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Abstract: This research deals with the elastic behavior wktplates resting on nonlinear Winkler foundati
Mindlin’s thick plate theory is extended to incluttee effect ofnonlinear edstic foundation. Finite diffence
program was developed to solve the differentialatigns for bending of thick rectangular plate omlimear
foundation. The finite element (ANSYS program v)2method was used to analyze thick plates AN
program is used through the element SHELL 281 poesent the plate. The element has eight nodessi
degrees of freedom at each node. COMPIN39 eleméhttwo nodes was used to represent nonlinear
behavior. The element has three translaticgree of freedom at each node to represent therlsahbehaviol
COMBIN14 element was used, the element has twoswith three translation degree of freedom at eaxte
to represent linear soil behavior. The results iabth from finite difference téchnique are compared with tl
finite element results to check the accuracy ofsthlation. Good agreements between them are ohit
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1. Introduction

A structural plate has a uniform or variable thieks that is small compared with -
other dimensions. It is bounded by two parallehpkcalled faces and the distance betv
them calledhe thickness of the plate [1].
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The thin plate theory ignores the effect of tramseeshear and it may not give gc
results for plates with largenickness. In order to overcome this problem, waionprovec
theories have been developed to include the efbéctransverse shearing ©rmation.
Reissner (1945) and Mindlin (1951) developed a mpdor thick plates by allowing th
normal line to the middle plane to rotate indeperigeof slopes. And it assumes that
transverse shear distribution are constant in biekriess and thefore required a she
correction factor to correct the errors between dlotual and assumed transverse s
distribution.

Al-Allaf (2005) [2] studied the problems of linear elastic behavior o€lthsotropic anc
orthotropic rectangular and circular plates restimgWinkler elastic foundations with bc
normal and frictional resistance subjected to tvarse loads. The finite element methot
used to solve the problems. The results show gooéeagent with problems previous
solved by other researchersing finite difference methc

Mohsin (2007) [3]studied thelarge deflection behavioof thick and thin rectangul:
plates resting on Winklerastic foundatio by finite difference techniqt Good results are
obtained when compared with the finite element e
Ahmed (2008) [4)studied the linear elastic behavior of thick platesting on two paramet
elastic foundations. The finite differee method was used to solve the problem of thictep
and the results were compared with other analy@eral numerical methods icheck the
accuracy of the developed analy:

Baltacioglu et al. (2011[5] analyzedof a rectangular laminated thick plate resting
nonlinear elastic foundatioghear deformation theory is based on the formulaticine plate
and the shear correction factor is considered t6/6eThe results were compared with ot
analytical andhumerical methods to check the validity of the roet

Ozdemir (2012) [&nalyzed an isotropic thick plate resting on etagbundatior
represented by one parameter Winkler model usmtgfelement method. The analysis u
high order Mindlin plate eleent with 17 nodes to avoid shear locking problertheplate

2. Elastic Foundation

Winkler model are used to model the elastic fouiedat This model assumes that
base is consisting of closely spaced independesatisprings, consequently as sn in
Figure-1.

-

Figure -1 Surface displacement of Winkler model to uniform.”!
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Modulus of subgrade reaction is a conceptual aeiahip between soil pressure and
deflection. It can be measured by using plate-teatl Using this test, a load-deflection curve
is adopted. The modulus of subgrade reaction Kzearalculated using:

(1)

where
Kz is the modulus of subgrade reaction
P is the applied pressure
W

In this study, the linear and nonlinear behaviaes adopted. The nonlinear behavior is
modeled using iterative values of,.KA typical p-w diagram was taken from a plate iogd
test which was carried out on a soil in Maysanresvs in the report below.

is the deflection
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Figure -2 Surface displacement of Winkler model to uniform. (7

3. Assumptions and gover ning equationsfor thick plate
The equations derived by Mohsen (2007) [3]are nmedliin the present study to include
nonlinear Winkler foundation as follow:

Pw 0w o | Oy -
Gczh( o T o T ok oy )+q+KZ(W).W—O (2)

2Py . (1+V) 0%y (1-V) %Py A2 oW\ _

D ( ox2 + 2 0x 0y + 2 dy? ) Ge*h (IIJX + ax)_o (3)
Pyy | A+ Pyx | A-v) Py L o oWy _

D ( dy? + 20x 0y 2 0%? ) Ge*h (lljy + 0y)_0 (4)
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where G is the shear modulu$,is the shear correction factof’ @5/6 for rectangular cross
sections)yx ,yy are the rotations of the transverse sections iplage of the plate, w is the
transverse deflection, h is the plate thickness, the transverse load per unit length, and K
are the linear or nonlinear modulus of subgradeti@ain z directions.

4. Finite difference method

In applying the finite difference method, the datives in the differential equations
under consideration are replaced by differenceslacted points. These points are located at
the nodes of a square or rectangular network gale finite difference mesh). In the
analysis of thick plates by this method, the codpléferential equations at each point (or
node) should be replaced by coupled difference teapnsa By assembling the coupled
difference equations for all nodes, a number ofutimmeous algebraic equations equal to the
number of nodes time the number of degrees freeatosach node are obtained and then
solved for each iteration.

5. Finite element method

The finite element (ANSYS program v12.1) method wasd to analyze thick plates
ANSYS program is used through the element SHELL @28tkpresent the plate. The element
has eight nodes with six degrees of freedom at radh: translations in the nodal x, y, and z-
directions and rotations about the nodal x, y, zirections. COMPIN39 element with two
nodes is used to represent nonlinear soil behalle.element has three translation degree of
freedom at each node to represent the linear sbiavior COMBIN14 element is used, the
element has two nodes with three translation degfedeeedom at each node to represent
linear soil behavid?.Table -1 shows the number of elements that haem bsed in this
research.

Table -1: No. of elements and structural component

Element Type No. of elements Structural component
SHELL281 100 Plate
COMPIN14 441 Linear soil behavior
COMPIN39 441 Nonlinear soil behavior

6. Verification

The numerical results obtained from finite elemand finite difference analyses have
been compared with available numerical resulthteck the accuracy of the methods used in
this study. The results are plotted together tawstie agreements between them.

6.1 Simply supported thick plate on Winkler foundation

A square plate of side lengths (a = b =1.0 m),kiess (h = 0.25 m), having Young’s
modulus (E=24*106kN/m2), Poisson’s ratio£ 0.2) and subjected to a uniformly distributed
load (g=60 kN/m2) is considered as shown in Figiir&he plate is on Winkler foundation
(K,= 5000 kN/m3), represented by spring model. In pinesent study, this problem is
analyzed by using the finite element method as shiowfigures 4 and 5 and compared with
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finite difference method solved IMohsin (2007) [3] The results of central deflection a
central moment are given in Tabk-2 to check the accuracy of tle®lution. The table
indicates that the results are in excellent agred¢sier both deflection and bending mome
Also, figures 6 and B8how the deflection curves and the bending momiaxgrams obtaine
from the present finite elements aMohsin (2007) [3]. The are in excellent agreemer
also.

q=60 kN/nf
h=0.25 m

E =24*1FkN/m?

v=0.2

K,= 5000kN/m?

Figure -3Simply supported thick plate on Winkler foundation.

Table -2: Comparison between the present finite element and Mohsin (2007) [3]for simply supported thick
plate on Winkler foundation.

Variables Mohsin (2007 Present study % Difference
Central Deflection (m) 9.64*107° 9.61*10°° 0.31 %
Central Moment 11 1.2 0.03 %
Max. Strain +3.52%1(° +3.8*10° 7.9%
NODAL SOLUTIION AN

JAN 2& 2015
17:12:15

STEP=1
SUB =1
TIME=1
uz (BVE)
RS¥S=0
DMX =.361E-05
SMN =-.961E-05
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—&0

Figure -4 Deflection contours for simply supported thick plate on Winkler foundation. (m)
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Figure -5Stress in x-direction contours for simply supported thick plate on Winkler foundation.
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Figure -6Deflection curves for simply supported thick plate on Winkler for section at mid length of a.
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Figure -7 Bending moment diagrams for simply supported thick plate on Winkler foundation for section at mid

length of a.
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6.2 Simply supported thick plate on nonlinear elastic foundation

A square plate of side length (a = 1.0 m), (b=1)0thickness (h = 0.25 m), ving
Young's modulus (E=24*1%N/m?), Poisson’s ratioW = 0.2) and subjected to a uniforn
distributed load (q=25 kN/fnis considered .The plate is on nonlinear eldstindationK,=
a (B.€™) kN/m® [where o =6.0109*1(*And B =0.768 ] representdnly Winkler spring mode
as shown in figure .8In the present study, this problem is analyzedubing the finite
elements and finite difference meth as shown in figures 9 and 10he result of centre
deflection and central moment are given in Ta-3 to check the accuracy of the u
elements and the developed finite difference progrehe table indicates that the results
in excellent agreementin additior, figures 11 and 18how the deflection curves and 1
bending moment diagrams obtaineom the present finite element and developed pros

q=25 kN/n?
h=0.25n
E =24*1(°kN/m?

v=0.2

K,= o (B.€™)

Where
o =6.0109*1CAnd P
=0.768

Figure -8 Simply supported thick plate resting on nonlinear elastic foundation.

Table -3: Comparison between the present finite element and finite difference solutions.

Variables Finite Element Solutio Finite Difference % Differenct
Solution
Central Deflection (m) 3.999'107° 3.999%10°° 0%
Central Moment (kN.m) 111 1.09 1.83 %
Max. Strain +3.55*10° +3.488*10° 1.77%
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Figure -9 Deflection contours for simply supported thick plate on nonlinear elastic foundation.
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Figure -10 Stress contours in x-direction for simply supported thick plate on nonlinear elastic foundation
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Figure -11 Deflection curves for simply supported thick plate on nonlinear elastic foundation for section at mid
length of a.
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Figure -12 Bending moment diagrams for simply supported thick plate on nonlinear elastic foundation for
section at mid length of a.

7. Parametric study

Several important parameters are studied and diedus this section to show their
effects on the behavior of thick plates restingnonlinear elastic foundations. They are: the
effect of plate thicknes@), edges boundary conditions, the type of loadingif¢um or
concentrated) and Elastic Foundation.

7.1 Effect of platethickness (h)

To study the effect of plate thickness on the baradeflections and moments) of
simply supported and fixed edges thick plate rgsbn nonlinear elastic foundations; the
following values of thickness are considered (0.15, 0.2, 0.25, 0.3, 0.35 and 0.4 m). Figure
13 and 14 show the variation of plate thickneswgntral deflections with fixed edges.
From these figures, the central deflections wilcréase while the central moment will

increase as the plate thickness increased bechesdekural rigidity (D) of plate will
increase.

2.00

) 1.60 N\

= 1.20 AN

* 0.80 \\

£ 040 S~

= £ 000

% 0.1 0.15 0.2 0.25 0.3 0.35 0.4
‘g Plate Thickness (m)

O

Figure -13 Effect of plate thickness on central deflections of fixed edges thick plate on nonlinear elastic
foundation.
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Figure -14 Effect of plate thickness on central moments of fixed edges thick plate on nonlinear elastic

foundation.

7.2 Effect of boundary condition

A square plate of side length (a = 1.0 m), (b=1)0thickness (h = 0.25 m), having
Young’s modulus (E=24*1%N/m?), Poisson’s ratiof = 0.2) and subjected to uniform load
(q=25 kN/ nf) is considered. The plate is resting on nonlireastic foundatiork,= o (B.€
P [where o =6.0109*10And § =0.768 ] kN/rf, represented by Winkler spring model as
shown in Figure 15. In the present study, this [@obis reanalyzed by using finite element
method (ANSYS 12.1). For comparison, the resultsnakimum deflection and maximum
moment are given in Table -4 for different boundapnditions. The maximum obtained
deflection is found to be at the free edges andrtieimum obtained central moment is found

to be at the simply supported and fixed edges.

Table -4: Finite element solution for free edges thick plate

Variables Central Deflection (m) Central Momenl (i) Max. Strain
Free Edges 7+16 0.212 +6.784*10'
Simply Supported 3.999*10° 1.11 +3.55*10°
Fixed Edges 1.91*10° 0.55 +4.33*10°
0 a q=25 kN/nf
h=0.25m

b

AEEEEE Y

E =24*10kN/m’
v=0.2

K,=a (B.e")
where

0.=6.0109*10%*andp =0.768

Figure-15 Free edges thick plate resting on nonlinear elastic foundation.
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7.3 Type of loading

7.3.1 Concentrated load

To show the effect of loading type on the behawioa square plate of side lengths (a =
b= 1.0 m), thickness (h = 0.25 m), having Young'sduus (E=24*18kN/m?), Poisson’s
ratio (o = 0.2) and subjected to concentrated load (b} where q=25 kN/A) at the center
of the plate. The plate is resting on nonlineastigoundatiork,= a (B.€”") kN/m* whereo
=6.0109*1¢ andp=0.768, represented by Winkler spring model withgdy supported edges.
This problem is reanalyzed by using finite elemerdthod (ANSYS 12.1). The result of
central deflection and central moment are givermable -5, Figures 16 and 17show the
deflection profiles and the bending moment diagrarhe concentrated load gives the highest
values for deflection and bending moment in abdt8)(times.

Table -5: Effect of type of loading on deflection and moment for simply supported thick plate resting on
nonlinear elastic foundation.

Variables Central Deflection (m) Central Moment (ki) Max. Strain
Concentrated Load 1.75*f0 9.146 +2.9267*18
Uniform Load 3.999*10° 1.11 +3.55*10

Distance From Edge (m)
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Figure 16 Deflection profiles for simply supported thick plate on nonlinear Winkler foundation.
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Figure 17 Bending moment diagram for simply supported thick plate on nonlinear elastic foundation.

7.3.2 Plate under Uniformly Distributed Load at the Middle of Plate

A square plate of side length (a = 1.0 m), (b=1)0thickness (h = 0.25 m), having
Young’s modulus (E=24*1®N/m?), Poisson’s ratioy = 0.2) and subjected to uniform
distributed load (q=25 kN/ fp at the middle of the plate at the distance of (@) from the
center of plate on each directions. The plate simg on nonlinear elastic foundatiéi}= o
(B.€™), [wherea =6.0109*13 and  =0.768] kN/ni. In the present study, this problem is
reanalyzed by using finite element method (ANSYS3L2ZI'he result of central deflection and
central moment are given in Table -6, Figures 18 E show the deflection profiles and the
bending moment diagrams.

Table -6: Effect of type of loading on deflection and moment for simply supported thick plate resting on
nonlinear elastic foundation.

Variables Central Deflection (m) Central Moment (ki) Max. Strain
Uniform Load at the 0.433*10° 0.209 +6.688*10"
middle
Uniform Load 3.999*10° 1.11 +3.55*10°
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Figure 18 Deflection profiles for simply supported thick plate on nonlinear Winkler foundation.
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Figure 19 Bending moment diagram for simply supported thick plate on nonlinear elastic foundation.

7.3.3 Plateunder LineLoadsin the Two Directions

A square plate of side length (a = 1.0 m), (b=1)0thickness (h = 0.25 m), having
Young’s modulus (E=24*1%N/m?), Poisson’s ratiou = 0.2) and subjected to line loads (25
kN) in the two directions of the plate. The plaeesting on nonlinear elastic foundatidy=
a (B.€™), [wherea =6.0109*1d andp =0.768] kN/ni. In the present study, this problem is
reanalyzed by using finite element method (ANSYS3L2T'he result of central deflection and
central moment are given in Table -7, Figures 20 2th show the deflection profiles and the
bending moment diagrams.

Table -7: Effect of type of loading on deflection and moment for simply supported thick plate resting on
nonlinear elastic foundation.

Variables Central Deflection (m) Central Moment (ki) Max. Strain
Line load in two directions 0.271*10 91.8 +2.9376*10"
Uniform Load 3.999*10° 1.11 +3.55*10°
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Figure 20 Deflection profiles for simply supported thick plate on nonlinear Winkler foundation.
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Figure 21 Bending moment diagram for simply supported thick plate on nonlinear elastic foundation.

7.4 Elastic Foundation

A square plate of side length (a = b =1.0 m), theds (h=0.25 m) having young’'s
modulus (E=24*18kN/m?), Possion’s ratioW = 0.2) and subjected to uniform load (q=15
kN/m?) with simply supported edges, the plate is restim linear Winkler foundation
(K;=10000) and nonlinear Winkler foundatidi,E o (8.™) whereo =24.88 p=5.138*10].
The deflection and moment profiles shown on figlilBand 19 indicate that the nonlinear
Winkler foundation gives higher values than liné&inkler foundation with maximum
difference of (18.8%) in central deflection and.(@%) in central moment , because of the
cumulative deflection with load increments’ and ueeld modulus subgrade reaction . The
result of central deflections and moments are giuerable -8.

Table -8: Comparison between thick plate resting on linear and nonlinear elastic foundation.

Variables Linear foundation Nonlinear foundation % Difference
Central Deflection (m) 2.33*10°° 2.77*107° 18.88 %
Central Moment (kN.m) 0.634 0.762 20.19 %
Max. Strain +2.0288*10° +2.4334*10° 19.9%
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Figure-18 Deflection curves for a simply supported thick plate resting on linear and nonlinear elastic foundation
for section at mid length of a.
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Figure 19 Bending moment diagrams for a simply supported thick plate resting on linear and nonlinear elastic
foundation for section at mid length of a.

8. Conclusions
From this study, the main conclusions are as gbedow:
1. The results obtained from the present study, thiefielement method have been

compared with the available numerical results teckithe accuracy of used elements.
Good agreements are obtained between these mefftwasesults show that the used
method gives good estimation of the behavior ofeslalt is found that the maximum
difference in deflection between finite element émel available numerical methods is
(2.68%), while in bending moment the maximum d#fece is (3.77 %). The
differences in central deflection and bending monfesm the present study finite
element and the finite difference methods for tasecof simply supported thick plate
resting on nonlinear elastic foundation are (0 %) &1.83 %) respectively, while
(2.68 %) and (3.77 %) respectively for the caskxeid edges.
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2.

The effect of thicknes§&) on the behavior of plate resting on nonlinear telas
foundation shows that: the deflection at the cemedecreased as the thickness
increased, because the flexural rigidity (D) oft@lavill be increased as the relation
between deflection and flexural rigidity is invdgseroportional. The moment at the
center is increased as the thickness is incredmsduse the flexural rigidity (D) of
plate will be increased as the relation between evdrand flexural rigidity is directly
proportional. It is found that by increasing théckimess(h) from (0.2 to 0.4) m the
deflection is decreased by by (73.8 %) and the nmbiisencreased by (14.6 %).

The types of load effect show that: when the pktsubjected to concentrated load at
the center of the plate [P=g* (a*b)], where q=25/t) instead of uniform load, the
deflection, moment and maximum strain will be iraged by (337.6 %) , (723.96 %)
and (724 %) respectively. While when the plate ubjscted to uniform distributed
load at the middle of plate ,the deflection, momantd maximum strain will be
decreased by (89.17 %),(81.17 %) and (81.16 %peuotiseely. While when the plate is
subjected to line load in both directions , thdeldfon , moment and maximum strain
will be increased by (6676.69 %), (8170.27 %) aBd74.9 %) respectively, for
simply supported edges.

The effect of boundary conditions show that: whée tdges of the plate are
considered free and keep the uniform load cons&n(25 kN/nf), the central
deflection is increased by (99.4 %),while the cg@ntnoment and maximum strain is
decreased by (423.58%) and (423 %) respectivebgnripared with simply supported
edges. While the central deflection is increased9®/727 %) and both the central
moment and maximum strain is decreased by (159%4fb)538.26 %) respectively, if
compared with fixed edges.

The maximum deflection, bending moment and maxinstnain will be increased by
(18.88%) , (20.19%) and ( 19.19 %) respectivelytha simply supported thick plate
when the foundation is modeled as nonlinear Winkiezdel rather than linear
Winkler model because of the cumulative deflectwith load increments’ and
reduced modulus subgrade reaction.

Abbreviations

A

b
CZ
D
E
G
H
Kz

Smaller dimension of the plate.
Larger dimension of the plate.
Correction factor for transverse shear.
Flexural rigidity of plates.
Modulus of elasticity of plates.
Shearing modulus for plates.
Plate thickness.
Modulus of subgrade reaction in z-clien.

a(x,y) Pressure.

P Concentrated load.

X, Y, Z Cartesian coordinates.

u, v Displacements in x and y-directions.
W Displacement in z-direction.
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