J (Dxt, i - (pxti‘ i ) (74)
dp, 1
yt k+1 kil kel k+1 Lk Lk
6X 4h (goytul 41 q)ytwl i q)ytl 4+ (Dytl J ¢ytl+1 j+ (Dyt'“fll ¢ytivi+1 (Dytivi ) (75)
ow 1
e LML ME AU AU LNV U (76)
at 4r i+, j+1 i+1,j ij+ ij i+, j+1 i41,] ij+ ij
1 k+1 k+1 k+1 k+1 k
Pu=g ((/)n,ﬂ O O OO O O 0 ) (77)
1 k+1 k+1 k+1 k+1 + k + k + k + k (78)
(pyt 8 ¢Y‘|+1 i gDVTm j (p)’tu j (pyt (pytm, j (0)’1”1‘ j (DY‘L i ¢Yﬁ, j
L/ k k k
w== (W WSS WS W W W - (79)
8 i+1,j+1 i+1,j i,j+ ij i+1,j+1 i+1,] i,j+l i
1 k+1 k+1 k+1 k
m==(m" +m™ +m +m +m +mfo+mt +mt (80)
X 8 XI+1‘]+1 XHl,] % L |+1 j+l % S |+1J XI‘J
T [ R LR L S S S S (81)
y - 8 yi+1j+1 yi+1,j Yi g Yi J Y|+1J+1 Yi,j+1 Yi+1,j Yi‘j
k+1 k+1 k+1 k+1
q (qXHl j+l qXH—l] qx + qXH-l j+l qX|+1 j+l qXH—l] qxl JH q | J ) (82)

3.3 The algebraic form of the non-dimensional first order governing differential equations
The substitution of the definition of the above finite difference scheme into equations (38) — (46) and multiplying both sides of the
resulting equations by 4h, setting h/r = u and h/k = H, yields respectively[1,2]:
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N ( k+1 k+1 k+1 k+1 )

pﬂ/C qx'+1 i qx'“'ll qx qxu L
NlN k+1 k+1 k+1 k+1
+— p]/C (qy.ﬂ j+ qulj qyI i qyl ; )
N KL h Wk+1 + Wk+1 RTY.S T W|<+1
,D}/ZCZ 2 XYiig, ja1 XYi, Xi js i |

n P41, j+ i+1, G j
L La La L R

X

N mycu
+(&+7N1m8+ My anu(dtl-(+l- +dtl-(+1 dk+1 dtl:d)

Nlum h k+1 k+1 k+1 k+1
+[ L2a E( + P TPy ¢xt )

X

N,u?mv h
_3—_(mk+l mk+l +mk+1 +mk+1)

|+1 j+ i+1, ] i, j+1

L a 2 Xis1,j+1 Xii1, j Xi j+1 X j
N mu k+1 k+1 k+1 k+1
L aﬂ/ (qXH-l j+l qXH—l] le L+ qx )
N3u m h k+1 k+1 k+1 k+1
Lia E( Yist, j1 Yisd,j + Yi,js + in,j )
Nlmu k+1 k+1 k+1 k+1
+—
nya (qXHl j+H qX|+1J qXI j+H qx )] n
NN,
= (qxl+1 j+l qXH—lj q o qXI L+ )
pre
N1N2 k k k k
+—=H|(q, +0q, —0q, -0
pyc ( Y|+1.]+1 yH»l‘J YI,J+1 y.,, )
N KL, h ( k k k k )
,07 C 2 XY, j+1 XYis1,j XYi jr XYi
N N,m N mycu
e TR fu (-l —dk, —dk —dk )
LX L a an i+1,j+1 i1, i,j+1 i,j
m N, N ,umh
_4 h o L_X [ ( k|+1 j+H ¢th+1] gDth j+ ¢)i:ti.j )
N,u’m
+Lh(mk +mf +me +ka_‘)
an 2 i+, j+1 i+1, ] i, j+1 i,]
N3mVU2 k+1 k+1 k+1 k+1
ani (qxl+1 j+H qx|+1j qXI NE qx )
N3u2m h k k k k
B L a E( Yidt, j+1 Yis1,j + m)’i,j+1 + myi.j )
N,mu? K
N LXJ/ (qul j+l qXHl] le L+ q Ij )
_N mu?
(qul +1 qx|+1 - qXI +1 - q)i:I j )] Bn (83)
L 7/a i i i B
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N N h k+1 k+1 k+1 k+1
phC 2 qx|+1 j+ qXI +1,j qx qXI NE
N,N
1'V2 k+1 k+1 k+1 k+1
+ pC (mxi+1,j+1 + mxi+1,j + mxi,j+l - mXi,j )
N N H k+1 + mk+l _mk+tl gkl
pC XY|+1.j+1 XYi, XYi j+1 XY j
,0th k+1 k+1 k+1 k+1
12 L2 ( |+1 jH ¢Xt|+1 j ¢Xt| NE ¢Xt )
Nlcu k+1 k+1 k+1 k+1
+ L2p ( Xisg, o1 gox'[I+lJ - gpx'[I i - ¢xt )
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i+1, j+1 i+1,] i j+ ij

These set of algebraic equations to be solved may now be written in matrix form as follows[7].
Hi,j+1 S’i,j+1 + |i+1,j+i S’i+1,j+1: - Gi,jS’L,j — Ji+1,j S’i+1,j + Ki,j S°i,j + Li,j HHy Soi,j+1 Mi+1 S°i+1,j + Ni+1,j+1 S°i+1,j+1 + Py (99)

i=1,2,3..,N-1,j=1,2,3,..M-1

where N and M are the numbers of the nodal points along X and Y axes respectively
Each term in equations (99) is a 9x9 matrix. Which is in the form:

254



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 11, Number 1 (2016) pp 244-258

Hi,j+lSil,j+l =
u 0 0
0 0
0 u
0 0 0
0 0 0
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Result Discussion

The numerical calculations were carried out for a simply
supported rectangular isotropic damped highway bridge
(plate) resting on a Winkler foundation and subjected to a
moving railway vehicle (load.). Shear deformation effect was
considered, while the effect of rotatory inertia was neglected.
For a specific value of the parameters, deflection of the
highway bridge was calculated and plotted as a function of
time. The following results were obtained: The response
amplitude of the highway bridge resting on a Winkler
foundation decreases with an increase in the value of K, the
foundation’s constant, for various time t, but fixed values of
both the velocity and contact area of the moving partially
distributed vehicle. (as we can see in figures 3 ). The response
maximum amplitude decreases with an increase in the value
of damping coefficient, for fixed value of K, Ar and U. (as we
can see in figure 5). The response maximum amplitude of the
shear highway bridge supported continuously by an elastic
Winkler subgrade decreases with an increase in contact area
(Ar). (as we can see in figure 2). Also for the same time range
and fixed values of K and Ar, it is observed that the shear
highway bridge has a larger value of the maximum amplitude
than non- Mindlin, for all the values of velocity considered.
(as we can see in figure 1).
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non Mindlin

Deflection

Time

Figure 1: Deflection of the Shear and non Mindlin highway
bridges for fixed K, and various values of time
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——Ar=0.02
Ar=0.125

Deflection
I

——Ar=0.5

Time

Figure 2: Deflection of the highway bridge for various values
of contact area (Ar) and time
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——K=200

Deflection
¢
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Figure 3: Deflection of the highway bridge for various values
of foundation stiffness (K) and time

10

Deflection

Time

Figure 4: Deflection of the highway bridge for various values
velocity (U)and time

——Damping=0

Damping=50

Deflection

6 ——Damping=100

Time

Figure 5: Deflection of the highway bridge for various values
of damping coefficient and time
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Conclusion
The structure of interest was a railway bridge modelled as an
isotropic shear rectangular elastic highway bridge, on Winkler
foundation, under the influence of a uniform partially
distributed moving vehicle. The problem was to determine the
dynamic response of the whole system.Finite Difference
technique was adopted in solving the resulting first order
coupled partial differential equations obtained from the
governing equations, for the simply supported highway
bridge.The effects of the foundation, damping and shear
deformation on the dynamic response of the isotropic highway
bridge to the moving vehicle, give more realistic results for
practical application.
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