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of

Often encountered in practice are, conventional types of

thin rectangular plates (simply supported plate,

flat

slak,...etcy that are used as fleoors in buildings for common

purposes, rectangular ribbed plates stiffened by orthogomal

ribs, and the rectangular plate having a rectangular hole with

edges parallel to the plate edges that are, usually, used for

large areas and heavy concentrated loads in industrial

building.

The previous methods that produce the exact sclutions of

the above mentioned cases of plates, most of them, except the

finite element analysis methed, i1s wvalid only for specified

loading and boundary conditions at the plate edges.

Herein, a mathematical modeling is prepared by using the

finite difference analysis and successive over relaxation
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methed: it is used o analyze the behavior of the previous
types of plates which are subjected to uniformly distributed
loading, or concentrated leocading at some peoints along the
plate surface.

The results of this model for some types 92f rectangular
plates (solid plate, ribbed plate or having rectangular hole}
with different Dkoundary conditions and different types of
vertical loading are confirmed by comparing them with the
results of the previcus works. And i1t is used to make the
parametric study for simply supported orthogeonal ribbed plate
te investigate the effect of torsional rigidity and stiffness
rigidity of ribs on the resulted internal forces of plates due
to transversely uniform leoading, also it is used to study the
distributicon cf the internal forces within the plate surface
around the rectangular hole due to vertical loading.

key words:

FPinite difference, Successive Over Relaxation, Relaxation
parameter, Ribbed plates, Stiffness rigidity ratic, Torsicnal
rigidity ratic, Rectangular hole, Boundary conditions.
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CHAPTER (1)

INTRCOCDUIICTION
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CHAPTER (1}
INTRODUCTION

{1.1} Intreoduction:

Thin rectanguiar plates isimply supported plate,
continuous plate, f£lat slab,...etoy, are often used as flcocors
in bnildings for common purpeses. For large areas when the
presence of interior columns is not desirable as in industrial
building, garages, conference halls,....etc, or for heavy
concentrated loads, the plate is stiffened by ribs either in
one directieon or in two directions to decrease the dead load
of the structure and increase the bending stiffness of the
plate. Alsc we may have a rectangular hole as in core or in
industrial buildings.

The structural analysis of thin rectangular plate element
started in 1811 by Lagrange; and since then many researches to
study different types of thin plates were made by using
gifferent technigues either mathematical closed form selutions
or numerical solutions. The mathematical cleosed form
solutions, are scund conly for specified loading and boundary
conditions at the pate edges. The numerical methods, on the
octher hand, are more versatile and applicable to a large
variety of plate problems.

Herein, a mathematical modeling is prepared by using the
finite difference technigue and Successive Over Relaxation
Method, {(SORM}, and it is used to analyze the behavior of
rectangular plate either of conventional types (solid,
continuous, flat slab,...etc), ribbed plate with different
boundary conditions or having a rectangular hole within its
boundaries, and subjected to uniformly distributed lcading,
nonuniform distributed lecading or concentrated leoading at some

points along the plate surface.
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The resuits of this model for some types of rectangulax
plates (ccnventional plates, ribbed plates or having a
rectangular hole} with different koundary conditions and
different types of vertical lcading are confirmed by comparing
them with the results of the previous works. This model is
then used to make a parametric study for simply supported
orthogonal ribbed plates to investigate the effect of
torsional rigidity and stiffness cf ribs on the resulted
internal forces due to transversely uniform loading; also it
is used to study the distribution of the internal forces
within the plate surface around the rectangular hole due to
vertical leoading.

The present method is considered a direct one to produce
the distribution of the internal forces (deflecticons and
moments) for any configquration of a thin rectangular plate
either, conventional type, stiffened cor having a rectangular
hole subjected to different conditicns, while any one of the
previous exact solution methods dees not have this advantage.

{1.2) Objects of the dissertation

The obiject of this dissertation is to construct a new
mathematical model by using finite difference technique and
the successive over relaxation method to perform the folleowing

tasks:

{1} Study the structural behavior of a thin rectangular plate
subjected to a uniform, nonuniform or a concentrated lcad
with different houndary conditicns.

{2 Investigate the effect of torsional rigidity and
stiffness rigidity of ribs of simply supported
rectangular ribbed plate subjected to transverse
uniformly distributed leading con the plate internal

2
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forces; also study the effect of different boundary
conditicons, number of orthogonal ribs and types of

vertical loading on the internal forces of the plate.

{3y Cetermine the effect of existence of resctangular hole
through thin rectangular plate - {with the condition that
the edges of the hole must be parallel tc the edges of
the platey, subiected tao transverse uniform or
concentrated loading- on the intermal forces of plate
with different boundary conditions.

The analysis represented here applies to the elastic thin
rectangular plates using the small deflection theory of the
plate bending {(Kirchoff hypetheses), as given in section
[2.2%.

(1.3) Layout of the study.

This study congists of six chapters labelled from
fchapter 1) to (chapter 6); esach chapter is concerned with a
specific task as follows:

Chapter 1, gives the introduction to the work and the
objectives of the dissertation.

Chapter 2, reviews the derivation of the partial differential
equations of equilibhrium for a thin rectangular plate element
and for ribbed plate element. It alsc gives the differential
equations for different boundary conditicns.

Chapter 3, reviews derivation of the wvaricus difference
equations either for egquilibrium of plate element and ribbed
plate element or for different boundary conditions from the
first oprinciples based on the averaged irst central
difference. It then gives the construction of the mathematical

3
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model. Also, this chapter gives a comparison Letween the
results of this model by using the Relaxation method {SORM),
and the exact solution in the form of Fairer's series, for
some sguare plates with different conditions and types of
vertical load.

Chapter 4, Investigates the scluticn of the stiffened
rectangular plate with orthogeonal ribs by using this moedel.
Also, this chapter contains the results of this model for
three different cases of study: one for the effect of
different beoundary conditions, uniform lcad and concentrated
load, seccond for the effect of increasing the stiffness of
ribg, and the third to study the effect of increasing the
teorsicnal rigidity ccanstant of ribs.

Chapter 5, is concerned with the study of the distribution of
internal forces and deformaticns arcund the hole for a thin
rectangular plate having a rectangular hole with edges
parallel to the plate boundaries. The hole's edges wmay be
simply supported, built-in or free. The edges of the plate may
be simply supported or built-in. The plate is lcaded with
either a uniform load or a concentrated lcad.

Chapter &, contains the conclusions for the types cof thin
rectangular plates that has been studied in this dissertation.
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