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Thick rectangular plate clamped on the first edge and simply supported on the second,
third and fourth edges.

Thick rectangular plate simply supported on the first, second and fourth edges and free
on the third edge.

Thick rectangular plate clamped on the first, second and fourth edges and free on the
third edge.
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CSFS

SCFS

SCFC

CCFS

Thick rectangular plate clamped on the first edge, simply supported on the second and
fourth edges and free on the third edge.

Thick rectangular plate simply supported on first and fourth edges, clamped on second
edge and free on the third edge.

Thick rectangular plate simply supported on the first edge, clamped on the second and

fourth edges and free on the third edge.

Thick rectangular plate clamped on first and second edges, simply supported on the

fourth edge and free on the third edge.
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ABSTRACT

This work presents the Analysis of Thick Anisotropic Plate through Exact Approach using Third Order Shear
Deformation Theory. Total potential energy was formed based on the refined plate theory assumptions.
Displacement field, kinematic relations, constitutive relations and stress displacement relations were derived
from the deformed section of a thick rectangular anisotropic plate. Strain energy was formed by substituting the
kinematic relations and stress-displacement relations into the universal strain energy equation. By the addition of
the external work to the strain energy equation, total potential energy functional for the analysis of thick
anisotropic rectangular plate was obtained. The total potential energy functional was minimized by differentiating

it with respect to the changes in out-plane deflection, dw, shear deformation rotation in x direction, 8¢, , and shear
deformation rotation in y direction, 8¢y. This yielded the governing equation and two compatibility equations of

thick anisotropic rectangular plate. A third order polynomial shear deformation was employed in the governing
and compatibility equations to obtain the displacement functions (deflection, w, shear deformation rotation in x

direction, ¢, and shear deformation rotation in y direction, ¢y). These displacement functions (w, ¢, qﬁy)

obtained satisfied the specified boundary conditions and it gave the unique displacement functions for each of
the twelve plate boundary conditions SSSS, CCCC, CSSS, CCSS, CSCS, CCCS, SSFS, CCFC, SCFS, CCFS
and SCFC solved. The stiffness coefficients (Ky, K,, K3, K4, K5, K¢, K7, Kg) were calculated for each of the
twelve plate boundary conditions. The formulas for calculating the coefficients of the displacements were
combined with elastic equations to determine the formulas which were used in calculating for displacements (u,
v and w) and non-dimensional stresses (Ogrr, 0qq, TrQ, Trs @Nd Tqs) at various angle fiber orientation (0°, 15°,
309, 45°, 60°, 75° and 90°) and various span to thickness ratio, a(5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100)
and for all the twelve boundary conditions. These formulas were used to analyze some typical anisotropic
rectangular thick plates by the help of a functional excel worksheet program. The numerical results obtained for
displacement (w) and stresses (Gy, and Gyy) at aspect ratio of 1.0 and span to thickness ratio of, 20.0, 10.0, and
7.14286, in this study, when compared with the results of Shimpi and Patel showed percentage difference of 0.59,
1.47,2.70; 0.62,1.20, 1.91 and 1.31, 0.97, 3.91% which is in good agreement. Hence the developed method is

recommended for analyzing thick rectangular anisotropic plates.
Key Words

Potential Energy; Anisotropic; Thick Plate; Displacement; Stress and Governing Equation.
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CHAPTER ONE
INTRODUCTION

1.1 Background information

Technological progress is associated with continuous improvement of existing material properties and
this has led to the expansion of structural material classes and types. Usually new materials emerge due
to the need to improve structural efficiency and performance. These new materials in turn provide
opportunities to develop outdated structures and technologies, and also create new problems and tasks
to engineers and material scientists. One of the best manifestations of these related processes is the
development of the composite structural elements which are associated with the anisotropic structural
plate, to which this study is devoted.

Composite materials emerged in the middle of the twentieth century as a promising class of engineering
materials providing new prospects for modern technology. Broadly speaking, any material consisting
of two or more components with different properties and distinct boundaries between the components
can be referred to as a composite material (Vasiliev and Morozov, 2013).

The sudden increase in the use of anisotropic or composite materials in many types of engineering
structures (e.g., high rise structures, aerospace, underwater structures, automotive, electronic circuit
board, medical prosthetic devices and sports equipment) and the number of journals and research papers
published in the last two decades attest to the fact that there has been a major effort to develop composite
material systems, and to analyze and design structural components made from composite materials
(Reddy and Arciniega, 2004). The production of anisotropic material involves chemists, electrical
engineers, chemical engineers, material scientists, mechanical engineers, and structural engineers.
Structural engineers deal mainly with the analysis and design of these anisotropic materials.
Anisotropic plates are plates with different resistance to mechanical actions in different directions. This
implies that anisotropic plates are directionally dependent as opposed to isotropic plates that implies
identical properties in all directions. Examples of anisotropic plates are aviation plywood, delta wood,
coated aluminum plate, alloyed metal plates and a number of other materials (Lekhnitskiy, 1968).

A plate is a structural member that is bounded by two flat surfaces, which are separated by thickness (t)
(Ibearugbulem, 2016) as illustrated in Figure 1.1. Plates are widely used in many engineering
applications and specifically in aeronautic, electronic, marine, mechanical and civil engineering for the
construction of aircraft, circuit board, ships, bridges, vehicles, satellites, platforms, building floors and
roofs, shear walls, computer hard-disk drives and other complex structures (Birman, 2011; Volmir,

1974; and Amabili, 2008).
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Figure 1.1: A rectangular thick plate showing the dimensions and coordinates.

The x-axis and y-axis are the in-plane axes while the z- axis is the out of plane axis. The thickness (t) is
small compared with the in-plane surface dimensions ‘a’ and ‘b’ (Shufrin, Rabinovitch and Eisenberger,
2008). The thickness is usually constant but may be variable and is measured normal to the middle
surface of the plate. When the plate thickness is divided equally by a plane parallel to its surface, this
plane is referred to as middle surface (Ugural, 1999 and Ezeh, Ibearugbulem, Njoku and Ettu, 2013). A
plate is regarded as thick plate when the span-depth ratio a is less than or equal to 10 (i.e. a < 10) while
the plate will be idealized to be thin when the span-depth ratio, a, varies between 10 and 100 (i.e. 10 <
a < 100) (Ventsel and Krauthammer, 2001). However, it has become common knowledge that the true
range of span-depth ratio for thin plate is between 50 and 100 (i.e. 50 < a < 100). The range between 10
and 50 can be classified as moderately thick plates while the range of span-depth ratio exceeding 100 is
used to classify membrane plates (Ibearugbulem, 2016). Thin plates are analyzed based on classical
plate theory, while thick plates are analyzed based on refined plate theories (Sayyad and Ghugal, 2012a,
2012b; Zenkour, 2013; Szilard, 2004; Reddy, 2007; Ibearugbulem, 2016). Both the analysis of thick
plate and thin plate had for long been based on the trigonometric displacement functions until recently
when Ibearugbulem, Osadebe, Ezeh and Onwuka (2011) and Ibearugbulem (2012) popularized the use
of orthogonal polynomial functions in plate analysis. Hence, this work shall base its analysis of plate

on orthogonal polynomial functions.



The classical plate theory assumed that the plane cross sections that are initially normal to the plate’s
mid-surface before deformation remain plane and normal to the mid-surface after deformation. This is
because the transverse shear strains were neglected. However, significant transverse shear strains occur
in thick and moderately thick plates. Hence, the theory gives inaccurate results for the plates. Therefore,
the shear strains have to be taken into account. One of the numerous theories of plates that include the
transverse shear strains is the Reissner and Mindlin theory, known as the first-order shear deformation
theory, which defines the displacement field as linear variations of mid-plane displacements. This
theory, in which the relationship between the resultant shear forces and the shear strains is obtained by
using shear correction factors, have some disadvantages of approximating linear in-plane, constant
transverse displacements through the plate thickness and choosing the problems to analyze case by case.
Some other plate theories, namely the higher-order shear deformation theories, include the effect of
transverse shear strains. The static or dynamic loads carried by plates are predominantly perpendicular

to the plate faces.

The load-carrying action of a plate is similar to that of beams or cables to a certain extent; thus, plates
can be approximated by a gridwork of an infinite number of beams or by a network of an infinite number

of cables, depending on the flexural rigidity of the structures (Ventsel, 2001).

Works on refined plate theory have been characterized by the use of trigonometric displacement
function. Many scholars have obtained the closed form solutions and others have obtained approximate
solution using assumed displacement functions in energy method. However, one thing that is common
in them all is the use of trigonometric displacement functions to approximate the deformed shapes of
the plates (Chikalthankar, Sayyad and Nandedkar, 2013; Sayyad, 2011; Akavci, 2007; Sayyad and
Ghugal, 2012a, 2012b; Sadrnejad, Daryan and Ziaei, 2009; Daouadji, Tounsi, Bedia and Abbes, 2013;
Hashemi and Arsanjani, 2005; Reddy, 2014; Shimpi and Patel, 2006; Murthy, 1981; Zhen-qiang, Xiu:xi
Mao-guang, 1994). Others have applied the assumed polynomial displacement functions in numerical
methods like finite element method and differential quadrature element methods (Caliri jr, Ferreira and
Tita, 2016; Rakocevic, Popovic and Ivanisevic, 2017; Kumar, Panda, Kumar and Chakraborty, 2015;
Matikainen, Schwab and Mikkola, 2009; Goswami and Becker, 2013; Sahoo and Singh, 2013; Tran,
Wahab and Kim, 2017). The major flaw in their traditional refined plate theory (i.e. Third order or
higher order shear deformation theory) is the assumption of their displacement functions in thick
anisotropic plate analysis. It is believed that these assumptions have not been solved to ascertain their

validity or correctness in thick anisotropic plate analysis.



The rectangular plate has four edges numbered as shown in Figure 1.2.

Edge 1

¥ 93pg

Edee 2

Edge 3

v
Y

Figure 1.2: Rectangular plate showing the axis and edge numbering.

Plates have various boundary conditions as follows;

1. simply supported
il. clamp support and
1. free of support.

The designation and symbol for the edge conditions are as shown in Figure 1.3

Edge Condition Section Plan View
Free edge (F) -
Clamped edge (C) N %

Figure 1.3: Edge conditions of rectangular plate showing sections and plan view

These boundary conditions can be combined to formulate plates with different boundary conditions as

shown in Figure 1.4.
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Figure 1.4: Plan view of rectangular plates with various boundary conditions
1.2 Statement of problem

Because of the complexity involved in handling thick anisotropic plates, engineers usually resort to thin
isotropic plate or even thick isotropic plate despite the numerous shortcomings. Isotropic plate assumes
that the material properties at a point are the same in all directions. However, certain materials display
direction-dependent properties; consequently, these materials are referred to as anisotropic materials.

When an anisotropic material is stressed in one of the principal directions, the lateral deformations in
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the other principal directions could be smaller or larger than the deformation in the direction of the
applied stress depending on the material properties. Idealization of a thick anisotropic plate as a thin
isotropic plate always underestimates the stresses in the plate. The consequence of using these erroneous
stresses in design and construction is structural failure and sometimes total collapse. Previous scholars
have looked into different aspects of thick plate analysis: Pure bending (Jabareen, Neubauer and Mtanes,
2018; Yang and He, 2018; Sayyad and Ghugal, 2012a, 2012b; Ghugal and George, 2010; Sayyad,
Shinde and Ghugal, 2016; Atashipour, Girhammar and Al-Emrani, 2017; Murthy, 1981; Joshan,
Grovera and Singhb, 2017a, 2017b; Sahoo and Sigh, 2013, etc), buckling (Fazzolari and Carrera, 2011;
Tran et al, 2017; Bouazza et al, 2016; Sahoo and Singh, 2015; Nali, Carrera and Lecca, 2011;
Ibearugbulem, Ibeabuchi and Njoku, 2014; Avalos and Larondo, 1995; Kim, Thai and Lee, 2009;
Wang, Xiang and Chakrabarty, 2001; Yang and He, 2018; Sreehari and Maiti, 2016; Kazemi and
Verchery, 2016; Narayana, Kumar and Rao, 2018; etc), one common observation is that most of these
works are based mainly on trigonometric and assumed displacement functions. It is rare to see work on
anisotropic thick plate analysis that determined the exact polynomial shape function from the integration
of governing equation of equilibrium and compatibility equations of thick anisotropic plate. Earlier
works on anisotropic thick plates had relied on assumed displacement functions (which are mainly
trigonometric). Thus, it can be said that earlier works on bending analysis of thick anisotropic plates
have yielded approximate results, since it cannot be said that the displacement functions used are exact.
The need to approach anisotropic thick plate analysis from the perspective of determining the exact
displacement functions through integration of the governing equation prompted the present study. This
inability to arrive at the exact displacement function has been identified as a gap in literature that has to
be filled up. To cover this gap in anisotropic thick plate analysis is the primary motivation of the present

study.
1.3  Objectives of study

The main objective of this study is to analyze thick anisotropic plate through exact approach using third
order shear deformation theory. The specific objectives are:
i.  To formulate the total potential energy functional for a thick anisotropic rectangular plate using

third order shear deformation theory.

ii.  To formulate the governing equation of equilibrium of forces and two compatibility equations

of thick anisotropic rectangular plate.



iii.  To formulate the exact polynomial displacement functions and the stiffness coefficients for

various plates.
iv.  To develop formulas for determining the displacements and stresses.

v.  To perform numerical analyses of typical thick anisotropic rectangular plates with different

boundary conditions.
1.4  Justification of study

Recently there have been progressive interest in the solution of anisotropic thick plate problems due to
the development of high performance fiber reinforced composite materials for structural applications.
Many scholars have used double Fourier series integration to obtain solutions for bending, buckling,
and vibration of nonhomogeneous, or symmetrically laminated anisotropic plate with various boundary
conditions. This approach is quite demanding and involving, unlike the approach of using orthogonal
polynomial. The use of orthogonal polynomial in the third order theory eliminates the difficulties

associated with the use of double or single Fourier series in analyzing thick anisotropic plates.

This third order shear deformation theory through exact approach contribute in addressing the
inadequacy of literature in this field. Hence, scholars and practicing engineers now have easy access to

this method and also have confident in their works and designs.

The orthogonal Polynomial displacement functions are easily used to adapt peculiar displacement
function for rectangular plate of any boundary condition. This feat has before now proved daunting
using trigonometric shape functions. The work eliminates the doubt of not being too sure of one’s work
using Fourier series to analyze thick plates and at the same time boost the confidence of the engineer,
since he/she is sure of obtaining good results without difficulty. It generates financial benefit to
engineers since they now have easier and better approach which can be handled by many engineers

rather than contracting it to few knowledgeable experts.
1.5 Scope of study

This study concentrated on thick rectangular anisotropic plates. The analysis was based on third order
thick plate theory and assumptions. Ritz energy method was used for the analysis. The solution derived
the general orthogonal polynomial displacement functions for a rectangular plate from the governing
equation and compatibility equations of a rectangular thick anisotropic plate based on third order shear

deformation theory. Deflection at the center of the anisotropic rectangular plate was determined for



various angles fiber orientation (0°, 15°, 30°, 45°, 60°, 75° and 90°), various span to thickness ratios,

a (5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100) and for all the twelve boundary conditions illustrated in

figure 1.4, namely:

ii.
iil.

iv.

Vi.

Vii.

Viil.

1X.

X1.

Xil.

SSSS - all four edges simply supported

CCCC - all four edges clamped

CCSS - adjacent edges clamped and the other adjacent edges simply supported

CSCS - opposite edges clamped and the other opposite edge simply supported

CCCS - three edges clamped and one edge simply supported

CSSS - one edge clamped and the other three edges simply supported

SSFS - free of support at one edge and the other three edges simply supported

CCFC - free of support at one edge and the other edges clamped

CSFS — clamped at one edge, simply supported at two edges and free of support at one edge
SCFS - simply supported at two edges, clamped at one edge and free of support at one edge
SCFC simply supported at one edge, clamped at two edges and free of support at one edge
CCFS - clamped at two edges, free of support at one edge and simply supported at one edge.
In-plane displacements (u and v), in-plane stresses (ox, oy and txy) and out-plane stresses (Tx,
and 1y,) were also determined for the same angles of orientation of fibers, span-depth-ratios
and boundary conditions as applied to central deflection. Finally, a functional excel

worksheet program was developed for easy analysis of thick anisotropic plates.



2.1

CHAPTER TWO

LITERATURE REVIEW

Classification of Plates

Plates may be classified into three groups according to the side “a” to thickness “t” (or “h”) ratio. These

groups are;

L.

ii.

1il.

a.

Plates that have side to thickness ratio less than or equal to 10 (a/t < 10): This class is
regarded as thick. Its analysis includes all the components of stresses, strains, and
displacements as for solid bodies, using the general equations of three-dimensional
elasticity.
Plates that have side to thickness ratio greater than or equal to 100 (a/t2100): this class is
referred to as membranes and they don’t possess flexural rigidity. They also carry the lateral
loads by axial tensile forces N (and shear forces) acting in the plate middle surface. These
forces, which produce projection on a vertical axis and thus balance a lateral load applied to
the plate membrane are called membrane forces.
Plates that have side to thickness ratio greater than 10 but less than 100 are classified as thin.
Plate can also be classified as stiff or flexible depending on the ratio of the maximum
deflection to its thickness.
Stiff plates: When the ratio of maximum deflection to thickness is less than or equal to 0.2 (W/t
<0.2) the plate is classified as stiff plate. They are flexural rigid plates, which carry loads in two
dimensions, mostly by internal bending and twisting moments and by transverse shear forces.
In stiff plate, the middle plane deformations and the membrane forces are negligible. Unless
otherwise specified, in engineering practice, the term plate is understood to mean a stiff plate. A
fundamental feature of stiff plates is that the equations of static equilibrium for a plate element
may be set up for an original (un-deformed) configuration of the plate.
Flexible plates: On the other hand, when the ratio of maximum deflection to the thickness ratio
is greater than or equal to 0.3 (W/tZ 0.3) the plate is classified as flexible plate. Cases like this
occur mainly when the lateral deflections will be accompanied by stretching of the middle
surface. These plates represent a combination of stiff plates and membranes and carry external
loads by the combined action of internal moments, shear forces, and membrane (axial) forces.
This class of plate is widely used by the aerospace industry because of their lower weight to load

ratio. The membrane action predominates each time the magnitude of the maximum deflection
9



is considerably greater than the plate thickness. If w/t > 5, the flexural stress can be neglected
compared with the membrane stress. Consequently, the load-carrying mechanism of such plates
becomes of the membrane type, that is, the stress is uniformly distributed over the plate
thickness.

The above classification is, of course, conditional because the reference of the plate to one or another

group depends on the accuracy of analysis, type of loading, boundary conditions, etc.

2.2 Classical and refined theories of rectangular plates

The major classification of plate theories are classical and refined plate theory. Thin plates are analyzed
based on classical plate theory, while thick plates are analyzed based on refined plate theories (Sayyad
and Ghugal, 2012a; Zenkour, 2013; Szilard, 2004; Reddy, 2007; Ibearugbulem, 2016). Authors like,
Kirchhoff (1850), Mindlin (1951), Pagano (1970), etc, used classical theory in rectangular plate analysis
while others like, Reddy(1984), Sayyad and Ghugal(2012), Joshan et al.(2017), present study, etc, used
refined theory in rectangular plate analysis. Unlike classical plate theory, refined plate theory are more

demanding, thus, will require more time when used for analysis but gives more reliable results.

2.2.1 Classical plate theory

The classical plate theory is based on small displacement plate theory. The pioneer authors to the
classical plate theory were Kirchhoff (1850), Love (1888) and Rayleigh (1894). Their works were
modelled to the widely known love-Kirchhoff’s theory of plate, which does not carter for shear
deformations and is only limited to thin plates. This theory models the laminates as a two dimensional
single layer by ignoring the three transverse strain components and the transverse normal stress
components (Kazanci, 2016). According to Iyengar (1988), Ugural (1999), Ventsel and Krauthammer
(2001), Szilard (2004) and Ibearugbulem (2016), the Kirchhoff’s classical plate theory is summarized

as follows:
1. The plate material is elastic, homogenous and isotropic.
il. The plate is flat (not bent) before loading.
iii. The out of plane displacement (w) of the middle surface of the plate is small when compared

with the thickness of the plate. That is W/;< 0.3. This implies that membrane stresses are

negligible and that the plate resists bending mainly by its bending stiffness.
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iv. The middle surface of the plate shall neither stretch nor compress before, during or after

bending. That is, the middle surface of the plate is the neutral surface (surface of zero stress).
v. The stress normal to middle surface, o, is assumed to be zero.

vi. A vertical section that is initially straight and normal to the middle surface before bending
shall remain straight and normal to the middle surface after bending. This implies that the
out of plane shear strains are zero (yxz =VYyz = 0) ; that is, zero rotation of the vertical
section relative to the middle surface. As the vertical section is rotating, the middle surface
is also following it with the same magnitude. Thus, there is no relative rotation of the vertical
section to the middle surface. This assumption defines the boundary between thin plate and

thick plate.

The above summary was restricted to thin plates or plates whose elastic modulus to shear modulus

ratios is not very large. This is because the transverse strains and transverse stresses were ignored.
2.2.2 Refined plate theory

Refined small displacement plate theory adopts virtually all the Kirchhoff’s assumptions except the
sixth one. In refined plate theory, the vertical shear strains are not zero and that is why the vertical
section that is initially straight and normal to the middle surface before bending no longer remains
normal to the middle surface after bending. Consequently, there is relative rotation of the vertical section
to the middle surface. Hence, the existence of vertical shear strains after bending (Ibearugbulem, 2016).
Nevertheless, in order to describe accurately the bending behavior of thick plates including shear
deformation effects and the associated cross sectional warping, shear deformation theories are required.
This can be accomplished by selection of proper kinematics and constitutive models (Thai and Vo,
2013; Shimpi and Patel, 2006). Therefore, the main difference between classical plate theory and shear
deformation theory is the inclusive of the effect of transverse shear in predicting the bending, frequency
and buckling behavior of plates. Since the transverse shear deformation is neglected in classical plate
theory, it cannot be applicable to thick plates where effects of shear deformation are more significant.

Thus, its suitability is limited to only thin plates.

However, in refine plate theory, the vertical shear strains are not zero. Significant transverse shear
strains occur, and the theory gives inaccurate results for the plates. So, it is obvious that the shear strains

have to be taken into account. However, increasingly many engineering applications, such as bridge
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deck require the use of thick-walled structures where significant traverse shear strain occurs, for which
the Kirchhoff’s Classical Plate Theory is inadequate because it underestimates deflections and
overestimates vibration frequencies and buckling loads (Sayyad et al., 2013). A thorough understanding
of the dynamics of thick-walled structures that will take into account of the shear strains is therefore

helpful to an efficient design.

23 Shear deformation in plate analysis

The shear deformation effects are more pronounced in thick plates subjected to transverse loads than in
thin plates under similar loading (Sayyad and Ghugal, 2012a, 2012b; Touratier, 1991; Chaudhurt, 2005).
A number of shear deformation theories have been developed by several researchers to address the
inadequacy of using classical plate theories (Reissner, 1945; Mindlin, 1951; Reddy and Liu, 1985;
Soldatos, 1992; Karama et al., 2003; etc.). The shear deformation theories aimed at predicting accurately
the structural behavior of thick plates, for which classical plate theories are inadequate. These shear
deformation theories were deduced from Kirchhoff’s biharmonic equation on thin plates, in order to
propose a correction on the biharmonic expression that will include the effect of shear deformation.

These theories include first order shear deformation and higher order shear deformation theories.

2.3.1 Previous work on first order shear deformation theory (FSDT)

First-order shear deformation theory (FSDT) was developed to overcome the limitations of classical
plate theory, which ignores the transverse shear and transverse normal deformations. Several authors
have used this theory to solve structural problems of thin, moderately thick, laminated anisotropic and
orthotropic composite plates. Reddy and Arciniega (2004) reviewed the theories of shell and shear
deformation of plates. Auricchio and Sacco (2003) presented a first-order shear deformation theory from
mix variational formulations, which does not require shear correction coefficients. Whitney (1973),
Noor and Burton (1989) and Pai (1995) used the shear correction coefficients to develop the first-order
shear deformation theory. Ghugal and Shimpi (2002) presented a review of refined shear deformation
theories of isotropic and anisotropic laminated plates. Reissner (1944, 1945) presented the theory of
bending of elastic plates and the effect of transverse shear deformation on the bending of elastic plates.
Auricchio and Sacco (2003) developed new mix first-order shear deformation theory models for
composite laminates, which does not require shear correction coefficients. Mantari and Ore (2015) used
a simplified FSDT to analyze the free vibration of single and sandwich laminated composite plates.

Reissner (1945) and Mindlin (1951) developed the FSDT after studying the effect of transverse shear
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in the deformation of plates. However, FSDT needed a shear correction factor for accurate prediction
of the transverse shear stress developed on the plate edge. This shear correction factor is very difficult
to compute because it depends on parameters like lamination sequence, boundary condition, etc. (Pai,

1995; Khdeir, 1989; Joshan et al., 2017).

2.3.2 Previous works on higher order shear deformation theories (HSDT)

The non-isotropic nature of the laminated anisotropic composite has made researchers and engineers to
adopt the shear deformation effect in the design and analysis of structures. In order to overcome the
shortcomings of classical plate theory and FSDT, HSDT was developed (Joshan ef al., 2017; Sahoo and
Sigh, 2013; Kazanci, 2016; Bouazza, Kenouzaa, Benseddiqe, Ashraf and Zenkourd, 2017). Reddy
(1984) formulated a high order shear deformation theory of laminated composite plate which also have
the same unknown dependent variables as the first-order shear deformation theory of Whitney and
Pagano (1970). Aydogdu (2006) reviewed different shear deformation theories for the static and
dynamic analysis of laminated composite plates. Phan and Reddy (1985) used a higher-order shear
deformation theory, which does not require shear correction coefficients to solve laminated anisotropic
composites plates. Whitney and Sun (1973) formulated refined laminated plate theory that can be
applied to fiber reinforced composite materials under impact loading. Lan and Feng (2012) used a third-
order shear deformation theory to solve the deflections and stresses of the simply supported symmetrical
laminated composite plates. Bessenghier, Houari, Tounsi and Mahmoud (2016) used non-local
trigonometric shear deformation theory to analyze free vibration of embedded functional graded nano-
size plates, which are resting on elastic foundation. Kant and Pandya (1988) formulated a higher-order
finite element theory for unsymmetrically laminated composite plates. Chikh, Hebali, Tounsi and
Mahmoud (2017) used a simplified HSDT to analyze the thermal buckling of cross ply laminated plates.
Boukhari, Atmane, Tounsi, Bedia and Mahmoud (2016) developed an efficient shear deformation

theory for wave propagation of functionally graded material plates.

Belifa et al. (2016) analyzed the bending and free vibration of functionally graded plates using a simple
shear deformation theory and the concept of the neutral surface position. Grover et al. (2013) formulated
a new inverse hyperbolic shear deformation theory for static and buckling analysis of laminated
composite and sandwich plates. Mahi, Bedia and Tounsi (2015) developed a new hyperbolic shear
deformation theory for bending and free vibration analysis of isotropic functionally graded, sandwich
and laminated composite plates. Yahia, Atmane, Houari and Tounsi (2015) used various higher-order

shear deformation plate theories to solve for wave propagation in functionally grade plates with
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porosities. Merdaci, Tounsi and Bakora (2016) formulated a novel four variable refined plate theory for
laminated composite plates. Wu and Hsu (1993) developed a new local higher-order laminated theory
of composite plates. Mantari, Oktem and Soares (2012) formulated a new higher order shear
deformation theory for sandwich and composite laminated plates. Ganapathi, Patel and Makhecha
(2004) used an accurate higher-order theory to analyze nonlinear dynamic thick composite plates.
Matsunaga (1992) analyzed a thick elastic plate by the application of a two-dimensional higher-order
theory. Cho and Kim (1996) used displacement fields of higher order plate theories to formulate the
matching technique of post-process method. Khdeir and Reddy (1989) developed the exact solution for

the transient response of symmetric cross-ply laminates by using a higher-order plate theory.

2.3.3 Previous works on layer-wise lamination theory (LLT)

Layer-wise lamination theory assumes a displacement representation formula in each layer which can
predict accurately the inter-laminar stresses (Kazanci, 2016). Carrera and Demasi (2002) used the
Reissner mixed variational theorem to study the accuracy of the finite-element mixed layer-wise
solutions. Carrera (2003) presented the historical review of zig-zag theories for multi-layered plates and
shells. Carrera (1998) evaluated the layerwise mixed theories for laminated plate analysis. Desai et al.
(2003) developed a layer-wise finite element model, which he used for dynamic analysis of laminated
composite plate. Plagianakos and Saravanos (2009) developed a higher order layer-wise lamination
theory for the prediction of inter lamina shear stresses in thick and sandwich composite plates. Mantari
and Soares (2013) presented a generalized layer-wise HSDT and the finite element formulation for
symmetric laminated and sandwich composite plates. Nosier et al. (1993) formulated a layer-wise
theory, which was later used for free vibration analysis of laminated plates.

In layer-wise model, the number of unknown functions depends on the layers of the laminates. Hence,

it is computationally expensive.

2.3.4 Previous works on zig-zag theory (ZZT)

Zig-zag theories were developed in order to overcome the lengthy computational time experienced in
layer-wise theories,. Tremendous achievement in this field was accomplished by Di Sciuwa (1984). He
proposed a refined zigzag plate theory, in which the unknowns for the in-plane displacements at each
layer were assumed in terms of those at the reference plane and the transverse displacement was
assumed constant along the plate thickness (Di Sciuwa, 1986; Kazanci, 2016). Carrera (2003) reviewed
the zig-zag theories for multi-layered plates and shells. Liu and Li (1996) and Murakami (1986)

14



improved the Di Sciuwa refined zig-zag plate theory. A new inverse trigonometric zig-zag theory was
formulated by Sahoo and Sing (2013) which they used to solve for the static analysis of laminated
composite and sandwich plates. Versino, Gherlone, Mattone, DiSciuva and Tessler (2013) presented a
refined zig-zag theory for multilayered composite and sandwich plates, which does not require shear
deformation coefficient to yield accurate results. Lee, Senthilnathan, Lim and Chow (1990) developed
an improved zig-zag model for the bending of laminated composite plates.

Just like its name zig-zag, calculations are always not in orderly form.

2.3.5 Previous works on 3D elasticity theory

Srinivas, JogaRao and Rao (1970) presented a free vibration of simply supported, homogeneous
isotropic and laminated thick rectangular plates using 3D linear, small deformation theory of elasticity.
This solution was later extended for the bending, vibration and buckling of simply supported thick
orthotropic rectangular plates and laminates (Srinivas and JogaRao, 1970). Kulikov and Potnikova
(2012) developed the exact 3D stress of laminated composite plate by sampling surface method. Noor
(1973) presented the free vibration analysis of multilayered composites plates. Pagano (1969, 1970)
developed the exact solutions for composite laminates in cylindrical bending and for rectangular
bidirectional composite and sandwich plates. Loredo (2014) studied the exact 3D solution for static and
damped harmonic response of simply supported general laminates.

3D elasticity theory is an efficient method, which can predict inter lamina stress of a composite laminate

but requires lengthy computational time.

2.4 Polynomial Shape Function

Several authors like Murthy (1981); Shames and Dym (1991); Shimpi and Patel (2006); Sayyad and
Ghugal (2012a, 2012b); Chikalthankar et al. (2013); Sandrnejad, Daryan and Ziaei (2009); Szilard
(2004); Hashemi and Arsanjani (2005); Reddy (2014) and Daouadji, Tounsi, Bedia and Abbes (2013)
used trigonometric shape functions in the form of double Fourier series to approximate the deformed
shapes of thick plates. However, the double Fourier series has one major disadvantage when
approximating the eigenvalues of rectangular plates. Only the principal eigenvalue can be evaluated due
to the orthogonal properties of trigonometric functions. Hence, only the principal stresses and strains
will be obtained accurately. It can be stated here that the accuracy of approximation of the Ritz method,
Galerkin method and any other weighted residual (approximation) method depend upon the quality, the

completeness and the closeness of the shape functions to the exact solution. The calculations and
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integrations in double Fourier series are very tedious, involving and quite demanding. Hence, the need
for an easy, simplified and more accurate approach of solving thick plate problems. Thus, orthogonal
polynomial shape function using third-order shear deformation offered an easier and more accurate

approach for thick plate analysis.

Generally, the use of polynomial displacement functions offered the following advantages:

i. The differentiation and integration of polynomial displacement functions are quite easy and

accurate

ii. Polynomial displacement functions can be used successfully to solve any boundary condition

of thick rectangular plate.

iii. Polynomial displacement functions as shape functions can be easily applied to approximate

solution of problems of linear and nonlinear cases.

The use of polynomial functions is lately becoming popular in solving plate problems. Abedi,
JAFARI-talookolaei and Valvo (2016) employed legendre polynomial as the base functions to
analyze the free vibration of rectangular laminated composite plates. Bhat (1985) used
characteristic orthogonal polynomials to evaluate the natural frequencies of rectangular plates.
Sahoo and Singh (2013) applied a higher order polynomial function to solve static laminated
composite plate. In addition, Ibearugbulem (2012) employed Taylor-Maclaurin series to formulate
shape functions for plate problems. Murthy (1984) studied the consistency of beam theory using

polynomial shear deformation function. His shape function is given as shown in Equation (2.1):

fo=2[1-4E) @

Ambartsumian (1958) applied polynomial shear deformation function to study pure bending analysis of

thick plates. His shear deformation function is given as shown in Equation (2.2):
@) = z|h? z? ” 5
Others have applied polynomial displacement functions in numerical methods like finite element

methods and differential quadrature elements methods (Goswami and Becker 2013; Liu, 2000;

Matikainen, Schwab and Mikkola, 2009).
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2.5 Exact approach as opposed to approximate approach.

Exact approach requires a lot of computational time. The method is more difficult since it requires
derivation of every values that will be needed in the solution from the scratch. However, it is more
trustworthy and yield accurate solutions and values. Exact approach can takes a lot of computational

time when applied to methods like Garlekin, Navier, Rayleigh, etc.

In the study of periodic motion and theory of oscillations where an equation contains two terms such as
principal and secondary terms, the secondary terms are always made up of small constant factors or
parameters while the principal term has the other parameters. Dropping the secondary terms will yield
equation of exact solution while the solution of the original equation can be obtained as a series with its

first term as a solution of equation without the secondary terms.

Approximate solution entails solving a particular problem by choosing approximate values that will
facilitate the quick arrival to the solutions. An approximate solution to a problem say for instance an
analytic expression can compute through the method of series, the method of small parameters,
chaplygin method, Ritz and Galerkin methods. All of these methods explains infinite processes and
sometimes can be used to derive an exact solution of a problem. However, if a solution is represented

as an infinite series, a finite part of the series can be assumed to be approximate solution.

2.6  Similar works on higher order shear deformation theories (HSDT)

Several works have been done on higher order shear deformation theories. Rakocevic, Popovic and
Ivanisevic (2017) presented a new computational method for stress-strain analysis of simply supported
rectangular cross-ply laminated composite plates subjected to transverse loads. They developed a
Fortran program code, which the algorithm was based on the layer-wise theory of Reddy. Double
trigonometric series were employed to solve the equations obtained by applying the principle of virtual
displacements. The convergence and numerical stability of the output variables depend on the changes
in the ratio of side to thickness b/h and modulus ratio E;/E,. Thus, increase in the ratio of b/h introduces
numerical instability to the displacement of the solution. This instability starts from b/h > 5 and grows
to infinity when b/h = 40 and above. They attributed the cause of the instability to the accumulation of
numerical errors and suggested introduction of additional conditions for displacement v on the edge y

= 0. Also in the cases of higher aspect ratio of the plate a/b and cases of small values of the modulus
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ratio E;/E,, the coefficient matrix obtained by applying the equation shown is singular. Thus, the value

of output variables cannot be obtained.

Shinde, Sayyad and Ghumare (2015) used refined trigonometric shear deformation of Equation (2.3) to

investigate bending analysis of isotropic and orthotropic plates under various loading conditions.

(Xmn) 0
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.. =4 Qmn (2.3)
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Their theory involved two unknown variables and also satisfied the shear stress free condition at top
and bottom surface of the plates without using shear correction factors. They employed the principle of
virtual work to determine the governing equations and boundary conditions. They got closed form
solution from Navier Solution Scheme. The theory analyzed a simply supported isotropic and
orthotropic plate subjected to sinusoidal distributed, uniformly distributed and linearly varying loads
for the detailed numerical study. The results obtained were compared with previously published results.
Gunjal, Hajare, Sayyad and Ghodle (2015) employed a refined trigonometric shear deformation plate
theory for the buckling analysis of thick isotropic square and rectangular plates. The theory involves
only two unknowns, as against three in first order shear deformation theory and other higher order
theories. The theory also involves sinusoidal function in the in-plane displacement. They used transverse
displacement that accounted for bending and shear components. They applied the principle of virtual
work to derive the governing equations and boundary conditions of the theory. A case of simply
supported isotropic rectangular plate subjected to uniaxial and biaxial compression were evaluated.
Their results for critical buckling load of simply supported isotropic rectangular plates agreed with those

of other refined theories.

Chen and Doong (1984) presented the buckling of clamped circular plates subjected to arbitrary loading
condition. They employed the Galerkin method to derive the governing equations and found that
bending stress has significant effect on the buckling load. Kant and Swaminathan (2002) investigated
analytical solutions for the static analysis of laminated composite and sandwich plates based on a higher
order refined theory composite structures. They formulated a model to incorporate laminate
deformations, which accounted for the effects of transverse shear deformation, normal strain/stress and
non-linear variation in-plane displacement with respect to the thickness coordinates. Chen and Doong
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(1983) investigated the vibration of circular Mindlin plates from rectangular Mindlin plates. They
studied the axisymmetric vibration of an initially stressed bi-modulus thick circular plate.

Fazzolari and Carrera (2011) presented advanced variable kinematics that uses Ritz and Galerkin
formulations for accurate buckling and free vibration analysis of anisotropic laminated composite plates.
They derived the approximation methods of Rayleigh-Ritz, Galerkin and Generalized Galerkin, based
on Principle of Virtual Displacement. This was used both for the same and different expansion orders,
for the displacement components, in the thickness layer-plate direction. They carried out buckling
analysis of the cross-ply and regular symmetric angle ply with respect to uniaxial, biaxial and pure shear
loads. They employed Von Karman’s approximation and exact nonlinear strain-displacement relations
together with preloads corresponding to a constant stress state. They also provided an extensive
assessment of advanced and refined plate theories, which include Equivalent single Layer, Zig-Zag and
Layer-wise models, with increasing number of displacement variables. However, the solution is
rigorous, time demanding and involve lengthy computer programming to achieve result. Gupta and
Ansari (1998a) employed classical plate theory to investigate asymmetric vibrations of polar orthotropic
circular plates of linearly varying thickness subjected to hydrostatic in-plane force. They used functions
based on static deflection of polar orthotropic circular plates to obtain an approximate solution through
the Rayleigh-Ritz method. Wang and Aung (2007) applied Ritz method to investigate plastic buckling
analysis of thick plates. In-order to allow for the effect of transverse shear deformation in thick plate,
they adopted Mindlin plate theory. They studied the plastic buckling behavior of the plate by applying
the incremental and deformation theory of plasticity. After which they determined the governing
eigenvalue equation for the plastic buckling of uniformly stressed plates with edges defined by
polynomial functions by applying the Ritz method. They approximately represented the displacement
functions of the plate by the product of mathematically complete two dimensional polynomial function.
They also raised the boundary equations to appropriate power that ensures the satisfaction of the

geometric boundary conditions.

Daouadji et al. (2013) used higher-order shear deformation theory of the static response of functionally
graded plate to investigate a new displacement function. The theory presented a shape functions f(z) for
determining the distribution of the transverse shear strain and stresses along the thickness as shown in

Equation (2.4):

2

f(z) =z— [z ssech <%) —zsech (%) (1 - %tan h (%))] (2.4)
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Contrary to the first order shear deformation theory it does not require shear correction factor. Their
transverse shear stresses varied parabolically across the thickness, satisfying shear stress free surface
conditions. They assumed the mechanical properties of the plate to vary continuously in the thickness
direction by a simple power-law distribution in terms of the volume fractions of the constituents.
Parametric studies were performed for varying ceramic volume fraction, volume fraction profiles,
aspect ratios and length to thickness ratios. The accuracy of the theory was investigated by comparing
some of the obtained results with those of the classical, the first-order and higher-order theories and
found that the proposed theory was accurate and simple in solving the static behavior of functionally
graded plates. Badaghi and Saidi (2010) used analytical approach for buckling analysis of thick
functionally graded rectangular plates. They applied higher order shear deformation plate theory to
determine equilibrium and stability equations. The coupled governing stability equations of functionally
graded plate were converted into two uncoupled partial differential equations in terms of transverse
displacement and a new function, called boundary layer function by analytical method. They used Levy-
type solution to solve for the functionally graded rectangular plate with two opposite edges simply
supported under different types of loading conditions. The accuracy of the analytical solution was
confirmed by making some comparisons of the present results with those available in the literature.
Furthermore, they carried out detailed studies and discussion of the effects of power of functionally
graded material, plate thickness, aspect ratio, loading types and boundary conditions on the critical
buckling load of the functionally graded rectangular plate. Their result were first to show the critical
buckling loads of thick functionally graded rectangular plates with various boundary conditions; hence,

it can be used as benchmark.

Li and Narita (2013) studied the vibration of supersonic laminated plates with general edge conditions.
They employed the optimal fiber orientation angles of supersonic laminated plate by using a layer-wise
optimization approach and also considering the thermal effect to obtain the maximum critical
aerodynamic pressure. They observed from their results that the first critical flutter modes are different
for different edge conditions of supersonic plates and in some cases with the increase of acrodynamic
pressure the buckling occurs before the flutter. Sayyad et al. (2013) applied trigonometric shear
deformation theory to study bending and free vibration analysis of thick plates. They used in plane
displacement field together with sinusoidal function in terms of thickness coordinate. This accounts for
realistic variation of the transverse shear stress through the thickness and satisfies the shear stress free
surface conditions at the top and bottom surfaces of the plate. Unlike the first order or equivalent shear
deformation theories, this theory does not apply shear correction factor. They considered a simply

supported thick isotropic plate for detail numerical study. Also Navier’s solution technique was
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employed for their analytical solution. The results obtained for displacements, stresses and natural
bending mode frequencies were compared with those of other refined theories and exact solution from

theory of elasticity.

Kumar, Raju and Reddy (2011) used higher order shear displacement model with zigzag function to
formulate an analytical procedure which they employed to investigate the free vibration characteristics
of different laminated composite plates. As the number of layers increases, fundamental frequencies
increases, thus the extensional coupling effect decreases without changing the total thickness. This
effect of the number of layers was most pronounced for angle-ply laminated plates. Their work showed
that coupling between bending and stretching had a significant effect on the behavior of anti-symmetric
laminates with few Lamina. Ivo et al. (2013) developed a new approach for evaluating the properties of
thick plates by employing Mindlin theory of thick plate. They used bending deflection as a potential
function to define pure bending deflection and shear deflection with bending angles of rotation, and in-
plane shear angles. Based on this modified approach, they developed rectangular shear locking-free
finite element for determining flexural vibrations. Using finite element method and evaluating
analytically they obtained results, which are in good agreement with other results from relevant

literature.

Sayyad and Ghugal (2012b) employed exponential shear deformation to study the buckling of thick
isotropic plates subjected to uniaxial and biaxial in-plane forces. The theory, which does not require
shear correction factor, accounted for a parabolic distribution of the transverse shear strains across the
thickness and satisfied the zero traction boundary conditions on the top and bottom surfaces of the plate.
They used dynamic version of the principle of virtual work to obtain the governing equations and
boundary conditions of the theory. The simply supported thick isotropic square plates were considered
for the detailed numerical studies. A closed form solutions for buckling analysis of square plates was
obtained. The results obtained by using proposed theory were found to be in good agreement with the
exact elasticity results. Joshan et al. (2017) formulated a new non-polynomial shear deformation theory
having four variables which they assessed for hygro-thermo-mechanical response of laminated
composite plates. They used an inverse hyperbolic function of thick coordinate in the displacement field
when considering the shear deformation effect. The governing equations for the cross-ply plates which
they employed axiomatic approach to resolve were derived from the principle of virtual work theory.
Navier type closed form solution was employed to solve the developed governing equations for simply
supported boundary conditions. This new non-polynomial shear deformation theory, which possesses

only four variables was achieved by incorporating the integrals of the shear rotation in the in-plane
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displacements. Their theory satisfies the traction free boundary conditions as a priori and does not

require shear correction factor. However, the computing takes a lot of time, energy and finance.

Raju and Kumar (2011), based on higher order shear displacement model with zig-zag function,
developed an analytical procedure that was used to investigate the bending characteristics of laminated
composite plates. This zig-zag function improves slope discontinuities at the interfaces of laminated
composite plates. They applied the dynamic version of Hamilton’s principle to obtain the equation of
motion. The solutions were obtained using Navier’s and numerical methods for anti-symmetric cross-
ply and angle-ply laminates with a specific type of simply supported boundary conditions. Jam et al.
(2012) used generalized differential quadrature (GDQ) to investigate linear and non-linear bending
analysis of moderately thick functionally graded (FG) rectangular plates with different boundary
conditions. They assumed the modulus of elasticity of plates to vary according to a power law
distribution in-terms of the volume fractions of the constituents. They employed first order shear
deformation theory and Von Karman type non-linearity, to obtain the governing system of equations,
which includes a system of thirteen partial differential equations (PDE) in terms of unknown equations.
A simple procedure to satisfy different boundary conditions was provided in the presence of all plate
variables in the governing equations. The generalized differential quadrature (GDQ) technique which
were successively applied to the governing equations resulted in a system of non-linear equations. The
resulting system of non-linear equations were solved by applying Newton-Raphson iterative method.
The accuracy of the obtained results for both displacement and stress components were compared with
those of analytical and finite element methods and found that the theory can predict accurately the
displacement and stress components even for small number of grid points. Sahoo and Singh (2013)
presented a new inverse trigonometric Zigzag theory which they used for the static analysis of laminated
composite and sandwich plates. Their theory employed a higher order displacement field across the
plate thickness to satisfy the continuity conditions at the layer interfaces. It also fulfilled the need for
shear correction factor by satisfying transverse shear stress continuity conditions at layer interfaces and
tangential stress-free boundary conditions on the plate boundary surface. The developed efficient C°
finite element model was assumed to investigate the static response of laminated and sandwich plates.
The theory assumes a realistic non-linear distribution of transverse shear stresses on the surface of the
plate and it considers same number of unknowns as of FSDT, making it computationally sound.
However, the thick plates (i.e. for a/h = 2-5) are observed to possess much higher transverse deflections
compared to moderately thick to thin plates (i.e. for a’h = 10-100) for each boundary condition. They
attributed the deficiency to the effect of transverse flexibility of the core and shear deformation, which

are more pronounced in thick plates compared to thin plates.
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Sayyad and Ghugal (2014) used exponential shear deformation theory to study the buckling and free
vibration analysis of orthotropic plates. Natural frequencies and critical buckling loads of orthotropic
plates were obtained. The theory does not require coordinate correction factors and therein solves for a
parabolic distribution of the transverse shear strain across the thickness and satisfies the zero traction
boundary conditions on the top and bottom surfaces of the plate. They used exponential function in
terms of thickness coordinate which included the effect of shear deformation and rotary inertia in their

in-plane displacement fields as shown in Equations (2.5) and (2.6):

£(2) = Z exp [—2 (%)2] (2.5)
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They employed Navier type solution to solve the governing equations of simply supported square
orthotropic plates. The results obtained were in good agreement with the results of past scholars. Tran
et al. (2017) presented an isogeometric finite element approach for thermal bending and buckling
analyses of laminated composite plates. They developed a six variable quasi-3D model with one
additional variable in transverse displacement of higher-order shear deformation theory (HSDT). This
model employs the effects of transverse shear and normal strain in a laminated composite plate. Thus,
non-zero transverse normal strain is produced by temperature rise in a plate structure. The continuity
requirement of their plate model was naturally fulfilled by its geometric analysis, which the governing
equation discretized. They considered two kinds of thermal plate issues (thermal buckling and thermal
bending phenomena) due to the presence of bending-extension coupling. However, the solution is
restricted to purely thermal loading whereas in practical application plates can be subjected to electrical,
thermal and mechanical loads combined together. Hashemi and Arsanjani (2004) investigated the exact
characteristics equations for some classical boundary conditions of vibrating moderately thick
rectangular plates. Based on the Mindlin plate theory they derived the dimensionless equations of
motion which was employed to study the transverse vibration of thick rectangular plates without further
usage of any approximate method. For plates having two opposite sides simply supported the exact
closed form characteristic equations were given within the validity of the Mindlin plate theory. Six
distinct cases were considered, including all possible combinations of classical boundary conditions at
the other two sides of rectangular plates. Accurate eigen-frequency parameters were presented for a
wide range of aspect ratio (g) and thickness ratio (d) for each case. They presented three dimensional

deformed mode shapes together with their associated contour plots obtained from the exact closed form
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eigen-functions. They also investigated the effect of boundary conditions, aspect ratios and thickness
ratios on the eigen-frequency parameters and vibratory behavior of each distinct case. Xiang (2002)
employed Mindlin plate theory to investigate the vibration behavior of circular Mindlin plates with
multiple concentric ring supports. He obtained the first known exact vibration frequencies for circular
Mindlin plates with multiple concentric ring supports by dividing a circular plate into multiple annular
segments and a circular segment at the location of the ring supports. He also studied plate boundary
conditions and the influence of the ring support locations and plate thickness ratios on the vibration

behavior of circular plates.

Damnjanovica, Nefovska-Danilovica, Petronijevica and Marjanovica (2017) applied dynamic stiffness
method in the vibration analysis of stiffened composite plates. They applied dynamic stiffness method
to predict free vibration characteristics of composite plate assemblies in mid and high frequency ranges.
This dynamic stiffness method comprises of dynamic stiffness element and its dynamic stiffness matrix,
which is derived from exact solution of the governing equations of motion in the frequency domain.
Although the solution was developed to overcome the shortcomings of finite element method, the
computing is very tedious, time consuming and expensive. Chinosi, Croce, Cinefra and Carrera (2016)
approximated the mechanical response in anisotropic multilayered plates through Reisnner mixed
variational theorem (RMVT) and mixed interpolated tensorial components (MITC) elements, with
particular attention to the behavior along the thickness of the plate. They formulated two variational
techniques to calculate the stiffness matrix, namely, the Principle of Virtual Displacement (PVD) and
the Reissner Mixed Variational Theorem (RMVT). They adopted a strategy similar to MITC approach
in the RMVT formulation and assumed the transverse stresses as independent variables. Their
displacement field is defined according to Reisnner-Mindlin theory and their shear stresses are assumed
parabolic along the thickness by means of RMVT. However, their developed method showed successful
performances in approximating the solutions of the structures but does not compute the normal stain ¢,

and normal stress g, in z directions.

Bouazza, Lairedj, Benseddiq and Khalki (2016) formulated a refined hyperbolic shear deformation
theory for thermal buckling analysis of cross-ply laminated plates with simply supported edge. They
derived their equations based on novel refined theory employing a new hyperbolic shear deformation
theory. This theory has only four unknown functions involved unlike others that have five. Their
theory is variationally consistent and strongly similar to the classical plate theory in many ways. It
gives rise to the transverse shear stress variation and does not require the shear correction factor. Thus

the transverse shear stresses vary parabolically across the thickness to satisfy free surface conditions
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for the shear stress. Although, the exact solution is valid and highly accurate, it requires high cost of
computing. Atashipour et al. (2017) developed the exact Levy-type solution for static bending of
symmetric laminated orthotropic plates with different Levy-type boundary conditions. The developed
method applied the three dimensional elasticity theory as well as Mindlin-Reissner and Reddy shear
deformation plate theories. Their governing equilibrium equations for laminated orthotropic plates and
its boundary conditions were obtained by employing the minimum total potential energy principle.
The boundary conditions for simply supported, clamped and free edges satisfied their governing
equations of both theories. They used two different approaches to solve for the bending analysis of
laminated plates with 3-D elastostatic equations for orthotropic materials. First, they obtained the
exact closed-form solution using separation of variables method. Second, they obtained the semi-
numerical solution for bending of laminated orthotropic plates with Levy-type boundary conditions by
employing a combined Fourier differential quadrature approach with the three dimensional elastic
theory. However, the solution did not give valid results for symmetric/antisymmetric stress
distribution with respect to the mid-plane of a symmetrically laid-up thick laminated plate. That
means, the assumed concept of neutral plane is only true for thin to moderately thick laminated plates.
If the layup pattern were not appropriately chosen to the suitability of the solution, the stresses at the
free edge of isotropic plate as well as stresses at the edge-zones of laminated orthotropic plate will

change.

Shimpi and Patel (2006) considered the effect of shear deformation to formulate a two variable refined
plate theory for the analysis of orthotropic plates. Their solution uses only two unknown functions as
against three in the case of simple shear deformation theories of Mindlin and Reissner. Unlike the first
order shear deformation theory it does not required shear correction factor. The polynomial function

they used in their formulation is as shown in Equation (2.7):
3

1,zy 5,z
f(z) = Z(E) -3 (E) (2.7)
This gave rise to transverse shear stress variation such that the transverse shear stresses varied
parabolically across the thickness satisfied shear stress free surface conditions. The obtained results for
plate with various thickness ratios using the theory were compared with other theories and found that,
it is not only substantially more accurate than those obtained using the classical plate theory, but are
almost comparable to those obtained using higher order theories having more number of unknown
functions. Sarangan and Singh (2017) evaluated the free vibration and bending analysis of laminated
composite and sandwich plates by using non-polynomial zigzag models in line with C° finite element
formulation. They combined zigzag parameters and non-polynomial shear strain functions together with
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constant variation of transverse displacement. This stand for continuous form of out-plane stresses and
parabolic variation across the plate thickness. They also determined improved form of in-plane
responses. Their mathematical model consist of lesser number of unknown just like in the case of first
order shear deformation theory and it is also layer-wise independent. However, just like first order shear
deformation theory, it possesses fewer degree of freedom. Hence, cannot determine shear stresses on
“z” plane (7, and 7,,,). Sayyad et al. (2016) studied the bending, buckling and free vibration of cross-
ply laminated composite plates based on a simple trigonometric shear deformation theory. They used
four unknown variables instead of five as applicable in first order shear deformation theory or any other
higher order theories. To capture the effect of shear deformation theory, the in-plane displacement field
used sinusoidal function in terms of thickness co-ordinate. Their transverse displacement included
bending and shear components. The theory does not require shear correction factor to satisfy the zero
shear stress conditions at top and bottom surfaces of plates. Their equation of motion was derived based
on the dynamic version of virtual work principle. Also a closed form solution was obtained using double
trigonometric series suggested by Navier. The displacements, stresses, critical buckling loads and

natural frequencies obtained agreed with previously published research work in this field.

Thai and Choi (2012) employed finite element to formulate equations for static, free vibration and
buckling analyses of laminated composite plates. They used higher-order shear deformation plate
theory (HSDT) and a combination of node based smoothing discrete shear gap method. The solution
used only linear approximations and its implementation into finite element programs was quite simple
and efficient. Nali ef al. (2011) assessed refined theories for buckling analysis of laminated plates
subjected to combined bi-axial shear loading. They considered two dimensional plate modelling and
applied the principle of virtual displacement. They approximated the solution with the finite element
method. They also employed different kinds of plate finite elements. This provided some guidelines
and benchmarks useful for identifying the most appropriate modelling for each class of buckling
problem. They employed both equivalent Single layer and Layer-wise variable, ensuring the
expansion order for thickness variables is generic by applying variable kinematics approach and finite
elements method. They obtained their finite element matrices in compact form with reference to
Carrera’s unified formulation. However, the theory proved inadequate to model thick plates or

multilayered plates composed of laminae with high orthotropic ratio.

Ahmed et al. (2013) employed the first order shear deformation theory to investigate the behavior of

laminated composite plates under transverse loading using an eight-node disoparametric quadratic
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element. The element has six degrees of freedom at each node: translations in the nodal x, y, and z
directions and rotations about the nodal x, y, and z axes . They used static analysis that included the
parametric studies on laminated plates to estimate the maximum deflection. Based on the absolute
nodal coordinate formulation, Matikainen ef al. (2009) compared two formulations for a flexible 3-D
quadrilateral moderately thick plate element. The two approaches consist of a fully parameterized
plate element and a fully parameterized plate element with linearized transverse shear angles to
overcome slow convergence and curvature locking. Based on the classical discrete Kirchhoff Triangle,
they utilized a thin plate element in large displacement framework for the sake of verification of the
formulations and numerical tests. They used the comprehensive set of small deformation static tests
and eigen frequency analyses to accomplish the comparison. Their results were limited to known
analytical solutions. It was shown that plate elements based on absolute nodal coordinate formulation
reach the same result and convergence for pure bending loads. However, under shear deformation
loading, slow convergence due to shear locking occurred in the case of an original plate element.
Their numerical examples indicated that thickness locking (known also as Poisson locking) was a

problem for both of the plate elements based on absolute nodal coordinate formulation.

Raju and Kumar (2011a) employed higher order shear deformation theory with zigzag function to
investigate the transient analysis of composite laminated plates. Based on higher order shear
deformation theory, they developed an analytical procedure to investigate the transient characteristics
of different laminated composite plates. This function ensures slope discontinuities at the interfaces of
laminated composite plates. Nguyen, Lee and Cho (2016) presented a triangular finite element using
Laplace transform for viscoelastic laminated composite plates. They formulated a three-node
multilayered plate element based on the efficient higher-order plate theory. They employed Laplace
transform to reduce the integral form of the constitutive equation in the time domain to an algebraic
equation in the Laplace domain. The finite element discretization is only used in the spatial domain
since the time dimension is transformed to Laplace domain. The modified shape function developed by
Specht was applied and converted into Laplace domain in order to pass the proper bending and shear
patch tests in arbitrary mesh configurations. Although, their results show good performance but the
theory consumes a lot of computational time and resources. Sayyad and Ghugal (2012a) investigated
the bending and dynamic response of thick isotropic square and rectangular plates based on the
exponential shear deformation theory. Their theory was built upon the classical plate theory. The
exponential function in-terms of thickness coordinate in both the in-plane displacements u and v was
associated with transverse shear stress distribution through the thickness of plate. They gave their

function as shown in Equation (2.8):
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f(z) =Zexp [—2 (%)2] (2.8)
The displacement, refined shear deformation theory and exponential functions are used in terms of
thickness co-ordinate to include the effect of transverse shear deformation and rotary inertia. The
number of unknown displacement variables in the proposed theory corresponded to that of the first order
shear deformation theory. They obtained their transverse shear stress directly from the constitutive
relations satisfying the shear stress free surface conditions on the top and bottom surfaces of the plate,
hence the theory does not make use of shear correction factor. They also applied dynamic version of the
virtual work principle to obtain the governing equations and boundary conditions of the theory. Their
study considered simply supported thick isotropic square and rectangular plates. Their results were in

good agreement with those of previous scholars.

Goswami and Becker (2013) presented a new displacement based higher order element approach ideally
suitable for shear deformable composite and sandwich plates. The element showed rapid convergence,
an excellent response against transverse shear loading and does not require shear correction factors with
their selected functions for displacements and rotations for each node. It was completely lock-free and
behaved extremely well for thin to thick plates. The theory employed higher order displacement terms
in the displacement kinematics that made the element rapidly convergent and captured warping effects
for composites for each node. The considered element had eleven degrees of freedom per node. They
took into account shear strains (yx, and yy,) as nodal unknowns and also considered the effect of shear
deformation in their formulation. They also developed a Fortran code to implement the element and
various examples of isotropic and composite plates. Bouazza et al. (2016) used a two-variable simplified
nth-higher order shear deformation theory to investigate the free vibration behavior of composite
rectangular plates. They used Hamilton’s principle to derive their governing equation. They divided
their transverse displacement into bending and shear components; thus, the unknown variable is reduced
to four as against five or more in other plate theories. This gave rise to transverse shear stresses
satisfying free surface conditions. Their solution is variationally consistent, does not require shear
correction factors and uses nth-order polynomial term to represent displacement field, but a closed form
solution via Navier’s technique limits the applicability of the solution technique to simply supported

rectangular laminated plates.

Ghugal and Sayyad (2011a, 2011b) used trigonometric shear deformation theory to formulate flexure
of cylindrical bending of thick orthotropic plates by taking into account the transverse shear deformation
effect as well as transverse normal strain effect. Their displacement field contains three unknowns. The
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axial displacement field uses sinusoidal function in terms of thickness coordinate to include the shear
deformation effect. In order to include the effect of transverse normal strain, the cosine function in
thickness coordinates was used in transverse displacement. They applied the principle of virtual work
theory to obtain the governing equations and boundary conditions of the theory. Their results for static
flexure of simply supported orthotropic plates in cylindrical bending were compared with those of other
refined theories and elasticity solution of past scholars. Vaghefi, Baradaran and Koohkan (2010)
formulated a version of meshless local Petrov—Galerkin (MLPG) method to obtain three-dimensional
(3D) static solutions for thick functionally graded (FG) plates. They assumed the Poisson’s ratio to be
constant and considered Young’s modulus to be graded through the thickness of plates by an exponential
function. They used 3D equilibrium equations of elasticity to derive the local symmetric weak
formulation. They also used the 3D moving least squares (MLS) to approximate the field variables.
Moreover, they considered brick-shaped domains as the local sub-domains and support domains, which
made the integrations in the weak form and approximation of the solution variables easier and more
accurate. They introduced more nodes in the direction of material variation because of their approach
which considered the construction of the shape and the test functions. Consequently, solutions that are
more precise were obtained easily and efficiently. They considered several numerical examples
containing the stress and deformation analysis of thick functionally graded plates with various boundary
conditions under different loading conditions. Their results were in good agreement with the available

analytical and numerical solutions of the past scholars.

Rango, Bellomo and Nallim (2015) presented a variational Ritz formulation for vibration analysis of
thick quadrilateral laminated plates based on the trigonometric shear deformation theory. Their theory
does not require shear correction factor and also ensures shear stresses vanishes at the top and bottom
surface of the laminated plate. They applied geometric transformation and mapped out a square domain
in the computational space by using a general straight-sided quadrilateral domain as well as four-node
master plate. The use of Ritz gives a higher accuracy and faster convergence rate than some other
methods like finite element but the solution is very tedious and computationally expensive. Kim ef al.
(2009) employed two variable refined plate theories to investigate the buckling analysis of isotropic and
orthotropic plates. The theory does not apply shear correction factor, hence accounts for transverse shear
effects and parabolic distribution of the transverse shear strains through the thickness of the plate.
Governing equations were derived from the principle of virtual displacements. They used Navier
method to obtain the closed-form solution of a simply supported rectangular plate subjected to in-plane

loading. Numerical results obtained by the theory were compared with classical plate theory solutions,
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first-order shear deformable theory solutions, and available exact solution. It was ascertained that the

theory was simple and comparable to the first-order shear deformable theory.

Yang and He (2018) developed a new size dependent model which was used for bending, free vibration
and buckling analyses of anisotropic layered micro-plates. Their model satisfies the continuity
conditions of transverse shear stresses at the interfaces. The discontinuous transverse shear stresses
obtained from the constitutive relations were replaced with theirs using the Reissner’s mixed variational
theorem. This Reissner’s mixed variational theorem was employed to obtain the governing equations
and corresponding boundary conditions. Comparison with other works on this field shows that the
model can accurately predict the mechanical behaviors of the composite laminated plate, but composite
laminates are more difficult to delaminate with it when compared with the classical continuum theory.
Reddy (2014) formulated a new shear strain shape function which he applied in studying the bending
behaviour of exponentially graded material plates (EGMP). His concept was to predict the static bending
behavior of graded plates with stretching effect and was based on higher order shear deformation theory.
The theory satisfied the zero transverse shear stress conditions on the top and bottom surface of the
plates. His modulus of elasticity was assumed to vary exponentially through the thickness direction.
Hamilton’s principle was adopted when deriving his governing differential equations and boundary
conditions. He obtained Navier type closed form solutions for EGMPs subjected to bi-sinusoidal
mechanical loads, for simply supported boundary conditions. His obtained results were in good
agreement with the results of past scholars, especially when compared with well-known trigonometric
shear deformation theory. It was found that the theory was accurate and efficient in predicting the static

bending behaviour of exponentially graded material plates.

Sreehari and Maiti (2016) presented buckling and post buckling characteristics of laminated composite
plates with damage under thermo-mechanical loading. They applied inverse hyperbolic shear
deformation theory in their finite element formulation, which they used to analyze the effect of damage
in thin composite plates. Based on the concept of stiffness reduction, they employed anisotropic damage
formulation to simulate the damage. The solution is efficient and robust, but the variation in its
displacement increases for higher values of a/h, E;/E,, and a2/a1. Ghugal and Sayyad (2011b) studied
the free vibration of orthotropic thick plates by using trigonometric shear deformation theory. In their
work, the in-plane displacement field uses sinusoidal functions in terms of thickness coordinate to
include the shear deformation effect. They used the cosine function in terms of thickness coordinate in
their transverse displacement to include the effect of transverse normal strain. Their theory was very

unique and interesting because the transverse shear stress can be obtained directly from the constitutive
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relations satisfying the shear stress free surface conditions on the top and bottom surface of the plate.
Hence this theory does not require shear correction factor as used in Mindlin theory. Chikalthankar et
al. (2013) surmised refined plate theory in the analysis of an orthotropic plate. Based on the
trigonometric shear deformation theory (TSDT) they statically analyzed a simply supported thick
orthotropic flexural plate under uniformly distributed loading. They took into account transverse shear
deformation effect. Their theory satisfied stress boundary conditions on the top and bottom of the plate.
In this displacement-based trigonometric shear deformation theory, the in-plane displacement field uses
sinusoidal function in terms of thickness coordinate to include the shear deformation effect. Their results
for static flexural analysis of simply supported thick orthotropic plates for the case of uniformly
distributed loading were compared with those of other refined theories and exact solution from theory

of elasticity. It was observed that their results were in good agreement with them.

Thai and Kim (2011) used two variable refined plate theory to investigate closed-form solution for
buckling analysis of orthotropic plates. They satisfied the zero traction boundary conditions on the top
and bottom surfaces of the plate without using shear correction factors and also accounted for a quadratic
variation of the transverse shear strains across the thickness. They derived their governing equations
from the principle of minimum total potential energy. They employed the state space approach to the
Levy-type solution in obtaining the closed-form solutions of rectangular plates with two opposite edges
simply supported and the other two edges having arbitrary boundary conditions. The effects of loading
condition, boundary condition, and variations of modular ratio, aspect ratio, and thickness ratio on the
critical buckling load of orthotropic plates were investigated and obtained results were compared with
other theories and found to be in good agreement. Diveyev, Konyk and Crocker (2018) used an exact
elasticity solution for simple uniform bending and transverse loading conditions to predict the elastic
and damping properties of composite laminated plates. They employed a new stress analysis method
for the accurate determination of the detailed stress distribution in laminated plates subjected to
cylindrical bending. Their method does not rely on plate models assumptions and it is easily adaptive.
The effect of nonlinear variation of displacement, transverse normal strain-stress and transverse
deformations of each sheet of the lamina with respect to the thickness coordinate are incorporated in
their model. They carried out higher order modeling by employing a model developed for layered beams
for both damping caused by the shear strain in the core and damping caused by normal and bending

deformation. However, their solution did not consider maximum damping of sandwich structures.

Ghugal and George (2010) examined cylindrical bending of thick isotropic plates using trigonometric

shear deformation theory. They considered the effect of transverse shear deformation and their
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displacement field adopted sinusoidal function in terms of thickness coordinate that has only two
variables to include shear deformation effects. Their transverse shear stress was obtained directly from
constitutive relations which satisfied the shear stress free boundary conditions at top and bottom surface
of the plate. Hence there was no need for shear correction factor. The results obtained were compared
with those of classical plate theory, first order shear deformation theory, higher order and other refined
plate theories and found to be in good agreement with them. Nguyen-Van, Mai-Duy, Karinasena and
Tran-Cong (2011) investigated buckling and free vibration analysis of composite plate/shell structures
of various shapes, moduli ratios, span to thickness ratios, boundary conditions and lay-up sequences via
a novel smoothed quadrilateral flat element. They incorporated a strain smoothing technique into a flat
shell approach in the course of developing the element. Based on the integration along the boundary of
smoothing elements, they evaluated the membrane, bending and geometric stiffness matrices, which led
to accurate numerical solutions even with badly-shaped elements. Their results were found to be in good

agreement with other existing numerical solutions.

Ibearugbulem, Ezeh, Ettu and Gwarah Ledum (2018) analyzed the bending of a rectangular thick plate
using polynomial shape function in shear deformation theory. Their work was based on Ritz energy
method and only one boundary condition (CCCC) was considered. The transverse shear stress that
satisfied zero shear stress condition on the top and bottom surface of the plate and the total potential
energy equation of a thick plate were formulated from the principle of elasticity. Their results were in
good agreement with those of previous works. Although their solution did not derive its displacement
functions, thus; it was assumed and assumed displacement functions will yield assumed values. Enem
(2018) used Ritz energy method to analyze nonlinear isotropic rectangular thin plate. The worked is
limited to thin plate and considered twelve boundary conditions. The work applied Ritz energy method,
Von Karman’s nonlinear governing differential compatibility and equilibrium equation and polynomial
shear deformations. Their results were in good agreement with previous work although, their

displacement functions were not exact.

It can be stated here that most of the works reviewed so far are not cost efficient, applied assumed

displacement functions and also required lengthy computational time.
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The previous works that are closely related to the proposed study are summarized in Table 2.1.

Table 2.1: Summary of related works on rectangular thick anisotropic plate.

S/NO | SCHOLAR/YEAR TOPIC/RESULTS GAP
Authors did not use
Polynomial
Assessment of refined theories for |
displacement
buckling analysis of laminated plates.
) ) ] function in energy
They approximated the solution with the
) method. They used
finite element method. They handled the
_ ) ) finite element
same cases-study with different kinds of
) _ ) method and their
) plate finite elements. This provided some
1 Nali et al. (2011) o theory proved
guidelines and benchmarks useful for |
S . ) inadequate to model
identifying the most appropriate modelling
thick  plates  or
for each class of buckling problem. With .
multilayered plates
reference to Carrera’s unified formulation, ]
) o .. | composed of laminae
they obtained their finite element matricesin | )
with high orthotropic
compact form
ratio.
Comparison of two moderately thick Researchers did not
plate elements based on the absolute use polynomial
nodal coordinate formulation. Their displacement
analysis was based on a classical discrete function in energy
o Kirchhoff triangle in large displacement method. Their results
Matikainen et al.
2 (2009) framework of thin plate element for the sake | were limited to
of verification of the formulations and known analytical
numerical tests. They used the solutions.
comprehensive set of small deformation
static tests and eigen-frequency analyses to
accomplish their comparison.
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Table 2.1: continued

Yang and He
(2018)

Bending, free vibration and buckling
analyses of anisotropic layered micro-
plates based on a new size dependent
model. Comparison of the obtained results
with other work on this field showed that the
model can accurately predict the mechanical
behaviors of the composite laminated plate,
but composite laminates are more difficult to
delaminate with it when compared with the

classical continuum theory.

Authors did not use
polynomial
displacement
function in energy
method. They used
zigzag and re-
modified couple
stress theory based
on higher order
deformation plate

theory.

Badaghi and Saidi
(2010)

Levy-Type solution for buckling analysis
of thick functionally graded rectangular
plates based on the higher order shear
deformation plate theory. They employed
higher order shear deformation theory of
plate to derive equilibrium and stability
equations. Using Levy-type solution of
these equations, they solved for the
functionally graded rectangular plate with
two opposite edges simply supported under
different types of loading conditions. They
also carried out detailed studies and
discussion of the effects of power of
functionally graded material, plate
thickness, aspect ratio, loading types and
boundary conditions on the critical buckling
load of the functionally graded rectangular
plate.

Researchers did not
use Polynomial
displacement
function in energy
method. They used
Levy-type solution
based on higher
order deformation

plate theory.
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Table 2.1: continued

Bouazza et al.

A two-variable simplified nth-higher
order theory for free vibration behavior of
laminated plates. They used Hamilton’s
principle to derive their governing equation.
Their numerical results were compared with

data available in the literature to

show the accuracy and simplicity of the

Authors did not use
Polynomial
displacement
function in energy
method. Authors
used a two variable

nth-higher order

use of shear correction factor used in
Mindlin theory. They also presented a
variationally consistent exponential shear
deformation theory for the bi-directional
bending and free vibration analysis of thick

plates.

5 proposed theory in analyzing the vibration | shear deformation
(2017) frequencies of rectangular theory and
orthotropic and laminated composite plates. | Hamilton’s principle.
However, a closed form solution via | They considered
Navier’s technique limits the applicability of | only one boundary
the solution technique to simply supported | condition (SSSS)
rectangular laminated plates.
Free vibration of thick orthotropic plates | Researchers did not
using trigonometric shear deformation use polynomial
theory. They solved the transverse shear displacement
stress directly from the constitutive relations | function in energy
which satisfied the shear stress free surface | method. They used
conditions on the top and bottom surface of | trigonometric shear
Ghugal and
6 the plate. Their theory does not require the | deformation theory.
Sayyad (2011a)
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Table 2.1: continued

Evaluation of free vibration and bending
analysis of laminated composite and
sandwich plates using non-polynomial

zigzag models: C° finite element

Authors used finite
clement formulation
and their solution is
limited to a certain

degree of freedom

boundary conditions on the top and bottom
surfaces of the plate without coordinate
correction factors. Navier type solution
were also adopted in solving the governing
equations of simply supported square

orthotropic plates.

formulation. for which it can
. Sarangan and Their results were in good agreement when | analyze efficiently.
Singh (2017) compared with previous results of other
authors. However, just like first order shear
deformation theory, it possesses fewer
degree of freedom; hence, limited to a
certain degree of freedom for which it can
analyze efficiently.
Buckling and free vibration analysis of Researchers did not
orthotropic plates using exponential use Polynomial
shear deformation theory. The authors displacement
obtained the natural frequencies and critical | function in energy
buckling loads of orthotropic plates. Their method. They used
theory accounts for a parabolic distribution | exponential shear
Sayyad and of the transverse shear strain across the deformation theory
5 Ghugal (2014) thickness and satisfies the zero traction and considered only

one boundary

condition(SSSS)
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Table 2.1: continued

Exact levy-type solution for bending of
thick laminated orthotropic plates based
on 3d elasticity and shear deformation
theories. The solution did not give valid
results for symmetric/antisymmetric stress
distribution with respect to the mid-plane of
a symmetrically laid-up thick laminated
plate. That means, the assumed concept of
neutral plane is only true for thin to

moderately thick laminated plates.

Authors did not use
Polynomial
displacement
function in energy
method. They used
separation of
variables method and
a combined fourier
differential

quadrature approach

Atashipour et al. | Secondly, if the layup pattern were not with the three

’ (2017) appropriately chosen to the suitability of the | dimensional elastic
solution, the stresses at the free edge of theory. The solution
isotropic plate as well as stresses at the can accurately solve
edge-zones of laminated orthotropic plate thin and moderately
will change. Their numerical results were in | thick plate but
good agreement with the work of previous cannot solve thick
scholars and can be used as benchmark for | plate.
investigating the correctness of new
solution methods.
Exact characteristic equations for some Researchers did not
classical boundary conditions of vibrating | use Polynomial
moderately thick rectangular plates. The | displacement
authors studied three dimensional deformed | function in energy

Hashemi and
10 mode shapes together with their associated | method.

Arsanjani (2004)

contour plots obtained from the exact closed
form eigen-functions. They also studied the
effect of boundary conditions, aspect ratios

and thickness ratios on the eigen-frequency.
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Table 2.1: continued

Chinosi

(2017)

11

al.

Approximation of anisotropic
multilayered plates through Reissner
mixed variational theorem (RMVT) and
mixed interpolated of tensorial
components (MITC) elements. The
developed showed successful performances
in approximating the solutions of the
structures but does not compute the normal
stain &,, and normal stress g, in z

directions.

Authors did not use
Polynomial
displacement
function in energy
method. They used
principal of virtual
displacement and

Reissner mixed

variational theorem.

12 | Jametal (2012)

Non-linear bending analysis of
moderately thick functionally graded
plates using generalized differential
quadrature method. They derived the
governing system of equations that included
a system of thirteen partial differential
equations (PDE) in terms of unknown
equations based on the first order shear
deformation theory and Von Karman type
non-linearity, after which they employed the
Newton — Raphson iterative scheme to solve
the resulting system of non-linear equations
to obtain results for both displacement and

stress components.

Researchers did not
use Polynomial
displacement
function in energy
method. They used
generalized
differential

quadrature method.
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Table 2.1: continued

A new inverse hyperbolic zigzag theory
for the static analysis of laminated
composite and sandwich plates. Their
results were in good agreement with the
work of previous scholars. However, the
thick plates (i.e. for a/h = 2-5) are observed

to possess much higher transverse

Authors did not use
Polynomial
displacement
function in energy
method. They used
inverse hyperbolic

zigzag theory. The

Sangwai (2009)

incorporated laminate deformations, which
account for the effect of transverse shear
deformation. Their equation of equilibrium
was determined by applying the principle of

minimum potential energy.

Sahoo and Singh

13 (2013) deflections compared to moderately thick to | developed solution
thin plates (i.e. for a/h = 10-100) for each does not give
boundary condition. They attributed the accurate results for
deficiency to the effect of transverse thick plates.
flexibility of the core and shear
deformation, which are more pronounced in
thick plates compared to thin plates.
Higher order refined model with 9 degree | Researchers did not
of freedom for the transverse stress use Polynomial
analysis of antisymmetric angle ply displacement
laminated composite plates. They function in energy

” Swaminathan and | formulated theoretical model that method.
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Table 2.1: continued

A refined shear deformation theory for
bending analysis of isotropic and
orthotropic plates under various loading
conditions. Their theory involved two
unknown variables which satisfied the shear

stress free condition at top and bottom

Authors did not use
Polynomial
displacement
function in energy
method. They used

refined shear

theory on the kinematical approach in which
the shear was represented by a certain
sinusoidal function. The boundary value
problem was deduced from the virtual

power principle.

s Shinde et al. surfaces of the plates without using shear deformation theory
(2015) correction factors. They obtained closed (trigonometric
form solution by using double trigonometric | series). They
series that was suggested by Navier. The considered only one
authors only considered a simply supported | boundary condition
isotropic and orthotropic plate subjected to | (SSSS)
sinusoidally distributed, uniformly
distributed and linearly varying loads.
An efficient standard plate theory. The Author’s shape
author solved for cosine shear stress function is
distribution and free boundary conditions £(z) = E sin nz
for shear stress upon the top and bottom T h
surfaces of the plate. His solution does not and is different from
16 Touratier (1991) | require shear correction factor. He based his the present proposal.

Trigonometric shape
function is difficult

to handle
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Table 2.1: continued

17

Rakocevic et al.

(2017)

A computational method for laminated
composite plates based on Layerwise
theory. The convergence and numerical
stability of the output variables depends on
the changes in the side to thickness ratio
b/h and modulus ratio E1/E2. Thus,
increase in the ratio of b/h introduces
numerical instability to the displacement of
the solution. This instability starts from b/h
> 5 and grows to infinity when b/h = 40 and
above. They attributed the cause of the
instability to the accumulation of numerical
errors and suggested introduction of
additional conditions for displacement v on
the edge y=0. Also, in the cases of higher
aspect ratio of the plate a/b and cases of
small values of the modular ratio el/e2, the
coefficient matrix obtained by applying the
equation shown is singular; thus the value

of output variables cannot be obtained.

Researchers did not
use Polynomial
displacement
function in energy
method. They used
Layerwise
(double

trigonometric series).

theory

18

Chikalthankar et
al. (2013)

Analysis of orthotropic plate by refined
plate theory. This theory takes account of
shear deformation effect and also satisfies
stress boundary conditions on the top and
bottom of the plate. It considered static
flexural analysis of simply supported thick
orthotropic plates under uniformly

distributed loading.

Authors considered
only one boundary
condition, (SSSS).
They used
trigonometric shear

deformation theory.
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Table 2.1:

continued

Gunjal et al.

Buckling analysis of thick plates using
refined trigonometric shear deformation
theory. The authors used only two
unknowns against three in first order

deformation theory and other higher order

They used refined
trigonometric shear
deformation theory
and considered only

one boundary

transverse shear deformation and rotary
inertia. Their theory satisfied the shear
stress free surface conditions on the top and
bottom surfaces of the plate, hence does not

require shear correction factor.

19
(2015) theories. Their transverse displacement condition (SSSS).
involved bending and shears components.
They considered only simply supported
isotropic rectangular plate subjected to
uniaxial and biaxial compression.
Researchers did not
Bending and free vibration analysis of )
use Polynomial
thick isotropic plates using exponential )
displacement
shear deformation theory. The authors o
function in energy
used refined shear deformation theory and
] o _ method. They used
exponential functions in terms of thickness _
Sayyada and exponential shear
20 co-ordinate to account for the effect of ]
Ghugal (2012a) deformation theory.

Authors considered
only one boundary
condition (SSSS) for
both square and

rectangular plate.
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Table 2.1: continued

Bending behaviour of exponentially
graded material plates using new higher
order shear deformation theory with
stretching effect. He formulated a new

higher order shear deformation theory by

Author did not use
Polynomial
displacement
function in energy
method. He used

shear strain shape

not require shear correction factor. They
compared their results with those of
classical plate theory, first order shear
deformation theory, higher order and other
refined plate theories to validate the

accuracy of their method.

21 Reddy (2014) assuming modulus of elasticity to vary
exponentially through the thickness function (new higher
order shear
direction. His theory satisfied the shear
deformation theory).
stress free condition at top and bottom
surface of the plates without applying shear
correction factors.
Cylindrical bending of thick isotropic Researchers did not
plates using trigonometric shear use Polynomial
deformation theory. They employed displacement
constitutive relations to obtain transverse function in energy
shear stress which satisfied the shear stress | method. They used
free boundary conditions at top and bottom | trigonometric shear
Ghugal and ) )
22 surface of the plate. Thus, their model does | deformation theory.
George (2010)
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Table 2.1: continued

Linear and non-linear deflection analysis
of thick rectangular plates using finite
differences. He formulated a model that
was more efficient than the former methods
used for the computation of linear
simultaneous equations for small and large

deflection analysis of thick plates. The

Researcher did not
use Polynomial
displacement
function in energy
method. He used
finite differences

method. Only two

stress conditions at top and bottom surfaces
of plates without using shear correction
factor. Hence, they determined closed form
solution using double trigonometric series

suggested by Navier.

23 Bencharif (1992) | method was employed to investigate the boundary conditions
deflection behaviour of square clamped and | were considered.
simply supported square isotropic thick
plates and he later extended it to rectangular
thick plates by providing more detailed
functions satisfying the rectangular mesh
sizes generated automatically by the
programme.

Bending, vibration and buckling of Authors did not use
laminated composite plates using a Polynomial

simple four variable plate theory. They displacement

used four unknown variables rather than function in energy
usual five unknown variables as used in first | method. They used
order theory and many higher order refined trigonometric

24 Say(};(l)cl ;t at theories. The theory satisfied the zero shear | shear deformation

theory.
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Table 2.1: continued
Buckling analysis of thick isotropic plates | Researchers did not
using exponential shear deformation use Polynomial
theory. Their theory accounted for a displacement
parabolic distribution of the transverse shear | function in energy
strains across the thickness and satisfied the | method. They used
Sayyad and ) N .
25 zero traction boundary conditions on the top | exponential shear
Ghugal (2012b) ) )
and bottom surfaces of the plate without deformation theory.
applying shear correction factors. They Authors considered
solved for a closed form solutions for only one boundary
buckling analysis of simply supported condition (SSSS).
square plates only.
Static free vibration and buckling Authors did not use
analysis of anisotropic thick laminated Polynomial
composite plates on distributed and point | displacement
elastic support using a three-dimensional | function in energy
layer-wise finite element method. They method. They used
Setoodeh and ) ) )
26 conveniently and accurately implemented finite element

Karami (2004)

various mixed boundary conditions. They
developed models and studied the effects of
shear deformation for moderately thick and
thick plates with respect to various mixed

boundary conditions.

method.
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Table 2.1: continued

27

Thai and Kim
(2011)

Buckling analysis of orthotropic plates
based on two variables refined plate
theory. The theory accounts for a quadratic
variation of the transverse shear strains
across the thickness, and satisfies the zero
traction boundary conditions on the top and
bottom surfaces of the plate without using
shear correction factors. The authors
employed Levi-type solution to obtain
closed-form solutions of rectangular plates
with two opposite edges simply supported
and the other two edges having arbitrary
boundary conditions. They investigated and
obtained results for the effects of boundary
condition, loading condition, and variations
of modulus ratio, aspect ratio, and thickness
ratio on the critical buckling load of

orthotropic plates

Researchers did not
use Polynomial
displacement
function in energy
method. Only one
boundary condition

case was considered.

28

Sayyad et al.
(2013)

Bending and free vibration analysis of
isotropic plates using refined plate
theory. They investigated the realistic
variation of the transverse shear stress
through the thickness and also satisfied the
shear stress free surface conditions at the
top and bottom surfaces of the plate. The
theory does not require shear correction
factor. They solved for only simply
supported thick isotropic plate.

Authors did not use
Polynomial
displacement
function in energy
method. They used
trigonometric shear
deformation theory.
Only one boundary
condition (SSSS)

was considered.

46



Table 2.1: continued

A two variable refined plate theory for
orthotropic plate analysis. Their solution
have only two unknown functions as against
three in the case of simple shear
deformation theories of Mindlin and
Reissner. Unlike the first order shear

deformation theory it does not apply shear

Researchers assumed
their displacement
functions. Their
shape function is
different from the
proposed shape

function.

solved for static flexure of simply supported
orthotropic plates in cylindrical bending

only.

29 Shimpi and Patel | correction factor. Their transverse shear
(2006) stresses varied parabolically across the
thickness satisfying shear stress free surface
conditions. They obtained results for plate
with various thickness ratios. Their shape
function is given as:
1,zy 5 /z\?
f@a=3G-30

Cylindrical bending of thick orthotropic | Authors did not use
plates using trigonometric shear Polynomial
deformation theory. Their transverse shear | displacement
stresses were obtained directly from function in energy
constitutive relations and satisfied the shear | method. They used
stress free boundary conditions at top and trigonometric shear
bottom surface of the plate. Thus, their deformation theory.

30 Ghugal and model does not require shear correction Only one boundary

Sayyad (2011b)

factor. They used the principle of virtual condition was
work to obtain the governing equations and | considered (SSSS).
boundary conditions of the theory. They Trigonometric

function is difficult
to handle with
respect to

integration.
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Table 2.1: continued

Vibration equations of thick rectangular
plates using Mindlin plate theory. They
determined plate mode shapes for different

cases. The effect of changes in boundary

Researchers did not
use polynomial
displacement

function in energy

closed-form solution of a simply supported
rectangular plate subjected to in-plane

loading using the Navier method.

31 Sadmejad et al. conditions, size ratio and thickness of method. Only single
(2009 vibration behavior of rectangular steel plate | boundary condition

were presented. Their results were exact and | case was considered
can be used as a proper criteria to evaluate | (SCSF).
the error value of approximate methods.
Elastic/plastic buckling of thick plates of | Authors did not use
rectangular and circular shapes. They Polynomial

32 | Wanget al. (2001) | established that deformation theory gives displacement
consistently lower values of buckling stress | function in energy
factor. method.
Buckling analysis of plates using two Researchers did not
variables refined plate theory. The theory | use Polynomial
does not require shear correction factor and | displacement
at the same time solves for transverse shear | function in energy
effects and parabolic distribution of the method. They used

33 Kim et al. (2009) | transverse shear strains through the refined plate theory.
thickness of the plate. They obtained a Only single

boundary condition

case was considered.
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Table 2.1:

continued

Wang and Aung

Plastic buckling analysis of thick plates
using Ritz method. They used Mindlin
plate theory to solve for transverse shear
deformation in thick plate. They also used

incremental and deformation theory of

Authors did not use
Polynomial
displacement
function in energy

method. They used

of strips to obtain more efficient result.
They employed the method to investigate
the local instability of thick isotropic plates
under compression and shear with different

boundary conditions.

34 (2007) plasticity to obtain the plastic buckling Ritz method.
behaviour of the plate. Finally, they
employed Ritz method to obtain the
governing eigenvalue equation for the
plastic buckling of uniformly stressed plates
with edges defined by polynomial functions.
Local buckling analysis of thick Researchers did not
anistropic plates using complex finite use Polynomial
strip method. They determine the local displacement
buckling behavior by subjecting square and | function in energy
' long thick plate to compression bending and | method. They used
35 Ahari and shear stresses. They increased the number complex finite
Kassaei (2004)

element method.

From Table 2.1, one can observe that the previous authors did not solve thick plate problem by the
proposed polynomial displacement functions in energy method. They assumed their displacement
functions and based their analyses mostly on double Fourier series, exponential shear deformation
functions, generalized differential quadrature, Finite element approach, etc., However, the assumed
displacement functions yielded assumed values, also the methods that have been used by previous
authors are very difficult, time consuming and require more funds; hence, the justification of this
proposal to address this problem under the title; Analysis of thick anisotropic plate through exact

approach using third order shear deformation theory.
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CHAPTER THREE

METHODOLOGY
3.1 Formulation of total potential energy functional for a thick anisotropic

rectangular plate

The total potential energy functional for a thick anisotropic rectangular plate has been formulated as

shown in sections 3.1.1 to 3.1.5.
3.1.1 Assumptions
This work is based on the refined plate theory assumptions as stated below:
i.  The displacements, u, v and w are small when compared with plate thickness.

ii.  The in-plane displacements, u and v are differentiable in X, y and z axes, while the out-of-plane
displacement (deflection), w is only differentiable in x and y axes. This means that the first

derivative of w with respect to z is zero. Consequently the vertical strain, &, = 0.

iii.  The effect of the out-of-plane normal stress on the gross response of the plate is small when

compared with other stresses. Thus, it can be neglected. That is, 5, = 0.

iv.  The vertical line that is initially normal to the middle surface of the plate before bending is no
longer straight nor normal to the middle surface after bending. The line is now parabolic. That
is, ¢ # Oc. where ¢ is the total rotation of the middle surface in this case and 6. is the classical

plate theorem rotation of the middle surface.

Figure 3.1 has been relied upon in formulating the direct governing equation for an anisotropic thick

plate under pure bending.
3.1.2 Displacement field

The refined plate theory (RPT) in-plane displacements, u and v are defined mathematically from Figure
3.1 as presented in Equations 3.1 and 3.2.

U=1u;+ U (3.1)
V=14 v (3.2)
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Figure 3.1a: Deformed rectangular plate showing section A-A and B-B
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Figure 3.1b: Deformation of a section of a thick plate
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Where:
CPT: Classical Plate Theory

o: Total rotation of the middle surface
Bcx and .,,:  Classical plate theorem rotation of the middle surface.
O5x and O5,,:  Angle between the CPT deformation line and the shear deformation line.

uc and ve: In-plane displacement due to classical plate theory.

us and vs: In-plane displacement due to shear deformation theory.

Where u and v are the in-plane displacement in x direction y direction respectively, and the out of
plane displacement (deflection) is taken as “w”.

The classical part of the in-plane displacements u. and v are defined in Equations 3.3 and 3.4.

dw

U, = —Zecx = —ZE 3.3
dw

v = —20 = —ZE 3.4

Analogously, the shear deformation part of the in-plane displacements us and vs are defined in

Equations 3.5 and 3.6.

Us = F(2)0sx 3.5
Vs = F(2)0sy 3.6
Where F(z) is the shear deformation profile is defined in equation 3.7a.

4 73 4 (792
F(Z):Z—g.t—ZZZ(l—g[Z]) 3.7a

In non-dimensional coordinate (S = z/ t) term, the shear deformation profile is defined as shown in

Equation 3.7b.

4
F=F(s)= t(S —553) 3.7b
That is:
F=tH 3.7c
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Where:

4
H=S—§S3 3.7d

Adding Equations 3.3 and 3.5 gives Equation 3.8a.
ow
u= —Za+F(z).Q)x 3.8a

Adding Equations 3.4 and 3.6 gives Equation 3.8b

ow

=—Z
v 3y

+ F(2).9, 3.8b

In terms of non dimensional coordinates (R = x/a, Q = y/b and S = z/t) and aspect ratio (p = b/a),

Equations 3.8a and 3.8b are rewritten as expressed in Equations 3.8c and 3.8d.

—t[SaW+H (D] 3.8
u=- IR a.9, 8¢

=t Saw H 3.8d
U—@[— %4— aﬁ.(by] .

3.1.3 Strain - displacement relations (kinematic relations)

The strain — displacement relations suitable for small deflection of thick anisotropic rectangular plates
are considered. From the second assumption in section 3.1.1, the vertical strain &, is equal to zero. Thus,
the remaining five engineering strain components are derived by differentiating Equation 3.8a and 3.8d
with respect to x and y appropriately. For normal x and y axes strains, it is obtained as expressed in

Equation 3.9 and 3.10.

_Ou_ ou ¢t 62W+H G 29
R = 9x T @R~ az| " orz T %R '

_v_ v _ ot [ o'w 09, 310
% = 3,7 apag 22| S agz T3 '

For the two x-y complementary plane shear strains, it is obtained as expressed in Equations 3.11a
and 3.11b.
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_Oou_ du _t Sazw T H a4, ] 311
R0 = 3y T apaQ  paz| “oRAQ T 8Q | L

v vt S 2*w o H 0¢y' 311h
fr = 5% = wor _ paz| °arag T 1P| '

Adding Equations 3.11a and 3.11b gives the x-y engineering plane shear strain as expressed in

Equation 3.11c.

¢ 0%w g, 04,
}/RQ = (gRQ + gQR) = Baz _ZSaRaQ + Ha. %-l'ﬁﬁ 3.11c

For the two x-z complementary plane shear strains, it is obtained as expressed in Equations 3.12a

and 3.12b.

_au_ au_l (’)w+ BH(Z)] 312

RS T 97 tas al orR " %as x ed
ow 1 dw

= = - — 3.12b

&k " 9x a OR

Adding Equations 3.12a and 3.12b gives the x-z engineering plane shear strain as expressed in

Equation 3.12c

}/RS = &rs + ESR- That is:

0H
}/RS :£®x 3.12¢

For the two y-z complementary plane shear strains, it is obtained as expressed in Equations 3.13a

and 3.13b

_(')v_ 617_1 6w+ (’)H¢] -
%5 = 5,= w5z Bal 2 TP%%s % od

_aw_ 1 ow 3.13b
gSQ_ay_BaaQ .

The y-z engineering shear strain is the summation of the two complementary shear strains of

Equations 3.13a and 3.13b.

}/QS = ‘9QS + gSQ' That is:
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0H

7/QS =ﬁ.(2)y 3.13¢

3.1.4 Constitutive relations (Stress — Strain Relations)

The work applies Hook’s and Poisson’s theorems to obtain the stress - strain relations. It also makes
use of only five stress components (Gx, Oy, Txy, Txz and Ty,) and corresponding five strain components

(Tyz, €x,Yxy> Yxz» and vyy,) as shown in Equation 3.14 to 3.18.

01 %

—_ — — 3.14
&1 E, ,“21E2
01 03
= — — + = 3.15
& H1o E, E,
= 1 3.16
&3 _612 .03 .
1
84_ :G_13 0-4 3.17
! 3.18
e = —.0 .
5 G 5

From the theory of elastic anisotropic plate, transformation engineering strain components from

global to local coordinate systems is as expressed in Equation 3.19.

[o2)

53 = [T] |yxy“ 3.19
yyz

Again, the engineering strain vector and strain tensor vector are related as shown in Equation

3.20.

gx 1 0 0 0 O g gx
[0 10 0 o
Vay _Io 0 2 0 0]l&ny|=[a] exy 3.20
lyxz‘ 00 2 ol sxz‘ { ‘
Vyz [o 0 0 o 21le,

Rearranging Equation 3.20 gives Equation 3.21.
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8 8

rxy‘ [A]7T r/xy‘ 3.21
yxz
Yyz

Substituting Equation 3.20 into Equation 3.19 gives Equation 3.22.

€1

52
[ = [T][A] |gxy“ 3.22
[54 sz

Es gyz

Substituting Equation 3.21 into Equation 3.22 gives Equation 3.23.

&1 €x
&2 €y
= [T][AI[A] ™ [Vxy 3.23
&g Vxz
|-5 SJ |.Vsz

In the same way, stress components are transformed from global to local coordinate as shown in

Equation 3.24.

[91] [ Cos Sin%6 2Cos0 Sinf 0 0 ][O'X]
| o2 | Sin? 9 Cos?0 —2Cos0 Sinb 0 0 Oy
|03| [— CosH Sin® CoS6 Sind (Cos20 — Sin?0) 00 ||% 3.24
1| |[ 0 0 CosO Sin9J| Txz
05 0 0 0 —Sin® Cos6 Tyz

From Equation 3.24 we obtain Equation 3.25

Oy
Oy
A Txy 3.25
Txz
Tyz

Where m = cos(08) and n =sin(0) all angles in radians

L] 0

2mn 0 0

op) n> m? —2mn 0 0
O'J= -mn mn ((m?-n?) 0 0
m n

0 -n m

Equation 3.25 can be simplified as shown in Equation 3.26
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01 Ox
A
o3| =[T] |Txy 3.26
[0-4 Txz
Os Tyz
Where
[m? n? 2mn 0 0]
n?> m? —2mn 0 0
[T]=|-mn mn ((m?-n? 0 0 3.27
0 0 0 m n
0 0 0 -n m

Rearranging Equation 3.26 gives Equation 3.28

Ox (o]

-

Txy| = [T]_l O3 3.28
Txz [0-4J

Tyz Os

Equations 3.14, 3.15, 3.16, 3.17 and 3.18 are summarized in matrix form as shown in Equation

3.29

e [ VEL  —Ha/E 0 0 0] (o1
[52] |—u12/E1 1/E, 0 0 0 | | 02|
&l = 0 0 1/G4, 0 0f.]o3 3.29
[54J 0 0 0  1/Gys oJ 0y
& 0 0 0 0 1/Gy3l 05
Equation 3.29 can be simplified as shown in Equation 3.30
[51] 01
&2 %)
&= [E] L] o3 3.30
&y Oy
|.55J Oy
Solving Equation 3.29 gives Equation 3.31
oy E; E; . pip 0 0 0 &
o 1 Ey.p2n E; 0 ) 0 0 |& |
osl=7———| 0 0 Gz 0 0 |.|es 3.31
[0'4J - #12#21[ 0 0 0 Gyis' 0 J &4
s 0 0 0 0 Gys'l 5
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Equation 3.31 can be simplified as shown in Equation 3.32

(o] [El-l
. f]

O3 = [E]-l%‘
N
Os &g
Where:

G12* = G12(1 — py2p21)
G13* = G13(1 — py2p21)
623* = G3(1 — pyap21)

Substituting Equation 3.32 into Equation 3.28 gives Equation 3.36

Oy &
2]
|Txy| = [T]" [E].|&s

Oy &y
Ty | = [T]7* [E]. [A]T][A] " | Vay
TXZ y,xZ
TyZ yyz

But from transformation engineering strain we have Equation 3.38:

[AL[T].[A]7 = [T]77

Substituting Equation 3.28 into Equation 3.37 gives Equation 3.39

Gx
1]
lzxyl [T [E].[T]T 7;xy
o) v,

Equation 3.39 can be simplified as shown in Equation 3.40

3.32

3.33

3.34

3.35

3.36

3.37

3.38

3.39
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Where:

[EE] = [T]7* [E].[T]™T

E; E; .y, 0 0 0
1 Ey .t E, 0 0 0
[E]l=——| O 0 Gi,° 0 0
1- Hi2U21 0 0 0 613* 0

0 0 0 0 G,3"

Equation 3.42a can be simplified to obtain Equation 3.42b

[En Eis 0 0 0 ]
1 Eyy  Eyy 0 0 0
1 — pab21 0 0 0 Ey, 0
0 0 0 0 E

55

Equation 3.42b is rewritten as expressed in Equation 3,42c

di1 dyp 0 0 0

[E]=—] 0 0 dsz; O 0
1— pyopz, 0 0 0 dus 0

0 0 0 0 d

55

3.40

3.4

1

342a

3.42b

3.42c

The values of elastic moduli (E) can be substituted as shown in Equation 3.43 to Equation 3.49

Eyy = E; and dyy = Ey4/E

Ey; = Ez .1y and dy; = Eq13/Eq

Eyy = Ey . pip1 and dyy = Epq /E

Ey; = E; and dy; = Ep/Eq

E3s = G12(1 — puyaptz1)  and dss = Es3/Ey

Eypp = Gi3(1 — pyapn1) and dyy = Egu/E

3.43

3.44

3.45

3.46

3.47

3.48
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Ess = Gp3(1 — pgapp1) and dss = Ess/E, 3.49

Substituting Equations 3.27 and 3.42 into Equation 3.41 gives Equation 3.50

Bi1 By Bis 0 0
E, By By B3 0 0
H12H21[ 0 0 0 Bus 0
0 0 0 0 Bss
Where the following values of ‘B’ can be defined from anisotropic principle as shown in
Equation 3.51 to Equation 3.59:
Bll = m4d11 + Zmznz(dlz + 2d33) + n4d22 351
B12 = dlz(n4 + m4) + mznz(dll + dzz - 4‘d33) 3.52
BZZ = n4d11 + Zmznz (dlz + 2d33) + m4d22 354
Bz3 = mn3d11 - m3nd22 + (m3n - mn3)(d12 + 2d33) 356
B33 = mznz(dll - 2d12 + dzz - 2d33) + d33(m4 + TL4) 357
By = B1s, B3 = Byz and Bz; = By3
B55 = d55 359

Substituting Equation 3.50 into Equation 3.40 gives the expressions of Equations 3.60 to Equation 3.64.

E,
(o) —  (Byy .6 + B, ., + B 3.60
X 1 Lol ( 11 - & 12 - &y 13 - ny)
E,
O-y le'uz:[ (BZI gx + BZZ Sy + 323 yxy) 3.61
E,
Txy le'uz:[ (B31 Sx + B32 Sy + B33 yxy) 3.62
B 3.63
Txz = 1— gtiyy 44+ Vxz :

60



Eo

T ————————————————
1— pi2U21

yz = Bss. Vyz 3.64

Substituting Equations 3.9, 3.10 and 3.11c¢ into Equation 3.60 gives Equation 3.65

Eot (B [ TV oy a¢"]+B“ [ 562W+H ﬁad)
OR =7 . =S a—|+—= .|-S=—
SR FITNTIN Pl OR? oR | B2 902 20
B3 0w g, ag,
+=5 |25 3r5g + He 6Q+ﬁ.ﬁ 3.65

Substituting Equations 3.9 and 3.10 into Equation 3.25 gives Equation 3.66

Eot (B [ 562W+H (')(I)] B,, [ 562W+H ﬁa(l)
Og =77 |- . —
1 nghyJa2 ] T 0R? B 7 aQ? aQ
$ B g O e (Ve ¢ 3.66
5 | "*5orag "%\ 30 TF R '
Substituting Equation 3.11c into Equation 3.26 gives Equation 3.67
Eot <B [ 562W+H a¢]+332 [ SaZW+Hﬁ6¢y
TRg =7 =S — . [-S=— af.—
RQ [1 _ P-nyyx]az 31 9R? ‘32 QZ aQ
$B [y 0w ad) a0 ad) 3.67
B orag ' % B3R '
Substituting Equation 3.12c into Equation 3.27 gives Equation 3.68
Trs = —— . By |==|- =———— By |— =] .
RS 1- Hxy Hyx 44 N * [1 - P-xyp-yx]a2 " t as *

Substituting Equation 3.13c into Equation 3.28 gives Equation 3.69

Eo

Eot a’? oH
3.69

0H
Toe = —|g,=—" —.—.
®73 (3510 = oy e P [T 3]0

- P-xyp-yx.
3.1.5 Total potential energy functional

The average strain energy of the thick plate is the indefinite summations of the average dot products of
the strain and their corresponding stress components in the domains of x, y and z. That is: the general

expression for the strain energy is as expressed in Equation 3.70a.
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0.5t

ab

1

- E.[ J f Oxex + Oyey + By xy F Ty, + TyZsz) dx dy dz 3.70a
0 0 -0.5t

In terms of the non dimensional coordinates, R, Q, and S, Equation 3.70a is written as Equation 3.70b

11
_abtjf
2

00

The products of engineering strains and their corresponding stresses were multiplied together. That is,

.5

0
f (GRSR + GqQéq + TRQ'YRQ + TRSYRS + TQSYQS) dR dQ ds 3.70b
-0.5

Equation 3.9 multiply by Equation 3.65 to give Equation 3.71

E,t2 azw)z 92w 90 <a¢ >2
cpe, =———— | By . |S%2|—) —2SHa.—— . —X + H2%q?%. [ =X
FR T = wyyhyu]a® ( 1 [ <6R2 dR2 " OR R

LB ?>w \* SHad?w 09, 9*w 99, 90, 9,
BZ .[SZ (aR 6Q> — 590230 _SHaBZW'ﬁ-FHZaZ.B-%'ﬁ
B3 0w 9*w g, ag, %w 99,
+7'[2526R6Q'W_SH (aQ p. ) aRZ_ZSH dRIQ AR
og, 04, 9o,
+H2a2_<%+ﬁ ) 3R ) 3.71

Multiply Equation 3.10 by Equation 3.66 gives the expression of Equation 3.72
2
E,t? B,, <62 ) 9w 09, (6¢ )
Goég = —————— 52 — 2SHa + H?a?p% (==
ee [1— pyyhyx]at’ ([)’4 0Q? F-a02 202" 0Q p aQ

821 0%w 20, 9%w %w 0¢ 0. 00
|s2 — SHa.—X.2— _SHaB.— . —2 + H2a?B.—% 2
2 [ (aR a0 ar a0z SHB-Gpz 50 TH B3R 50

Bz3 252 0*w 0%*w o 09, a4,\ a?w 2SH 92w 09,
a [ dROQ Q2 '(%J’ﬁ'_)'a_oz_ "9RAQ " 9Q
29, ¢ a9,
H%q? 3.72
Hah < a0 " > aQD

Multipling Equation 3.11c by Equation 3.67 gives the expression of Equation 3.73
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E t2 Bs; , 0w 0*w a4, 99, 8%w
oo = o p]at ?.[25 'aRaQ'W_SHa'(%JFﬁ'W)W
aona 0 e (Y ) 2
#02 Jast 2 S st (5.5 ) S - 2swap. e 2
+H2a23.<%+3.%>.%]

2
Bjs , [ °w 0*w 9¢, 9*w 09,
CEN — 2SHa. . .
t 5|4 <aRaQ “\3ra0 30 T Parag ar

3, \* 8¢, 99, 99,\”
+H2a2.<(%> + 2 %ﬁ-l_ﬁZ(ﬁ)

Multiply Equation 3.12¢ by Equation 3.38 gives the expression of Equation 3.74a

Eot a? [ay]z 2
T =——— Bu.—.|—| .
RSVRs (1= iy Hyx] @2 44"+ 3s Dy

Equation 3.74a can be rearranged to obtain the expression of Equation 3.74b

_ Eot? , a\? [0H)?
wss = [P () Las]

Multipling Equation 3.13c by Equation 3.69 gives the expression of Equation 3.75a

Tos7ps

_ Eot B a? 6H]2 5.2

Rearranging Equation 3.75a give the expression of Equation 3.75b

2

B Et? , a\? [0HT?
wotes = [ e (0) (3] -0

Summing Equations 3.71, 3.72, 3.73, 3.74 and 3.75 gives the expression of Equation 3.76a

3.73

3.74a

3.74b

3.75a

3.75b
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_ Eot? 2 92w 90, (90,
O.&E = uxyuyx]a4{ [ 6R2 — 2SHa. W E-FH a <ﬁ)
B12 2w SHa62W a9, ﬂzaz_w %_I_ ) Zﬁ% o,
t 57 aR aQ B 902 3Q dR? " OR 90 " 0R
(B [y Pw 0w %+ﬁ% W s g 2w O
B aRaQ "9RZ 20 oR ) 9RZ  “7""“3RAQ oR
+H22(%+ﬁ ¢) a(l;]
[ 2,0\ 2 2, 0 9b \2
+%. s? (%) — 2SHap. ZQVZ 6¢Q + H?a2p2. ((%) ]
B21 [ , [ 0*w 2 ¢, 0%*w 9%w 09, , 5, 00, 00,
,32 .-S ((’)R aQ) —SHa.ﬁ.a—QZ—SHaﬁ.W.%+H a 'Bﬁ%
Bas [y 2w 0w _ %+ﬁa¢ _astap. 2w %y
B3 | BRQ 9Q? 90 aQZ "9RAQ " 90
0 d
+H2a2ﬁ'<a%+ﬂ' aiy). adg]
B31 , 0*w 9%w 90, a9, 3w 09,
ﬁ .25 aRaQ W_SH %+ﬁ aRZ - 28 aaRaQﬁ
a0 ¢ 20,
2,2 | _"™x
+Ha.(aQ+ﬁ BR) OR]
2 2 K 0 2y 0
+B—332.[252 07w 07w —SHa (i+,8.i>.——ZSHaB. o"w &
B 9ROQ 302 90 9R ) 902 9ROQ " 3Q
a0, 00\ 9¢
2,2 4
+Ha ﬁ<6Q+B ).aQ]
B33 , [ *w *w 09, a*w 09,
g |4 (6R6Q> ~ 25Ha. <aRaQ' 30 TP 3ra0 3R
3,\> _ 99, 99, 99,\* a\? [9H7?
+H2a2.(<%> +2,3%.ﬁ+,32.(ﬁ> ++aZB44-(?) R .0
a2 [0H1
+a2855_(?) [65 .0, } 3.76a

Collecting like terms in Equation 3.76a gives Equation 3.76b
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Eot? , (92w’ 2w 90, (30,
0. = m{Bll [S (aRZ ZSHCIW E-FH a. ﬁ

Bi, |, 0°w\" SHad?w 09, ,0%w 89, 09, 8¢,
+F._S (BR aQ) - ’8 BQZBQ - HaB Wﬁ‘l‘ ﬁ%ﬁ_
By [, 02w\’ 30, 9%w 9%w 09, 30, 99,
+F . _52 (aR aQ) —SHa.ﬁ.a—QZ—SHa .W.%+H2a2ﬁ.ﬁ.%
Bis '252 9%w 9%w SHa a4, ag, - 02w 0o,
*5 '|*° 9roQ Rz~ <%+ﬁﬁ>ﬁ_ Hegra0 R
4, 8,\ 99,
e (G407 o]
1331 g2 92w 92w . a¢x 0¢ . 9w 00,
oraq arz _SMa\50 TF 3 6R2 “9R0Q OR
0, 0.\ 99,
+H2a2.(%+ﬂ aR) aR]
B,, 9w\’ 9%w 09, 99,\”
+F.[52 (a_Q2> —ZSHCL,B aQZ BQ +H2 2[;2 (%)
LB [, 0w w04, 09, sstiag. LW 09,
D [ 9R0Q Q7 (%+3—> 907~ 2% R0 30
d¢ a¢,\ 90
2,42 X y y
e (2 1. 25) 28]
B, )52 0*w 0%*w sHa 09, a9, _asH a*w 09,
+F'[ "9RAQ 9QZ (aQ 4. > 202 %-3r80 30
op, 09\ 99,
+ H?a 23<6Q+B )'BQ]
£ 5 |gor (W) gy (LW 00y | p 00w 09,
57 ara0) ~ 1%\ 3ra0 30 t P arag ar
30,\> _ 99, 99, 99,\* a\2 [9H7?
+H2a2.(<%> +2,3%.ﬁ+,32.(ﬁ> ++aZB44-(?) R 0,7
a2 [0H71*
+a2B55.(?) [as .0, } 3.76b

Simplifying Equation 3.76b gives the expression of Equation 3.76¢

Note; B;; =Bj3;, B33 =Bj3, By =Bs;
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_ Eotz B SZ 62W 2SH aZW ad)
T = monaat | ] \or? “3R? R

P-xyuyx
B )52 92w \° SHad?w a9, . 262W 29,
T 57 aRa0) ~ B a0z a0 M Rz R T
9%w 09, , . 00, 00,
—SH(ZIB 9RZ" (’)Q a ,3 aR %
Bis , 0%w 9%w ¢, a4\ 92w
~ %" 3rag =z ~ 2SHa. <aQ'+ﬁ'aR Spz — 45-Ha
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Integrating Equation 3.76c¢ in closed domain with respect to S gives the expression of Equation 3.77
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Where J;, /5, J3 and J, are expressed as shown in Equations 3.78, 3.79, 3.80 and 3.81

0.5 1
]1 = f SZ dS =—
-0.5

12
0.5 0.5 , 4 \ 3 4 0.5
]z=J SHdS=f [S ) ]ds: g5
_0_5 _0.5 3 3 15 _0-5
That is:
_ 1

Bz3 ’w 9w a9, a4,\ a*w 22w 09,

3.77

3.78

3.79
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5
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That is:
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]4=j —] dS=J [1—85%2+165*]dS = |S—8—+ 16—
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That is:
_ 8

Let the ratios of J; to J1 be denoted as g; as expressed in Equations 3.82, 3.83 and 3.84

_]2_1/1_1><12_4
927 715/127 15 5

s 17 j1 17x12 68
9377, 7315/12" 315 105

_]4_8/1_8><12_64
4= =15/12- 15

Equation 3.77 can be rewritten to give Equation 3.85 as shown

3.80

3.81

3.82

3.83

3.8
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Rewriting Equation 3.85 by using the definitions on Equations 3.82, 3.83 and 3.84 gives Equation 3.86a
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Equation 3.86a can be rewritten to obtain Equation 3.86b
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Substituting Equation 3.86b into Equation 3.70b gives the strain energy equation as expressed in

Equation 3.87a
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Equation 3.87a can be simplified to obtain the expression of Equation 3.87b
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Where D, can be expressed to obtain the values of Equation 3.88

E,t3

Dy=———"-— 3.88
’ 12[1 - p'XYp'YX]

External work on thick rectangular plate in pure bending is given as expressed in Equation 3.89

1,1
V= —qJ j wdx dy 3.89
0o Jo

Equation 3.89 can be expressed in a nondimensional form as expressed in Equation 3.90
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1 1
V= —qabf j wdR dQ 3.90
0 Y0

The total potential energy functional of thick rectangular anisotropic plate in pure bending is given as

the algebraic sum of the strain energy and external work as expressed in Equation 3.91

[I=U0U+V 3.91

Substituting Equations 3.88 and 3.90 into Equation 3.91 gives the expression of Equation 3.92
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' (aRZ) 2020 6R2 R T 93¢ (ﬁ)
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+ 2g;a°f. 30 +ﬁ 30
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a? a*
+a2B55.(?) .g4.®y2}—2qD—W drRdQ 3.92
0

+ a?Byy. (%)2 . g4. 0,7

Equation 3.92 is the total potential energy functional for thick anisotropic rectangular plate.



3.2 Formulation of governing equation and compatibility equations

To obtain the equations of equilibrium of forces, Equation 3.92 was differentiated with respect to w,

¢x and ¢y. That is:

dll_ dIl _ dIl

dw  do, d@ =0 393

Minimizing the total potential energy functional (Equation 3.92) with respect to deflection (w) gives

the expression of Equation 3.94 as shown

abD a*tw 834, B 0%w a63¢
W= 2ar f Js {{B“ [ aR4_292a'aR3]+ﬁ'[4fm2—wz_gzﬁa<}3_gz ﬁz aR3
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SNENNEN P
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That is:
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The x-y plane elastic modulus parameter is defined as shown in Equation 3.95

BXy = B12 + 2B33

3.95
Substituting Equation 3.95 into Equation 3.94 gives the expression of Equation 3.96
11
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33 4
_ G20 0°¢, qa
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Equation 3.96 is the governing equation of thick anisotropic rectangular plate.

Minimizing the total potential energy functional with respect to x-z plane rotation gives the expression
of Equation 3.97

024, B a3
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That is:
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= 3.97b
Equation 3.97b is the compatibility equation of thick anisotropic rectangular plate on x-z plane rotation.

Minimizing the total potential energy functional with respect to y-z plane rotation gives the expression

of Equation 3.98

ﬂ _ ab ab o B12 aa w 62¢X B]_3
do, f Jo { [ 925505 ~ 9295 6R26Q+2g3a b. 6R6Q]+ [ 29,a.8.5.5 aR3
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Equation 3.98b is the compatibility equation of thick anisotropic rectangular plate on y-z plane

rotation.

Adding Equations 3.97 and 3.98 gives the expression of Equation 3.99
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That is:
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Equation 3.99 is the total compatibility equation of thick anisotropic rectangular plate

on both x-z and y-z planes.

3.3 Determination of exact polynomial displacement functions and stiffness

coefficients

The governing equation (Equation 3.96) and two compatibility equations (Equations 3.97 and
3.98) were solved to obtain the displacement functions (deflection, shear deformation rotation in
x direction and shear deformation rotation in y direction). The general displacement functions
obtained were used to satisfy the specified boundary conditions to obtain the unique displacement
functions for the various plates. The stiffness coefficients were calculated with the unique

displacement functions for the various plates.
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3.3.1 Determination of exact polynomial displacement functions

One of the possibilities for Equation 3.99 to be zero is for each of the square brackets to be zero. That

is, each of the square bracket can be expressed as shown in Equation 3.100 to Equation 3.106

23w 62(I)x
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From Equations 3.100, 3.102, 3.104 and 3.105, Equation 3.107 can be obtained as shown
0 P, 0
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From Equations 3.102, 3.103, 3.104 and 3.105, Equation 3.108 is obtained as expressed

ow P; ow 3108
9Q  aB’aQ '
From Equation 3.101, Equation 3.109 is obtained as expressed
*w 1 dPw 3109
dR3 B2 0Q3 )
From Equations 3.105, Equation 3.110 is obtained as shown
@, =—0, 3.110
From Equations 3.106, Equation 3.111 is obtained as expressed
B
O, =——>.0, 3.111
Bys
Equation 3.112 is simply a restatement of equation 3.111.
@x = _m1-®y 3.112

Where m, is a constant whose value is to be obtained.

Substituting Equations 3.107 and 3.108 into Equation 3.96 gives the expression of Equation 3.113
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g2° O'w | Biz(, _392° g2®\ 0'w | Bas(, 392° g2*\ 0'w _ ga* —
g3B )ao4+ﬁ(4 g3 93)6R300+/33(4 g3 g3)aR603 Do}deQ_
3.113b
That is:

604 T 20557 DY 3R70qE g, ' 7 0ROQT
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11
2 4 2 4
9> 0*w 2 9g» a*w
Jf{(Bll__Bll 2g3B12)_6R4 +ﬁ'(BX‘V—2—g3'BXy)—6R26Q2
00
1 2 2 64 B 2 64
+—. Bzz—giBlz—giB yoga283( 92 ) W
B* 293 6Q4 B gs J9R30Q
B 2\ o*w a*
+4£<1—gi)——q—}deQ:0 3.113c

B3 gs JORAQ® Dy

2
Dividing Equation 3.113 with <811 - g—B11 - B12> gives the expression of Equation 3.114
3

}dR dQ=0 3.114

11

ff 0*w 2m2 0*w L s o* o'w m, o*w L M o*'w  msqa*
aR* T B2 "9R%00Z B 80* | B 9R%0Q T BPORAQ® D,

00

Where: m,, m3, m, and mg are as expressed in Equations 3.115, 3.116, 3.117 and 3.118

( 922
Byy —2—.Bxy>
m, = gs 3.115

2 2

2 2
(B2 — 42-Bu; —%Bzz)
mg = : 3.116
(B _9'p  go'y )
11 Js3 11— Zg 12
2
4By, (1 —&)
m, = N I3/ 3.117
B,,—92°pg _92° ¢
11 93 11 2g3 12
1
ms = s 3.117
(B~ %81, - £2-,,)

Rewriting Equation 3.114 gives the expression of Equation 3.118

11

0*w 2m2 0*w L M3 o*w msqa m, 0% [d*w 1 0d%*w

ff SN LT P
aR* T B2 "9R%00Z ' B* 00* D, B 9RAQ | aRZ T BZaQ?

00

=0 3.118

One of the possibilities for Equation 3.118 to be true is as expressed in Equations 3.119 and 3.120
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dRdQ =0 3.119

11

ff tw 2m2 o*w L3 o*w m5qa
aR* T B% "3R?002 T B* 30* D,

00

and

11
ff W L 0w dRd 0 3.120
aRz [)12 an Q= )
00
The solution of Equation 3.120 is as shown in Equation 3.121

2*w 1 d%w
W = — ﬁa—Qz 3.121

Let the orthogonal deflection be defined in terms of split deflection as shown in Equation 3.122
W= Wy Wy 3.122

Also let a constant “one (1)” be defined as summation of three constants; n;, n, and n3 as expressed in

Equation 3.123
1 = n1 + nz + n3 3123

Substituting Equations 3.122 and 3.123 into Equation 3.119 gives the expression of Equation 3.124

11
m2 0 Wy 62 m3 a W msqa
ff{ Wy 6R4 ﬂz “9R2 ° aQZ '34 6Q4 - Dy ———(n; +n, +n3)dRdQ =0 3.124
00

Rearranging Equation 3.124 gives Equation 3.125

1,1 34Wx_msqa m, 32wy 02 wy mgqa* mg a4Wy_m5qa4 _
fO fO {WY OR* Do n; + 225 B2 0R? ' 9Q2 Do n; + wy B+ 904 —Do n3}dR dQ =0
3.125a
That is:
11 . . , , \
ff w 0wy mgqa ol 2&0 wy 0 Wy mgqa 0
Y OR* Dy ! Bz 9RZ 9Q> D, °
00
m3 0*wy msqa*
- dRdQ =0 3.125b
[ 34 9Q* D, n3]} Q
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One of the possibilities of Equation 3.125 to be zero is for each of the square brackets to be zero as

expressed in Equations 3.126, 3.127 and 3.128

Yy 3r* T T p,

0*w, meqa*
[ x _ M4 nl]deon 3.126

o—_
o—_

11
m, 9°w, 0*°wy, mgqa*

f”z-z ke 9~ b, 2| dR4Q=0 3.127
00

11

mz 0*wy, mgqa*

JJ WGt g~ o[ dR4Q =0 3.128
00

Carrying out a closed domain integration of Equation 3.126 with respect to Q gives the expression of

Equation 3.129

Jl wm—msqa4n dR =0 3.129
o \° dR* Dy '

Carrying out a closed domain integration of Equation 3.128 with respect to R gives the expression of

Equation 3.130

1 4 4
f <w1m3 d*wy _ msqa
0

d0=0 3.130
g% dQ* D, “3> Q

Where w; and w; are as expressed in Equations 3.131 and 3.132

1
Wy =f wy dR 3.131
0

1
Wy =f wy dQ 3.132
0

wy and w; are all constant quantities.

For Equations 3.129 and 3.130 to be true, their integrands must be zero as shown in Equations

3.133 and 3.134
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n, =0 3.133

n; =0 3.134

Equations 3.133 and 3.134 can be rearranged as expressed in Equations 3.135 and 3.136

d*wy, mgqa*/n
x - 251 (—1) 3.135
dR* Dy \wy
d*w, msqa*/B*n
v Imsaa (P 3.136
dQ* Do \wimgy
The ready solution to Equation 3.135 is as expressed in Equation 3.137
do
a1
%)
2
wy=[1 R R? R® R*] (a3) = [hy][Ax1] 3.137
6
o ()
[24D11 \w3/ ]
The ready solution to Equation 3.136 is as expressed in Equation 3.138
b
by
)
2
wy=[1 Q Q2 Q* Q% b, = [hy][Ay] 3.138
%)
qa* (B'ns
(24D, \ wy /|

Substituting Equations 3.137 and 3.138 into Equation 3.122 gives the expression of Equation
3.139

w = [he][Ax] X [hy][Asy] = Ash 3.139
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Substituting Equation 3.139 into Equation 3.107 gives the expression of Equation 3.140a as

shown

_PZ GW_PZ 0A1h_P2A1 ah
X" a'0R a OR  a 'OR

Thatis:
B, = &@ 3.140a
a OR
Where A, is as expressed in Equation 3.140b
A, = P,A; 3.140b

Substituting Equation 3.139 into Equation 3.108 gives the expression of Equation 3.141a as

shown

_ P, 9w _ Py 9Ah PA; Oh

Dy

Tap9Q af 0Q  af 0Q
Thatis:
A; 0Oh
y = E@ 3.141a
Where A; is as expressed in Equation 3.141b
A; = P3A, 3.141b

Substituting Equations 3.139, 3.140a and 3.141a into Equation 3.91 gives the expression of Equation
3.142
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11 5
abD 9%h
1= 2a4°. f f {Bll.[Alz — 2g,A1A;. +g5A5°] <W)
00
02h \*  g,AA; (92R\° a2h\’
2 928143 _ 20N

a%h \’ a%h \’ a%h \*
— 92A1A;. <m> — g2A1As. <m> + 2g3A5A;. <m)

ey
ﬁZ

Bis [4AL% — 29,(A1A; + AA3) — 4g,A1A; + 2g5(AL° + AA3)] az—h.az—h
B dRAQ " R?
2 2

+ % . [A12 —29,A1A3 + 93A32] <2_Q};>

+ Bz (4417 — 29,(A1A; + AjA3) — 4g,A A5 + 2g5(AsA5 + As?)] az—h.az—h
B3 dRAQ " 0Q?2
%. [4A1% — 2g,(A1A; + A1A3) + g3(A% + 2A5A5 + A5?)] < o%h )2
B2 dR 3Q

4

a2 zahz Bes ,ay2 26h2 qa

Equation 3.142 is written in a more symbolized form as shown in Equation 3.143

abDO 2 2
I1 T 2at {B11-[A1 — 292814, +g3A,° [k

g2A1A3

By, 2
+F .[2A1 k, —T

ks — 92A1A252k1 — 927172k — g2A A3k,

Bis

B

B22
+ F . [A12 - 2g2A1A3 + g3A32]k3

+ [4A1% — 29, (1A, + ALA3) — 4g,A0A; + 295(AL% + AyA;) |k,

B
+—= . [4A,% — 29,(A1A; + AjA3) — 4g2A A3 + 295(AsA3 + Ag®) ks

33
B
+ ﬁ [4A,2 — 29,(A1A; + AjA3) + g3(Ay2 + 24,45 + A3k,
a2 Bss ,ay2 qa*
+ B4_4_. (?) . g4-A22k6 + F. (?) . g4A32k7} - 2A1 D_0k8 3.14‘3
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To obtain the quasi equations of equilibrium of forces, Equation 3.143 must be differentiated with

respect to A1, Az and A3 as expressed in Equation 3.144

diT  dIl  dIl
TR TR T 3.144

Minimizing Equation 3.143 with respect to A; gives the expression of Equation 3.145

dl] abD
d—Al = # {{Bll . [2A1 - 292A2]k1

B g2A
ﬁ . [4A1k2 - %I% — 92828%ky — goAz. Ky — 92A3-k2]
B
+ ?13 [8A1 —2g,(A; + A3) — 4g,A5]ks + B4 [2A1 — 2g,A3]ks
B, Bss
F [8A; —29,(A; + As) — 4g,As]ks + ﬁz [8A; —2g,(A; + A3)]k,

a

0

That is:

g2A3
{511 (AL — g2Az]ky + 2,82 [4A1k2 B2 ——ks — g,A,B%k1 — goAz. ky — 92A3-k2]

B B
+ % [4A1 — g2(Ay + A3) — 29,A5]k, + if A1 — g2A3]ks

B
B33 qa*
[))3 [4A1 — g2(A; + Aj3) — 2g,A3]ks + F [4A; — g2(A; + As)]kz} - D_Oks
=0 3.145

Minimizing Equation 3.143 with respect to A, gives the expression of Equation 3.146

dI1

an,  zat -{311 [—292A1.+293A,]k, + ﬁ - [~92818%ky — g2Ar-kp + 2g3A5. ko] +

B

;,3 [-292(A1) — 492A1 + 295(2A; + As)]ks + £ [=292(A1) + 2g3(A3)]ks +

B

72 [~2g2(A1) + g3(2A; + 245)Tk; + 2B, (%) .g4.A2k6} =0 3.146a

That is:

88



Bi1.[—92A1.+93A5]k; + [=92818%k; — g,A1. ky + 2g3A3. k]

2,32
By By
+ B [=g2(A1) — 292A1 + 93(2A; + A3)]ky + B3 [=92(A1) + g3(A3)]ks
B a
+ 27 [292(A1) + g5 (A2 + A2 + Baa, ©) . gahake =0 3.146b

Minimizing Equation 3.143 with respect to A; gives the expression of Equation 3.147

dll b B A B

o %{ﬁ . [— g;zl ks — g,A1.ky + 293A2-k2] + f (=29,(A1) +295(A) ks +
B B

ﬁ (=292A1 +293A3]k; + el 29,(A1) —492A1 +295(A; + 2A3)]ks +

B B
22 (=202 (A1) + 95(2A; + 2A5)] e, + 272, (%) .g4A3k7} =0 3.147a
That is:
B g,A B
2_[1322 . —%’% — 92A1.ky + 293A2-k2] + % [=g2(A1) + g5(A)]k,
B,, By
+—r Bt [=g2A1 + g3Aszlks + [), [=92(A1) — 2g,A1 + g3(Ay + 2A3)]ks
B B55 a2
;23 [—g2(A1) + g3(A; + A3k, + ﬁz (_) .gahzk; =0 3.147b

Rearranging Equation 3.146 gives Equation 3.148

B33 a2
[93311k1 +F.93k2 + 2 [), g3k4 + Bys. (t) -94-k6] A,

B3 By3
[(312 + B33) ,82 2t 793k4 B 93ks] Az

[(311 + 0.5B13)g2k; + (0.5B;, + B33) kz + 3 .3 92k4

‘82
B
B3 gsz] Al 3.148

Rearranging Equation 3.147 gives Equation 3.149
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BZ3

Bi3
(Byz + B33) ,82 2t 793"4 + F&hks] Ay
B B B55 a2
+ [,34 gsks +2— B 93k5 ,[)’2 .93k2 ﬁz (?) .g4k7] Az
[(0 5Bz + B33) 5 2k, + (0.5By, + Bzz)ﬁ4 5 —92ks
B
+ 3%921@] A, 3.149

Note that: k4, k,, k3, k4, ks, kg, k7 and kg were substituted in Equation 3.142 as given in Equation
3.150 to 3.157

1 1 th 2
k, = JO fo <W> dR dQ 3.150
o = [ [ (Y ara s51
27 J, J, \drdq Q '
dZ
ky = <dQ2> dR dQ 3.152
k, = d°h dR d 3.153
+ dR?2 deQ Q '
dZ
ke = <d 2) (deQ) dR dQ 3.154
ke = ff thde 3.155
6 - dR Q .
o= [ [ () araq 3156
’ 0 0 dQ .
1 1
kg = f fhdeQ 3.157
0 Y0

Equations 3.118 and 3.119 are solved simultaneously to obtain Equations 3.158 and 3.159
Az = PZ'Al 3158)

A3 = P3.A1 3159
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Where P, and P; are defined as shown in Equations 3.160 and 3.161

(L12- L23 - L13- LZZ)
(L1z® = Ly1Ly,)

P, = 3.160

(le- L13 - L11L23)
(L1z® = Ly1Ls)

P, = 3.161

Also Lq1, Ly2, L3, Laq, Loy, Los, Lzq, L3y and L3z are expressed as shown in Equations 3.162 to
3.167

2

_ B33 B3 a
Bis B3

Li; = (Byx + B33) ,82 2t 793"4 +Fg3k5 3.163

B
Bi3 B3
Ly = (Byp + B33)[§2 2t 793"4 + F&hks 3.165
B,, Bas Bss (ay?

LZZ 34 g3k3 + 2 ﬁ3 g3k5 BZ g3k2 ‘32 (?) .g4k7 3166

B B

Substituting Equations 3.160 and 3.161 into Equation 3.145 and rearranging gives Equation 3.168

1
[B11 — B1192P, — 0.5B1,9,P,]kq + g [(4 — g2P, — g2P3)B33 + 0.5(4 — g,P, —

1 B
92P3)B12]k, + Iz [B22 — B22g2P3 — 0.5B1,9,P3]ks + =2 [4 g2(P, + P;) — 2g,H, ]k, +

323

< ke 3.168a

(4 —g,(P, + P3) — 2g,P3]ks = Do

That is:
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[B11 — B1192P, — 0.5B1,9,P, ]k + (2B33 + B13)[4 — g2P, — g2P3]k;

1
23%
1 B3
+ F [B22 — B2292P; — 0.5B1,9,P3]k3 + ? [4 — 3g,P, — g,P3]k,
4

qa

B3 9a”
' A;Dy

+,B3

[4‘ - gZPZ - 392P3]k5 = k8 3168b

Simplifying Equation 3.168 gives the expression of Equation 3.169

kg\ qa*
A, = (—)— 3.169
' \kr/ Dy

Where k-t is as expressed in Equation 3.170

kr = [B11 — B1192P, — 0.5B1,9,P,]k; + (2B33 + B13)[4 — g2P> — g2Ps]k;

1
237
+ F [B22 — B2292P3 — 0.5B1,9,P3]k3 + 7 [4 —39,P, — g,P3]k,

BZ3

+ F [4 - gZPZ - 3gzp3]k5 3.170

Substituting Equation 3.158 into Equation 3.140a gives the expression of Equation 3.171

_P.A; 0h 3171
** a 'OR '
Substituting Equation 3.159 into Equation 3.141a gives the expression of Equation 3.172
g, = Fahs O 3.172
y - aﬂ . aQ .

Equations 3.169, 3.171 and 3.172 are the polynomial exact displacement functions.

Ibearugbulem et.al. (2013) integrated the general governing equation of rectangular plate directly and

obtained a general solution in non-dimensional coordinates as expressed in Equation 3.173
W= (g + 4R + azR? + a3R*> + auR*) (By + B1Q + BQ°% + B3Q° + B,Q*) 3.173

Equation 3.173 is a general orthogonal polynomial deflection equation for a rectangular plate. From

equation 3.173, a more peculiar orthogonal polynomial displacement equation can be determined for
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the twelve plate boundary conditions considered in this work and this can be achieved by satisfying

both the kinematic and force boundary conditions of the plate in the general orthogonal polynomial

deflection equation as illustrated here.

3.3.1.1 Exact polynomial displacement functions for SSSS rectangular plate

The boundary condition for these plate are as follows;
The four kinematic boundary conditions are:

i. Deflection is zero when R is Zero [w(R = 0) = 0]
. Deflection is zero when R is one [w(R = 1) = 0]
1il. Deflection is zero when Q is Zero [w(Q = 0) = 0]

iv. Deflection is zero when Q is one [w(Q = 0) = 0]
The four force boundary conditions are:

1. Moment is zero when R is Zero [M(R = 0) = 0]
1i. Moment is zero when R is one [M(R =1) = 0]
1il. Moment is zero when Q is Zero [M(Q = 0) = 0]

iv. Moment is zero when Q is one [M(R = 1) = 0]
OR alternatively;

d? =
W(R=0)=—&=9 = @

dR?
dZW(Rzl) _
W(R=1)= qrz - 0
wia=0)= £ -
dQ?

d? =
w(Q=1)=— =0

From first kinematic boundary condition, Equation 3.173 gives:

0=(apgto; x0+a,x0+azx0+ a, x0) implies that oy =0

From third kinematic boundary condition Equation 3.173 gives:

0=(By+P1x0+B,x0+B3x0+ L, x0)implies that S, =0

From first force boundary condition Equation 3.173 gives:
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0=Q2a, + 603 x0+ 1204 x 0) implies that a, =0
From third force boundary condition Equation 3.173 gives:
0=(2p, +603x0+ 128, x 0) implies that 5, =0
From second kinematic boundary condition Equation 3.173 gives the expression of Equation 3.173a
O=(yx1+agx1l+oa,x1) 3.173a
From second force boundary condition Equation 3.173 gives the expression of Equation 3.173b
0=Q2a, +6az x1+12a, x1) 3.173b
Solving equations 3.173a and 3.173b simultaneously gives a; = o4 and a3 = -2ay,
From fourth kinematic boundary condition Equation 3.173 gives the expression of Equation 3.173¢
0=(B1x1+B3x1+6,x1) 3.173¢
From fourth force boundary condition Equation 3.173 gives the expression of Equation 3.173d
0=02B, +6L3x1+12B,x1) 3.173d
Solving Equations 3.173c and 3.173d simultaneously gives f; = B4 and B3 = -2f,
Substituting these coefficients into Equation 3.173 gives Equation 3.174a
w= ay. B4 (R-2R3+R*) (Q-2Q3+Q%
w= A;.(R-2R3+R*) (Q-2Q3+ Q% 3.174a
Where A; = ay. s
From Equation 3.174a, the shape profile for SSSS plate can be expressed as shown in Equation 3.174b
h= (R-2R3+R*) (Q-2Q3+Q* 3.174b

Equation 3.174b was differentiated appropriately with respect to (R) and (Q) to obtain the required
peculiar exact displacement functions for SSSS rectangular plates as shown in Equations 3.174c,

3.174d, 3.174e, 3.174f, 3.174g, 3.174h and 3.174i.

w= Ah = A, (R-2R3+R*)(Q-2Q3+Q*%) 3.174c
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dh

Ox = Az = Ay(1-6R*+4R%)(Q-2Q°+Q*)
By = Ag. 22 = A(R2R*R?) (1-6Q+4Q%)
I d?h 2 3.4
Oy = Ao = Ax(R*-R)(Q-2Q°+Q%).12
1 _ d’h _ 3. R4y 02
@, = Az 3z = As(R2R7HRT(Q-Q).12
no_ d?w 2.1 4R3 2.403
Wyt = A St = A (1-6R*H4R®)(1-6Q2+4Q°)
P, A P3A
Where A, === and A; = zﬁl

3.3.1.2 Exact polynomial displacement functions for CCCC rectangular plate

The boundary condition for this plate are as follows;

d -
W(R=0)=—=0=0

dW(R:l) - 0

W(R=1)= m

d =
W(Q=0)=—2%=0

d =
W(Q=1)=—22=0

Applying these boundary conditions to Equation 3.173 and solving gives

ay=0;0; =0; 0 = 0y; a3 = =204 and B = 0; B = 0; B = Ba; P3 = -2P4

3.174d

3.174e

3.174f

3.174g

3.174h

3.1741

Substituting these constants back into Equation 3.173 gives the expression of Equation 3.175a

w= ay. By (R?-2R% + R*) (Q? - 2Q° + Q%)
w= A;(R* — 2R* + R*) (Q* — 2Q® + Q%)
Where A; = ay. s
The shape profile for CCCC plate is given as shown in Equation 3.175b

h= (RZ— 2R3 + R%) (Q% — 203 + 0%

3.175a

3.175b
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Equation 3.175b was differentiated appropriately with respect to (R) and (Q) to obtain the required
peculiar exact displacement functions for CCCC rectangular plates as shown in Equations 3.175c,

3.175d, 3.175e, 3.175f, 3.175g, 3.175h and 3.1751

w= Ajh = A,(RZ2R3+R%)( Q2-2Q3+Q%) 3.175¢
Ox = Az T = A;(QR-6R*+4R)(Q*2Q%+Q*) 3.175d
Oy = Asfg = As(RZ2R°+RH)(2Q-6Q2+4Q%) 3,175
0, = Az S8 = A,(2-12R+12R?)( Q22Q°+QY) 3.175F
0, = A3.in}2‘ = A3(RZ-2R3+R%)(2-12Q+12Q?) 3.175¢
Wy, = Al.;:—dvg = A;(2R-6RZ+4R3)(2Q-6Q2+4Q3) 3.175h
Where A, =22 and A; ==2 ;‘1 3.175i

3.3.1.3 Exact polynomial displacement functions for CSSS rectangular plate

The boundary condition for this plate are as follows;

2
W(R=0)=—=2=0

“WRr=1) _
W(R=1)=T—O

dwg=
W(Q=0)=—2=0
w(Q=1)= % 0

Applying these boundary conditions to Equation 3.173 and solving gives

g =0; a1 =0y; 0y =0; az = 204 and By = 0; 1 =0; B = 1.5B4; B3 = -2.5B,

Substituting these constants back into Equation 3.173 gives the expression of Equation 3.176a

W= 0. ﬁ4 (R' 2R3

w= A;(R— 2R3

+R%) (1.502

~2.5Q% + Q%

+ R*) (1.5Q% — 2.5Q% + Q%

3.176a
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Where A; = 0y. B,
The shape profile for CSSS plate is given as shown in Equation 3.176b

h= (R— 2R® + R*) (1.5Q% — 2.5Q3 + Q%)

3.176b

Equation 3.176b was differentiated appropriately with respect to (R) and (Q) to obtain the required

peculiar exact displacement functions for CSSS rectangular plates as shown in Equations 3.176c,

3.176d, 3.176e, 3.176f, 3.176g, 3.176h and 3.1761

w= A;h = A, (R-2R3+R%)(1.5Q2-2.5Q3+Q%)

Oy = Ay S = Ay(1-6R?+4R)(1.5Q%-2.5Q°+Q*)
0, = A3.j—g = A5(R2R3+R%)(3Q-7.5Q2+4Q3)
I _ d*h _ 2 2 3 4
0, = 4,52 = A,12(R2 — RY(1.5Q? — 25Q% + Q)
1 _ d?h _ 3, p4 2
(Z)y = A3'd_QZ = A;(R-2R*+R*)(1-5Q+4Q%)
I _ d?w _ 2 3 21403
Wyt = Ay St = A, (1-6R%+4R?) (3Q-7.5Q%+4Q%)
P,A PsA
Where A, = Za 1 and A, =%

3.3.1.4 Exact polynomial displacement function for CCSS rectangular plate

The boundary condition for this plate are as follows;
_ _ dW(RzO) _
W(R_O)__dR =0

d? -
W(R=1)=—CH=0

d =
W(Q=0)=—=0

d? =
W(Q=1)=— 2= =0

Applying these boundary conditions to Equation 3.173 and solving gives

3.176¢

3.176d

3.176¢

3.176f

3.176¢

3.176h

3.1761
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0y =00, =0; 0, = 1.504; a3= -2.504 and By =0; B1=0; B, = 1.5B4; L3= -2.50,
Substituting these constants back into Equation 3.173 gives the expression of Equation 3.177a

W= ay. By (1.5R?%-2.5R® + R*) (1.5Q% —2.5Q3 + Q%)
w= A;(1.5R? — 2.5R® + R") (1.5Q% — 2.5Q3 + Q%) 3.177a
Where Ay = ay. 4
The shape profile for CCSS plate is given as shown in Equation 3.177b
h= (1.5R? — 2.5R® + R*) (1.5Q% — 2.5Q% + Q% 3.177b

Equation 3.177b was differentiated appropriately with respect to (R) and (Q) to obtain the required
peculiar exact displacement functions for CCSS rectangular plates as shown in Equations 3.177c,
3.177d, 3.177e, 3.177f, 3.177g, 3.177h and 3.1771

w= Ah = A;(1.5R2-2.5R3+R*)(1.5Q%-2.5Q3+Q*%) 3.177¢
Ox = Az = A;(3R-T.5R*+4R%)(1.5Q%-2.5Q°+Q") 3.177d
0, = A3.j—g = A5(1.5R%-2.5R3+R*)(3Q-7.5Q%+4Q3) 3.177¢
By = AZ.% = A,(3 — 15R + 12R?)(1.5Q2 — 2.5Q% + Q%) 3.177f
9, = Ag.in}; = A;(1.5R2-2.5R3+R*)(3 — 15Q + 12Q?) 3.177g
Wy, = Al'c;iR_dV\(I) = A;(3R-7.5R%+4R3)(3Q-7.5Q2+4Q3) 3.177h
Where A, =-2  and A, =PZ+;‘1 3.177i

3.3.1.5 Exact polynomial displacement function for CSCS rectangular plate
The boundary condition for this plate are as follows;

dZW(Rzo) _ 0

W(R=0)=— =

98



dZW(Rzl) _ 0

W(R=1)=—

d =
W(Q=0)=— =0

1y W=y _
w(Q=1)= Q- 0
Applying these boundary conditions to Equation 3.173 and solving gives

0 =0; 00 = ;0 =0; az = -2a4 and Bo =05 B1 =0; B2 = Pa4; B3= -2,
Substituting these constants back into Equation 3.173 gives the expression of Equation 3.178a

W= oy f (R-2R*+ R*) (Q% -2Q° + Q%)
w= A{(R— 2R® + R*) (Q% — 2Q3 + Q% 3.178a
Where A; = 0y. B,
The shape profile for CSCS plate is given as shown in Equation 3.178b
h= (R— 2R® + R" (Q% — 2Q% + Q% 3.178b

Equation 3.178b was differentiated appropriately with respect to (R) and (Q) to obtain the required
peculiar exact displacement functions for CSCS rectangular plates as shown in Equations 3.178c,

3.178d, 3.178e, 3.178f, 3.178g, 3.178h and 3.178i

w= Ajh = A;(R-2R*R*)(Q2-2Q%+Q%) 3.178¢
By = Ay T2 = Ay(1-6R*H4R%)(Q*2Q%+Q") 3.178d
Oy = As.gg = As(R2R+R*)(Q-6Q*+4Q°) 3.178e
0 = A28 = A, 12(R? — RYQ? — 2Q° + Q) 3.178F
B, = A Th = A;R2R*RH(2-12Q+120?) 3,178
Wy, = Al.;:—d“é = A;(1-6R?+4R3) (2Q-6Q2+4Q3) 3.178h
Where A, =22 and A = %\1 3.178i

99



3.3.1.6 Exact polynomial displacement function for CCCS rectangular plate
The boundary condition for this plate are as follows;

dW(R:O) - 0

W(R=0)=—

d? =
W(R=1)=—=2=0

dw o=
W(Q=0)=—2=0

dw (o=
w(Q=1)=—2"=0

Applying these boundary conditions to Equation 3.173 and solving gives
g =0; a; =0; 0y = 1.504; a3 = -2.504 and By =0; 1 =0; B2 = Ba; B3 = -2,
Substituting these constants back into Equation 3.173 gives the expression of Equation 3.179a
W= 0. B4 (1.5R%-2.5R3 + R*) (Q? - 2Q3 + Q%)
w= A;(1.5R? — 2.5R® + R*) (Q% — 2Q3 + @Y 3.179a
Where A; = ay. s
The shape profile for CCCS plate is given as shown in Equation 3.179b
h= (1.5R? — 2.5R® + R*) (Q? — 2Q3% + Q%) 3.179b

Equation 3.179b was differentiated appropriately with respect to (R) and (Q) to obtain the required
peculiar exact displacement functions for CCCS rectangular plates as shown in Equations 3.179c,

3.179d, 3.179e, 3.179f, 3.179g, 3.17%h and 3.1791

w= A;h = A;(1.5R2-2.5R3+R%)(Q2-2Q3+Q%) 3.179¢
Ox = Az St = A,(3R-T5R*+4R%)(Q2-2Q°+Q*) 3.179d
9, = A3.j—g = A5(1.5R2-2.5R3+R%)(2Q-6Q2+4Q?) 3.179%
0. = Ay St = A3 — 15R + 12R*)(Q% — 2Q° + QY 3.179F
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d?h

By = Az Gop = As(1 SR-25R+RH(2 - 120 + 12Q%) 3.179¢
Wy, = ApS = A (3R-7.5RZ+4R?)(2Q-6Q+4Q%) 3.179h
dRAQ
Where A, = P22 and A; = Poha 3.179i
a af

3.3.1.7 Exact polynomial displacement function for SSFS rectangular plate

If one of the four edges of the plate is free of support, there is need for some modification to the general
process. Hence the modifications are contained in the moments of the plates, thus the general orthogonal
polynomial deflection equation for the rectangular plate is modified by Ibearugbulem , (2016) as shown

in Equation 3.180

w=(ap + R+ 0,R?* + azR3 + ayR*) (By + B1Q + B2Q% + B3Q3 + BQ* + B5Q°) 3.180

The boundary condition for this plate are as follows;

dZW(Rzo) _
W(R=0)= —qrz - 0
W(R=1)= =0 - g
T T dr?

d? =
W(Q=0)=— =0

Pwig=n _ Pw=1) _ 4
dQ? dQ?

dw(g=1) _ 2 (

4Q A See Ibearugbulem, 2016, for details)

Applying these boundary conditions to Equation 3.180 and solving gives:
7 10 10

0 =0; a1 =ay; ay =0; ag = -2a4 and By = 0; B3 2535; B2= 0;B3= '?35, Ba :?35-

Substituting these constants back into equation 3.180 gives the expression of Equation 3.181a
7. 10 10

w= . B R-2R%+ RY) CQ 2203 +20* - 0%)

w= A,;(R — 2R® + R% (§Q-§Q3 + ?Q‘* - Q%) 3.181a

Where A; = 0y. B,

The shape profile for SSFS plate is given as in Equation 3.181b
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h= (R-2R3+ R4)(§Q_§Q3 +13—°Q4-Q5) 3.181b

Equation 3.181b was differentiated appropriately with respect to (R) and (Q) to obtain the required
peculiar exact displacement functions for SSFS rectangular plates as shown in Equations 3.18lc,

3.181d, 3.181e, 3.181f, 3.181g, 3.181h and 3.1811i

w=Ath = AjR2R*+RH(GQ — 2 Q° + Q% Q%) 3.181¢
Ox = Az = A(1-6R+4R)CQ — 2 Q3+ 2Q* QF) 3.181d
Oy = As.go = As(R2R+RY)(Z - 10Q2 + 5 5QY) 3.181e
0 = Ay Sh = A 12(R* - R)ZQ - 2Q° + 20t Q) 3.181¢
B, = As Sk = A;(R2R*R")(-20Q+40Q%-20Q%) 3.181¢
Wy, = 1.;:;2 = Ay(1- 6R2+4R3)( —10Q2+2 Q3 5Q%) 3.181h
Where A, =P2L'1A1 and A, = P3;‘1 3.181i

3.3.1.8 Exact polynomial displacement function for CCFC rectangular plate

The boundary condition for this plate are as follows;

dwr=
W(R=0)=—=0

dwg=
W(R=1)=—=2 =0

d -
W(Q=O)=M=O

dQ
Pwie=y _ Pwie=n) _ 4
aQ? aQ?
dweo=y) _ 2
dQ 3Bs

Applying these boundary conditions to Equation 3.180 and solving gives
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0 =0; 00 =0; 00 = 0y; 003 = -204 and Bo = 0; By = 0; B = 2.8, B3 = —5.2B5; B4 = 3.8fs.
Substituting these constants back into equation 3.180 gives the expression of Equation 3.182b

w= ay. By (R?-2R3+ R*)(2.8Q% - 5.2Q3% +3.8Q0* - Q°)
w= A;(R* — 2R® + R*)(2.8Q%-5.2Q% + 3.80* — Q°) 3.182b
Where A; = 0y. B,
The shape profile for CCFC plate is given as shown in Equation 3.182b
h= (R?-2R3®+ R*)(2.8Q% -5.2Q% +3.8Q0* - Q%) 3.182b

Equation 3.182b was differentiated appropriately with respect to (R) and (Q) to obtain the required
peculiar exact displacement functions for CCFC rectangular plates as shown in Equations 3.182c,

3.182d, 3.182e, 3.182f, 3.182g, 3.182h and 3.182i

w= Ah = A;(RZ-2R3+R*)( (2.8Q2-5.2Q3+3.8Q*-Q%) 3.182¢
0y = AZ.% = A,(2R-6R?+4R3)(2.8Q2-5.2Q3+3.8Q*-Q%) 3.182d
0, = A3.j—g = A3(RZ-2R3+R*)(5.6Q-15.9Q2+15.2Q3-5Q%) 3.182¢
By = AZ.% = A,(2-12R+12R?)(2.8Q2 — 5.2Q3 + 3.8Q* — Q%) 3.182f
9, = A3.in}2‘ = A3(RZ-2R3+R*)(5.6-31.8Q+45.6Q2-20Q%) 3.182g
Wy, = Al.;rz—d“(; = A;(2R-6RZ+4R3)(5.6Q-15.9Q%+15.2Q3 - 5Q*%) 3.182h
Where A, =~2  and Ag = PjT’);‘l 3.182i

3.3.2.9 Exact polynomial displacement function for SCFS rectangular plate
The boundary condition for this plate are as follows;

_M-o

W(R=0)=—>
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dZW(Rzl) _ 0

W(R=1)=—

d? -
W(Q=0)=—<=2 =0

dQ?
Pwig=n _ Pw=1) _ 4
dQ? dQ?
dwe=1) _ 2
dQ 3Bs

Applying these boundary conditions to Equation 3.180 and solving gives
7 10 10
0 =0; 01 =0; 0tz = L.5ay; 003 = -2.504 and By =0; B4 :gﬁs; B2=0;B3= '?35, Ba :?ﬁs-
Substituting these constants back into equation 3.180 gives the expression of Equation 3.183a
w= ay. By (1LSR2-2.5R* + RY) (2Q- TQ° + 2Q* — @°)
- 2 3 4y (7 10 73 4 10 14 5
w= A;(1.5R“- 25R°* + R )(EQ_?Q +?Q - Q) 3.183a
Where A; = 0y. B,
The shape profile for SCFS plate is given as shown in Equation 3.183b
— 2 3 4 (7 10 13 10 4 5
h= (1.5R*-2.5R°*+ R )(EQ_?Q +?Q - Q) 3.183b

Equation 3.183b was differentiated appropriately with respect to (R) and (Q) to obtain the required
peculiar exact displacement functions for SCFS rectangular plates as shown in Equations 3.183c,
3.183d, 3.183e, 3.183f, 3.183g, 3.183h and 3.183i

w=Ath = A(15RZ25R3HRY) CQ — 2 Q3 + Q% Q°) 3.183c¢
Ox = Az T = A,(BRTSR*H4R?) CQ - T QP +3Q% Q) 3.183d
_ dh _ 2 3.p4 (/ 2, 403 4

Oy = AsGo = As(1SRZ-2.5R%+R) (- 10Q% + 3103 5Q%) 3.183¢
2

0 = A S5 = A3 - 15R + 12R)(CQ - T QP+ Q% Q%) 3.183f
2

0, = Ag.j—Q}; = A4(1.5R2-2.5R3+R*)(-20Q+40Q2-20Q%) 3.183g
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d? 7 40
Wy, = Al.ﬁ) = A;(3R-7.5R*+4R%)(; — 10Q* + —Q*- 5Q%) 3.183h
Where A, =221 and A, =22 3.183i
a af
3.3.2.10 Exact polynomial displacement function for CSFS rectangular plate

The boundary condition for this plate are as follows;

dZW(Rzo) _ 0

W(R=0)=—=

d? -
W(R=1)=%=o

d _
W(Q=0)=—&2 =0

dQ
Pwig=n _ Pw=n) _ 4
dQ? dQ?
dwe=1) _ 2
dQ 3Bs

Applying these boundary conditions to Equation 3.180 and solving gives
0o =0; 01 =ay; 0, =05 az = -2a4 and By = 0; f1 = 0; B = 2.8fB5, f3 = —5.2B5; B4 = 3.8fs.
Substituting these constants back into equation 3.180 gives the expression of Equation 3.184a

w= a4 B4 (R -2R3+ R*) (2.8Q% - 5.2Q% +3.8Q* - Q°)
w=A;(R — 2R® + R*)(2.8Q%- 5.2Q3 + 3.8Q* — Q° 3.184a
Where A; = ay. s
The shape profile for CSFS plate is given as shown in Equation 3.184b
h= (R-2R3+ R*) (2.8Q% -5.2Q% +3.8Q* - Q%) 3.184b

Equation 3.184b was differentiated appropriately with respect to (R) and (Q) to obtain the required
peculiar exact displacement functions for CSFS rectangular plates as shown in Equations 3.184c,

3.184d, 3.184e, 3.184f, 3.184g, 3.184h and 3.1841
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w= Ash = A,;(R-2R3+R%) (2.8Q2-5.2Q3+3.8Q*-Q%) 3.184c

dh

By = Ap.pr = A(1-6R*+4R?) (2.8Q%-5.2Q%+3.8Q*-Q%) 3.184d

0, = A3.j—g = A3(R-2R3+R%) (5.6Q-15.9Q%+15.2Q3-5Q%) 3.184¢
2

0 = A5 = A;12(R? — R) (2.8Q2-5.2Q°+3.8Q*-Q%) 3.184f
2

0, = Ag.g—Q‘; = A4(R-2R3+R%)(5.6-31.8Q+45.6Q2-20Q3) 3.184¢g

2
Wy, = Al'c;iR_dV\(I) = A5(1-6R%+4R3)(5.6Q-15.9Q2+15.2Q3-5Q%) 3.184h
Where A, =221 and A, =222 3.184i
a af
3.3.2.11 Exact polynomial displacement function for CCFS rectangular plate

The boundary condition for this plate are as follows;

_ _ dW(R:O) _
W(R—O)——dR =0
dZW(Rzl) _
WR=1)=—7—=0

dw (o=
W(Q=0)=—2%=0

dQ
Pwie=y _ Pwie=y) _ 4
dQ? dQ?
dwo=y) _ 2
dQ 3Bs

Applying these boundary conditions to Equation 3.180 and solving gives
0p=0; 000 =0; 0y =1.504; a3z = -2.5a4 and By =0; £, =0; f, =2.805, f3 = —5.2f5; B4 = 3.805..
Substituting these constants back into equation 3.180 gives the expression of Equation 3.185a
w= ay. B, (1.5R? —2.5R® + R*) (2.8Q% —5.2Q3 + 3.8Q* - Q°)
w= A;(1.5R? - 2.5R® + R*)(2.8Q%- 5.2Q% + 3.8Q* — Q%) 3.185a
Where Ay = ay. s

The shape profile for CSFS plate is given as shown in Equation 3.185b
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h= (L.5R? - 2.5R% + R%)(2.80% - 5.2Q3 +3.8Q% - Q%) 3.185b

Equation 3.185b was differentiated appropriately with respect to (R) and (Q) to obtain the required
peculiar exact displacement functions for CCFS rectangular plates as shown in Equations 3.185c,

3.185d, 3.185¢, 3.185f, 3.185g, 3.185h and 3.1851

w= A;h = A;(1.5R?-2.5R3+R%) (2.8Q2%-5.2Q3+3.8Q*-Q°) 3.185¢
Oy = AZ.% = A,(3R-7.5R?*+4R?) (2.8Q%-5.2Q3+3.8Q*-Q") 3.185d
@y = A3.g—g = A5(1.5R2-2.5R3+R%) (5.6Q-15.9Q%+15.2Q3-5Q%) 3.185¢e
(Z)XI = AZ.% = A,(3 — 15R + 12R?)(2.8Q%-5.2Q3+3.8Q*-Q°) 3.185¢f
(Dyl = A3.in}; = A5(1.5R2-2.5R3+R*)(5.6-31.8Q+45.6Q2-20Q3) 3.185¢g
Wy, = Al.;:—dvg = A;(3R-7.5R*+4R3)(5.6Q-15.9Q%+15.2Q3-5Q%) 3.185h
Where A, = PZ('ZAl and A; = PZ';l 3.185i
3.3.1.12 Exact polynomial displacement function for SCFC Rectangular Plate

The boundary condition for this plate are as follows;

dwg=
W(R=0)=—E=2 = 0

dR
_ay_9Ww=1y _
W(R=1)=— =2=0
wia=0)=¥e0 _ g
=0)=— =
d*wi=1) _ d*wo=1) _ 0
dQz ~  dQ3
dwe=1 _ 2
dQ 3Bs

Applying these boundary conditions to Equation 3.180 and solving gives

7 10 10
ap=0; 00 =0; 0 =ay; a3z = -2a4 and B = 0; B 25.35; B2= 0;p3= '?55, Ba :?55-
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Substituting these constants back into equation 3.180 gives the expression as shown in Equation 3.186a
W= ay. By (R -2R%+ R GQ -5 Q° +2Q% - Q%)
w= A,;(R?- 2R® + R% (20-13—003 + 13—004 — Q%) 3.186a
Where A; = 0y. B,

The shape profile for SCFC plate is given as shown in Equation 3.186b
h= (1.52R? - 2.5R3® + R*)(2.8Q% —5.2Q3 +3.8Q* - Q%) 3.186b

Equation 3.186b was differentiated appropriately with respect to (R) and (Q) to obtain the required
peculiar exact displacement functions for SCFC rectangular plates as shown in Equations 3.186c,

3.186d, 3.186¢, 3.186f, 3.186g, 3.186h and 3.186i

w= Ah = Al(R2-2R3+R4)(§Q - 13—0Q3 +§Q4- Q%) 3.186¢
Dy = AZ.% = A2(2R-6R2+4R3)(§Q - %Q3 + %OQ‘*_ Q%) 3.186d
9, = A3.j—(}; = A3(R2-2R3+R4)(§— 10Q2 +43—0Q3- 5Q%) 3.186¢
0, = A, T8 = A,2-12R+12R)LQ — 207 + Q- @) 3.186f
B, = Ay Sk = Ay(R%-2R%+RY) (:20Q+40Q>-20Q%) 3.186g

Wy, = Al.% = A,(2R-6RZH4R3)(Z — 10Q2 + 2 @3- 5Q%) 3.186h

Q 3 3

Where A, = % and As = Pz';‘l 3.186i

3.3.2 Determination of stiffness coefficients

The stiffness coefficients (k) extracted from Equation 3.149 were solved for twelve boundary conditions

and the unique stiffness coefficient values were obtained as shown:
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3.3.2.1 Calculation of the stiffness coefficients of SSSS rectangular plate

Substituting the shape profile of equation 3.173f into equations 3.150 to 3.157 and integrating
appropriately gives the stiffness coefficients for SSSS plate as shown in Equations 3.187a, 3.187b,
3.187c, 3.187d, 3.187e, 3.187f, 3.187g and 3.187h

1 1 th 2
k1=J f <W> dRdQ = 0.23619 3.187a
0 YO
k, = ff(dzh)ZdeQ = 0.23592 3.187b
2 o Jo \dRdQ ' '
1 1 /42h\2
ky = Jj qgz) dRdQ =023619 3.187c
0 Y0
k, = flfl(dzh)<d2h>deQ = 0 3.187d
* o Jo \dR%/\dRdQ '
k 1f1<d2h)< ¢’h ) dR dQ 3.187
= _— = . €
> J, J, \dQ?/\drdqQ
Lt rdhy?
ky = f f (ﬁ> dRdQ = 0.0239 3.187f
0 Y0
1 (1 (dh)>2
k, = [, (d—Q) dRdQ = 0.0239 3.187g
ke = J, J;hdRdQ = 0.04000 3.187h

The “k” values can be obtained as follows

h = (R-2R*+R*)(Q-2Q*+Q%) 3.187i

Sk = (1-6R*+4R%)(Q-2Q*+Q*) 3 187i
25 = (R2R34RY) (1-6Q7+4Q%) 3.187iii
d*h 2 3,04 .

e = (R-R)(Q-2Q°+Q%).12 3.187iv
d’h _ 34 R4 02

agz = RZRFRH(Q-Q).12 3.187v
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dw

2 3 2 3 .
e = (I-6R*4R%)(1-6Q*+4Q%) 3.187vi
d4h _ 2 3 4 .o
Oh = 24(R2-R)(Q2Q%+QY) 3.187vii
h SR = 24(R2RPRY(Q - 2Q° + QY = 24.(R2R*MRY)( Q% 4Q4+2Q° + 4Q° - 4Q7 + Q°)
3.187viii
Note that; k; = [ [ (%) dRdQ = f) [7h.90 .dRdQ 3.187ix

Integrating equation 3.187viii in a close domain with respect to ‘R’ and ‘Q’ gives Equation 3.187x

_p & o, rR2 R RS, CQ04Q° 200 4Q7 4Q° | Q°
kl—h.det—ZAL.[2 " +5].[3 e 3.187x
4
ki =hSb =24[2-2 41y 2.2 424 22 1 2 04%0.2%40.0492063 = 023619 3.187xi
dR 2 2 5 3 5 6 7 8 9

ks can be obtained in a similar solution as shown;

ks=J, fy (%) dRdQ = [ f h.5o; -dR dQ 3.187xii
ks = f01 f01 24.(R? — 4R* 4+ 2R5 + 4R® — 4R7 + R®).(Q — 2Q3 + Q*).dRdQ 3.187xiii

Integrating Equation 3.187xiii in a close domain gives 3.187xiv;

4 2 4 4 1 1 1 1 .

= Jo b dQ4 ARAQ = [3-2 424 Z-2 +oJb [5-2 +2] 3.187xiv

= 24%0.0492063*0.2 =0.23619 3.187xv
1 1/ d?h .

ko =J; Jy (deQ) drdQ = f f h o ddeQz .dR dQ 3.187xvi

ko= f, [, 144.(—R* + R® +2R* — 3R® + R%).(-Q*+ Q® +2Q* — 3Q° + Q%).dRdQ

3.187xvii
Integrating Equation 3.187vii in a close domain gives 3.187xviii;
_ 1,1, d*h _ 1, 1,2 3 1 1,1 ,2 3 1
= fO fO hd_Q‘* .dRdQ = 144[—5 + " +E 2 +;] [—; + 25 +;] 3.187z
= 144*(- 0.0404762) *(- 0.0404762) = 0.23592 3.187xviii
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3.187xix

= Jo Iy S5 ara dRAQ
ke =, [) 12.[(R* = R)(Q — 2Q% + QHI[(1 — 6R? + 4R?).(1 — 6Q% + 4Q)]3.dR dQ
3.187xx
Integrating Equation 3.187xx in a close domain gives 3.187xxi;
f fJZ‘RZ‘ deQ .dRdQ = 12. [(— - —)(— - - +—)] [A-2+1D@A—-2+1)] 3.187xxii
= 12*[(- 0.166667) *(0.2)][ 0.0*0.0] = 0.0 3.187xxiii
Similarly;
= Jy [} 5 e dRdQ = 0.0 3.187xxiv
3.187xxv

SN (‘”‘) dRdQ = [ [ {(1 — 6R* + 4R®)(Q — 2Q° + Q*)}2.dR dQ

[, Jy [(1—12R* + 8R® + 36R* — 48R° + 16R)]A.[(Q* — 4Q* +2Q° + 4Q° — 4Q7 +

Q®)]g-dR dQ 3.187xxvi
Integrating Equation 3.187xxvi in a close domain gives 3.187xxvii;
dh 8 , 36 1 4 2 4 4 1
L) RaQ = - PR TG LS )
3.187xxvii
= (0.48571429) *(0.049206349) = 0.02390022675 3.187xxviii
Similarly;
dh 1dh dh .
=0l (dR) dRdQ = Jj J, 53- 53 4R dQ = 0.0239002267 3.187xxix
= J, [y hdRdQ = [ [[(R - 2R* + R")(Q - 2Q* + Q") dR dQ 3.187xxx
Integrating Equation 3.187xxx in a close domain gives 3.187xxxi;
1,1 1 1 1,1 1 17 1.1 .
kg = fo fo hdRdQ = [5 -3 +§]' [5 - +§] :E*E = 0.0400 3.187xxxi
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3.3.2.2 Calculation of the stiffness coefficients of CCCC rectangular plate

Substituting the shape profile of Equation 3.175b into Equations 3.150 to 3.157 appropriately gives the
stiffness coefficients for CCCC rectangular plate as shown in Equations 3.188a, 3.188b, 3.188c, 3.188d,
3.188e, 3.188f, 3.188g and 3.188h

1 ,1 th 2
k1=J f <W> dRdQ =0.00126 3.188a
0 Y0
k, = ff(dzh)ZdeQ = 0.00036 3.188b
2 o Jo \dRdQ ' '
1 1 /42h\2
ky = Jf agz) dRdQ = 000127 3.188c
0 J0
ky = flfl(dzh)<d2h>deQ = 0 3.188d
* o Jo \dR%/\dRdQ '
k f1f1<d2h)<d2h)deQ 0 3.188
= _— = . €
> J, J, \dQ?/\drdqQ
Lt rdhy?
ke = f f (ﬁ> dRdQ =0.00003 3.188f
0 Yo
't rdhy?
k, = f f (E) dRdQ = 0.00003 3.188¢g
(V]
1 1
kg = J fhdeQ = 0.00111 3.188h
0 Y0

The “k” values can be obtained as follows;

101 (d%h)? 1, d*h .
k=, Jy (5) dRdQ = [; J, .55 .dRdQ 3.188i
h. = (RZ-2R3+R*")(Q% — 2Q% + Q%) 3.188ii

Differentiating to fourth order and multiplying with Equation 3.188ii gives;
_ 11y, d*h = 2 3 4 4 5 6 7 8
kl—fofoh.m.deQ—fofOZLl(R —2R°+R*) (Q*— 4Q°>+6Q° — 4Q" + Q°).dRdQ

3.188iii
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k=h. 5 =24 -5 + o T T % Tl
_ . d*h 12 1 1 4 6 4 1
ki =hgpe =24l5-3 *5l 5 775 7l

=24*0.0333*0.001587 = 0.00126

Similarly, k,, k3, kg, ks, kg, kyand kg were also calculated.

3.3.2.3 Calculation of the stiffness coefficients of CSSS rectangular plate

3.188iv

3.188v

Substituting the shape profile of equation 3.176b into Equations 3.150 to 3.157 appropriately gives the

stiffness coefficients for CSSS rectangular plate as shown in Equations 3.189a, 3.189b, 3.189c¢, 3.189d,

3.189%¢, 3.189f, 3.189g and 3.18%h

=
[

1 r1/42h 2
= —— ] dRdQ =0.03619
[ ] (&) e

11/ 32h 2
k, = J f( >deQ = 0.04163
2 o Jo \dRdQ

d
k _th dRdQ = 0
4 dR? deQ Q=
k *h) (dh drRd 0
57 dQz/ \drRdQ Q=

1 2
ke = J f (—) dRdQ = 0.00366
6 o Jo \dR

Lt rdhy?
k, = f f (—) dRAQ = 0.00422
")y Jy\dQ

1 1
ke f fhdeQ = 0.01500
0 Y0

The “k” values can be obtained as follows;

3.189a

3.189b

3.189c

3.189d

3.189e

3.189f

3.189g

3.189h
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1 01 (d?h .
ky :fo fo (@) dRdQ = f f h dR4 .dRdQ 3.1891
h. = (R-2R3+R*)(1.5Q% — 2.5Q + Q%) 3.189ii

Differentiating to fourth order and multiplying with Equation 3.189ii gives;

d*h
1= Jy Joh S (dRAQ = [ f)24(R — 2R® + R*) (2.25Q% — 7.5Q° + 9.25Q° + Q%).dRdQ

3.189i1i1
_ Rz 2R* RS 2.25Q% 7.5Q° = 9.25Q7 5Q8  Q°
ki=h. g =245 -5 + T PRS- SE 22T Sy O
3.1891v
—p 4% _ 1z .1 ﬁf_s 225 5,1
kl_h'dR4 24[2_4 ] [ 7 8 9]
=24%0.2*%0.00753968 = 0.036192 3.189v

Similarly, k,, k3, k4, ks, ke, kyand kg were also calculated.
3.3.2.4 Calculation of the stiffness coefficients of CCSS rectangular plates

Substituting the shape profile of Equation 3.177b into Equations 3.150 to 3.157 and integrating
appropriately gives the stiffness coefficients for CCSS rectangular plates as shown in Equations 3.190a,

3.190b, 3.190c, 3.190d, 3.190e, 3.190f, 3.190g and 3.190h

1 1 th 2
k, = — | dRdQ =0.01357 3.190
= ) ) ) e :
k —le d*h Zde = 0.00735 3.190b
27 J, J, \drdq Q=0 '
d2
ky; = <sz> dRdQ = 0.01357 3.190c
d*n dRdQ = 0 3.190d
dR?2 deQ Q= '

1 2
ks = f f <d 2)( ) dRdQ =0 3.190e
o Jo \dQ?/\drdQ
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1 d 2
kg = f f (—) dRdQ = 0.00065 3.190f
0

dR
1 2
k, = f f (—) dRdQ = 0.00065 3.190g
0 Yo dQ
1 1
kg = J jhdeQ = 0.00563 3.190h
0 Yo

The “k” values can be obtained as follows;

d?h .
ky = fol fol (E) dRdQ = f f h. 57 dR4 .dRdQ 3.1901
h. = (1.5R2-2.5R3+R*)(1.5Q% — 2.5Q° + Q%) 3.190ii

Differentiating to fourth order and multiplying with Equation 3.190ii gives;

1 01, d*h 1,1
1= fo fo h'@ .dRdQ = fo fo 24(1.5R2 — 2.5R3 + R4) (2.25Q4 — 7.5Q5 + 9.25Q6 - 5Q7 +

Q%).dR dQ 3.190iii
ky=h S8 =g [ L0 2SR Koy (225Q) 7500 0257 5%, Oy 3.190iv
ky=h S0 = pq[18.28 1) (225,75 025 5 L ]

— 24%0.075%0.00753968 = 0.013571 3.190v

Similarly, k,, k3, kg, ks, kg, k;and kg were also calculated.
3.3.2.5 Calculation of the stiffness coefficients of CSCS rectangular plates

Substituting the shape profile of Equation 3.178b into Equations 3.150 to 3.157 and integrating
appropriately gives the stiffness coefficients for CSCS rectangular plate as shown in Equations 3.191a,
3.191b, 3.191¢, 3.1914d, 3.191e, 3.191f, 3.191g and 3.191h

1 1 th 2
k, = J j <W> dRdQ = 0.007763 3.191a
0 Yo
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d%h
k, = <deQ> dRdQ = 0.00925 3.191b
d2h\’
k; = F dRdQ = 0.03937 3.191c
d*h dRdQ = 0 3.191d
dR?2 deQ Q= '

1
ks = f f <d—2)< )deQ =0 3.191e
o Jo \dQ?/\drdQ

2
k, = ff —) dRdQ = 0.000937
6 o Jo \dR

3.191f
g = J j — ] dRdQ = 0.000771 3.191g
o Jo \dQ
kg = f fhdeQ = 0.00667 3.191h
0o Jo
The “k” values can be obtained as follows;
1 d?h .
ky = fol(m) dRdQ = f} ['h. IR 4R dQ 3.191i
h. = (R-2R3+R*)(Q? — 2Q3 + Q%) 3.1911i

Differentiating to fourth order and multiplying with Equation 3.191ii gives;

= S dRAQ = f) [ 24(R - 2R+ RY) (Q* - 4Q° +6Q° — 4Q7 + Q%).dRdQ

3.191111

. d*h RZ 2R* R,y Q° 4Q° 6Q7 4Q®  Q° :

kl—h@—Zél-[?-T +?]0.[?-T +T—T+?]O 3.191iv
B R S S S-S
kl—hm—24[2-4+5] [5 s 7 8+9]

=24%*0.2*0.001587 = 0.007763 3.191v

Similarly, k,, k3, k4, ks, ke, kyand kg were also calculated.
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3.3.2.6 Calculation of the stiffness coefficients of CCCS rectangular plate

Substituting the shape profile of Equation 3.179b into Equations 3.150 to 3.157 and integrating
appropriately gives the stiffness coefficients for CCCS rectangular plate as shown in Equations 3.192a,
3.192b, 3.192c, 3.192d, 3.192e¢, 3.192f, 3.192g and 3.192h

1/d2h\°
k, = JO fo <W> dRdQ = 0.00286 3.192a
k, = dRdQ = 0.00163 3.192b
2 f f <deQ> Q
d
ky = J f <sz> dRdQ = 0.00603 3.192¢
k f f d’h dRdQ = 0 3.192d
4 dR?2 deQ Q = '
k f f ¢’ dRdQ =0 3.192
5= Q2 deQ Q= oee
1 2
kg = f f (—) dRdQ = 0.00014 3.192f
. Jy \dr
2
k, = Jf —) dRdQ = 0.00014 3.192¢
0 0 dQ
kg = J fhdeQ = 0.00250 3.192h
0 Y0
The “k” values can be obtained as follows;
k= fol(%) dRdQ = f) [1h.90 dRdQ 3.192i
h. = (1.5R%-2.5R3+R*)(Q? — 2Q° + Q%) 3.192ii

Differentiating to fourth order and multiplying with Equation 3.192ii gives;
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1 01, d*h 1,1
ki = Jy Jy hogms -dRAQ = [ J) 24(L5R* — 2.5R* + R*) (Q* — 4Q° +6Q° — 4Q7 +

Q®).drRdQ 3.192iii
d‘*h 1.5R3 25R* RS Q5 4Q°  6Q7 4Q8  Q° .
d*h 1.5 25 1 1 4 6 4 1

ki =hgpe =245 5l lsg F7mg +dl
=24*0.075*0.0015873 = 0.0028571 3.192v

Similarly, k,, k3, kg, ks, kg, k;and kg were also calculated.
3.3.2.7 Calculation of the stiffness coefficients of SSFS rectangular plate

Substituting the shape profile of Equation 3.181b into Equations 3.150 to 3.157 and integrating
appropriately gives the stiffness coefficients for SSFS rectangular plate as shown in Equations 3.193a,

3.193b, 3.193c, 3.193d, 3.193e¢, 3.193f, 3.193g and 3.193h

k= ! fol(%)zdeQ = 4.02578 (3.193a)
k, = [ fol(%)zdeQ =1.033107 (3.193b)
ks = f) fol(%)zdeQ =0.18746 3.193¢)
L r1/d?h) ( d*h

ky = fofo(ﬁ)(deQ)deQ = 0 3.193d

ff (dQ2)<deQ) dRdQ =0 3.193¢
ke = [N (2) ardQ = 0.407371 3.193f
k, = folfol(%)zdeQ= 0.104661 3.193g
ke = f, J;hdRdQ = 0.16667 3.193h

The “k” values can be obtained as follows;
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1 01 (d?h .
kl:fo fo (@) dRdQ = ffhdR4 dR dQ 3.1931

h. = (R-2R=+RH(Z- 2L + 190 _ o5 3.193ii

Differentiating to fourth order and multiplying with Equation 3.193ii gives;

1 1, d*h 1,01 49Q _140Q* | 140Q° 59Q°  200Q7
1= Jy [y hgm -dRAQ =[] [ 24(R— 2R® + R%) ( 5 st -5+
8
L - B4 Q19).dRdQ 3.193iii
_ d‘*_h . R_Z 2R* 49Q 140Q5 140Q° 59Q7 _ 200Q8 160Q° _ 20Q10 Q_11 1
ki=h. dr* 24 2 ]0 [ s s T e 7z T e 30 99]0
3.1931v
S SR _oapll2 iy 410, 140 59 200 160 20 | L
ki =h. dRr* 24[2 4 ] [27 45 54 63 72 81 30 99]
=24*0.2*%0.773769 = 4.025782 3.193v

Similarly, k,, k3, kg, ks, kg, kyand kg were also calculated.
3.3.2.8 Calculation of the stiffness coefficients of CCFC rectangular plate

Substituting the shape profile of Equation 3.182b into Equations 3.150 to 3.157 and integrating
appropriately gives the stiffness coefficients for CCFC rectangular plate as shown in Equations 3.194a,

3.194b, 3.194c, 3.194d, 3.194e, 3.194f, 3.194g and 3.194h

2
ko= 0y f7(53) dRdQ =0.05474632 3.194a
2
ke = [y J) () dRAQ = 0.195918 3.194b
2
ke = fy Jy (S5) dRdQ = 0.045714 3.194c

ky = ff(dR2)<deQ>deQ =0 3.194d
ff(sz)(deQ) dRdQ =0 3.194e

ke = J) [ (dh) dRdQ = 0.0440211 3.194f

=
vl
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k, = f f <E) dRdQ = 0.0163265 3.194g
0 Y0

1 01
kg = f fhdeQ = 0.04000 3.194h
0 Jo

The “k” values can be obtained as follows;

1 01 (d?h .
ke =Jo Jo (ﬁ) dRdQ = [ [;h.5 .dR dQ 3.194i
h. = (R2-2R*+R*)(2.8Q% — 5.2Q° + 3.8Q* — Q%) 3.194ii

Differentiating to fourth order and multiplying with Equation 3.194ii gives;

f f hLh dR4 .dRdQ= f f 24(R%? — 2R3 + R%) (7.84Q* — 29.12Q° + 48.32Q° — 45.12Q7 +

24.84Q8 —7.6Q°+ Q%) .dRdQ 3.194iii
k.= h. g‘*R — 94 [_3 i & n R?S]é_ [7.3:Q5 i 29.162Q6 n 48.372Q7 _ 45.182Q8 n 24.&;4Q9 _ 7.61(310 n (i_lll ]é
3.194iv
k1=h.%=24.[§-% _] [2_2912 +48;32_45£.;12+24;84_%+ﬁ]
= 24%0.333333*0.0684329 = 0.05474632 3.194v

Similarly, k,, k3, k4, ks, kg, k;and kg were also calculated.
3.3.2.9 Calculation of the stiffness coefficients of SCFS rectangular plate

Substituting the shape profile of Equation 3.183b into Equations 3.150 to 3.157 and integrating
appropriately gives the stiffness coefficients for SCFS rectangular plate as shown in Equations 3.195a,
3.195b, 3.195c¢, 3.195d, 3.195¢, 3.195f, 3.195g and 3.195h

2
k, = folfol(%) dRdQ = 0.6190152 31954
2
ke = [y [y () dRAQ = 0.1823129 3.195b
2
ks = [} fol(%) dRdQ = 0.02872 3.195¢
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ke = 0 (50) () dRAQ = 0.11111 3.195d

drz/ \drdq

k f1f1<d2h)< d°h ) dRdQ =0 3.195

— _ = .195e
> J, J, \dQ?/\drdqQ

2

ke = [y J, (55) dRdQ = 0.071889 3.195f
k, = [ [} (dh) dRdQ = 0.016033 3.195g
ke = [, [/hdRdQ = 0.0625 3.195h

The “k” values can be obtained as follows;
1 1 /d?h .
ke =Jy Jo (m) dRdQ = [ [;h.S7 .dR dQ 3.195i

3 4
h. = (1.5R? -2.5R3+R4)(§-% +%— Q%) 3.195ii

Differentiating to fourth order and multiplying with Equation 3.195ii gives;

140Q* = 140Q° 59Q°

ffhdR‘* dR dQ = ff24(15R2 — 25R3 + R4)(49Q

9 9 9
7 8
ZOZQ + - 200° 4 919).dRdQ 3.195iii
. d*h R_3 & Q3 _ 140Q5 . 140Q° 59Q7 _ 200Q8 160Q° _ 20Q10 Q11
kl_h'@ = 24] 3 ]0 [ 27 s s e 72 81 30 99]
3.195iv
_p &t _oarl 2 10049 140 140 | S9 200 160 20 . 1
ky = 'W_24'[3 4 ] [27 st te 2tea w0 99]
=24%*0.0333333*0.773769 = 0.6190152 3.195v
Similarly, k,, k3, kg, ks, kg, kyand kg were also calculated.
3.3.2.10 Calculation of the stiffness coefficients of CSFS rectangular plate

Substituting the shape profile of Equation 3.184b into Equations 3.150 to 3.157 and integrating
appropriately gives the stiffness coefficients for CSFS rectangular plate as shown in Equations 3.196a,

3.196b, 3.196¢, 3.196d, 3.196¢, 3.196f, 3.196g and 3.196h
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2
k= [y J7(55) dRdQ =0.328478 3.196a

dR2
k, = f) fol(%)zdeQ = 499592 3.196b
ky = folfol(j%}z‘)zdeQ = 1417142 3.196¢
4= folfol (SZT}ZI) (deQ) dRdQ = 3.196d
L (1/d?h\ [ d?h
ks = _LJ;(d_QZ)<deQ) dRdQ =0 3.196e
ke = Ji (%)2 dRdQ = 1.1225397 3.196f
k, = [ [ (dh) dRdQ = 0.506122 3.196g
ke = [, [y hdRdQ = 0.240000 3.196h

The “k” values can be obtained as follows;

k=) [ (%) dRdQ = [ [} h .dR dQ 3.196i
h. = (R-2R3+R*)(2.8Q% — 5.2Q° + 3.8Q* — Q%) 3.196ii

Differentiating to fourth order and multiplying with Equation 3.196ii gives;

3 4 4 _ 5 6 7
ffhdR4 dRdQ = ff24(R 2R3 + R*) (7.84Q* — 29.12Q° + 48.32Q° — 45.12Q7 +

24.84Q8 - 7.6Q9 + Qlo) .dRdQ 3.196iii
4 2 4 5 5 6 7 8 9 10 11
k,= h.d—}; _ 24'[R_ _2R* " R—](l). [7.84Q ~29.12Q n 4832Q7  45.12Q 24.84Q°  7.6Q n Q' ](1)
dR 2 4 5 5 6 7 8 9 10 11

3.1961v
. d*h _ 12,1 7_84_ 2012 | 4832 _ 4512 2484 76 | 1
kl_hdR4 24[3 4 ][ = s 9 10 11]
=24%0.2*%0.0684329 = 0.328478 3.196v
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Similarly, k,, k3, k4, ks, ke, kyand kg were also calculated.
3.3.2.11 Calculation of the stiffness coefficients of CCFS rectangular plate

Substituting the shape profile of Equation 3.185b into Equations 3.150 to 3.157 and integrating
appropriately gives the stiffness coefficients for CSFS rectangular plate as shown in Equations 3.197a,

3.197b, 3.197¢, 3.197d, 3.197¢, 3.197f, 3.197g and 3.197h

k, = folfol(%)zdeQ =0.123179 3.197a
k, = f) fol(%)zdeQ = 0.040514 3.197b
ks = ) fol(ji(;)z dRdQ = 0.006047 3.197¢
ke = i Jy (52) (s dRAQ = 0 3.197d
L (1(d?h) [ d?h
ks = LL(T@)(@) dRdQ =0 3.197¢
ke = Jy (%)2 dRdQ = 0.0159753 3.197f
k, = [ ) (%)ZdR dQ = 0.0033762 3.197g
ke = [, [yhdRdQ = 0.0277778 3.197h

The “k” values can be obtained as follows;

101 (d%h)? 1,1, d*h .
k=, Jy (5) dRdQ = [, J, .5 .dRdQ 3.197i
h. = (L5R2-2.5R*R*)(2.8Q% — 5.2Q° + 3.8Q* — Q°) 3.197ii

Differentiating to fourth order and multiplying with Equation 3.197ii gives;

k= [ f5 h.% .dRdQ = [} [ 24(1.5R? —2.5R® + R*) (7.84Q* — 29.12Q° + 48.32Q° —
45.12Q7 + 24.84Q%® — 7.6Q° + Q%) .dR dQ 3.197iii
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d*h 1.5R3 25R4 7.84Q5 2912 6 48.32Q7 45.12Q8 24.84Q° 7.6Q10 11

dR* 3 6 7 8 9 10 ?]0
3.1971v
_ . d*h L5 25 1. (784 2012 4832 4512 2484 76 , 1
kl_h'ﬁ_24'[3 4 +5][ = s o 10+ ]
=24%0.075*0.0684329 = 0.123179 3.197v

Similarly, k,, k3, kg, ks, kg, kyand kg were also calculated.

3.3.2.12 Calculation of the stiffness coefficients of SCFC rectangular plate

Substituting the shape profile of Equation 3.186b into Equations 3.150 to 3.157 and integrating
appropriately gives the stiffness coefficients for SCFC rectangular plate as shown in Equations 3.198a,

3.198b, 3.198c, 3.198d, 3.198e, 3.198f, 3.198g and 3.198h

k, = folfol(%)zdeQ = 0.6190152 3.198a
k, = folfol(%)zdeQ = 08816327 3.198b
ks = f) fol(ji(;)z dRdQ = 0.217985 3.198¢
= o Jy (53) (5a) drdQ =0.5625 3.198d
ks = f1f1<dz—h)<d2h)deQ =0 3.198e
. J, \dqz) \drdq
ke = [ (dh) dRdQ = 0.198095 3.198f
k, = fo [ (dh) dRdQ = 0.077531 3.198g
ke = [, /i hdRdQ = 0.09000 3.198h

The “k” values can be obtained as follows;
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1 1 (d?h .
ke =) f; (ﬁ) dRdQ = f) [h. SR 4R dQ 3.198i
3 4
h. = (RZ _2R3+R4)(%_% +%_ Q5) 3.198ii
Differentiating to fourth order and multiplying with Equation 3.198ii gives;
1 1, d*h 1,01 49Q _140Q* | 140Q° 59Q°  200Q7
1= [y Jy hog -dRdAQ = [ f; 24(R? — 2R® + R*) ( 5 5 ik
8 9
L - B4 Q19).dRdQ 3.198iii
_, d*h R_3 2R* 49Q 140Q5 140Q° 59Q7 _ 200Q8 160Q° _ 20Q10 Q_11 1
ki=h. 3 =243 ]0 [ 45 54 63 72 81 30 el
3.198iv
_p gyl 2 9_ 140 140 59 200 160 20 | 1
ki =h. gz =24[5-7 F _] [5 st Ta 7t e 5% T
=24%*0.03333333*0.773769 = 0.6190152 3.198v

Similarly, k,, k3, kg, ks, kg, kyand kg were also calculated.

3.4

Development of formulas for determining the displacements and stresses

Substituting Equation 3.169 into Equations 3.139, 3.171 and 3.172 gives the expression of

Equation 3.199a

kg qa*
h.—
W= (kT) D,

Rewriting Equation 3.199a gives Equation 3.199b

MeybyxJaa®
Eot3

=(E)h.12[1_

kr
Rearranging Equation 3.199b gives Equation 3.199c

Eot

k
= 12[1 = ey hyu] (k—j>h =W

3.199a

3.199b

3.199c
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Substituting Equation 3.169 into Equations 3.171 and 3.172 gives the expression of Equations
3.200 and 3.201

@ —(kB)P oh ga® 3.200
*~ \ky/ ¥9R "D, '

ke\P; Oh qa®
y (8)3—q— 3.201
kr/ B 0Q Dy

Substituting Equations 3.199a and 3.200 into Equation 3.8a gives the expression of Equation
3.202

3 Sah (kg) tqa3+<S 453> (kg)P oh tqgal 3202
Y= 79 k) D, 3° ) \ky/ 23R "D, ehea

Where Z =Stand F(Z) = Z.(l - % [%]2) = t.(3 — g) [see equation 3.8a for F(Z)]

That is:

—[P 4P52 1] 5(8) oh tqa’ 3.202b
w= 3 2 "9R D, '

Substituting Equations 3.199a and 3.201 into Equation 3.8b gives the expression of Equation
3.203

S oh (kg\ tqa® 4 kg\P; 0h tqa®
= -2 (2 )— (5-55°)- ()2 55 o= 3.203a
B oQ \kr 3 kr/ B 0Q Do
Thatis:
4 g\ dh tqa
— __pc2
v [P 3P3S 1] ,3 ( ) 30" Do 3.203b
Substituting Equation 3.88 into Equation 3.202 gives the expression of Equation 3.204
a2 4 dh qa
— _ i __ 2 _ 8
u = 12[1 = pyliyy] (t) [P SRS 1] .S. ( ) RE. 3.204
Rearranging Equation 3.204 gives Equation 3.205
Eo /t\? 4 ) kg oh  _
ua(g) =121 — pyyhyx] [PZ -3 P S? - 1] .S. (k_r> 3R =0 3.205
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Substituting Equation 3.88 into Equation 3.203 gives Equation 3.206

a2 4 S (kg\ 0h qa
— _ _ _ 2 _ _ (=) ——— 1
v = 12[1 — pyybiyy (t) [P3 = BsS 1] 'ﬁ'<kr>'6Q'Eo 3.206
Rearranging Equation 3.206 gives Equation 3.207
E, /t\? 4 S (ke\ h _ _
va@ = 12[1 — pyyhyx] [P3 —3PS? - 1] 5 (—) — =7 3.207

Substituting Equations 3.199a, 3.200 and 3.201 into Equation 3.65 gives the expression of
Equation 3.208

Eot B [ P 02 (k )h qa* i H 0 (k8>P oh qa3
OR =7 . —+Ha.—=|(— P .—
§ [1_ny|>1yx]a2 H dR?* \k Do R \kr/ *'dR " Dg
B a* d (kqe\P. dh qa
122[ = Q_+Hﬁ_(_8)_3_Q]
B 2Q kT Dy 0Q \ky/ p9Q Dy
B13 [ ) qa
aRaQ k;) D,
d (kg dh qa d (kg\P; dh qa
+Ha( Q( )PZ R D, TF c’)R(kT>ﬁ 9Q Dy 3.208a
That is:
Eot qa2< aZh 2
op = . By, .[-S + HP, |.— + —= .[-S + HP; |.—
it [-2S + H(P, +P. o'h (kg) 3.208b
B 2 73T HRAQ '
That is:
EotS kg qa 4 0%h B12 4 9%h
= B P——P52—1] .[P ——P52—1].—
oR [1— gty (kT) D, \ [ 32 aR? " gz 273 902
> [P 4P —fpsz_Zps2 2] o*h 3.208
2T TR T3 "9RAQ erec
That is:
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EotS kg\ 121 — a? 9%h
OR :"—].<—8). [~ teytty]a <B11 [PZ ——PZSZ -1 ]

[1 Hxy Hyx kr E0t3 aRZ
| B 4 9%h
32 .[P3—§P352—1 ]'(’)_QZ
+B13 [P +P dps2_2p g 2] o°h 3.208d
g Lz 372 33 "0RAQ '
That is:
a2 (kg 9%h 1312 4 9%h
R :12qS.(?) (kT) By, . [Pz——PZS —1] AT .[Pg—gpgs ~1 ]'6_()2
3 [P +P tps2_dp 2] 0’h 3.208
g R AR R "9RAQ euoe

Rewriting Equation 3.208 gives Equation 3.209

2

or [t kg 4 0*h By, 4 9%h
?(E) :1ZS<E) Bll.[P2—§PZS —1].W+F.[P3——P3S -1 ]—

3 [P +P dps2_dp 2] 0'h \ _ o 3.209
| F2 3732 33 "9RAQ = ORr :

Similarly substituting Equations 3.199a, 3.200 and 3.201 into Equation 3.66 and simplifying gives
the expression of Equation 3.210

a2 kg 0 h B22 azh
oq = 12g5. (?) (kr> (1321 [PZ —-ngz 1 ] o+ [P3 ——p352 ~1 ]'(’)_QZ

3 [P +P 4P52 4P52 2] azh 3.210
e 372 33 "ORAQ '

Rewriting Equation 3.210 gives Equation 3.211
GQ(t)Z =125 (k ) B [P P52 — 1 ] b B [P ps? o1 ] oh
q a - kT 21 2 2 a BZ " 3 3 3 'aQZ

; 4 4 9%h\ _

Similarly substituting Equations 3.199a, 3.200 and 3.201 into Equation 3.67 and simplifying gives
the expression of Equation 3.212
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a2 (k 0°h B
Trq = 12qS.(?) (kj> (1331 [Pz——P252_1] ot Bs, [P3__P352_1 ] oot

5 4 4 02h
—.[P2+P3——P252——P3SZ—2]. 3.212

3 3 dRAQ

Rewriting Equation 3.212 gives Equation 3.213

IRQ t>2 125k> B [P P,S2 1]ah Bsz [P o g2 1]62h
q(a - (kT 31 32 Rz ' pz |3 373 "0Q2

B 0°h
=3 [P2+P3—§PZS —§P3SZ 2].6R6Q> = Tro 3.213

Substituting Equation 3.200 into Equation 3.68 gives the expression of Equation 3.214

_ Eot [az aH] (ks) oh qa’
s = e B [t as] () Prar 3.214

Simplifying Equation 3.214 give Equation 3.215

=5 g, [=.a-as? oh 12[1-tyiyxlga®
RS [1 uxyllyx] B44 [ (1 4s )] ( )PZ OR Eot3 3.215

Equation 3.215 can further be simplified to obtain Equation 3.216

oh 12qas

Trs = Baa(1 — 452). (2 ) o 3216
From Equation 3.216 we obtain Equation 3.217
a3 dh
s = 12q (E) B,4(P, — 4P,52). ( ) = 3.217
Rewriting Equation 3.217 gives the expression of Equation 3.218
%(g) =12 (%)2 B, (P, — 4P,52). ( ) gﬁ Tas 3.218

Similarly substituting Equation 3.201 into Equation 3.69 gives the expression of Equation 3.219

a\3 B oh
Tgs = 12q(z) %(g 4P352)( 8) 3 3.219
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Rewriting Equation 3.219 gives the expression of Equation 3.220

TQ5<> 2% X (8) ah__
- 3 _12() 22 (P = 42,57, (12). 55 = Tos 3.220

3.5 Numerical analyses of typical thick anisotropic rectangular plates with

different boundary conditions

The numerical values for typical thick anisotropic rectangular plate in-plane displacements (u and v),
out-plane displacement - central deflection (w), in-plane stresses (ox, Gy and Txy), and out-plane stresses
(txz and 1y,) were determined for angles fiber orientations of 0°, 15°, 30°, 45°, 60°, 75° and 90° at
span to thickness ration (a)) of 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 for the twelve boundary
conditions considered in this work. The materials were analyzed for in-plane displacement (u,v) at x =
0.5, y = 0.5, z = 0; transverse displacement (w) at x = 0.5, y = 0.5, z = 0); in-plane normal stresses
(0x,0y)at x = 0.5,y = 0.5, z= 0.5 or z = 0.25; in-plane shear stress (ty,) at x =0, y =0, z= 0.5; out-
plane shear stress (ty,) at x = 0, y = 0.5, z = 0 and out-plane shear stress (ty,) atx = 0.5,y =0, z=0.

The plate was subjected to uniformly distributed load.

The material properties used are as follows: E;/E, =25, G1,/E, = 0.5, G13/E; = 0.5, G,3/E; = 0.2, vy,
=0.25. The plate parameters employed here are similar to the one employed by Atashipour et al. (2017)

The following non-dimensionalizations they applied were also used in this work:

Sl ), (T Tya) = (225

Ox,Oy, ‘Eth

Eot Tyzt
qa 39 (Gxxa yy» Txy) ( qa -

W_

Txnyzly

3.5.1 Example problem of SSSS thick anisotropic rectangular plate

Analyze an anisotropic thick square SSSS plate with the following information:

E1 = 25; E2=1; G12 = 0.5; G13 = 0.5; G23 = 0.2, p12 = 0.25.

Solution

h=(R-2R?>+R"(Q —2Q°+ Q% 3.221
H=S— 353 3.222
Eg=E,=1 3.223
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4 68 E
92 =75 93 = 15094 =04 a1 = I =E—jll12 = 0.01;

B _ B g

E11:E1 anddlle—OZ 1

Eip  Ep.iip  1x0.25

E12=E2.H12 and dlZ:E_(): 1 :TZO.ZS
E21 = E1 HUa1 and d21 = EELOl = b ;{121 = 25 ;:.01 = 0.25
E22:E2 anddzz :EEL::%: 1

E3s _ Gio(1—pi2421) _ 0.5x(1-0.25X0.01)

E33 = Gip(1 — pyapze) and dsz = E 1

Eyq _ Gis(1—pi2p21) _ 0.5%(1-0.25x0.01)

1

Eyy = Gi3(1 — pypppy) and dyy = —

Eo 1

_ Ess _ Gp3(1—p12421) _ 0.2x(1-0.25x0.01)

Ess = Go3(1 — pypuz;) and dss

=2 ;
Constitutive relations

By = m*dy; + 2m?n?(d,, + 2d33) + ntdy,

By = dip;(n* + m*) + m*n®(dy; + dyp — 4d33)

Biz = m®n(dyy — dip — 2d33) + mn®(dy; — dyp + 2d33)
By, = n*dqyy + 2m?n?(dy, + 2ds3) + m*d,,

By; = mn3d;; — m3nd,, + (m3n — mn3)(d,, + 2d33)
B3z = m*n?(dyy — 2dy; + dpp — 2d33) + d3z(m* +n)

By1 = B, B3 = Bi3 and Bz, = By

Bss = dss

k, = 0.236190476; k, = 0.235918; ks = 0.236190476;k, = 0;ks = 0;

ke = 0.0239;k, = 0.0239

0.49875

= 0.49875

= 0.1995

3.224

3.225

3.226

3.227

3.228

3.229

3.230

3.231

3.232

3.233

3.234

3.235

3.236

3.237

3.238

3.239

3.240
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For square plate,  =1,a/t =100

(L12-L23 - L13-L22)
(L1p® = Ly1Ly,)

P2:

(L12' L13 - L11L23)

P, =
P (Ly? — LuLyy)

2

Bs3 a
Li1 = g3Bi1ky + F93k2 + 2 ﬁ 93k4 + Bas. (t) -Ga-ke

Bi3 B3
Li; = (Byp + B33)[§2 2t — 3 2 gsky + B —3 93ks

B B
Li3 = (Byy + 0.5B13) g2k + (0.5By, + BSS)ﬁZ ky +3—= B 92k4 [;33 gz2ks

B
Lyy = (Byp + B33),[)’2 +fg3k4 + %93’(5

B B B B55 a2
Ly, = B 2 gk + 2% [E =2 gaks + B == gak, + (?) -gaks

‘82

L3 = (0.5B;, + B33) kz + (0.5B;, + Bzz) ,34 ,3 92k4 + 3 ,33 gzks

g
The complete solution to this problem is shown in the appendix.

3.5.2 Example problem of CCCC thick anisotropic rectangular plate

Analyze an anisotropic thick square CCCC plate with the following information:
E1 = 25; E2=1; G12 = 0.5; G13 = 0.5; G23 = 0.2, p12 = 0.25.

Solution
h=(R?-2R®+R")(Q%®-20%+ 0"
H=S- 353

Eo=E,=1

92 =55 93 Tip5i9s = 64 a1 = Hp = iy = 0.0

E E
Ell_El andd11 = 11—i=25
Eo 1
E E;. 1x0.25
Ey; = E;.pqp and dy, =f=zTﬂl2=T= 0.25
0

3.241

3.242

3.243

3.244

3.245

3.246

3.247

3.248

3.249
3.250
3.251
3.252

3.253

3.254
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E Eq. 25 x0.01
E21 = E1 Uzq and d21 =2 =2 Ha1 = = 025
Eo 1 Eo

E22:E2 anddzzzEE_Z::%zl

Ess _ Gio(1—pi221) _ 0.5%(1-0.25x0.01)

E33 = G12(1 — pyapp;) and dzz = Eo = 1 1

Eqq _ G13(1—pappp1) _ 0.5%X(1-0.25X0.01) _

Eya = Giz3(1 — pgapizg) and dyy ==

Eo 1

Ess _ Gps(1—Hyppp1) _ 0.2X(1-0.25x0.01)

Ess = Gp3(1 — pyppzq) and dss = E 1 1

Constitutive relations

Angle of orientation 6 = 0°
Just like Equations 3.250 - 3.259 evaluate 3.260 - 3.268 as shown;

By = m*dy; + 2m?n?(dy, + 2d33) + n*dy, = 25

= 1*25 + 2*1*0*(0.25 + 2*0.49875) +0"4*1 = 25

By, = di,(n* + m*) + m?n?(dyy + dyy — 4ds3) = 0.25

= 0.25%(0M4 + 174) + 1°2*072%(25 + 1 - 4%0.49875) 0.25

Biz = m*n(dyy — dyp — 2d33) + mn®(dy; — dpy +2d33) = 0

= 173*0*(25-0.25—-2%0.49875) + 1*073*(0.25—-1 + 2*0.49875)= 0
By, = n*dy; + 2m?n?(d,, + 2d33) + m*d,, = 1

= 074*25 + 2*172*072*(0.25 +2*0.49875) + 1*4*1 =1

By3; = mn3d;; — m3nd,, + (m3n — mn3)(d,, + 2d33) =0
=1*0"3*25-173*0*1 + (173*0—1*073)(0.25 + 2*0.49875) =0

Bs3 = m?n?(dyq — 2dq, + dyp — 2d33) + dss(m* +n*) = 0.49875

=172*0"2*(25 -2*0.25 + 1 - 2*0.49875) + 0.49875*(1"4 + 0"4) = 0.49875

3.255

3.256

= 0.49875

3.257

0.49875

3.258

0.1995

3.259

3.260

3.260a

3.261

3.61a

3.262

3.262a

3.263

3.262a

3.264

3.264a

3.265

3.265a
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B21 = BlZ, B31 = 313 and Bgz = Bzg 3.266

By =dyy =72 = fualiztazityy) 2902029000 = 049875 3.267
Bee = dss = Ess _ Gas(lmtuziia)) _ 02x(1-025%001) _ o 100c 3268

Eo 1 1

k, = 0.00126;k, = 0.00036; k; = 0.00127;k, = 0;ks = 0;ks = 0.00003; k, = 0.00003, kg

= 0.00111
3.269
For square plate,=1,a/t=5,0=0°
_ B33 Bi3 a\? _
Lis = g5Buiks + 22 gsky + 222 gaky + Bay. (?) gake = 0.023089221 3.270
Li, = (Bip + By3) Lk, + ‘3;393/!\’,4 Sgsks = 0000175929 3.271

L13 = (B11 + O'SBIZ).ngl + (0.5B12 + B33 %kz 3 B g2k4 ﬁ: .ngS = 0.02570485

3.272
Ly; = Bz + ng)% B 28 gk + ﬁg 22 g.ks = 0.000175929

3.273

B2z B3 Bss a\?
Loz =57 gsks + 275 gsks + ﬁz Bss goky + (;) .gak; =0.001904641 3.274

B3 B33

L,s = (0.5B;, + B33)%k2 + (0.5B;, + BZZ)ZZ +5 gzks + 32 g2ks  =0.0013239

3.275

Ls; = (By; + 0.5B1,)g,k; + (0.5By, + B33)%k2 +3 31392k4 ;gzks = 0.02570485

3.276
Ly = (0.5Byz +Bay) 22 ky + (05B1, + Byo) 82 ks + 22 goky + 372 goks = 00013239
3.277
P, = it = 1108767725 3.278
12 —hi11422
P, = —“(221-521:32;2)3) = 0592676345
3.279
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le = [B11 - B11g2P2 - O-SBlngPZ]kl = 0.0034‘4‘6056 3.280

1

kro = 55 (2Ba; +B1o)[4 — goP; — goPslk, =0.000597181 3.281
ks = % [By, — BoygoPs — 0.5B1,9,Pslks = 0.000592497 3.282
Kpq = %[4 —3g,P,—g,Pslky, = 0 3.283
Kps = % [4—=g,P,—3g,Pslks = O 3.284

1
kr = [B11 — B1192P, — 0.5B1,9,P, ]k + Y (2B33 + B12)[4 — g2.P, — g2P3]k, +
1 B B
Iz [B22 — By2g2P3 — 0.5B1,9,Ps]k3 + f [4 —3g,P, — g,Pslks + ﬁ [4 — g2P, — 3g,Ps]ks =
le + kTZ + kT3 + kT4- + kT5 = 0004635733 3285

The complete solution to this problem is in the appendix.

3.6 Formulation of the excel worksheet program

Thick anisotropic rectangular plates that are simply supported on all edges (SSSS) and clamped on all
edges (CCCC) with aspect ratio of one(l) were analyzed manually for easy understanding of the
method. From the manual solution, excel worksheet program was developed to enhance the speed and
accuracy of the work. The excel worksheet program was developed following the steps listed (step1 to
step13). The program is user friendly and only requires the user to input the correct data for the particular
boundary condition in question. It analyzes anisotropic rectangular thick plate of the twelve boundary
conditions considered in this work when supplied with the required data. The solution can also analyze
thick isotropic plate for the twelve boundary conditions considered; thus, isotropic plates have the same
properties in all directions, that is E1 = E> = E, Gi12 = G13 = G2z = G and pi2 = pi2 = p. These steps
formulated are applicable to all the plate twelve boundary conditions. However, some of the steps like
stepl, step2, step6, step7, step8 and stepl0 varies in the input with respect to aspect ratio, span to
thickness ratio, angle fiber orientation, displacement functions, given data and particular boundary
condition in question. Hence what the program requires are input of data that matches the boundary

conditions of the particular plate to be solved as illustrated.
Given the following data of a thick anisotropic plate to analyze.

E1=25E2=1;G12=0.5; G13=0.5; G23 = 0.2, p12 =0.25
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STEP1:

STEP2:

STEP3:

STEP4:

STEPS:

STEPG6:

STEP7:

STEPS:

STEP9:

Select the particular shape profile or shape function that matches the plate boundary
condition to be analyzed from the following equations (3.174a, 3.175a, 3.176a, 3.177a,
3.178a, 3.179a, 3.181a, 3.182a, 3.183a, 3.184a, 3.185a and 3.186a).

Input the given data (E; = 25; E> = 1; Gi12 = 0.5; G13 = 0.5; G23 = 0.2, pi2 = 0.25) in the

excel worksheet and label boxes appropriately.

Using Hooks law and the given data, create boxes in the excel worksheet for calculations
of (121), (E12), (Li2 n21), (1 - (12 p21) and (Ey = (E,) as shown in equations (3.224) and
(3.220).

Create boxes in the excel worksheet for the calculations of E; 4, E12, E21, Eoy, Ez3, Eag,
Ess and dqq, dqz, dy1, day, di3, das, dss as shown in equations (3.43) to (3.49)

respectively.

Create boxes in the excel worksheet to calculate the values of g,, g;, and g, from
equations (3.82), (3.83) and (3.84). These equations contains various closed integral of

shear deformation adopted in the solution.

Create boxes in the excel worksheet to calculate the values of stiffness coefficient ky,
k,, k3 Ky, ks, kg, k7 and kg as shown in equations (3.150) to (3.157) with respect to the

shape function “h” of the particular plate boundary condition intended to solve.

Create boxes in the excel worksheet for aspect ratio B = b/a (width/length of the
rectangular plate) and Alpha (o) = w/t(span/thickness ration) of the plate. The aspect
ratio ‘B’ used here is one (1) but the solution can solve for other aspect ratios like f =1.1,
1.2, 1.3, 2.0, 2.5, 3.0, 3.6, etc. For manual solution, simply substitute the required aspect
ratio value at the places aspect ratio were used in the displacements and stresses

formulas. The program was designed to accept any aspect ratio of choice.

Create boxes in the excel worksheet to input angle in degree which the program converts
to radian and also use it to calculate the values of ‘m’ and ‘n’ in accordance with

equations (3.25).

Create boxes in the excel worksheet for calculations of B14, B12, B13, B21, B22, B3, B31,

B3, B33, By, and Bsg as shown in equations (3.51) to (3.59).
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STEP10: Create boxes in the excel worksheet for the calculations of the exact displacements
functions for the various boundary conditions at a chosen point on the rectangular plate

as given in equations (3.174) to (3.186).

STEP11: Create boxes in the excel worksheet for the calculation of Ly4, L2, L13, L1, Lo, L3,
P,, P; and K as given in equations (3.160) to (3.170). Note that ‘L’ values will be
different for each boundary condition because of the difference in the stiffness

coefficients.

STEP12: Create boxes in the excel worksheet which uses the values obtained from step1 to step11
for the calculations of the non-dimensional displacements (W, U and V) as given in
equations (3.199¢), (3.205) and (3.207) respectively. The displacement functions should

correspond with the particular shape function chosen.

STEP13: Create boxes in the excel worksheet which uses the values obtained from step1 to step11
for the calculations of the non-dimensional stresses (Gr, Gq, Trq, Trs and Tqgs) with
regard to equations (3.209), (3.211), (3.213), (3.218) and (3.220). The displacement

functions should correspond with the particular shape function chosen.

Figure 6 shows the interface of the excel worksheet program used. The variable data which are stiffness
coefficients (k values), aspect ratio of the rectangle (B = b/a), span to thickness ratio a (w/t), angles in
degrees (0) and displacement functions were changed as required by the formulas and the boundary

conditions.
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Figure 3.2

Interface showing the excel worksheet program used for anisotropic rectangular thick

plate analysis
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3.6.1 Flow chart

START

v
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RESULTS

|

DEBUG ERROR
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MORE
COMPUTATIONS

YES

COPY OUT
RESULTS
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3.7 Numerical problems comparisons

In order to ensure the validity of the proposed model for the analysis of thick rectangular/square
anisotropic plate through exact approach using third order shear deformation theory. The plate
considered was simply supported in all edges (SSSS) with 0°angle fiber orientation. The results were
compared with existing results presented in the literature. The validity of the present study is examined
by comparing the results with Reddy (1984) higher order shear deformation theory (HSDT), Atashipour
et al. (2017) first order shear deformation theory (FSDT), Shimpi and Patel (2006) two variable refined
plate theory (TVRPT), Srinivas et al. (1970) exact theory (ET) and Reissner (1945) first order shear
deformation plate theory (FSDT).

. . . _ Eot? 2. t2
The displacements and stresses were derived here in the form; w = wq%, Oxx = (Z"th), Oyy = (:”7),
Ty = (szt), The representations were similar with that of Atashipour et al. (2017). Shimpi and Patel

qa

(2006), Reddy (1984), Reissner (1945) and Srinivas (1970) derived theirs in the form: W = w%, Oxx

(o} _ o) JE— T . . . . .
= (=), Oyy = (), Tz = (=2). Further arithmetic conversions were carried out for the solution values
q?? YV gl X q

representation to correspond with those of Shimpi and Patel, Reddy, Reissner and Srinivas as presented
in Table 3.1. The plate considered was a rectangular anisotropic plate of length ‘a’ width ‘b’ and

thickness ‘t’.

The plate was analyzed at various meaningful points along the length, width and depth axis. For SSSS,
CCEFS, CCSS, CSFS, CSSS, SCFS and SSFS plates: in-plane displacements, u and v, were analyzed at
coordinates (x = 0.5,y = 0.5,z = 0.5); transverse displacement, w, was analyzed at coordinate
(x = 0.5,y = 0.5,z = 0.5), In-plane normal stresses, oy and o,, were analyzed at coordinates
(x = 0.5,y = 0.5,z = 0.5), in-plane shear stress, Txy, Were analyzed at coordinates x =0,y =
0,z = 0.5), out-plane shear stresses, Ty, and Ty, WETE analyzed at coordinates (x = 0,y = 0.5,z =
0.5)and (x = 0.5,y = 0,z = 0.5) respectively. For CCCC, CSCS, CCCS, CCFC, SCFC plates: in-
plane displacements, u, was analyzed at coordinate (x = 0.2,y = 0.5,z = 0.5); in-plane
displacement, v, was analyzed at coordinate (x = 0.5,y = 0.2,z = 0.5); transverse displacement,
w, was analyzed at coordinate (x = 0.5,y = 0.5,z = 0.5); In-plane normal stresses, Oyy, oyy and in-
plane shear stress, Ty, were analyzed at coordinates (x = 0.2,y = 0.2,z = 0.5); while out-plane
shear stresses, Ty, and Ty,, were analyzed at coordinates (x = 0.2,y = 0.5,z = 0.5) and
(x = 0.5,y = 0.2,z = 0.5) respectively. The plate is subjected to uniformly distributed transverse

load.
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The plate was subjected to meaningful boundary conditions as shown and it has the following material

properties: elastic moduli (E;, E;), shear moduli (G1,, G,3, G31) and poison ratios ({12, Mpq). The

subscripts 1, 2 and 3 agrees to X, y, z directions of Cartesian co-ordinate system. This notations were

also used by the above listed authors in their analysis.

Table 3.1:

Reddy (1984) and Reissner (1945) formulas.

Present study conversion to correspond with
Shimpi and Patel, etc representations

Shimpi and patel, Reddy and Reissner
representations

_ Eot3 E
W=w—=w o
qa

st5 (1= ugpuz9)

qt(1—uizuzq) a*

4
Multiplying both sides by [%] *ﬁ gives:
— Uiz2U21

4
[ﬁ] 1 apow—rto
(1-ugzuzq) qt(1-ujpuzq)

Where [%]4 = ot

i.e. the present solution for W will be multiplied by

4
[2] w1
tl  (1-ujzuzq)

For isotropic plate,

E0t3 EO *2t4(1+ |J.)

wW=w =w
qa* 2qt(1+ p) a*

. . . al* 1 .
Multiplying both sides by H * gives:

tl 1+

Eo
2qt(1+ )

4
4=
t 2(1+ )

— Qll
= w—
qt
12«D E
Where Q1 = ——+=——
t (1-ujzuzq)
Eo

That is; Q11 =

(1—ujzuz1)

Eo

Therefore; w = ws ————
qt+(1—uguzq)

For isotropic plate,

W= w—=w
qt 2qt(1+p)

Conversion of present study formulas to correspond with Shimpi and Patel (2006),
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Table 3.1: Continued

o= (25 = @+ [4]

qa?
For the present formula to match Shimpi and Patel,

Reddy, Reissner, Srinivas and Rao formula, both

2
sides will be multiplied by [5| . That is:

al*, Ox
[?] *Oxx = (;) as used by other authors.

GXX

)

-2 =[]

qa?

For the present formula to match Shimpi and Patel,
Reddy, Reissner, Srinivas and Rao formulas, both

2
sides will be multiplied by [5| . That is:

t

a 4*_ _ 0_y
[—] Oyy = (?) as used by other authors.

yy

=X
(q

—_ XZt XZ t

Txz = (Tqa ) = (T?)* [;]

For the present formula to match Shimpi and Patel,
Reddy, Reissner, Srinivas and Rao formulas, both
sides will be multiplied by |<|That is:

[ﬁ]* Ty = (2 ) as used by other authors.

a
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Table 3.1: Continued

b . .
B= - to make it similar to other authors equation,

invert both sides of the equation. That is:

l1_¢a

B b

For example, if f = 0.5 for other authors; here % =
—=20.

0.5

If B = 1.0 for other authors; here % = % =1.0

If B = 2.0 for other authors; here % = % =0.5

Therefore, for efficient use of the formula,
when 3 = 0.5 convert to 2.0

when 3 = 1.0 convert to 1.0

when 8 = 2.0 convert to 0.5

For example, f = 0.5

o= %, to make it similar to other authors equation,

invert both sides of the equation. That is:

QIR
Q|

b

For example, if a = 0.05 for other authors; here é

=—1=200
0.05

If o = 0.1 for other authors; here i = i =10.0

If o = 0.14 for other authors; here i - L -

0.14
7.14286

Therefore, for efficient use of the formula, when a
=0.05 convert to 20.0

when a = 0.1 convert to 10.0

when = 0.14 convert to 7.14286

o=

Q|

For example, o = 0.05
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Question: Analyze a rectangular orthotropic plate with the following given data E,/E; = 0.52500,
G12/Eq =0.26293, G13/E; = 0.15991, G,3/E1 = 0.26681, py, = 0.44046, 1 = 0.23124, (1 — uqpuyq)
=0.89815. [Taken from Shimpi and Patel (2006)].
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CHAPTER FOUR
Results and Discussion
4.1 Presentation of Results

4.1.1 Total potential energy functional for a thick anisotropic rectangular plate

The total potential energy functional for a thick anisotropic rectangular plate was derived in Equation

(3.91) and is as shown in Equation (4.1):

11 2 2
abD, 2w ‘w 09, , (9%,
= fj {B“' <E)R2) 2020 aR2 or 9%\ Gr
00

B, ) 2w\’ ad*w 09, ,0%w 09, 09, 0%w
+F. <m) —gzﬁa—Qz.%—gzaﬂ Wﬁ—gzaﬁa—w
9w 09, a9, 09,
_gzaﬂ'W'GQ 3a°p. ﬁ %]
Bis 9’w 9%*w . a¢, ag, *w 09,
+7'[4aRaQ'W_ gza'( )+ >6R2 *9:95750 3R
da¢ ¢ 29,
2 (2% p 7Y
+2g3a.(aQ+,[)’ 0R> OR]
By, [[9%w)’ ) 2y 99, 90,\*
+F- <6_Q2) - gzaﬁ 302 30 Y+ gsa?p? (w)
Bz3 4 0w 0%*w G ag, A 92w 09,
53 [ 9R0Q 002 <6Q B >6Q2 929P-3R00 3Q
g, 04\ 09
2g;a® ==
+ 2g3a ,3( 20 =+ . > 20

Bss |, (9°w 2 ) o?w b,  a*w 99,

57 (6R6Q> ~ 2924 <6R6Q P +‘86R6Q'c’)R)
9, \* 8¢, 99, 99,\
+g3a2(<%> Zﬁ% ﬁ‘l‘ﬁz(ﬁ)

a2 qa*
2 - 2(_ 27
ta 1355.(t) - 94-0, } 25w dRdQ 4.1

+ a?Bgy. (%)2 . g4. 0,7
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4.1.2 Governing equation and compatibility equations

The governing equation of equilibrium and two compatibility equations for thick anisotropic rectangular

plate which are derived in this study as Equations (3.96), (3.97) and (3.98) are presented in Equations
(4.2), (4.3) and (4.4).

1 1
0%w B,, 0%w B 0w B 0*w
f f B11 By +— + 42 + 42,
aR4 ,82 dRZ9Q% ' p* 9Q* B 6R36Q
00

B3 ORAQS
93 3 3
_ 924 ¢x g2a d ¢x B13 0 ¢
2B B . -3
2 12Bu+ Bl 5 =55 By 5rg0z ~39:% 5 3r200
0% a 0%¢ B,; 9°¢ 0°¢
[B12 + 2B,,] y_ 9z Byy > 392a-£—y — 9aa. B13-_y
253 90° 28 Y 3R%2aQ BZ 9RAQ? aR3
_ga . 0°4, qa*
53 B2 g5 ~p(dRAQ =0 4.2
Bi1 a.— ow + gsa?® 9%, Blz —g,af? —aSW - g,a —aSW + 2gs;a?p 62<|)y
T920- 33 ¥ 930 T | Y opz - | 79298 Gz T 924 Gp 502 T 2934 P Gpa0
Bys | 23w 3w , 0%9, 5 az¢y
? . —gza.—aQ SRz 292a—aQ 3R2 + 2gsa '_OROQ + g;a°.f. 3R
By | 3w azd)y
+F. aQ3+g3aﬁaQ2
Bss 3w , 0%, 5 azd)y 5 a2
F [_gza-aR_an"'gsa '6_Q2+g3a "B(')R(')Q ta B44-(?) G- Dy
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B, a d3w 23w %9 B3 3w 9%
— |9 ————+ 2g;a*p. X — . |—g:a.0.—= 2 .=

0R?
+ % : :—gzaﬁ.% + 930232-22;)2}}]
o R B L SO
+ %. [—gza-ﬁ;:Tng +g30*. B ;;j’é + g3a2'ﬁ2'%]
+ a®Bss. (%)2 +ga-0y =0 i

4.1.3 Exact polynomial displacement functions and polynomial stiffness coefficients
4.1.3.1 Exact polynomial displacement functions

The displacement functions; namely, central deflection (w), shear deformation rotation in x direction

(@4) and shear deformation rotation in y direction (@) as obtained for rectangular plate of various

boundary conditions are presented in Table 4.1a. (Note: The meaningful points i.e. (x =a,y =b; x = s

2
y = g; x =0, y = 0) were chosen for the solutions to match the related example problems as used by

previous Authors).
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Table 4.1a:

Exact polynomial displacement functions for thick anisotropic rectangular plate.

Mathematical Exact shape function Non- Meaningful
notation dimensional points
values of
displacements
SSSS Rectangular Plate
W | Ah A;(R-2R3+R*)(Q-2Q3+Q%) 0.09765625A, | 2 b
2’2
Dy dh | A,(1-6R?+4R%)(Q-2Q3+Q%) 0.3125A, 0.2
Az._ > 2
dR
@y A % A3(R-2R3+R*) (1-6Q%+4Q3) 0.3125A; 2’ 0
3'dQ
d?h | A,(R2-R)(Q-2Q3+Q%).12 -0.9375A, ab
A, — 2’2
I dR?
D
d?h | A3(R-2R3+R*)(Q?%-Q).12 -0.9375A, ab
Az.— 2’2
I dQ?
Dy
A d?w | A;(1-6R2+4R3)(1-6Q2+4Q3) 1.A4 a,b, &0,0
1" Tpan
nyn dRdQ
CCCC Rectangular Plate
W | Ah A;(R2-2R3+R*)( Q%-2Q3+Q%) 0.00390625A, | a2 b
2’2
Dy A % A,(2R-6R?+4R3)(Q%-2Q3+Q%) 0.A, a,b, 2, E’ 0,0
ZdR 272
d, A dh | A3(R?-2R3+R*)(2Q-6Q°+4Q°) 0.A5 ab,3200
3'dQ 2’2
d?h | A,(2-12R+12R?%)( Q%-2Q3+Q%) -0.0625A, ab
A, — 2’2
I dR?
Dy
d?h | A3(R2-2R3+R*)(2-12Q+12Q?) -0.0625A, ab
Az.— 2’2
I dQ?
Oy
A, d?w | A;(2R-6R2+4R3)(2Q-6Q%+4Q3) 0.A4 a, b, g’ 23 0,0
nyll dRdQ
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Table 4.1a: Continued

CSSS Rectangular Plate
W | A;h A;(R-2R3+R*)(1.5Q%-2.5Q3+Q*%) 0.039062A, ab
2’2
Dy dh | A,(1-6R?+4R3)(1.5Q%-2.5Q3+Q*%) 0.125A, 0.2
AZ._ b 23
dR
By A dh | A5(R-2R*+R%)(3Q-7.5Q*+4Q%) 0.039062A 4 ab
3 dQ 2
d?h | A,12(R? — R)(1.5Q% — 2.5Q% + Q%) -0.375A, ab
Ay— 2’2
0! dR?
X
d?h | A3(R-2R3+R*)(1-5Q+4Q?) -0.46875A5 ab
377 2’2
@yl dQ
d?w | A;(1-6R?+4R?) (3Q-7.5Q2+4Q3) 0.125A, 0.2
1._ ’ 2
nyn dRdQ
CCSS Rectangular Plate
W [Ah A;(1.5R?-2.5R3+R*)(1.5Q%-2.5Q3+Q%) 0.015625A, ab
2’2
Dy A dh | A,(3R-7.5R*+4R?)(1.5Q%-2.5Q+Q*) 0.125A, 0,2
Z'dR 2
By dh | A3(1.5R2-2.5R3+R*)(3Q-7.5Q%+4Q3) 0.0390625A 5 ab
Az.— 2’2
dQ
d?h | A,(3 — 15R + 12R?)(1.5Q% — 2.5Q% + Q*) -0.375A, ab
Dy
d?h | A3(1.5R?-2.5R3+R*)(3 — 150Q + 12Q?) -0.46875A; ab
@ I Agd_QZ 2’2
y
A, d?w | A;(BR-7.5R?+4R3)(3Q-7.5Q%+4Q%) 0.125A, & 0, g &a, b,
nyH deQ 05A1
CSCS Rectangular Plate
W [Ah A (R-2R3+R*)(Q2-2Q3+Q%) 0.01953125A, |ab
2’2
Dy dh 1 A,(1-6R*+4R%)(Q*-2Q3+Q%) 0.0625A, 0.2
A,. '3
dR
Py A3.ﬁ A5(R-2R3+R*)(Q-6Q%+4Q3) 0.3125A, a,b, % g 0,0
dQ
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Table 4.1a: Continued

d®h | A,12(RZ — RY(Q? — 2Q% + Q%) 20.1875A, ab
s . Az'ﬁ 272
X
2 ORIIREV . 2 N a b
d%h | A;(R2RR%)(2-12Q+12Q2) 031254, ab
Az.— 2’2
0! 3 dQ2
y
92w A (I-6R7H4RY) 2Q-6Q7+4Q") 0.A, b2 0.0
1" Tnan 22
nyn dRdQ
CCCS Rectangular Plate
W | Ash A,(1.5RZ2.5R3+R%)(Q%-2Q3+Q%) 0.0078134, ab
2’2
0, dh | A,(3R-7.5RZ+4R%)(Q%-2Q%+Q") 0.007813A, ab
Az.ﬁ 2’2
o, dh | A,(1.5R%-2.5R%+RH(2Q-6Q%+4Q%) 0.A; b 22 0.0
A3.E Pt
d®h | A,(3 — 15R + 12R%)(Q% — 2Q° + Q%) -0.09375A, ab
s . Az'ﬁ 272
X
d%h | A;(1.5R%-2.5R3+R*)(2 — 120 + 12Q%) 20.125A, ab
@ . A3d_QZ 272
y
@w | A;(3R-7.5R%+4R%)(2Q-6Q2+4Q?) 0.A, 2D
Al —— ' ' a,b,~,-,0,0
1
nyn dRdQ
SSFS Rectangular Plate
b
W | A;h Al(R—2R3+R4)((§Q Q3+ Q4 Q5) 0.289713542A, %’E
Dy Az-:—h A2(1-6R2+4-R3)(§Q Q3+ Q4 Q%) 0.927083333A, 0’2’
R
Oy | 4, 3 | AJR2RRY( ~ 10Q7 + Q% 5Q%) 03710937545 | 2.2
dQ
A 80T A R -RICE - S0P+ 504 Q%) 2781254, |22
0! > dRr2
X
2 OR3IRHV(. Z 5003 N a b
d%h | A;(R2R3+R*)(20Q+40Q2-20Q°) 0.78125A, ab
(Z) . A3d_QZ 272
y
A d*w | A, (1-6R*+4R%)( — 10Q% + 22 Q3-5Q%) 1.1875A, & -1 g&a,b
1-
W, dRdQ 0.66667
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Table 4.1a: Continued

CCFC Rectangular Plate
W | Ah A;(RZ-2R3+R*)( (2.8Q2-5.2Q3+3.8Q*-Q°) 0.016015625A;, | 2 b
2’2
Dy dh | A,(2R-6R?+4R3)(2.8Q2%-5.2Q3+3.8Q*-Q°) 0.A, ab
Az.ﬁ 2’2
By dh | A5(RZ-2R3+R*)(5.6Q-15.9Q%2+15.2Q3-5Q%) 0.02578125A; |2 b
Az.— 2’2
dQ
A d?h | A,(2-12R+12R?%)(2.8Q% — 5.2Q3 + 3.8Q* — -0.25625A, 2 b
@ I Z.dRZ QS) 22
X
d?h | A3(R2-2R3+R*)(5.6-31.8Q+45.6Q%-20Q3) -0.0875A; ab
@ I A3d_QZ 2’2
y
A d?w | A;(2R-6R%*+4R3)(5.6Q-15.9Q%+15.2Q% - 5Q*) | 0.A, a, b, g’ g’ 0,0
W 1"drdQ
Xy
SCFS Rectangular Plate
7 10 10 b
W | Ajh A;(1.5R2-2.5R3+R%) (EQ —?Q?’ +?Q4- Q%) 0.115885417A, %’5
Dy A % A2(3R-7.5R2+4R3) (g Q- 13_0Q3 4 %Q‘l_ Q5) 0.115885417A, 3’ b
2" dR 2°2
Dy A ﬁ A4(1.5R2-2.5R3+R*%) (Z —10Q2% + ﬂQ3_ 5Q%) | 0.1484375A; g b
3. dQ 3 3 2°2
2 7 10 10 b
A L0 A3 - 15R + 12RY)(Q - T QF +7Q*- Q%) | -13906254, | 22
0. > dRr?
X
d?h | A5(1.5R%-2.5R3+R*)(-20Q+40Q?-20Q3) -0.3125A; g b
@ I A3d_QZ 272
y
W | A (3R-7.5RZ+4R%)(2 — 10Q7 +5Q3-5Q%) | 10-1484375A; |2 289
1-
nyn dRdQ &-0.333333333
CSFS Rectangular Plate
W | Ah A;(R-2R3+R%) (2.8Q2-5.2Q3+3.8Q*-Q°) 0.080078125A, | 2 b
2’2
Dy A % A,(1-6R?+4R3) (2.8Q2-5.2Q3+3.8Q*-Q°) 0.25625A, 0 E
By A dh | A5(R-2R3+R%) (5.6Q-15.9Q%+15.2Q3-5Q%) 0.15234375A3 | 2 b
3- 35 2’2
dQ
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Table 4.1a: Continued

d?h | A,12(R%? — R) (2.8Q2-5.2Q3+3.8Q*-Q%) -0.76875A, g b
(D . AZ.W 272
X
d?h | A3(R-2R3+R*)(5.6-31.8Q+45.6Q%-20Q) -0.34375A3 2 b
(Z) . A3d_QZ 272
y
d?w | A3(1-6R?+4R3)(5.6Q-15.9Q%+15.2Q3-5Q%) 0.4875A3 & -|02&a b
Al- b 2 bl
w1l dRdQ 0.2A,
CCFS Rectangular Plate
W | Ah A;(1.5R?-2.5R3+R*) (2.8Q%-5.2Q3+3.8Q*-Q%) | 0.03203125A, | 2 b
2’2
Dy A dh | A,(3R-7.5R*+4R%) (2.8Q%-5.2Q%+3.8Q*-Q%) | 0.032031254, 32
>"dR
Dy A ﬁ A5(1.5R%-2.5R3+R*)  (5.6Q-15.9Q%+15.2Q3- | 0.0609375A %ﬂg
3-
Q1504
A d?h | A,(3 — 15R + 12R?%)(2.8Q2-5.2Q3+3.8Q*-Q°) | -0.384375A, g b
I 2 dr2 22
Dy
d?h | A3(1.5R%-2.5R3+R*)(5.6-31.8Q+45.6Q%-20Q3) | -0.1375A, ab
(Z) . A3d_QZ 272
y
A d?w | A;(3R-7.5R?+4R3)(5.6Q-15.9Q%+15.2Q3-5Q%) | 0.0609375.A, ab.op
P 2’ 2’ b
w1 dRdQ & 0.1A,
SCFC Rectangular Plate
7 10 10 b
W | Ajh A;(RZ-2R3+R*)( 2 Q- 5 Q3+ 5 Q*- Q%) 0.057942708A, %’ >
7 10 10 b
2 Az_% A(R-6R*H4RN(ZQ -2 QP +2Q% Q%) | 0A 2.b.2,2,0,0
By A dh A5(RZ2R3+R%)( Z_10Q2 +22¢@3- 5Q%) 0.07421875A; | 2 b
3dQ 3 3 272
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Table 4.1a: Continued

A, T0 A RA2RDGO ~ T QP T QY) | 3 &ab
gl | dR? 0.927083333A,
& 2.666666667
d?h | A;(RZ-2R3+R%) (-20Q+40Q%-20Q%) 20.15625A, 2b 2200
I A3.d_Q'2 9 b 27 23 b
Q)Y
o LW A QR-6R?+4R?) (S — 10Q + 5 Q- 5Q%) 0.A; 2,b,2.2,0,0
1.
nyll dRdQ
4.1.3.2 Polynomial stiffness values (k) of the rectangular plates

The polynomial stiffness values (k) of rectangular plates for the twelve boundary conditions were

obtained and the results are presented in Table 4.1b.

Table 4.1b  Stiftness value (k) for rectangular plate
Plate K K, K3 K, K Kq K, Kg
type
SSSS ]0.23619 | 0.23592 0.23619 |0 0 0.02390 0.02390 0.04000
CCCC | 0.00126 | 0.00036 0.00127 |0 0 0.00003 0.00003 0.00111
CSSS | 0.03619 | 0.04163 0.08857 |0 0 0.00366 0.00422 0.01500
CCSS | 0.01357 |0.00735 0.01357 |0 0 0.00065 0.00065 0.00563
CSCS |0.03937 | 0.00925 0.03937 |0 0 0.000937 | 0.000771 | 0.00667
CCCS | 0.00286 | 0.00163 0.00603 |0 0 0.00014 0.00014 0.00250
SSFS | 4.02578 | 1.033107 | 0.18746 |0 0 0.407371 | 0.104661 | 0.16667
CCFC | 1.848889 | 0.195918 | 0.045714 | 0 0 0.0440211 | 0.0163265 | 0.04000
SCFS | 1.50967 |0.1823129 | 0.02872 |0.11111 | O 0.071889 | 0.016033 | 0.0625
CSFS | 11.0933 | 4.99592 1.417142 | 0 0 1.1225397 | 0.506122 | 0.240000
CCFS | 0.67096 | 0.040514 | 0.006047 | O 0 0.0159753 | 0.0033762 | 0.0277778
SCFC | 4.16000 | 0.8816327 | 0.217985 | 0.5625 |0 0.198095 | 0.077531 | 0.09000
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4.1.4 The formulas for determining the displacements and stresses

The formulas for determining the displacements as well as the stresses of a thick anisotropic rectangular
plate are derived in equations (3.199¢), (3.205), (3.207), (3.209), (3.211), (3.213), (3.218) and (3.220)
as presented in equation (4.5), (4.6), (4.7), (4.8), (4.9), (4.10), (4.11) and (4.12).

ot? kg _
W—pr = 12[1 - IJ-xle-yx] (E>h =W 4.5
Eo (t)z =121 ][P 2 p,s? 1] S (k8> h_q 4.6
uqa' o Hxy Hyx | [P2 3 P2 S\, .aR—u .
Fo (t>2 =121 ][P L ps? 1] > (ks) h_ 4.7

Oor [t\? kg 0*h By, 4 0%h
_.(_) —125( ) B11 [Pz__st _1 ] +_.[P3__P3S _1 ]._
q \a kr

R " p2 3 902
5 4 4 h '\ _
GQ(t)Z —1zs(k) B [P P,S2 1] h 4 B [P dos2_q ] 0%h
q a - kT 21 2 2 a BZ . 3 3 3 'aQZ
+B [P + P, — PSZ 41352 2] 0%h =0 49
g 2T 3Y T3 "aRaQ ) ~ °Q '

Trq (1) ke , 92h 332 9%h
T(E) = 125 (kT> Bar . [PZ 308 _1] Rzt [P3__P3S -1 ] 902

X 4 4 62h B
_.I:P2+P3_§P25 _§P3S _2].6R6Q :TRQ 4.10
Trs (t) a2 5 oh _
?(5) =12 (E) B, (P, — 4P,52). (kT) o = Ths 411
Tos () 2 Bgg ( 8) oh  _
. (a) =12 (t) (- 4P52). (- 3g = s 412
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4.1.5 Results of numerical problems

The numerical values for a typical thick anisotropic rectangular plate in-plane displacements (U and

V), out-plane displacement (W), in-plane stresses (Oxx, Oyyand T,y) and out-plane stresses (T, and

Ty,) as determined from equations (3.199¢), (3.205), (3.207), (3.209), (3.211), (3.213), (3.218) and

(3.220) are presented on Tables (4.2) to (4.13).

Table 4.2a:
plate for 0° @ a=5t0 100, =1

Numerical values of displacements and stresses for SSSS thick anisotropic rectangular

a W u v O o, Ty T T,
5 0.0180 -0.32005 | -0.60615 | 0.980772 | 0.0364545 | 0.0592765 | 0.59966 | 0.06820
10 0.01005 | -1.15660 | -1.51589 | 0.881023 | 0.0259871 | 0.0427599 | 0.67721 | 0.05531
20 0.00775 | -4.4924 -4.87597 | 0.853597 | 0.0222705 | 0.0374734 | 0.70067 | 0.05011
30 0.00731 | -10.0509 | -10.4394 | 0.848404 | 0.0215162 | 0.0364274 | 0.70524 | 0.04903
40 0.00715 | -17.8329 | -18.2231 | 0.846577 | 0.0212470 | 0.0360560 | 0.70686 | 0.04864
50 0.00708 | -27.8382 | -28.2292 | 0.845730 | 0.0211214 | 0.0358832 | 0.70761 | 0.04846
60 0.00704 | -40.0669 | -40.4583 | 0.845270 | 0.0210529 | 0.0357890 | 0.70802 | 0.04836
70 0.00701 | -54.5190 | -54.9107 | 0.844992 | 0.0210115 | 0.0357321 | 0.70827 | 0.04830
80 0.0070 -71.1945 | -71.5863 | 0.844811 | 0.0209846 | 0.0356952 | 0.70843 | 0.04826
90 0.00699 | -90.0934 | -90.4853 | 0.844688 | 0.0209662 | 0.0356699 | 0.70854 | 0.04823
100 | 0.00698 | -111.216 | -111.608 | 0.844599 | 0.0209530 | 0.0356517 | 0.70862 | 0.04821
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Table 4.2b:

plate for 15° @ o =5t0 100, B =1

Numerical values of displacements and stresses for SSSS thick anisotropic rectangular

a w u v O o, Ty T T,
5 0.01245 -0.2212 | -0.379625 | 0.661806 | 0.0977385 | 0.1517064 | 0.41532 | 0.071053
10 0.00791 -0.9118 | -1.103948 | 0.658215 | 0.0849413 | 0.1272449 | 0.53056 | 0.096888
20 0.00634 -3.6773 | -3.879932 | 0.656304 | 0.0807469 | 0.1192681 | 0.57014 | 0.106484
30 0.00602 -8.2868 | -8.491418 | 0.655874 | 0.0799134 | 0.1176856 | 0.57813 | 0.108468
40 0.00591 -14.740 | -14.94539 | 0.655717 | 0.0796172 | 0.1171235 | 0.58098 | 0.109179
50 0.00586 -23.037 | -23.24277 | 0.655643 | 0.0794793 | 0.1168619 | 0.58231 | 0.109512
60 0.00583 -33.178 | -33.38378 | 0.655603 | 0.0794042 | 0.1167193 | 0.58304 | 0.109693
70 0.00581 -45.163 | -45.36852 | 0.655578 | 0.0793588 | 0.1166332 | 0.58347 | 0.109803
80 0.00580 -58.991 | -59.19701 | 0.655562 | 0.0793293 | 0.1165773 | 0.58376 | 0.109874
90 0.00579 -74.663 | -74.86926 | 0.655551 | 0.0793091 | 0.1165390 | 0.58395 | 0.109923
100 | 0.00579 -92.179 | -92.38529 | 0.655543 | 0.0792946 | 0.1165115 | 0.58409 | 0.109958

Table 4.2c:  Numerical values of displacements and stresses for SSSS thick anisotropic rectangular

plate for 30° @ a =5to0 100, B =1

o w u A Oxx Gyy Ty Tyz Tyz
5 0.00774 | -0.15608 | -0.179078 | 0.374328 | 0.1433016 | 0.2109912 | 0.23050 | 0.07840
10 0.00568 | -0.68334 | -0.656346 | 0.391837 | 0.1468940 | 0.2108444 | 0.33873 | 0.15169
20 0.00471 | -2.75267 | -2.695600 | 0.396415 | 0.1489391 | 0.2143670 | 0.38959 | 0.19008
30 0.00448 | -6.19068 | -6.126367 | 0.397230 | 0.1494259 | 0.2153889 | 0.40116 | 0.19905
40 0.00440 | -11.0020 | -10.93497 | 0.397511 | 0.1496063 | 0.2157821 | 0.40540 | 0.20236
50 0.00436 | -17.1873 | -17.11908 | 0.397641 | 0.1496919 | 0.2159707 | 0.40740 | 0.20393
60 0.00434 | -24.7471 | -24.67808 | 0.397711 | 0.1497388 | 0.2160750 | 0.40850 | 0.20479
70 0.00433 | -33.6811 | -33.61173 | 0.397752 | 0.1497673 | 0.2161385 | 0.40916 | 0.20531
80 0.00432 | -43.9896 | -43.91996 | 0.397780 | 0.1497858 | 0.2161799 | 0.40960 | 0.20565
90 0.00432 | -55.6726 | -55.60270 | 0.397799 | 0.1497986 | 0.2162085 | 0.40989 | 0.20588
100 | 0.00431 | -68.7299 | -68.65994 | 0.397812 | 0.1498077 | 0.2162290 | 0.41011 | 0.20605
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Table 4.2d:
plate for 45° @ o =51t0 100, B =1

Numerical values of displacements and stresses for SSSS thick anisotropic rectangular

a w u \ Oyx Oyy Tyy Tz Ty
5 0.00680 | -0.19077 | -0.089217 | 0.229241 | 0.2170548 | 0.22904 | 0.12201 | 0.10974
10 0.00521 | -0.68901 | -0.484018 | 0.236799 | 0.2306494 | 0.23989 | 0.21532 | 0.20913
20 0.00425 | -2.54258 | -2.275540 | 0.241002 | 0.2389991 | 0.24634 | 0.27041 | 0.26839
30 0.00402 | -5.59693 | -5.314405 | 0.242033 | 0.2410916 | 0.24794 | 0.28410 | 0.28315
40 0.00393 | -9.86670 | -9.578364 | 0.242420 | 0.2418793 | 0.24855 | 0.28925 | 0.28870
50 0.00389 | -15.3545 | -15.06343 | 0.242604 | 0.2422543 | 0.24883 | 0.29169 | 0.29135
60 0.00386 | -22.0612 | -21.76853 | 0.242705 | 0.2424610 | 0.24899 | 0.29305 | 0.29280
70 0.00385 | -29.9868 | -29.69326 | 0.242766 | 0.2425866 | 0.24909 | 0.29387 | 0.29368
80 0.00384 | -39.1316 | -38.83746 | 0.242806 | 0.2426685 | 0.24915 | 0.29440 | 0.29426
90 0.00383 | -49.4956 | -49.20106 | 0.242834 | 0.2427248 | 0.24919 | 0.29477 | 0.29466
100 | 0.00383 | -61.0789 | -60.78399 | 0.242854 | 0.2427652 | 0.24922 | 0.29503 | 0.29494
Table 4.2e:  Numerical values of displacements and stresses for SSSS thick anisotropic rectangular

plate for 60° @ o =5to 100, B =1

o w u v Oxx Gyy Ty Txz Ty

5 0.00896 | -0.30878 | -0.086577 | 0.144820 | 0.3249868 | 0.2488920 | 0.07430 | 0.16304
10 | 0.00643 | -0.93244 | -0.533919 | 0.147495 | 0.364930 | 0.2307812 | 0.14551 | 0.29731
20 | 0.00497 | -3.05655 | -2.556298 | 0.149099 | 0.3875076 | 0.2208424 | 0.18736 | 0.37509
30 | 0.00461 | -6.50804 | -5.982777 | 0.149497 | 0.3930315 | 0.2184275 | 0.19769 | 0.39423
40 | 0.00448 | -11.3243 | -10.78976 | 0.149646 | 0.3950991 | 0.2175250 | 0.20156 | 0.40140
50 | 0.00441 | -17.5121 | -16.97309 | 0.149717 | 0.3960814 | 0.2170964 | 0.20341 | 0.40481
60 | 0.00438 | -25.0731 | -24.53166 | 0.149757 | 0.3966220 | 0.2168606 | 0.20442 | 0.40668
70 | 0.00436 | -34.0080 | -33.46506 | 0.149780 | 0.3969503 | 0.2167174 | 0.20504 | 0.40782
80 | 0.00434 | -44.3171 | -43.77311 | 0.149796 | 0.3971644 | 0.2166241 | 0.20544 | 0.40857
90 | 0.00433 | -56.0004 | -55.45574 | 0.149806 | 0.3973116 | 0.2165599 | 0.20571 | 0.40908
100 | 0.00432 | -69.0580 | -68.51289 | 0.149814 | 0.3974171 | 0.2165139 | 0.20591 | 0.40945
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Table 4.2f:

plate for 75° @ o =5t0 100, B = 1

Numerical values of displacements and stresses for SSSS thick anisotropic rectangular

a w u v O o, Ty T T,
5 0.01683 | -0.61624 | -0.188913 | 0.123480 | 0.6256783 | 0.2033115 | 0.08573 | 0.29069
10 0.01018 | -1.56106 | -0.851163 | 0.097464 | 0.6419197 | 0.1522786 | 0.10206 | 0.46676
20 0.00706 | -4.44752 | -3.602851 | 0.084644 | 0.6513665 | 0.1270507 | 0.10788 | 0.54996
30 0.00636 | -9.08430 | -8.209154 | 0.081723 | 0.6535931 | 0.1212998 | 0.10910 | 0.56872
40 0.00610 | -15.5475 | -14.66125 | 0.080651 | 0.6544162 | 0.1191885 | 0.10953 | 0.57560
50 0.00598 | -23.8493 | -22.95775 | 0.080146 | 0.6548053 | 0.1181932 | 0.10974 | 0.57884
60 0.00591 | -33.9927 | -33.09829 | 0.079869 | 0.6550188 | 0.1176475 | 0.10985 | 0.58061
70 0.00587 | -45.9789 | -45.08273 | 0.079701 | 0.6551483 | 0.1173168 | 0.10992 | 0.58169
80 0.00585 | -59.8083 | -58.91103 | 0.079592 | 0.6552327 | 0.1171015 | 0.10996 | 0.58239
90 0.00583 | -75.4812 | -74.58315 | 0.079517 | 0.6552906 | 0.1169536 | 0.10999 | 0.58287
100 | 0.00582 | -92.9977 | -92.09909 | 0.079463 | 0.6553322 | 0.1168476 | 0.11001 | 0.58321

Table 4.2g:  Numerical values of displacements and stresses for SSSS thick anisotropic rectangular

plate for 90° @ o =5to0 100, B =1

a W u v [ o, Ty T 1.
5 0.02864 | -1.06997 | -0.350592 | 0.139262 | 1.08659 | 0.0909160 | 0.11324 | 0.47692
10 0.01410 | -2.20768 | -1.204006 | 0.075449 | 0.92186 | 0.0545870 | 0.07184 | 0.63094
20 0.00889 | -5.65573 | -4.546235 | 0.051070 | 0.86518 | 0.0408079 | 0.05475 | 0.68760
30 0.00783 | -11.2375 | -10.10619 | 0.045995 | 0.85368 | 0.0379445 | 0.05113 | 0.69929
40 0.00745 | -19.0278 | -17.88861 | 0.044173 | 0.84957 | 0.0369165 | 0.04983 | 0.70348
50 0.00727 | -29.0370 | -27.89414 | 0.043321 | 0.84765 | 0.0364360 | 0.04922 | 0.70544
60 0.00717 | -41.2678 | -40.12295 | 0.042856 | 0.84660 | 0.0361737 | 0.04889 | 0.70651
70 0.00711 | -55.7212 | -54.57511 | 0.042575 | 0.84597 | 0.0360151 | 0.04869 | 0.70715
80 0.00707 | -72.3975 | -71.25064 | 0.042392 | 0.84556 | 0.0359121 | 0.04856 | 0.70757
90 0.00705 | -91.2970 | -90.14955 | 0.042267 | 0.84528 | 0.0358413 | 0.04847 | 0.70786
100 | 0.00703 | -112.419 | -111.2718 | 0.042177 | 0.84508 | 0.0357906 | 0.04840 | 0.70807
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Table 4.3a:
plate for 0° @ a=5t0 100, =1.5

Numerical values of displacements and stresses for CCCC thick anisotropic rectangular

« | w u v O o, Ty T T,
5 0.01349 | -0.13438 -0.26688 -0.02330 | -0.00145 | 0.03285 | 0.57552 | 0.04710
10 | 0.00485 | -0.32510 -0.45571 -0.01404 | -0.00066 | 0.01549 | 0.63041 | 0.02472
20 | 0.00244 | -1.06578 -0.97263 -0.01147 | -0.00039 | 0.00969 | 0.64738 | 0.01537
30 | 0.00198 | -2.29763 -1.79867 -0.01098 | -0.00034 | 0.00853 | 0.65073 | 0.01338
40 | 0.00181 | -4.02187 -2.94989 -0.01080 | -0.00032 | 0.00811 | 0.65192 | 0.01266
50 | 0.00174 | -6.23865 -4.42854 -0.01072 | -0.00031 | 0.00791 | 0.65247 | 0.01233
60 | 0.00170 | -8.94801 -6.23522 -0.01068 | -0.00030 | 0.00781 | 0.65277 | 0.01214
70 | 0.00167 | -12.14996 -8.37012 -0.01065 | -0.00030 | 0.00774 | 0.65295 | 0.01203
80 | 0.00166 | -15.84451 -10.83333 -0.01064 | -0.00030 | 0.00770 | 0.65307 | 0.01196
90 | 0.00165 | -20.03166 -13.62488 -0.01063 | -0.00030 | 0.00767 | 0.65315 | 0.01191
100 | 0.00164 | -24.71141 -16.74480 | -0.01062 | -0.00030 | 0.00765 | 0.65321 | 0.01187

Table 4.3b:  Numerical values of displacements and stresses for CCCC thick anisotropic rectangular

plate for 15° @ a =5t0 100,B=1.5

a w u v O o, Ty T T,

5 |001704 |-0.16094 | -0.31905 |-0.31784 |-0.02747 | 0.16179 | 0.74015 | 0.07032
10 |0.00518 |-0.34977 |-0.45589 |-0.13168 | -0.01129 | 0.06619 | 0.66805 | 0.04452
20 [0.00258 |-1.14655 | -0.99602 | -0.08639 | -0.00734 |0.04286 | 0.65355 | 0.03529
30 [0.00211 |-2.47837 | -1.88603 |-0.07787 |-0.00660 | 0.03846 | 0.65105 | 0.03334
40 [0.00194 |-4.34341 | -3.13019 |-0.07487 |-0.00634 |0.03691 | 0.65019 | 0.03263
50 |0.00187 |-6.74147 | -4.72927 |-0.07348 |-0.00621 |0.03619 | 0.64979 | 0.03230
60 |0.00183 |-9.67248 | -6.68348 |-0.07273 | -0.00615 | 0.03580 | 0.64958 | 0.03212
70 |0.00180 |-13.13643 | -8.99290 |-0.07227 |-0.00611 |0.03557 | 0.64945 | 0.03202
80 |0.00179 |-17.13330 | -11.65757 | -0.07198 | -0.00608 | 0.03542 | 0.64936 | 0.03194
90 |0.00178 |-21.66310 | -14.67749 | -0.07177 | -0.00607 |0.03531 | 0.64931 | 0.03190
100 | 0.00177 | -26.72582 | -18.05267 | -0.07163 | -0.00605 | 0.03524 | 0.64926 | 0.03186
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Table 4.3c:

plate for 30° @ a =5 to 100, B = 1.5

Numerical values of displacements and stresses for CCCC thick anisotropic rectangular

a w u v O o, Ty T T,
5 0.03572 | -0.29479 -0.58125 -0.78345 | -0.27034 | 0.72773 | 1.61547 | 0.19996
10 | 0.00607 | -0.43594 -0.44583 -0.18882 | -0.06493 | 0.17403 | 0.74450 | 0.10541
20 | 0.00304 | -1.42985 -1.07693 -0.13135 | -0.04509 | 0.12057 | 0.65425 | 0.10025
30 | 0.00255 | -3.10156 -2.18541 -0.12255 | -0.04206 | 0.11240 | 0.63967 | 0.09996
40 | 0.00239 | -5.44349 -3.74457 -0.11960 | -0.04104 | 0.10966 | 0.63470 | 0.09991
50 | 0.00231 | -8.45495 -5.75121 -0.11826 | -0.04057 | 0.10841 | 0.63242 | 0.09990
60 | 0.00227 | -12.13578 | -8.20455 -0.11753 | -0.04032 | 0.10774 | 0.63119 | 0.09990
70 | 0.00225 | -16.48591 -11.10430 | -0.11710 | -0.04017 | 0.10733 | 0.63045 | 0.09990
80 | 0.00223 | -21.50532 -14.45037 | -0.11682 | -0.04008 | 0.10707 | 0.62997 | 0.09990
90 | 0.00222 | -27.19402 -18.24268 | -0.11662 | -0.04001 | 0.10689 | 0.62964 | 0.09990
100 | 0.00221 | -33.55198 | -22.48122 | -0.11649 | -0.03996 | 0.10677 | 0.62940 | 0.09990

Table 4.3d:  Numerical values of displacements and stresses for CCCC thick anisotropic rectangular

plate for 45° @ a =5t0 100, B=1.5

@« | w u v O o, Ty T T,
5 |0.06904 | -0.56067 | -0.86875 | -0.97001 | -0.97014 | 151050 | 3.13588 | 0.53925
10 [0.00735 | 0.63172 |-0.41223 | -0.16457 | -0.16396 | 0.25473 | 0.74520 | 0.20407
20 |0.00401 [ -2.05735 |-1.27094 | -0.13056 | -0.13004 | 0.20201 | 0.60689 | 0.22221
30 [0.00348 [ -4.42109 |-2.82253 | -0.12664 | -0.12616 | 0.19599 | 0.58370 | 0.23057
40 |0.00330 |-7.72481 |-5.01558 | -0.12547 |-0.12501 | 0.19421 | 0.57562 | 0.23407
50 |0.00322 | -11.97056 |-7.84153 | -0.12497 |-0.12451 | 0.19344 | 0.57188 | 0.23581
60 |0.00317 [ -17.15903 |-11.29798 | -0.12471 |-0.12425 | 0.19304 | 0.56984 | 0.23678
70 |0.00314 | -23.29047 | -15.38406 | -0.12455 | -0.12410 | 0.19281 | 0.56862 | 0.23738
80 [0.00313 | -30.36501 | -20.09941 | -0.12446 | -0.12400 | 0.19266 | 0.56782 | 0.23778
90 [0.00312[-3838270 |-25.44384 | -0.12439 |-0.12394 | 0.19256 | 0.56727 | 0.23805
100 | 0.00311 | -47.34357 |-31.41726 | -0.12434 | -0.12389 |0.19248 | 0.56688 | 0.23824
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Table 4.3e:

Numerical values of displacements and stresses for CCCC thick anisotropic rectangular

plate for 60° @ a =5 to 100, B = 1.5

« | w u v O o, Ty T T,
5 0.03562 | -0.48056 -0.29559 -0.21602 | -0.62236 | 0.57755 | 1.33066 | 0.36971
10 | 0.00948 | -1.05484 -0.41963 -0.09860 | -0.28306 | 0.26296 | 0.60188 | 0.33066
20 | 0.00580 | -3.24420 -1.69261 -0.08456 | -0.24328 | 0.22586 | 0.47506 | 0.40880
30 | 0.00508 | -6.72005 -3.95267 -0.08216 | -0.23662 | 0.21961 | 0.44698 | 0.43561
40 | 0.00482 | -11.54461 -7.14610 -0.08133 | -0.23433 | 0.21745 | 0.43644 | 0.44657
50 | 0.00469 | -17.73414 -11.26123 | -0.08094 | -0.23327 | 0.21646 | 0.43141 | 0.45196
60 | 0.00463 | -25.29361 -16.29461 | -0.08074 | -0.23269 | 0.21592 | 0.42863 | 0.45498
70 | 0.00459 | -34.22487 -22.24495 | -0.08061 | -0.23235 | 0.21559 | 0.42694 | 0.45683
80 | 0.00456 | -44.52877 -29.11170 | -0.08053 | -0.23213 | 0.21538 | 0.42584 | 0.45805
90 | 0.00454 | -56.20568 -36.89457 | -0.08047 | -0.23197 | 0.21524 | 0.42508 | 0.45889
100 | 0.00453 | -69.25583 -45.59342 | -0.08043 | -0.23186 | 0.21513 | 0.42454 | 0.45949

Table 4.3f:  Numerical values of displacements and stresses for CCCC thick anisotropic rectangular

plate for 75° @ a =5t0 100, B =1.5

« | w u v O o, Ty T T,
5 | 0.02750 | -0.66753 | -0.17555 | -0.04140 | -0.44927 | 0.23217 | 0.58255 | 0.31703
10 001321 |-1.77113 |-0.55258 | -0.02885 | -0.31500 | 0.16244 | 0.38586 | 0.47980
20 |0.00818 | -4.83799 |-2.31725 |-0.02293 | -0.25465 | 0.13057 | 0.28023 | 0.61958
30 |0.00698 | -9.48529 |-5.33510 |-0.02139 | -0.23912 | 0.12233 | 0.25185 | 0.66022
40 | 0.00653 | -15.89379 | -9.57594 | -0.02079 |-0.23316 | 0.11917 | 0.24086 | 0.67618
50 | 0.00632 | -24.10282 | -15.03337 | -0.02051 | -0.23030 | 0.11765 | 0.23557 | 0.68392
60 | 0.00620 | -34.12379 | -21.70555 | -0.02035 | -0.22872 | 0.11681 | 0.23264 | 0.68822
70 | 0.00613 | -45.96091 | -29.59179 | -0.02026 | -0.22776 | 0.11629 | 0.23085 | 0.69085
80 | 0.00608 | -59.61600 | -38.69180 | -0.02019 | -0.22713 | 0.11596 | 0.22968 | 0.69257
90 | 0.00605 | -75.08996 | -49.00544 | -0.02015 | -0.22669 | 0.11573 | 0.22887 | 0.69375
100 | 0.00602 | -92.38325 | -60.53263 | -0.02012 | -0.22638 | 0.11556 | 0.22829 | 0.69460
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Table 4.3g:

plate for 90° @ a =5 to 100, B = 1.5

Numerical values of displacements and stresses for CCCC thick anisotropic rectangular

« | w u v O o, Ty T T,
5 0.02928 | -0.86536 -0.18900 -0.00614 | -0.02304 | 0.07059 | 0.38841 | 0.33632
10 | 0.01567 | -2.23110 -0.66621 -0.00401 | -0.01995 | 0.04962 | 0.26409 | 0.56314
20 | 0.00942 | -5.66990 -2.65774 -0.00261 | -0.01955 | 0.03708 | 0.17394 | 0.71970
30 | 0.00789 | -10.80733 -6.00181 -0.00224 | -0.01953 | 0.03381 | 0.14954 | 0.76172
40 | 0.00731 | -17.88379 -10.68839 | -0.00210 | -0.01953 | 0.03256 | 0.14015 | 0.77786
50 | 0.00704 | -26.94679 -16.71547 | -0.00203 | -0.01953 | 0.03196 | 0.13564 | 0.78561
60 | 0.00689 | -38.00970 -24.08249 | -0.00200 | -0.01953 | 0.03163 | 0.13315 | 0.78989
70 | 0.00680 | -51.07738 -32.78925 | -0.00197 | -0.01953 | 0.03143 | 0.13162 | 0.79250
80 | 0.00674 | -66.15193 -42.83566 | -0.00196 | -0.01953 | 0.03130 | 0.13063 | 0.79421
90 | 0.00670 | -83.23435 -54.22168 | -0.00195 | -0.01953 | 0.03121 | 0.12995 | 0.79538
100 | 0.00667 | -102.3252 -66.94729 | -0.00194 | -0.01953 | 0.03114 | 0.12946 | 0.79623

Table 4.4a:  Numerical values of displacements and stresses for CSSS thick anisotropic rectangular

plate for 0° @ a=5t0 100, =1

o w u v Oyx Gyy Ty Tz Ty
5 0.04028 -0.2879082 | -0.14667 | 0.883534 | 0.07923 | 0.06058 | 0.53485 | 0.032836
10 0.02287 -1.0524095 | -0.41132 | 0.803656 | 0.05739 | 0.04737 | 0.61669 | 0.027617
20 0.01777 -4.1191859 | -1.37990 | 0.784658 | 0.04924 | 0.04267 | 0.64438 | 0.024951
30 0.01678 0.07022 -9.23268 | -2.98003 | 0.78127 | 0.04754 | 0.04170 | 0.649992
40 0.01643 -16.391940 | -5.21807 | 0.780106 | 0.04693 | 0.04136 | 0.65199 | 0.024142
50 0.01627 -25.596803 | -8.09496 | 0.779567 | 0.04665 | 0.04120 | 0.65293 | 0.024040
60 0.01618 -36.847231 | -11.6109 | 0.779275 | 0.04649 | 0.04111 | 0.65344 | 0.023985
70 0.01613 -50.143211 | -15.7660 | 0.779099 | 0.04640 | 0.04105 | 0.65375 | 0.023951
80 0.01609 -65.484736 | -20.5603 | 0.778984 | 0.04634 | 0.04102 | 0.65395 | 0.023929
90 0.01607 -82.871804 | -25.9938 | 0.778906 | 0.04629 | 0.04100 | 0.65408 | 0.023914
100 | 0.01605 -102.30441 | -32.0665 | 0.778850 | 0.04626 | 0.04098 | 0.65418 | 0.023903
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Table 4.4b:

plate for 15° @ o =5t0 100, B =1

Numerical values of displacements and stresses for CSSS thick anisotropic rectangular

a w u \Z Oyx Gyy Tyy T Tyz
5 0.02863 -0.2118946 | -0.0844579 | 0.628712 | 0.09009 | 0.15218 | 0.36933 | 0.035222
10 0.01788 -0.8258371 | -0.2870444 | 0.603874 | 0.08201 | 0.13764 | 0.47744 | 0.042298
20 0.01420 -3.2904025 | -1.0618537 | 0.597277 | 0.07889 | 0.13194 | 0.51578 | 0.044311
30 0.01345 -7.4003147 | -2.3472065 | 0.596086 | 0.07823 | 0.13073 | 0.52361 | 0.044687
40 0.01319 -13.154581 | -4.1457793 | 0.595674 | 0.07799 | 0.13030 | 0.52641 | 0.044818
50 0.01307 -20.553036 | -6.4579677 | 0.595484 | 0.07788 | 0.13010 | 0.52772 | 0.044879
60 0.01300 -29.595637 | -9.2838741 | 0.595381 | 0.07782 | 0.12999 | 0.52843 | 0.044912
70 0.01296 -40.282368 | -12.623534 | 0.595319 | 0.07779 | 0.12992 | 0.52886 | 0.044932
80 0.01293 -52.613223 | -16.476963 | 0.595278 | 0.07776 | 0.12987 | 0.52915 | 0.044945
90 0.01291 -66.588197 | -20.844168 | 0.595251 | 0.07775 | 0.12985 | 0.52934 | 0.044954
100 | 0.01290 -82.207290 | -25.725152 | 0.595231 | 0.07774 | 0.12982 | 0.52948 | 0.044960
Table 4.4c:  Numerical values of displacements and stresses for CSSS thick anisotropic rectangular

plate for 30° @ o =5t0 100, B =1

a w u v O o, Ty T T,

5 [0.01935 | -0.1853714 | -0.0293180 | 0.391128 | 0.1404360 | 0.21969 | 0.18630 | 0.040454
10 |0.01301 | -0.6388130 | -0.1544208 | 0.366880 | 0.1376424 | 0.22288 | 0.29064 | 0.063455
20 [ 0.01012 | -2.3655269 | -0.6863956 | 0.355687 | 0.1363570 | 0.22436 | 0.33804 | 0.073954
30 [0.00948 | -5.2270856 | -1.5789329 | 0.353188 | 0.1360703 | 0.22470 | 0.34858 | 0.076291
40 [0.00924 | -9.2306634 | -2.8294302 | 0.352275 | 0.1359655 | 0.22482 | 0.35242 | 0.077144
50 | 0.00913 | -14.377371 | -4.4374842 | 0.351845 | 0.1359162 | 0.22487 | 0.35423 | 0.077545
60 | 0.00907 | -20.667500 | -6.4029896 | 0.351609 | 0.1358892 | 0.22491 | 0.35522 | 0.077765
70 [ 0.00904 |-28.101152 | -8.7259090 | 0.351467 | 0.1358729 | 0.22493 | 0.35582 | 0.077898
80 | 0.00901 | -36.678371 | -11.406227 | 0.351374 | 0.1358623 | 0.22494 | 0.35621 | 0.077985
90 | 0.00900 | -46.399178 | -14.443936 | 0.351310 | 0.1358549 | 0.22495 | 0.35648 | 0.078044
100 |0.00898 | -57.263583 | -17.839031 | 0.351265 | 0.1358497 | 0.22495 | 0.35667 | 0.078087
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Table 4.4d:

plate for 45° @ o =51t0 100, B =1

Numerical values of displacements and stresses for CSSS thick anisotropic rectangular

a w u \ Oyx Oyy Tyy T Ty
5 0.018890 | -0.25064 | -0.010815 | 0.246687 | 0.22180 | 0.29169 | 0.077386 | 0.05018
10 0.012191 | -0.67033 | -0.103656 | 0.220011 | 0.21233 | 0.25615 | 0.164876 | 0.08410
20 0.008675 | -2.07744 | -0.524205 | 0.207856 | 0.20800 | 0.23997 | 0.215036 | 0.10187
30 0.007844 | -4.36691 | -1.235198 | 0.205104 | 0.20701 | 0.23631 | 0.227158 | 0.10607
40 0.007536 | -7.56285 | -2.232276 | 0.204094 | 0.20665 | 0.23496 | 0.231674 | 0.10762
50 0.007391 | -11.6691 | -3.514726 | 0.203617 | 0.20648 | 0.23433 | 0.233816 | 0.10836
60 0.007311 | -16.6869 | -5.082357 | 0.203356 | 0.20639 | 0.23398 | 0.234993 | 0.10876
70 0.007262 | -22.6165 | -6.935102 | 0.203197 | 0.20633 | 0.23377 | 0.235708 | 0.10901
80 0.007230 | -29.4581 | -9.072932 | 0.203094 | 0.20629 | 0.23363 | 0.236174 | 0.10917
90 0.007209 | -37.2118 | -11.49583 | 0.203024 | 0.20627 | 0.23354 | 0.236494 | 0.10928
100 | 0.007193 | -45.8776 | -14.20380 | 0.202973 | 0.20625 | 0.23347 | 0.236724 | 0.10936

Table 4.4e:  Numerical values of displacements and stresses for CSSS thick anisotropic rectangular

plate for 60° @ o =5to 100, B =1

a w u v o | Oy | T | ™ T,
5 | 0.024778 | -0.367154 | -0.018296 | 0.15552 | 0.3341 | 0.3349 | 0.04394 | 0.06335
10 | 0.014592 | -0.869051 | -0.109497 | 0.12911 | 0.3139 | 0.2398 | 0.09721 | 0.10940
20 [ 0.009167 | -2.261338 | -0.510150 | 0.11554 | 0.3030 | 0.1915 | 0.12807 | 0.13391
30 |0.007880 | -4.448783 | -1.185593 | 0.11235 | 0.3004 | 0.1801 | 0.13554 | 0.13973
40 | 0.007403 | -7.488592 | -2.132519 | 0.11117 | 0.2995 | 0.1759 | 0.13833 | 0.14189
50 |0.007177 | -11.39030 | -3.350375 | 0.11061 | 0.2990 | 0.1739 | 0.13965 | 0.14291
60 | 0.007053 | -16.15646 | -4.839017 | 0.11031 | 0.2988 | 0.1729 | 0.14038 | 0.14347
70 | 0.006978 | -21.78798 | -6.598390 | 0.11012 | 0.2986 | 0.1722 | 0.14082 | 0.14381
80 | 0.006929 | -28.28524 | -8.628474 | 0.11000 | 0.2985 | 0.1718 | 0.14111 | 0.14403
90 | 0.006895 | -35.64842 | -10.92926 | 0.10991 | 0.2985 | 0.1715 | 0.14130 | 0.14418
100 | 0.006871 | -43.87763 | -13.50073 | 0.10986 | 0.2984 | 0.1713 | 0.14144 | 0.14429
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Table 4.4f:
plate for 75° @ a =5t0 100, P =1

Numerical values of displacements and stresses for CSSS thick anisotropic rectangular

a w u \ Oyx [ Tyy T Ty
5 0.040700 | -0.610174 | -0.044000 | 0.119978 | 0.5903 | 0.23703 | 0.06153 | 0.09569
10 0.020101 | -1.244959 | -0.155080 | 0.074704 | 0.4733 | 0.13739 | 0.06225 | 0.14816
20 0.010897 | -2.749376 | -0.585533 | 0.053811 | 0.4216 | 0.09120 | 0.06045 | 0.17174
30 0.008863 | -5.065384 | -1.300480 | 0.049156 | 0.4101 | 0.08089 | 0.05993 | 0.17696
40 0.008122 | -8.277380 | -2.301017 | 0.047457 | 0.4060 | 0.07713 | 0.05973 | 0.17886
50 0.007774 | -12.39835 | -3.587309 | 0.046658 | 0.4040 | 0.07536 | 0.05964 | 0.17976
60 0.007583 | -17.43169 | -5.159401 | 0.046220 | 0.4030 | 0.07439 | 0.05959 | 0.18025
70 0.007468 | -23.37860 | -7.017308 | 0.045955 | 0.4023 | 0.07381 | 0.05956 | 0.18054
80 0.007392 | -30.23957 | -9.161036 | 0.045783 | 0.4019 | 0.07342 | 0.05953 | 0.18073
90 0.007341 | -38.01485 | -11.59059 | 0.045664 | 0.4016 | 0.07316 | 0.05952 | 0.18087
100 | 0.007304 | -46.70457 | -14.30597 | 0.045579 | 0.4014 | 0.07297 | 0.05951 | 0.18096
Table 4.4g:  Numerical values of displacements and stresses for CSSS thick anisotropic rectangular

plate for 90° @ o =5to0 100, B =1

a W U v O oy | T T | T
5 0.058215 -0.874109 | -0.070395 | 0.113624 | 0.8731 | 0.08794 | 0.08599 | 0.1324
10 0.024355 -1.528522 | -0.192695 | 0.051766 | 0.5910 | 0.04290 | 0.04529 | 0.1766
20 0.012066 -3.0698975 | -0.643468 | 0.027920 | 0.4895 | 0.02564 | 0.02834 | 0.1930
30 0.009536 -5.4762530 | -1.389039 | 0.022942 | 0.4687 | 0.02204 | 0.02474 | 0.1964
40 0.008630 -8.8210799 | -2.431995 | 0.021152 | 0.4612 | 0.02075 | 0.02344 | 0.1976
50 0.008206 -13.114780 | -3.772700 | 0.020316 | 0.4578 | 0.02014 | 0.02284 | 0.1982
60 0.007975 -18.360012 | -5.411247 | 0.019859 | 0.4559 | 0.01982 | 0.02251 | 0.1985
70 0.007836 -24.557701 | -7.347670 | 0.019583 | 0.4547 | 0.01962 | 0.02230 | 0.1987
80 0.007745 -31.708235 | -9.581981 | 0.019403 | 0.4540 | 0.01949 | 0.02217 | 0.1988
90 0.007683 -39.811801 | -12.11419 | 0.019280 | 0.4534 | 0.01940 | 0.02208 | 0.1989
100 | 0.007638 -48.86850 | -14.94429 | 0.019192 | 0.4531 | 0.01933 | 0.02202 | 0.1990
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Table 4.5a:

Numerical values of displacements and stresses for CCSS thick anisotropic rectangular

plate for 0° @ a=5t0 100, =1

a w u v O o,y Ty T T,
5 0.075423 -0.0497670 | -0.111938 | 0.666032 | 0.27531 | 0.05174 | 0.15161 | 0.02334
10 0.034458 -0.1572884 | -0.249011 | 0.510493 | 0.15451 | 0.03250 | 0.17756 | 0.01599
20 0.022097 -0.5827305 | -0.686461 | 0.463950 | 0.10760 | 0.02538 | 0.18655 | 0.01238
30 0.019680 -1.2913309 | -1.397620 | 0.454874 | 0.09772 | 0.02390 | 0.18839 | 0.01158
40 0.018823 -2.2833103 | -2.390524 | 0.451661 | 0.09416 | 0.02336 | 0.18905 | 0.01129
50 0.018425 -3.5586959 | -3.666343 | 0.450167 | 0.09249 | 0.02312 | 0.18935 | 0.01115
60 0.018208 -5.1174941 | -5.225377 | 0.449354 | 0.09158 | 0.02298 | 0.18952 | 0.01108
70 0.018077 -6.959707 | -7.067734 | 0.448864 | 0.09103 | 0.02290 | 0.18962 | 0.01103
80 0.017992 -9.0853361 | -9.193455 | 0.448544 | 0.09067 | 0.02284 | 0.18969 | 0.01100
90 0.017933 -11.494381 | -11.60256 | 0.448325 | 0.09042 | 0.02281 | 0.18973 | 0.01098
100 | 0.017892 -14.186843 | -14.29507 | 0.448168 | 0.09025 | 0.02278 | 0.18977 | 0.01097

Table 4.5b:  Numerical values of displacements and stresses for CCSS thick anisotropic rectangular

plate for 15° @ a =5t0 100, B =1

a W U v O Sy | Ty | Tm | T
5 0.059261 -0.0391076 | -0.077668 | 0.707844 | 0.2429 | 0.14743 | 0.1191 | 0.02451
10 0.030130 -0.1389965 | -0.198180 | 0.552768 | 0.1629 | 0.10642 | 0.1530 | 0.02571
20 0.020234 -0.537259 | -0.605679 | 0.494929 | 0.1301 | 0.09018 | 0.1653 | 0.02507
30 0.018238 -1.2012387 | -1.271702 | 0.482849 | 0.1231 | 0.08672 | 0.1678 | 0.02486
40 0.017526 -2.1308625 | -2.202070 | 0.478503 | 0.1205 | 0.08547 | 0.1687 | 0.02477
50 0.017194 -3.3261095 | -3.397667 | 0.476470 | 0.1193 | 0.08489 | 0.1691 | 0.02473
60 0.017014 -4.7869736 | -4.858723 | 0.475360 | 0.1187 | 0.08457 | 0.1694 | 0.02471
70 0.016904 -6.5134524 | -6.585318 | 0.474689 | 0.1183 | 0.08437 | 0.1695 | 0.02470
80 0.016833 -8.5055450 | -8.577486 | 0.474252 | 0.1180 | 0.08425 | 0.1696 | 0.02469
90 0.016785 -10.763251 | -10.83524 | 0.473952 | 0.1178 | 0.08416 | 0.1697 | 0.02468
100 | 0.016750 -13.286570 | -13.35860 | 0.473738 | 0.1177 | 0.08410 | 0.1697 | 0.02468
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Table 4.5c¢:
plate for 30° @ o =5t0 100, B =1

Numerical values of displacements and stresses for CCSS thick anisotropic rectangular

a w u v O 5y | T | ™ T,
5 0.041706 | -0.031460 | -0.038895 | 0.634902 | 0.3056 | 0.2214 | 0.07792 | 0.02671
10 0.024712 | -0.123542 | -0.125618 | 0.549442 | 0.2585 | 0.1960 | 0.11122 | 0.04324
20 0.017584 | -0.479786 | -0.477029 | 0.526084 | 0.2468 | 0.1882 | 0.12434 | 0.05139
30 0.016042 | -1.070271 | -1.066225 | 0.522214 | 0.2450 | 0.1868 | 0.12710 | 0.05326
40 0.015483 | -1.896366 | -1.891828 | 0.520923 | 0.2445 | 0.1863 | 0.12809 | 0.05396
50 0.015220 | -2.958313 | -2.953541 | 0.520337 | 0.2442 | 0.1860 | 0.12856 | 0.05428
60 0.015077 | -4.256181 | -4.251280 | 0.520023 | 0.2441 | 0.1859 | 0.12881 | 0.05446
70 0.014990 | -5.789993 | -5.785013 | 0.519835 | 0.2440 | 0.1858 | 0.12896 | 0.05457
80 0.014933 | -7.559759 | -7.554727 | 0.519713 | 0.2439 | 0.1858 | 0.12906 | 0.05464
90 0.014894 | -9.565484 | -9.560416 | 0.519630 | 0.2439 | 0.1858 | 0.12913 | 0.05469
100 | 0.014867 | -11.80717 | -11.80208 | 0.519571 | 0.2439 | 0.1857 | 0.12918 | 0.05472

Table 4.5d:  Numerical values of displacements and stresses for CCSS thick anisotropic rectangular

plate for 45° @ o =51t0 100, B =1

o w u \ Oxx Oyy T—xy Tyz ‘t—yz
5 0.038076 | -0.0407295 | -0.02046674 | 0.426572 | 0.4561 | 0.2503 | 0.05313 | 0.03341
10 0.024321 | -0.143545 | -0.08909189 | 0.437324 | 0.4735 | 0.2378 | 0.07653 | 0.06328
20 0.017162 | -0.4917397 | -0.41351434 | 0.472688 | 0.5199 | 0.2314 | 0.08615 | 0.08139
30 0.015453 | -1.0538326 | -0.96940990 | 0.483741 | 0.5343 | 0.2298 | 0.08822 | 0.08594
40 0.014818 | -1.8373337 | -1.75055611 | 0.488094 | 0.5399 | 0.2293 | 0.08897 | 0.08765
50 0.014516 | -2.8436617 | -2.75575859 | 0.490202 | 0.5426 | 0.2290 | 0.08932 | 0.08847
60 0.014350 | -4.0732095 | -3.98468533 | 0.491373 | 0.5442 | 0.2288 | 0.08952 | 0.08892
70 0.014250 | -5.5261187 | -5.43721665 | 0.492088 | 0.5451 | 0.2287 | 0.08963 | 0.08919
80 0.014184 | -7.2024499 | -7.11330121 | 0.492556 | 0.5457 | 0.2287 | 0.08971 | 0.08937
90 0.014139 | -9.1022325 | -9.01291409 | 0.492879 | 0.5461 | 0.2286 | 0.08976 | 0.08949
100 | 0.014107 | -11.225482 | -11.1360420 | 0.493111 | 0.5464 | 0.2286 | 0.08980 | 0.08958
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Table 4.5¢:
plate for 60° @ o =5 to 100, B = 1

Numerical values of displacements and stresses for CCSS thick anisotropic rectangular

a w u v O oy | T | T T,
5 0.049301 | -0.0708417 | -0.01958717 | 0.298258 | 0.8184 | 0.2846 | 0.04164 | 0.04740
10 0.030425 | -0.2087664 | -0.09332140 | 0.318510 | 0.9126 | 0.2377 | 0.05194 | 0.09004
20 0.019736 | -0.5953344 | -0.43721108 | 0.345753 | 1.0227 | 0.2031 | 0.05432 | 0.11660
30 0.017085 | -1.1936887 | -1.02450190 | 0.353702 | 1.0543 | 0.1939 | 0.05465 | 0.12337
40 0.016088 | -2.0227734 | -1.84938437 | 0.356795 | 1.0666 | 0.1904 | 0.05476 | 0.12593
50 0.015613 | -3.0861507 | -2.91075338 | 0.358286 | 1.0725 | 0.1887 | 0.05480 | 0.12716
60 0.015352 | -4.3848077 | -4.20830195 | 0.359112 | 1.0757 | 0.1878 | 0.05482 | 0.12783
70 0.015193 | -5.9190995 | -5.74191946 | 0.359617 | 1.0777 | 0.1872 | 0.05484 | 0.12824
80 0.015089 | -7.6891787 | -7.51155844 | 0.359946 | 1.0790 | 0.1869 | 0.05485 | 0.12851
90 0.015018 | -9.6951190 | -9.51719586 | 0.360173 | 1.0799 | 0.1866 | 0.05485 | 0.12869
100 | 0.014967 | -11.936960 | -11.7588195 | 0.360336 | 1.0806 | 0.1864 | 0.05486 | 0.12882

Table 4.5f:  Numerical values of displacements and stresses for CCSS thick anisotropic rectangular

plate for 75° @ o= 5t0 100, B = 1

o w u A Oxx ? T—xy Tyz ‘t—yz
5 0.083515 | -0.138987 | -0.037234 | 0.2269 | 2.03983 | 0.22249 | 0.04206 | 0.07787
10 0.044118 | -0.329855 | -0.136097 | 0.1837 | 1.83701 | 0.14707 | 0.03463 | 0.13010
20 0.024898 | -0.778114 | -0.533857 | 0.1631 | 1.78198 | 0.10352 | 0.02795 | 0.15773
30 0.020438 | -1.454045 | -1.197717 | 0.1583 | 1.77194 | 0.09300 | 0.02621 | 0.16428
40 0.018790 | -2.388111 | -2.127296 | 0.1566 | 1.76846 | 0.08907 | 0.02555 | 0.16671
50 0.018011 | -3.585463 | -3.322522 | 0.1558 | 1.76685 | 0.08721 | 0.02523 | 0.16785
60 0.017584 | -5.047483 | -4.783374 | 0.1553 | 1.76598 | 0.08619 | 0.02506 | 0.16849
70 0.017325 | -6.774664 | -6.509846 | 0.1550 | 1.76545 | 0.08557 | 0.02496 | 0.16887
80 0.017156 | -8.767214 | -8.501934 | 0.1548 | 1.76511 | 0.08516 | 0.02489 | 0.16912
90 0.017040 | -11.02523 | -10.75963 | 0.1547 | 1.76488 | 0.08489 | 0.02484 | 0.16929
100 | 0.016957 | -13.54877 | -13.28295 | 0.1546 | 1.76471 | 0.08469 | 0.02481 | 0.16941
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Table 4.5g:

Numerical values of displacements and stresses for CCSS thick anisotropic rectangular

plate for 90° @ o = 5t0 100, B = 1

a w u \Z Oyx Oyy Tyy T Ty
5 0.121540 | -0.212513 | -0.0589611 | 0.137727 | 3.5721 | 0.08687 | 0.04584 | 0.1104
10 0.054994 | -0.422891 | -0.1739680 | 0.077035 | 2.6287 | 0.04774 | 0.02559 | 0.1595
20 0.028275 | -0.894642 | -0.6028641 | 0.049571 | 2.2731 | 0.02995 | 0.01525 | 0.1811
30 0.022529 | -1.613479 | -1.3122323 | 0.043492 | 2.1979 | 0.02600 | 0.01290 | 0.1859
40 0.020447 | -2.609189 | -2.3044920 | 0.041277 | 2.1707 | 0.02456 | 0.01204 | 0.1876
50 0.019470 | -3.886329 | -3.5800092 | 0.040235 | 2.1580 | 0.02389 | 0.01164 | 0.1884
60 0.018936 | -5.446087 | -5.1388796 | 0.039665 | 2.1511 | 0.02352 | 0.01141 | 0.1888
70 0.018613 | -7.288882 | -6.9811364 | 0.039319 | 2.1469 | 0.02329 | 0.01128 | 0.1891
80 0.018403 | -9.414889 | -9.1067938 | 0.039095 | 2.1441 | 0.02315 | 0.01119 | 0.1893
90 0.018259 | -11.82419 | -11.515859 | 0.038940 | 2.1423 | 0.02305 | 0.01113 | 0.1894
100 | 0.018155 | -14.51684 | -14.208334 | 0.038830 | 2.1409 | 0.02298 | 0.01109 | 0.1895

Table 4.6a:  Numerical values of displacements and stresses for CSCS thick anisotropic rectangular

plate for 0° @ a=5t0 100, =1.5

a w u v O o,y Ty T T,

5 |0.00266 |-0.02646 |-0.05007 |-0.00458 | -0.00027 |0.00624 | 0.11327 | 0.01074
10 [0.00094 |-0.06329 |-0.08725 |-0.00273 | -0.00013 |0.00298 | 0.12269 | 0.00569
20 [0.00047 |-0.20690 |-0.18794 |-0.00223 | -0.00008 |0.00188 | 0.12565 | 0.00350
30 [0.00038 |-0.44581 |-0.34826 |-0.00213 | -0.00007 |0.00165 | 0.12624 | 0.00303
40 [0.00035 [-0.78023 |[-0.57159 |-0.00210 | -0.00006 | 0.00157 | 0.12645 | 0.00286
50 |0.00034 |-1.21017 |-0.85839 |-0.00208 | -0.00006 | 0.00153 | 0.12655 | 0.00278
60 |0.00033 |-1.73566 |-1.20881 |-0.00207 | -0.00006 |0.00151 | 0.12660 | 0.00274
70 [0.00032 | -2.35668 |-1.62289 |-0.00207 | -0.00006 | 0.00150 | 0.12663 | 0.00271
80 |0.00032 |-3.07325 |-2.10064 | -0.00206 | -0.00006 | 0.00149 | 0.12665 | 0.00269
90 |0.00032 |-3.88536 |-2.64207 |-0.00206 | -0.00006 | 0.00149 | 0.12667 | 0.00268
100 [0.00032 |-4.79300 |-3.24718 |-0.00206 | -0.00006 | 0.00148 | 0.12668 | 0.00267
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Table 4.6b:

plate for 15° @ a = 5to0 100, B = 1.5

Numerical values of displacements and stresses for CSCS thick anisotropic rectangular

o w u v Oxx Oyy Ty Tz Ty,
5 0.00360 | -0.03413 -0.06239 | -0.06376 -0.00550 | 0.03238 | 0.15637 | 0.01791
10 0.00103 | -0.06958 -0.08799 | -0.02573 -0.00220 | 0.01292 | 0.13254 | 0.01038
20 0.00051 | -0.22519 -0.19392 | -0.01689 -0.00144 | 0.00838 | 0.12805 | 0.00787
30 0.00041 | -0.48570 -0.36813 | -0.01523 -0.00129 | 0.00752 | 0.12729 | 0.00735
40 0.00038 | -0.85056 -0.61157 | -0.01465 -0.00124 | 0.00722 | 0.12702 | 0.00715
50 0.00037 | -1.31971 -0.92443 | -0.01438 -0.00122 | 0.00708 | 0.12690 | 0.00707
60 0.00036 | -1.89313 -1.30677 | -0.01423 -0.00120 | 0.00700 | 0.12684 | 0.00702
70 0.00035 | -2.57082 -1.75859 | -0.01414 -0.00120 | 0.00696 | 0.12680 | 0.00699
80 0.00035 | -3.35277 -2.27991 | -0.01408 -0.00119 | 0.00693 | 0.12677 | 0.00697
90 0.00035 | -4.23898 -2.87073 | -0.01404 -0.00119 | 0.00691 | 0.12676 | 0.00695
100 | 0.00035 | -5.22946 -3.53106 | -0.01401 -0.00118 | 0.00689 | 0.12674 | 0.00694
Table 4.6c:  Numerical values of displacements and stresses for CSCS thick anisotropic rectangular

plate for 30° @ a =5t0100,B=1.5

a w u v O o, Ty T T,

5 |001296 |-0.10818 |-0.18543 |-0.26033 |-0.08977 |0.24145 |0.58426 | 0.08782
10 [ 000128 |-0.09210 |-0.08813 |-0.03841 |-0.01321 |0.03538 | 0.15600 | 0.02556
20 [000061 |-0.28981 |-0.21367 |-0.02634 |-0.00904 |0.02417 |0.13151 | 0.02279
30 [0.00051 |-0.62475 |-0.43583 | -0.02457 |-0.00843 |0.02253 |0.12776 | 0.02247
40 [0.00048 |-1.09422 |-0.74842 |-0.02398 |-0.00823 |0.02198 | 0.12649 | 0.02237
50 [0.00046 |-1.69796 |-1.15073 |-0.02371 |-0.00813 |0.02173 |0.12591 | 0.02232
60 |0.00046 |-2.43593 |-1.64260 |-0.02356 |-0.00808 | 0.02160 | 0.12560 | 0.02230
70 [0.00045 |-3.30809 |-2.22399 |-0.02348 |-0.00805 |0.02152 | 0.12541 | 0.02229
80 |0.00045 |-431445 |-2.89485 |-0.02342 |-0.00803 |0.02147 |0.12529 | 0.02228
9 [0.00045 |-5.45500 |-3.65519 |-0.02338 |-0.00802 |0.02143 |0.12520 | 0.02227
100 |[0.00044 |-6.72973 |-450499 |-0.02335 |-0.00801 |0.02141 |0.12514 |0.02227

170



Table 4.6d:

plate for 45° @ a =5 to 100, B = 1.5

Numerical values of displacements and stresses for CSCS thick anisotropic rectangular

a w u v O o, Ty T T,
5 -0.0487 0.39615 0.52882 0.62017 0.61987 -0.96480 | -2.2093 -0.4303
10 0.00165 | -0.14238 -0.08431 -0.03544 | -0.03530 0.05482 0.16636 | 0.05073
20 0.00084 | -0.43403 -0.25813 -0.02706 | -0.02695 0.04186 0.12599 | 0.05233
30 0.00073 | -0.92252 -0.57799 -0.02619 -0.02609 0.04053 0.11969 | 0.05413
40 0.00069 | -1.60550 -1.03102 -0.02594 | -0.02584 0.04015 0.11751 | 0.05493
50 0.00067 | -2.48326 -1.61507 -0.02584 | -0.02574 0.03999 0.11650 | 0.05533
60 0.00066 | -3.55592 -2.32955 -0.02578 | -0.02569 0.03991 0.11596 | 0.05556
70 0.00065 | -4.82353 -3.17424 -0.02575 -0.02565 0.03986 0.11563 | 0.05570
80 0.00065 | -6.28612 -4.14905 -0.02573 -0.02564 0.03983 0.11541 | 0.05580
90 0.00064 | -7.94370 -5.25392 -0.02572 -0.02562 0.03981 0.11527 | 0.05586
100 0.00064 | -9.79626 -6.48884 -0.02571 -0.02561 0.03979 0.11516 | 0.05591

Table 4.6e:  Numerical values of displacements and stresses for CSCS thick anisotropic rectangular

plate for 60° @ a =5 to 100, B = 1.5

a w u v O o, Ty T T,

5 |001503 |-0.19812 |-0.11116 |-0.08533 |-0.24566 |0.22803 | 0.56847 | 0.16414
10 [0.00217 |-0.24213 |-0.08748 |-0.02186 |-0.06272 |0.05828 | 0.13727 | 0.08097
20 |0.00125 |[-0.70182 |-0.34824 |-0.01790 |-0.05149 |0.04780 | 0.10038 | 0.09855
30 000108 [-1.42850 |-0.81766 |-0.01725 |-0.04966 |0.04609 | 0.09252 | 0.10547
40 [0.00102 |-2.43498 |-1.48248 |-0.01702 |-0.04903 |0.04550 | 0.08956 | 0.10839
50 [0.00099 [-3.72539 |-2.33971 |-0.01691 |-0.04874 |0.04523 |0.08815 | 0.10984
60 |0.00097 |-530106 |-3.38845 |-0.01686 |-0.04858 | 0.04508 | 0.08737 | 0.11065
70 [0.00096 |-7.16248 | -4.62834 | -0.01682 |-0.04848 |0.04499 | 0.08690 | 0.11116
80 |0.00095 |-9.30988 |-6.05925 |-0.01680 |-0.04842 |0.04493 | 0.08659 | 0.11149
9 [0.00095 |-11.74336 |-7.68110 |-0.01678 |-0.04838 |0.04489 | 0.08637 |0.11172
100 [0.00095 |-14.46300 |-9.49385 |-0.01677 |-0.04835 |0.04486 |0.08622 | 0.11188
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Table 4.6f:

plate for 75° @ a =5 to 100, B = 1.5

Numerical values of displacements and stresses for CSCS thick anisotropic rectangular

a w u v O o, Ty T T,
5 0.00652 | -0.15719 -0.03900 -0.00960 | -0.10396 0.05376 0.14003 | 0.07682
10 0.00292 | -0.39180 -0.11240 -0.00622 -0.06776 0.03498 0.08479 | 0.11189
20 0.00174 | -1.02721 -0.46534 -0.00476 | -0.05276 0.02707 0.05817 | 0.14719
30 0.00145 | -1.96784 -1.07117 -0.00437 -0.04883 0.02499 0.05091 | 0.15801
40 0.00134 | -3.25843 -1.92311 -0.00422 -0.04731 0.02419 0.04807 | 0.16233
50 0.00129 | -4.90941 -3.01965 -0.00415 -0.04658 0.02380 0.04670 | 0.16443
60 0.00126 | -6.92390 -4.36035 -0.00411 -0.04617 0.02358 0.04594 | 0.16560
70 0.00124 | -9.30305 -5.94504 -0.00409 -0.04592 0.02345 0.04548 | 0.16632
80 0.00123 | -12.04735 | -7.77365 -0.00407 -0.04576 0.02336 0.04517 | 0.16679
90 0.00122 | -15.15705 | -9.84615 -0.00406 | -0.04565 0.02330 0.04496 | 0.16712
100 0.00121 | -18.63229 | -12.16252 | -0.00405 -0.04557 0.02326 0.04481 | 0.16735

Table 4.6g:  Numerical values of displacements and stresses for CSCS thick anisotropic rectangular

plate for 90° @ a =5t0 100, B =1.5

a W u v O o, Ty T T,
5 0.00619 | -0.18283 -0.03792 -0.00129 | -0.00464 0.01473 0.08240 | 0.07235
10 0.00333 | -0.47487 -0.13092 -0.00085 | -0.00394 0.01031 0.05601 | 0.12633
20 0.00195 | -1.17334 -0.51941 -0.00054 | -0.00383 0.00750 0.03566 | 0.16720
30 0.00160 | -2.18527 -1.17228 -0.00045 | -0.00382 0.00673 0.02991 | 0.17872
40 0.00146 | -3.57068 -2.08741 -0.00042 | -0.00382 0.00643 0.02767 | 0.18320
50 0.00140 | -5.34223 -3.26436 -0.00040 | -0.00381 0.00629 0.02659 | 0.18537
60 0.00136 | -7.50357 -4.70298 -0.00039 | -0.00381 0.00621 0.02599 | 0.18657
70 0.00134 | -10.05604 | -6.40324 -0.00039 | -0.00381 0.00616 0.02562 | 0.18730
80 0.00132 | -13.00021 | -8.36511 -0.00038 | -0.00381 0.00613 0.02538 | 0.18778
90 0.00131 | -16.33635 | -10.58859 | -0.00038 | -0.00381 0.00611 0.02522 | 0.18811
100 0.00131 | -20.06464 | -13.07366 | -0.00038 | -0.00381 0.00609 0.02510 | 0.18835
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Table 4.7a:

plate for 0° @ a=5t0 100, =1.5

Numerical values of displacements and stresses for CCCS thick anisotropic rectangular

a w u v O o, Ty T T,
5 0.00739 | -0.09359 -0.14449 -0.01618 | -0.00082 0.01907 0.28550 | 0.02688
10 0.00315 | -0.27657 -0.29406 -0.01191 -0.00045 0.01102 0.31060 | 0.01702
20 0.00197 | -1.00085 -0.78719 -0.01076 | -0.00033 0.00838 0.31832 | 0.01291
30 0.00175 | -2.20717 -1.59353 -0.01054 | -0.00031 0.00785 0.31984 | 0.01204
40 0.00167 | -3.89591 -2.72012 -0.01046 | -0.00030 0.00766 0.32038 | 0.01173
50 0.00164 | -6.06712 -4.16794 -0.01043 -0.00029 0.00757 0.32064 | 0.01158
60 0.00162 | -8.72080 -5.93726 -0.01041 -0.00029 0.00752 0.32077 | 0.01150
70 0.00160 | -11.85697 | -8.02816 -0.01040 | -0.00029 0.00749 0.32086 | 0.01145
80 0.00160 | -15.47562 | -10.44067 | -0.01039 -0.00029 0.00747 0.32091 | 0.01142
90 0.00159 | -19.57676 | -13.17482 | -0.01038 | -0.00029 0.00746 0.32095 | 0.01140
100 0.00159 | -24.16039 | -16.23061 | -0.01038 | -0.00029 0.00745 0.32097 | 0.01138

Table 4.7b:  Numerical values of displacements and stresses for CCCS thick anisotropic rectangular

plate for 15° @ a =5t0 100,B=1.5

a W u v O o, Ty T T,
5 0.00719 | -0.09009 -0.12679 -0.14213 | -0.01220 0.07162 0.27917 | 0.03441
10 0.00311 | -0.27764 -0.26585 -0.08794 | -0.00749 0.04377 0.29959 | 0.03143
20 0.00200 | -1.02385 -0.76899 -0.07194 | -0.00609 0.03552 0.30556 | 0.02963
30 0.00179 | -2.26732 -1.59919 -0.06882 | -0.00582 0.03390 0.30672 | 0.02920
40 0.00171 | -4.00816 -2.76019 -0.06771 | -0.00572 0.03333 0.30713 | 0.02905
50 0.00168 | -6.24639 -4.25255 -0.06719 | -0.00568 0.03306 0.30732 | 0.02898
60 0.00166 | -8.98200 -6.07640 -0.06691 | -0.00565 0.03292 0.30742 | 0.02894
70 0.00165 | -12.21499 | -8.23180 -0.06674 | -0.00564 0.03283 0.30749 | 0.02891
80 0.00164 | -15.94536 | -10.71876 | -0.06663 | -0.00563 0.03277 0.30753 | 0.02890
90 0.00164 | -20.17312 | -13.53730 | -0.06656 | -0.00562 0.03274 0.30756 | 0.02888
100 0.00163 | -24.89827 | -16.68742 | -0.06650 | -0.00562 0.03271 0.30758 | 0.02888
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Table 4.7c¢:

plate for 30° @ a =5 to 100, B = 1.5

Numerical values of displacements and stresses for CCCS thick anisotropic rectangular

a w u v O o, Ty T T,
5 0.00682 | -0.08919 -0.09305 -0.15631 -0.05376 0.14411 0.25909 | 0.04894
10 0.00313 | -0.30230 -0.21127 -0.10708 | -0.03674 0.09820 0.26852 | 0.06576
20 0.00212 | -1.12589 -0.74523 -0.09716 | -0.03333 0.08904 0.26954 | 0.07509
30 0.00193 | -2.49183 -1.65207 -0.09565 -0.03281 0.08766 0.26957 | 0.07738
40 0.00186 | -4.40297 -2.92473 -0.09515 -0.03264 0.08720 0.26957 | 0.07823
50 0.00183 | -6.85979 -4.56194 -0.09493 -0.03257 0.08700 0.26956 | 0.07864
60 0.00182 | -9.86244 -6.56333 -0.09481 -0.03253 0.08689 0.26956 | 0.07886
70 0.00181 | -13.41095 | -8.92878 -0.09474 | -0.03250 0.08682 0.26955 | 0.07900
80 0.00180 | -17.50536 | -11.65823 | -0.09469 -0.03249 0.08678 0.26955 | 0.07909
90 0.00179 | -22.14567 | -14.75167 | -0.09466 | -0.03247 0.08675 0.26955 | 0.07915
100 0.00179 | -27.33189 | -18.20908 | -0.09464 | -0.03247 0.08673 0.26955 | 0.07919

Table 4.7d:  Numerical values of displacements and stresses for CCCS thick anisotropic rectangular

plate for 45° @ a =5t0100,B=1.5

a W u v O o, Ty T T,
5 0.00688 | -0.11370 -0.06269 -0.10966 | -0.10917 0.16953 0.22555 | 0.06801
10 0.00356 | -0.39827 -0.17757 -0.08797 | -0.08749 0.13579 0.22233 | 0.11205
20 0.00249 | -1.38827 -0.78340 -0.08454 | -0.08417 0.13072 0.21553 | 0.14274
30 0.00227 | -2.99344 -1.83874 -0.08421 | -0.08387 0.13028 0.21345 | 0.15105
40 0.00219 | -5.23181 -3.32529 -0.08412 | -0.08380 0.13018 0.21264 | 0.15425
50 0.00215 | -8.10701 -5.23935 -0.08409 | -0.08377 0.13015 0.21224 | 0.15579
60 0.00213 | -11.62005 | -7.57986 -0.08407 | -0.08376 0.13013 0.21202 | 0.15664
70 0.00211 | -15.77132 | -10.34645 | -0.08407 | -0.08376 0.13012 0.21189 | 0.15716
80 0.00211 | -20.56097 | -13.53894 | -0.08406 | -0.08375 0.13012 0.21180 | 0.15750
90 0.00210 | -25.98908 | -17.15727 | -0.08406 | -0.08375 0.13012 0.21174 | 0.15774
100 0.00210 | -32.05569 | -21.20138 | -0.08405 | -0.08375 0.13011 0.21170 | 0.15790
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Table 4.7¢:

plate for 60° @ a =5 to 100, B = 1.5

Numerical values of displacements and stresses for CCCS thick anisotropic rectangular

a w u v O o, Ty T T,
5 0.00848 | -0.20064 -0.05253 -0.06553 -0.18753 0.17437 0.18746 | 0.09873
10 0.00483 | -0.62938 -0.20130 -0.05457 -0.15638 0.14535 0.16807 | 0.17579
20 0.00326 | -1.90426 -0.95039 -0.04869 -0.14005 0.13003 0.14968 | 0.23138
30 0.00288 | -3.89192 -2.24765 -0.04718 | -0.13586 0.12610 0.14440 | 0.24668
40 0.00274 | -6.64708 -4.07364 -0.04660 | -0.13427 0.12460 0.14234 | 0.25260
50 0.00268 | -10.18097 | -6.42437 -0.04633 -0.13350 0.12388 0.14134 | 0.25546
60 0.00264 | -14.49677 | -9.29870 -0.04618 | -0.13308 0.12349 0.14079 | 0.25704
70 0.00262 | -19.59566 | -12.69620 | -0.04608 | -0.13282 0.12325 0.14045 | 0.25800
80 0.00260 | -25.47813 | -16.61670 | -0.04602 -0.13266 0.12309 0.14023 | 0.25863
90 0.00259 | -32.14443 | -21.06011 | -0.04598 | -0.13254 0.12298 0.14008 | 0.25906
100 0.00258 | -39.59470 | -26.02639 | -0.04595 -0.13246 0.12290 0.13997 | 0.25937

Table 4.7f:  Numerical values of displacements and stresses for CCCS thick anisotropic rectangular

plate for 75° @ a =5t0 100, B =1.5

a W u v O o, Ty T T,
5 0.01318 | -0.40361 -0.07907 -0.02330 | -0.25044 0.12985 0.15375 | 0.15500
10 0.00725 | -1.03894 -0.30094 -0.01655 | -0.18024 0.09303 0.11178 | 0.26482
20 0.00439 | -2.64476 -1.24564 -0.01245 | -0.13817 0.07086 0.08263 | 0.33255
30 0.00371 | -5.07751 -2.83545 -0.01141 | -0.12756 0.06526 0.07507 | 0.34975
40 0.00345 | -8.43853 -5.06403 -0.01102 | -0.12355 0.06315 0.07220 | 0.35625
50 0.00333 | -12.74643 | -7.93018 -0.01083 | -0.12164 0.06214 0.07082 | 0.35935
60 0.00326 | -18.00633 | -11.43360 | -0.01073 | -0.12058 0.06158 0.07007 | 0.36106
70 0.00322 | -24.22007 | -15.57415 | -0.01067 | -0.11994 0.06124 0.06961 | 0.36210
80 0.00320 | -31.38844 | -20.35180 | -0.01063 | -0.11952 0.06102 0.06931 | 0.36278
90 0.00318 | -39.51183 | -25.76652 | -0.01060 | -0.11924 0.06087 0.06910 | 0.36324
100 0.00317 | -48.59043 | -31.81830 | -0.01058 | -0.11903 0.06076 0.06895 | 0.36358
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Table 4.7g:

plate for 90° @ a =5 to 100, B = 1.5

Numerical values of displacements and stresses for CCCS thick anisotropic rectangular

a w u v O o, Ty T T,
5 0.01785 | -0.59585 -0.11448 -0.00421 -0.01408 0.04716 0.13445 | 0.20550
10 0.00903 | -1.33321 -0.38354 -0.00239 -0.01151 0.02931 0.07997 | 0.32449
20 0.00507 | -3.07981 -1.43011 -0.00142 -0.01052 0.02006 0.04904 | 0.38693
30 0.00416 | -5.72872 -3.16822 -0.00119 -0.01031 0.01789 0.04163 | 0.40166
40 0.00383 | -9.39266 -5.60052 -0.00110 | -0.01023 0.01708 0.03888 | 0.40712
50 0.00368 | -14.09040 | -8.72746 -0.00106 | -0.01020 0.01670 0.03758 | 0.40970
60 0.00359 | -19.82697 | -12.54916 | -0.00104 | -0.01018 0.01649 0.03686 | 0.41112
70 0.00354 | -26.60416 | -17.06566 | -0.00103 -0.01016 0.01636 0.03642 | 0.41198
80 0.00350 | -34.42272 | -22.27698 | -0.00102 -0.01016 0.01628 0.03614 | 0.41254
90 0.00348 | -43.28303 | -28.18312 | -0.00101 -0.01015 0.01622 0.03595 | 0.41292
100 0.00346 | -53.18527 | -34.78409 | -0.00101 -0.01015 0.01618 0.03581 | 0.41320

Table 4.8a:  Numerical values of displacements and stresses for SSFS thick anisotropic rectangular

plate for 0° @ a =5t0 100, =1

a W U v O G, Ty T T,
5 0.01617 | -0.28878 | -0.24675 | 0.87371 | 0.02952 | -0.01302 | 0.53721 | 0.00732
10 0.00832 | -0.96153 | -0.52054 | 0.72570 | 0.01822 | -0.00813 | 0.55416 | 0.00734
20 0.00628 | -3.64489 | -1.59581 | 0.68723 | 0.01527 | -0.00686 | 0.55856 | 0.00733
30 0.00590 | -8.11636 | -3.38588 | 0.68004 | 0.01472 | -0.00662 | 0.55938 | 0.00733
40 0.00576 | -14.3763 | -5.89169 | 0.67752 | 0.01453 | -0.00654 | 0.55967 | 0.00733
50 0.00570 | -22.4248 | -9.11339 | 0.67635 | 0.01444 | -0.00650 | 0.55981 | 0.00733
60 0.00567 | -32.2618 | -13.0510 | 0.67572 | 0.01439 | -0.00648 | 0.55988 | 0.00733
70 0.00565 | -43.8874 | -17.7045 | 0.67534 | 0.01436 | -0.00647 | 0.55992 | 0.00733
80 0.00563 | -57.3015 | -23.0739 | 0.67509 | 0.01434 | -0.00646 | 0.55995 | 0.00733
90 0.00562 | -72.5042 | -29.1593 | 0.67492 | 0.01433 | -0.00645 | 0.55997 | 0.00733
100 | 0.00562 | -89.4954 | -35.9605 | 0.67480 | 0.01432 | -0.00645 | 0.55998 | 0.00733
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Table 4.8b:

plate for 15° @ o =5t0 100, B =1

Numerical values of displacements and stresses for SSFS thick anisotropic rectangular

a w u \Z Oyx Oyy Tyy T Tyz
5 0.01559 | -0.27899 -0.2290 0.7691 | 0.07971 | -0.04830 | 0.51676 | 0.01232
10 0.00831 | -0.97472 -0.4926 0.6606 | 0.06223 | -0.03129 | 0.53199 | 0.02369
20 0.00641 | -3.74574 -1.5963 0.6319 | 0.05800 | -0.02743 | 0.53617 | 0.02769
30 0.00606 | -8.36260 -3.4432 0.6265 | 0.05723 | -0.02674 | 0.53697 | 0.02850
40 0.00593 | -14.8260 -6.0299 0.6246 | 0.05696 | -0.02650 | 0.53725 | 0.02879
50 0.00587 | -23.1360 -9.3561 0.6238 | 0.05684 | -0.02639 | 0.53738 | 0.02892
60 0.00584 | -33.2926 -13.422 0.6233 | 0.05677 | -0.02633 | 0.53745 | 0.02900
70 0.00582 | -45.2960 -18.2261 | 0.6230 | 0.05673 | -0.02630 | 0.53749 | 0.02904
80 0.00581 | -59.1459 -23.7700 | 0.6228 | 0.05671 | -0.02627 | 0.53752 | 0.02907
90 0.00580 | -74.8425 -30.0530 | 0.6227 | 0.05669 | -0.02626 | 0.53754 | 0.02909
100 | 0.00580 | -92.3858 -37.0752 | 0.6226 | 0.05667 | -0.02625 | 0.53755 | 0.02911

Table 4.8c ~ Numerical values of displacements and stresses for SSFS thick anisotropic rectangular

plate for 30° @ a =5t0 100, B =1

a W U v ox | Oy Ty T 1.
5 0.01472 | -0.2752 -0.1994 0.5616 0.19785 | -0.10941 | 0.47059 0.02181
10 0.00868 | -1.0711 -0.4570 0.5150 0.17503 | -0.07826 | 0.47624 0.05929
20 0.00705 | -4.1919 -1.6788 0.5012 0.16975 | -0.07415 | 0.48059 0.07644
30 0.00674 | -9.3814 -3.7500 0.4984 0.16880 | -0.07368 | 0.48164 0.08026
40 0.00663 | -16.6450 | -6.6552 0.4975 0.16847 | -0.07354 | 0.48203 0.08166
50 0.00658 | -25.9832 | -10.3921 | 0.4970 0.16832 | -0.07349 | 0.48222 0.08232
60 0.00655 | -37.3965 | -14.9600 | 0.4968 0.16824 | -0.07346 | 0.48232 0.08268
70 0.00653 | -50.8847 | -20.3587 | 0.4966 0.16819 | -0.07344 | 0.48238 0.08290
80 0.00652 | -66.4480 | -26.5882 | 0.4965 0.16816 | -0.07343 | 0.48242 0.08304
90 0.00651 | -84.0865 | -33.6484 | 0.4964 0.16814 | -0.07342 | 0.48245 0.08314
100 | 0.00651 | -103.800 | -41.5392 | 0.4964 0.16812 | -0.07341 | 0.48247 0.08321
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Table 4.8d:

plate for 45° @ o =51t0 100, B =1

Numerical values of displacements and stresses for SSFS thick anisotropic rectangular

a w u v O o,y Ty T T,
5 0.01529 | -0.3397 -0.1725 0.3803 0.35407 -0.14167 | 0.40774 0.04335
10 0.01043 | -1.3969 -0.4924 0.3629 0.33141 -0.12073 | 0.40722 0.10525
20 0.00894 | -5.4423 -2.0619 0.3581 0.32818 -0.12171 | 0.41459 0.13632
30 0.00863 | -12.1479 | -4.7345 0.3572 0.32778 -0.12243 | 0.41662 0.14355
40 0.00852 | -21.5295 | -8.4855 0.3569 0.32766 -0.12273 | 0.41740 0.14621
50 0.00847 | -33.5898 | -13.3111 | 0.3567 0.32761 -0.12288 | 0.41777 0.14747
60 0.00844 | -48.3295 | -19.2100 | 0.3566 0.32758 -0.12296 | 0.41798 0.14817
70 0.00842 | -65.7488 | -26.1819 | 0.3566 0.32756 -0.12301 | 0.41810 0.14859
80 0.00841 | -85.8479 | -34.2268 | 0.3565 0.32755 -0.12305 | 0.41818 0.14886
90 0.00840 | -108.627 | -43.3444 | 0.3565 0.32754 -0.12307 | 0.41824 0.14905
100 | 0.00840 | -134.085 | -53.5348 | 0.3565 0.32754 -0.12309 | 0.41828 0.14918

Table 4.8e:  Numerical values of displacements and stresses for SSFS thick anisotropic rectangular

plate for 60° @ o= 5to0 100, B =1

a w u v O o,y Ty T T,

5 002051 |-05976 |-0.1742 |0.2549 | 0.54942 |-0.14611 |0.33395 | 0.09249
10 |001581 |-22994 |-0.7327 |0.2513 | 054772 |-0.14606 | 0.34637 | 0.16808
20 [001410 |-8.7836 |-32709 |0.2516 |0.55942 |-0.14991 |0.35605 | 0.20402
30 [001373 |-19.5289 |-7.5591 |0.2518 | 0.56260 |-0.15095 |0.35841 |0.21217
40 [001359 |-34.5624 |-13.5720 |0.2518 |0.56381 |-0.15135 |0.35928 | 0.21516
50 |0.01353 |-53.8883 |-21.3055 | 0.2519 | 0.56439 |-0.15153 |0.35970 | 0.21656
60 |0.01350 |-77.5077 |-30.7587 |0.2519 | 0.56471 |-0.15164 |0.35992 | 0.21733
70 001348 |-105.4209 |-41.9311 |0.2519 | 0.56490 |-0.15170 | 0.36006 | 0.21780
80 |0.01346 |-137.6283 |-54.8226 | 0.2519 | 0.56503 |-0.15174 | 0.36015 | 0.21811
90 |0.01345 |-174.1298 |-69.4331 |0.2519 | 0.56511 |-0.15177 |0.36022 | 0.21832
100 |0.01345 |-214.9255 | -85.7626 | 0.2519 | 0.56517 |-0.15179 |0.36026 | 0.21847
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Table 4.8f:
plate for 75° @ o =5t0 100, B = 1

Numerical values of displacements and stresses for SSFS thick anisotropic rectangular

a w u v Oxx Gyy Tyy T Tyz
5 0.03971 -1.3871 -0.3297 0.2378 0.89709 | -0.12545 0.30178 | 0.18362
10 0.03212 -4.9353 -1.6135 0.2275 1.00174 | -0.12720 0.30508 | 0.26602
20 0.02940 -18.6090 | -7.0310 0.2231 1.05384 | -0.12829 0.30589 | 0.29966
30 0.02883 -41.3126 | -16.1069 | 0.2221 1.06540 | -0.12854 0.30603 | 0.30684
40 0.02863 -73.0846 | -28.8203 | 0.2218 1.06961 | -0.12864 0.30608 | 0.30944
50 0.02853 -113.931 | -45.1682 | 0.2216 1.07158 | -0.12868 0.30611 | 0.31065
60 0.02848 -163.852 | -65.1496 | 0.2215 1.07267 | -0.12870 0.30612 | 0.31132
70 0.02845 -222.849 | -88.7645 | 0.2215 1.07332 | -0.12872 0.30613 | 0.31172
80 0.02843 -290.923 | -116.013 | 0.2214 1.07375 | -0.12873 0.30613 | 0.31198
90 0.02842 -368.073 | -146.894 | 0.2214 1.07404 | -0.12873 0.30614 | 0.31216
100 | 0.02841 -454.299 | -181.408 | 0.2214 1.07425 | -0.12874 0.30614 | 0.31229

Table 4.8g:  Numerical values of displacements and stresses for SSFS thick anisotropic rectangular

plate for 90° @ o= 5t0 100, B = 1

a W u v Ox o, Ty T T,
5 0.07098 -2.6349 -0.6588 0.3309 1.46975 | -0.06157 | 0.30617 | 0.28654
10 0.05738 -8.9967 -3.0501 0.2867 1.67697 | -0.05974 | 0.27694 | 0.37501
20 0.05286 -33.6516 | -12.8610 | 0.2700 1.75973 | -0.05913 | 0.26522 | 0.40793
30 0.05194 -74.6242 | -29.2495 | 0.2665 1.77713 | -0.05900 | 0.26276 | 0.41475
40 0.05162 -131.968 | -52.1990 | 0.2653 1.78339 | -0.05896 | 0.26187 | 0.41720
50 0.05147 -205.692 | -81.7069 | 0.2647 1.78632 | -0.05894 | 0.26146 | 0.41834
60 0.05138 -295.796 | -117.773 | 0.2644 1.78792 | -0.05893 | 0.26123 | 0.41896
70 0.05133 -402.281 | -160.396 | 0.2642 1.78889 | -0.05892 | 0.26109 | 0.41934
80 0.05130 -525.149 | -209.578 | 0.2641 1.78951 | -0.05892 | 0.26100 | 0.41959
90 0.05128 -664.399 | -265.316 | 0.2640 1.78995 | -0.05891 | 0.26094 | 0.41975
100 | 0.05126 -820.031 | -327.613 | 0.2639 1.79025 | -0.05891 | 0.26090 | 0.41987
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Table 4.9a:

plate for 0° @ a=5t0 100, =1.5

Numerical values of displacements and stresses for CCFC thick anisotropic rectangular

a w u v O o, Ty T T,
5 0.00037 | -0.00365 -0.00929 -0.00064 | -0.00005 0.00108 0.01566 | 0.00007
10 0.00012 | -0.00836 -0.01263 -0.00036 | -0.00002 0.00042 0.01619 | 0.00008
20 0.00006 | -0.02693 -0.02506 -0.00029 -0.00001 0.00025 0.01633 | 0.00009
30 0.00005 | -0.05786 -0.04569 -0.00028 | -0.00001 0.00022 0.01636 | 0.00009
40 0.00005 | -0.10116 -0.07456 -0.00027 -0.00001 0.00020 0.01636 | 0.00009
50 0.00004 | -0.15682 -0.11167 -0.00027 -0.00001 0.00020 0.01637 | 0.00009
60 0.00004 | -0.22486 -0.15703 -0.00027 -0.00001 0.00020 0.01637 | 0.00009
70 0.00004 | -0.30526 -0.21063 -0.00027 -0.00001 0.00019 0.01637 | 0.00009
80 0.00004 | -0.39803 -0.27248 -0.00027 -0.00001 0.00019 0.01637 | 0.00009
90 0.00004 | -0.50318 -0.34258 -0.00027 -0.00001 0.00019 0.01637 | 0.00009
100 0.00004 | -0.62069 -0.42092 -0.00027 -0.00001 0.00019 0.01637 | 0.00009

Table 4.9b:  Numerical values of displacements and stresses for CCFC thick anisotropic rectangular

plate for 15° @ a =5t0 100,B=1.5

a W u v O o, Ty T T,
5 0.00061 | -0.00569 -0.01633 -0.01473 | -0.00128 0.00757 0.02656 | -0.0004
10 0.00014 | -0.00967 -0.01428 -0.00393 | -0.00034 0.00198 0.01839 | 0.00021
20 0.00007 | -0.03023 -0.02714 -0.00232 | -0.00020 0.00115 0.01708 | 0.00037
30 0.00005 | -0.06479 -0.05002 -0.00205 | -0.00017 0.00101 0.01686 | 0.00040
40 0.00005 | -0.11320 -0.08225 -0.00196 | -0.00017 0.00097 0.01678 | 0.00041
50 0.00005 | -0.17545 -0.12373 -0.00192 | -0.00016 0.00094 0.01675 | 0.00041
60 0.00005 | -0.25154 -0.17444 -0.00189 | -0.00016 0.00093 0.01673 | 0.00041
70 0.00005 | -0.34147 -0.23438 -0.00188 | -0.00016 0.00093 0.01672 | 0.00042
80 0.00005 | -0.44523 -0.30355 -0.00187 | -0.00016 0.00092 0.01671 | 0.00042
90 0.00005 | -0.56283 -0.38195 -0.00187 | -0.00016 0.00092 0.01671 | 0.00042
100 0.00005 | -0.69427 -0.46957 -0.00186 | -0.00016 0.00092 0.01670 | 0.00042
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Table 4.9c¢:

plate for 30° @ a =5 to 100, B = 1.5

Numerical values of displacements and stresses for CCFC thick anisotropic rectangular

a w u v O o, Ty T T,
5 -0.0016 0.01213 0.04714 0.05488 0.01898 -0.05128 | -0.0747 0.00350
10 0.00021 | -0.01484 -0.02000 -0.00760 | -0.00262 0.00703 0.02554 | 0.00075
20 0.00009 | -0.04281 -0.03486 -0.00409 -0.00141 0.00376 0.01915 | 0.00131
30 0.00007 | -0.09130 -0.06663 -0.00367 -0.00126 0.00337 0.01830 | 0.00142
40 0.00007 | -0.15936 -0.11182 -0.00353 -0.00121 0.00324 0.01803 | 0.00146
50 0.00007 | -0.24691 -0.17010 -0.00347 -0.00119 0.00319 0.01790 | 0.00148
60 0.00007 | -0.35393 -0.24140 -0.00344 | -0.00118 0.00316 0.01783 | 0.00149
70 0.00007 | -0.48042 -0.32570 -0.00342 -0.00117 0.00314 0.01779 | 0.00149
80 0.00006 | -0.62637 -0.42298 -0.00341 -0.00117 0.00313 0.01777 | 0.00150
90 0.00006 | -0.79179 -0.53325 -0.00340 | -0.00117 0.00312 0.01775 | 0.00150
100 0.00006 | -0.97667 -0.65649 -0.00340 | -0.00117 0.00311 0.01774 | 0.00150

Table 4.9d:  Numerical values of displacements and stresses for CCFC thick anisotropic rectangular

plate for 45° @ a =5t0100,B=1.5

a W u v O o, Ty T T,
5 -0.0005 | 0.00300 0.01637 0.01418 0.01423 -0.02221 | -0.0266 | 0.00152
10 0.00033 | -0.02758 -0.02937 -0.00937 | -0.00935 0.01455 0.03427 | 0.00255
20 0.00015 | -0.07632 -0.05505 -0.00522 | -0.00521 0.00809 0.02181 | 0.00331
30 0.00013 | -0.16289 -0.11185 -0.00483 | -0.00482 0.00748 0.02044 | 0.00350
40 0.00012 | -0.28449 -0.19260 -0.00472 | -0.00470 0.00730 0.02000 | 0.00357
50 0.00012 | -0.44092 -0.29675 -0.00466 | -0.00465 0.00722 0.01980 | 0.00360
60 0.00012 | -0.63215 -0.42416 -0.00464 | -0.00462 0.00718 0.01969 | 0.00362
70 0.00012 | -0.85816 -0.57479 -0.00462 | -0.00460 0.00715 0.01963 | 0.00363
80 0.00012 | -1.11896 -0.74862 -0.00461 | -0.00459 0.00714 0.01959 | 0.00364
90 0.00011 | -1.41453 -0.94565 -0.00460 | -0.00459 0.00713 0.01956 | 0.00364
100 0.00011 | -1.74488 -1.16587 -0.00460 | -0.00458 0.00712 0.01954 | 0.00364

181



Table 4.9¢:

plate for 60° @ a =5 to 100, B = 1.5

Numerical values of displacements and stresses for CCFC thick anisotropic rectangular

a w u v O o, Ty T T,
5 -0.0014 0.01332 0.03492 0.01529 0.04452 -0.04118 | -0.0603 -0.0005
10 0.00049 | -0.05283 -0.03966 -0.00656 | -0.01893 0.01756 0.03259 | 0.00602
20 0.00029 | -0.16528 -0.10959 -0.00482 -0.01388 0.01288 0.02340 | 0.00660
30 0.00027 | -0.35782 -0.23712 -0.00463 -0.01335 0.01239 0.02223 | 0.00678
40 0.00026 | -0.62780 -0.41681 -0.00458 | -0.01319 0.01224 0.02185 | 0.00686
50 0.00026 | -0.97501 -0.64815 -0.00455 -0.01312 0.01217 0.02167 | 0.00689
60 0.00026 | -1.39941 -0.93102 -0.00454 | -0.01308 0.01214 0.02158 | 0.00691
70 0.00025 | -1.90100 -1.26537 -0.00453 -0.01306 0.01212 0.02153 | 0.00692
80 0.00025 | -2.47977 -1.65118 -0.00453 -0.01305 0.01210 0.02149 | 0.00693
90 0.00025 | -3.13570 -2.08845 -0.00452 -0.01304 0.01210 0.02146 | 0.00693
100 0.00025 | -3.86882 -2.57718 -0.00452 -0.01303 0.01209 0.02145 | 0.00694

Table 4.9f:  Numerical values of displacements and stresses for CCFC thick anisotropic rectangular

plate for 75° @ a =5t0 100, B =1.5

a W u v O o, Ty T T,
5 0.00158 | -0.03604 -0.02709 -0.00336 | -0.03805 0.01938 0.03719 | 0.00808
10 0.00073 | -0.09730 -0.06111 -0.00208 | -0.02333 0.01191 0.02237 | 0.00822
20 0.00061 | -0.35905 -0.23366 -0.00195 | -0.02192 0.01119 0.02024 | 0.00882
30 0.00059 | -0.79587 -0.52448 -0.00193 | -0.02173 0.01109 0.01988 | 0.00897
40 0.00058 | -1.40748 -0.93207 -0.00193 | -0.02168 0.01106 0.01976 | 0.00902
50 0.00057 | -2.19384 -1.45624 -0.00192 | -0.02165 0.01105 0.01970 | 0.00905
60 0.00057 | -3.15495 -2.09694 -0.00192 | -0.02164 0.01104 0.01967 | 0.00906
70 0.00057 | -4.29081 -2.85416 -0.00192 | -0.02163 0.01104 0.01965 | 0.00907
80 0.00057 | -5.60142 -3.72789 -0.00192 | -0.02162 0.01104 0.01964 | 0.00907
90 0.00057 | -7.08678 -4.71812 -0.00192 | -0.02162 0.01103 0.01963 | 0.00908
100 0.00057 | -8.74689 -5.82485 -0.00192 | -0.02162 0.01103 0.01963 | 0.00908
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Table 4.9g:

plate for 90° @ a =5 to 100, B = 1.5

Numerical values of displacements and stresses for CCFC thick anisotropic rectangular

a w u v O o, Ty T T,
5 0.00119 | -0.03494 -0.02001 -0.00026 | -0.00234 0.00399 0.01629 | 0.00632
10 0.00091 | -0.12931 -0.08069 -0.00024 | -0.00236 0.00385 0.01553 | 0.00745
20 0.00084 | -0.50550 -0.33059 -0.00024 | -0.00241 0.00385 0.01531 | 0.00793
30 0.00083 | -1.13227 -0.74825 -0.00024 | -0.00242 0.00385 0.01527 | 0.00803
40 0.00082 | -2.00971 -1.33314 -0.00024 | -0.00243 0.00385 0.01525 | 0.00807
50 0.00082 | -3.13783 -2.08519 -0.00024 | -0.00243 0.00385 0.01524 | 0.00808
60 0.00082 | -4.51664 -3.00438 -0.00024 | -0.00243 0.00385 0.01524 | 0.00809
70 0.00082 | -6.14615 -4.09071 -0.00024 | -0.00243 0.00385 0.01524 | 0.00810
80 0.00082 | -8.02635 -5.34416 -0.00024 | -0.00243 0.00385 0.01524 | 0.00810
90 0.00082 | -10.15724 | -6.76475 -0.00024 | -0.00244 0.00385 0.01524 | 0.00811
100 0.00082 | -12.53882 | -8.35247 -0.00024 | -0.00244 0.00385 0.01523 | 0.00811

Table 4.10a: Numerical values of displacements and stresses for SCFS thick anisotropic rectangular

plate for 0° @ a =5t0 100, =1

a u v oo | O | T | W™ | W
5 0.01142 | -0.04699 -0.17713 0.56898 0.02061 | -0.01066 | 0.14369 | 0.00346
10 0.00464 | -0.13268 -0.29131 0.40058 0.01014 | -0.00518 | 0.14867 | 0.00336
20 0.00287 | -0.47306 -0.72846 0.35664 0.00740 | -0.00375 | 0.14997 | 0.00333
30 0.00253 | -1.04010 -1.45500 0.34842 0.00689 | -0.00348 | 0.15021 | 0.00332
40 0.00242 | -1.83393 -2.47189 0.34554 0.00671 | -0.00338 | 0.15030 | 0.00332
50 0.00236 | -2.85455 -3.77925 0.34420 0.00662 | -0.00334 | 0.15034 | 0.00332
60 0.00233 | -4.10198 -5.37710 0.34348 0.00658 | -0.00332 | 0.15036 | 0.00332
70 0.00232 | -5.57622 -7.26545 0.34304 0.00655 | -0.00330 | 0.15037 | 0.00332
80 0.00231 | -7.27725 -9.44431 0.34275 0.00653 | -0.00329 | 0.15038 | 0.00332
90 0.00230 | -9.20509 -11.91369 | 0.34256 0.00652 | -0.00329 | 0.15039 | 0.00332
100 | 0.00229 | -11.35974 | -14.67358 | 0.34242 0.00651 | -0.00328 | 0.15039 | 0.00332
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Table 4.10b: Numerical values of displacements and stresses for SCFS thick anisotropic rectangular

plate for 15° @ o =5t0 100, B =1

a w u v O o,y Ty T T,
5 0.01241 -0.04764 -0.18425 0.47480 | 0.05264 | -0.04346 | 0.16131 | 0.00872
10 0.00468 -0.13339 -0.26360 0.33722 | 0.03194 | -0.01925 | 0.15064 | 0.02154
20 0.00289 -0.47869 -0.69672 0.30374 | 0.02744 | -0.01451 | 0.14828 | 0.02583
30 0.00256 -1.05427 -1.43219 0.29754 | 0.02664 | -0.01370 | 0.14786 | 0.02670
40 0.00245 -1.86010 -2.46373 0.29536 | 0.02636 | -0.01342 | 0.14771 | 0.02700
50 0.00240 -2.89616 -3.79052 0.29436 | 0.02623 | -0.01329 | 0.14764 | 0.02715
60 0.00237 -4.16246 -5.41236 0.29381 | 0.02616 | -0.01322 | 0.14761 | 0.02723
70 0.00235 -5.65900 -7.32917 0.29348 | 0.02612 | -0.01318 | 0.14758 | 0.02727
80 0.00234 -7.38577 -9.54093 0.29327 | 0.02609 | -0.01315 | 0.14757 | 0.02730
90 0.00233 -9.34277 -12.04761 | 0.29312 | 0.02607 | -0.01313 | 0.14756 | 0.02733
100 | 0.00233 -11.53002 | -14.84922 | 0.29302 | 0.02606 | -0.01312 | 0.14755 | 0.02734

Table 4.10c:  Numerical values of displacements and stresses for SCFS thick anisotropic rectangular

plate for 30° @ a =5t0 100, B =1

@ w u Oxx Oyy Txy Txz Tyz
5 0.01653 | -0.05733 -0.26009 0.40131 0.14995 | -0.14734 0.22385 | 0.00270
10 0.00532 | -0.16116 -0.26786 0.27244 0.09234 | -0.05238 0.15740 | 0.04378
20 0.00341 | -0.58392 -0.77515 0.24577 0.08227 | -0.04205 0.14732 | 0.05916
30 0.00308 | -1.28738 -1.66921 0.24073 0.08049 | -0.04072 0.14566 | 0.06251
40 0.00296 | -2.27200 -2.92788 0.23896 0.07987 | -0.04030 0.14510 | 0.06374
50 0.00291 | -3.53786 -4.54813 0.23813 0.07959 | -0.04011 0.14484 | 0.06431
60 0.00288 | -5.08499 -6.52921 0.23768 0.07943 | -0.04001 0.14470 | 0.06462
70 0.00286 | -6.91341 -8.87084 0.23741 0.07934 | -0.03995 0.14461 | 0.06482
80 0.00285 | -9.02311 -11.57290 | 0.23723 0.07928 | -0.03992 0.14456 | 0.06494
90 0.00284 | -11.41411 | -14.63535 | 0.23711 0.07924 | -0.03989 0.14452 | 0.06502
100 | 0.00284 | -14.08639 | -18.05816 | 0.23703 0.07921 | -0.03987 0.14449 | 0.06509
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Table 4.10d: Numerical values of displacements and stresses for SCFS thick anisotropic rectangular

plate for 45° @ o =51t0 100, B =1

a w u v O o,y Ty Tw T,
5 0.02068 | -0.07676 -0.31026 0.32529 | 0.31457 -0.23455 0.27262 | 0.01252
10 0.00689 -0.23935 -0.31411 0.20840 | 0.18629 -0.08908 0.15803 0.07645
20 0.00487 | -0.87768 -1.07701 0.18975 | 0.16909 -0.07898 0.14448 | 0.10235
30 0.00451 -1.93557 -2.42032 0.18633 | 0.16619 -0.07813 0.14236 | 0.10831
40 0.00439 -3.41553 -4.31174 0.18513 | 0.16519 -0.07792 0.14164 | 0.11050
50 0.00433 -5.31803 -6.74663 0.18457 | 0.16473 -0.07783 0.14132 | 0.11154
60 0.00430 | -7.64318 -9.72382 0.18427 | 0.16448 -0.07779 0.14114 | 0.11211
70 0.00428 | -10.39103 | -13.24286 | 0.18408 | 0.16433 -0.07777 0.14103 0.11246
80 0.00427 | -13.56159 | -17.30360 | 0.18397 | 0.16423 -0.07776 0.14097 | 0.11268
90 0.00426 | -17.15487 | -21.90593 | 0.18388 | 0.16416 -0.07775 0.14092 | 0.11284
100 | 0.00425 -21.17089 | -27.04982 | 0.18383 | 0.16412 -0.07774 0.14088 | 0.11295

Table 4.10e: Numerical values of displacements and stresses for SCFS thick anisotropic rectangular

plate for 60° @ o =5to 100, B =1

a W u v O o, Ty T 1.
5 0.02130 | -0.13056 -0.22904 0.21081 | 0.45176 | -0.17507 | 0.20344 | 0.06715
10 0.01091 | -0.44764 | -0.48552 0.15920 | 0.31816 | -0.11695 | 0.14646 | 0.12776
20 0.00877 | -1.66149 -1.98462 0.15100 | 0.30574 | -0.11356 | 0.13755 | 0.15662
30 0.00836 | -3.67260 | -4.54835 0.14963 | 0.30449 | -0.11354 | 0.13608 | 0.16325
40 0.00822 | -6.48616 -8.14774 0.14916 | 0.30415 | -0.11359 | 0.13558 | 0.16569
50 0.00815 | -10.10301 |-12.77844 | 0.14894 | 0.30400 | -0.11362 | 0.13535 | 0.16684
60 0.00812 | -14.52337 | -18.43932 | 0.14883 | 0.30393 | -0.11364 | 0.13522 | 0.16747
70 0.00810 | -19.74733 | -25.12998 | 0.14876 | 0.30389 | -0.11365 | 0.13515 | 0.16786
80 0.00808 | -25.77492 | -32.85025 | 0.14871 | 0.30386 | -0.11366 | 0.13510 | 0.16811
90 0.00807 | -32.60615 | -41.60005 | 0.14868 | 0.30384 | -0.11367 | 0.13507 | 0.16828
100 | 0.00807 | -40.24103 | -51.37935 | 0.14866 | 0.30383 | -0.11367 | 0.13504 | 0.16840
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Table 4.10f: Numerical values of displacements and stresses for SCFS thick anisotropic rectangular

plate for 75° @ o =5t0 100, B = 1

o W u v Ox o,y Ty T T,
5 0.03041 | -0.28728 | -0.26017 0.18369 0.57951 -0.11131 0.13936 | 0.13608
10 0.02200 | -1.01620 | -1.08653 0.16771 0.58015 -0.10580 | 0.12584 | 0.19354
20 0.01964 | -3.84614 | -4.66539 0.16308 0.60523 -0.10623 0.12204 | 0.21921
30 0.01917 | -8.54722 -10.67695 | 0.16216 0.61176 -0.10644 | 0.12130 | 0.22486
40 0.01901 | -15.12630 | -19.10043 | 0.16183 0.61421 -0.10653 0.12104 | 0.22691
50 0.01893 | -23.58442 | -29.93271 | 0.16168 0.61537 -0.10657 0.12091 | 0.22788
60 0.01889 | -33.92185 | -43.17297 | 0.16159 0.61601 -0.10660 | 0.12085 | 0.22841
70 0.01886 | -46.13868 | -58.82093 | 0.16154 0.61640 -0.10661 0.12080 | 0.22873
80 0.01885 | -60.23495 | -76.87646 | 0.16151 0.61665 -0.10662 0.12078 | 0.22894
90 0.01884 | -76.21070 | -97.33952 | 0.16149 0.61683 -0.10663 0.12076 | 0.22908
100 | 0.01883 | -94.06591 | -120.2101 | 0.16147 0.61695 -0.10663 0.12075 | 0.22918

Table 4.10g: Numerical values of displacements and stresses for SCFS thick anisotropic rectangular

plate for 90° @ o =5to0 100, B =1

o W u v O o,y Ty T 1.
5 0.04413 | -0.47591 -0.41091 0.23768 0.92449 -0.04583 0.11354 | 0.17738
10 0.03577 | -1.71745 -1.89696 0.21662 1.05256 -0.04600 0.10640 | 0.23627
20 0.03323 | -6.57775 -8.07927 0.20848 1.11518 -0.04633 0.10332 | 0.26064
30 0.03273 | -14.66049 | -18.42314 | 0.20676 1.12907 -0.04641 0.10265 | 0.26587
40 0.03255 | -25.97359 | -32.91072 | 0.20614 1.13413 -0.04644 0.10241 | 0.26777
50 0.03247 | -40.51823 | -51.53936 | 0.20585 1.13650 -0.04646 0.10230 | 0.26865
60 0.03242 | -58.29472 | -74.30837 | 0.20569 1.13780 -0.04646 0.10223 | 0.26914
70 0.03240 | -79.30315 | -101.2175 | 0.20560 1.13859 -0.04647 0.10220 | 0.26943
80 0.03238 | -103.5436 | -132.2667 | 0.20554 1.13910 -0.04647 0.10217 | 0.26962
90 0.03237 | -131.0160 | -167.4559 | 0.20549 1.13946 -0.04648 0.10216 | 0.26976
100 | 0.03236 | -161.7205 | -206.7850 | 0.20546 1.13971 -0.04648 0.10214 | 0.26985
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Table 4.11a:

plate for 0° @ a=5t0 100, =1

Numerical values of displacements and stresses for CSFS thick anisotropic rectangular

a w u v O o, Ty T T,

° 0.00223 | -0.03967 | -0.04963 |  0.12045 | 0.00568 | -0.00192 | 0.07408 | 0.00199
10 [0.00117 |-0.13489 |-0.10811 |0.10203 | 0.00346 |-0.00124 | 0.07809 | 0.00182
20 [0.00089 |-0.51419 |-0.33411 [0.09712 | 0.00286 |-0.00105 | 0.07917 | 0.00177
0 | 000083 | -1.14618 | -0.70994 |  0.09620 | 0.00274 | -0.00101 | 0.07937 | 0.00176
%9 | 000081 | -2.03094 | -1.23597 | 0.09588 | 0.00270 | -0.00100 | 0.07944 | 0.00176
* | 000081 | -3.16848 | -1.91228 | 0.09573 | 0.00268 | -0.00100 | 0.07947 | 0.00176
® | 000080 | -4.55882 | -2.73885 | 0.09564 | 0.00267 | -0.00099 | 0.07949 | 0.00175
7% | 000080 | -6.20193 | -3.71571 |  0.09559 | 0.00267 | -0.00099 | 0.07950 | 0.00175
%9 | o0.00080 | -8.09784 | -4.84285| 0.09556 | 0.00266 | -0.00099 | 0.07951 | 0.00175
0 | 000079 | -10.2465 | -6.12028 |  0.09554 | 0.00266 | -0.00099 | 0.07951 | 0.00175
199 | 0.00079 | -12.6480 | -7.54799 | 009552 | 0.00266 | -0.00099 | 0.07952 | 0.00175

Table 4.11b: Numerical values of displacements and stresses for CSFS thick anisotropic rectangular

plate for 15° @ a =5t0 100, B =1

a W u v O o, Ty T 1.

> 0.00190 -0.03372 | -0.04062 0.09526 | 0.01116 | -0.00629 | 0.06354 | 0.00277
10 0.00108 -0.12604 | -0.09445 0.08677 | 0.00895 | -0.00439 | 0.07018 | 0.00498
20 0.00085 -0.49274 | -0.31187 0.08425 | 0.00838 | -0.00392 | 0.07211 | 0.00579
30 0.00080 -1.10357 | -0.67488 0.08376 | 0.00827 | -0.00383 | 0.07248 | 0.00596
40 0.00078 -1.95868 | -1.18321 0.08359 | 0.00823 | -0.00380 | 0.07261 | 0.00602
>0 0.00078 -3.05810 | -1.83680 0.08351 | 0.00822 | -0.00379 | 0.07267 | 0.00605
60 0.00077 -4.40183 | -2.63565 0.08347 | 0.00821 | -0.00378 | 0.07271 | 0.00606
70 0.00077 -5.98987 | -3.57975 0.08344 | 0.00820 | -0.00377 | 0.07273 | 0.00607
80 0.00077 -7.82222 | -4.66910 0.08342 | 0.00820 | -0.00377 | 0.07274 | 0.00608
0 0.00077 -9.89888 | -5.90370 0.08341 | 0.00820 | -0.00377 | 0.07275 | 0.00608
100 0.00077 | -12.21985 | -7.28355 0.08340 | 0.00819 | -0.00377 | 0.07276 | 0.00609
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Table 4.11c:

Numerical values of displacements and stresses for CSFS thick anisotropic rectangular

plate for 30° @ o =5t0 100, B =1

a w u v O o, Ty T T,

> | 000148 | -0.02718 | -0.02880 | 0.05985 | 0.02199 | -0.01161 | 0.04805 | 0.00384
' | 000097 | -0.11866 | -0.07498 | 0.05998 | 0.02102 | -0.00940 | 0.05529 | 0.01048
% | 0.00080 | -0.47596 | -0.28317 | 0.05968 | 0.02082 | -0.00914 | 0.05817 | 0.01371
0 | 000077 | -1.06967 | -063517 | 0.05960 | 0.02079 | -0.00912 | 0.05880 | 0.01444
%0 | 000076 | -1.90057 | -1.12879 | 0.05957 | 0.02078 | -0.00911 | 0.05902 | 0.01471
*0 | 000075 | -2.96879 | -1.76369 | 0.05955 | 0.02077 | -0.00911 | 0.05913 | 0.01484
0 | 000075 | -4.27435| -2.53977| 0.05954| 0.02077 | -0.00911 | 0.05919 | 0.01491
7% | 000075 | -5.81727 | -3.45700 | 0.05954 | 0.02077 | -0.00911 | 0.05922 | 0.01495
%9 | 000075 | -7.59756 | -451536 | 0.05953 | 0.02077 | -0.00911 | 0.05924 | 0.01498
® | 000074 | -9.61521 | 571485 | 0.05953 | 0.02076 | -0.00911 | 0.05926 | 0.01499
199 | 0.00074 | -11.87023 | -7.05547 | 0.05953 | 0.02076 | -0.00911 | 0.05927 | 0.01501

Table 4.11d: Numerical values of displacements and stresses for CSFS thick anisotropic rectangular

plate for 45° @ a =5t0 100, B =1

a W u v O o,y Ty T T,
> 0.00138 -0.03067 | -0.02145 0.03818 | 0.03643 | -0.01332 | 0.03658 | 0.00677
10 0.00103 -0.13616 | -0.07020 0.03890 | 0.03640 | -0.01268 | 0.04245 | 0.01655
20 0.00089 -0.53692 | -0.30116 0.03919 | 0.03686 | -0.01301 | 0.04585 | 0.02173
30 0.00086 -1.20032 | -0.69383 0.03926 | 0.03700 | -0.01312 | 0.04668 | 0.02296
40 0.00084 -2.12832 | -1.24490 0.03928 | 0.03705 | -0.01316 | 0.04698 | 0.02342
>0 0.00084 -3.32122 | -1.95379 0.03929 | 0.03707 | -0.01318 | 0.04713 | 0.02364
60 0.00084 -4.77913 | -2.82037 0.03930 | 0.03708 | -0.01320 | 0.04721 | 0.02376
70 0.00083 -6.50208 | -3.84458 0.03930 | 0.03709 | -0.01320 | 0.04726 | 0.02383
80 0.00083 -8.49007 | -5.02640 0.03931 | 0.03710 | -0.01321 | 0.04729 | 0.02388
0 0.00083 | -10.74311 | -6.36581 0.03931 | 0.03710 | -0.01321 | 0.04731 | 0.02391
100 0.00083 | -13.26121 | -7.86282 0.03931 | 0.03710 | -0.01321 | 0.04732 | 0.02393
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Table 4.11e:

Numerical values of displacements and stresses for CSFS thick anisotropic rectangular

plate for 60° @ o =5 to 100, B = 1

a w u v O o, Ty T T,

> 0.00180 | -0.05349 | -0.02012 | 0.02516 | 0.05654 | -0.01341 | 0.02787 | 0.01363
10 0.00143 | -0.20607 | -0.09395 | 0.02597 | 0.05988 | -0.01398 | 0.03391 | 0.02520
20 0.00126 | -0.78039 | -0.42689 | 0.02646 | 0.06256 | -0.01438 | 0.03706 | 0.03105
>0 0.00122 | -1.73017 | -0.98957 | 0.02657 | 0.06322 | -0.01448 | 0.03780 | 0.03241
0 0.00120 | -3.05862 | -1.77862 | 0.02662 | 0.06347 | -0.01452 | 0.03807 | 0.03291
>0 0.00120 | -4.76627 | -2.79350 | 0.02664 | 0.06359 | -0.01453 | 0.03820 | 0.03315
% 0.00119 | -6.85326 | -4.03404 | 0.02665 | 0.06365 | -0.01454 | 0.03827 | 0.03328
70 0.00119 | -9.31963 | -5.50022 | 0.02666 | 0.06369 | -0.01455 | 0.03831 | 0.03336
50 0.00119 | -12.16540 | -7.19199 | 0.02666 | 0.06372 | -0.01455 | 0.03834 | 0.03341
>0 0.00119 | -15.39060 | -9.10936 | 0.02666 | 0.06374 | -0.01456 | 0.03836 | 0.03345
% | 000119 | -18.99521 | -11.2523| 0.02667 | 0.06375 | -0.01456 | 0.03838 | 0.03347

Table 4.11f: Numerical values

plate for 75° @ a =5to0 100, B =1

of displacements and stresses for CSFS thick anisotropic rectangular

a W u v O o, Ty T T,
> 0.00357 -0.12522 | -0.03856 0.02315 | 0.10238 | -0.01171 | 0.02643 | 0.02782
10 0.00276 -0.42170 | -0.19237 0.02192 | 0.11720 | -0.01148 | 0.02870 | 0.04183
20 0.00243 -1.53275 | -0.84324 0.02132 | 0.12436 | -0.01136 | 0.02947 | 0.04781
30 0.00235 -3.37142 | -1.93426 0.02119 | 0.12595 | -0.01133 | 0.02963 | 0.04910
40 0.00233 -5.94352 | -3.46264 0.02114 | 0.12653 | -0.01132 | 0.02969 | 0.04957
>0 0.00232 -9.24993 | -5.42798 0.02111 | 0.12680 | -0.01132 | 0.02972 | 0.04979
60 0.00231 | -13.29087 | -7.83018 0.02110 | 0.12695 | -0.01132 | 0.02973 | 0.04991
70 0.00231 | -18.06642 | -10.6692 0.02109 | 0.12704 | -0.01132 | 0.02974 | 0.04999
80 0.00230 | -23.57662 | -13.9450 0.02109 | 0.12710 | -0.01132 | 0.02975 | 0.05004
90 0.00230 | -29.82148 | -17.6576 0.02108 | 0.12714 | -0.01131 | 0.02975 | 0.05007
100 0.00230 | -36.80101 | -21.8070 0.02108 | 0.12717 | -0.01131 | 0.02975 | 0.05009
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Table 4.11g: Numerical values of displacements and stresses for CSFS thick anisotropic rectangular

plate for 90° @ o = 5t0 100, B = 1

a w u v O o,y Ty T T,
> 0.00671 -0.24917 | -0.07936 0.03177 | 0.18700 | -0.00597 | 0.02907 | 0.04818
0 0.00481 -0.75286 | -0.35162 0.02463 | 0.20451 | -0.00525 | 0.02438 | 0.06337
20 0.00415 -2.63817 | -1.46232 0.02190 | 0.21170 | -0.00497 | 0.02247 | 0.06901
30 0.00401 -5.76093 | -3.31674 0.02134 | 0.21322 | -0.00492 | 0.02206 | 0.07017
40 0.00396 | -10.12992 | -5.91340 0.02113 | 0.21377 | -0.00490 | 0.02192 | 0.07059
>0 0.00394 | -15.74639 | -9.25211 0.02104 | 0.21402 | -0.00489 | 0.02185 | 0.07078
60 0.00393 | -22.61065 | -13.3328 0.02098 | 0.21416 | -0.00488 | 0.02181 | 0.07089
70 0.00392 | -30.72281 | -18.1555 0.02095 | 0.21425 | -0.00488 | 0.02179 | 0.07095
80 0.00392 | -40.08293 | -23.7201 0.02093 | 0.21430 | -0.00488 | 0.02178 | 0.07100
90 0.00391 | -50.69101 | -30.0267 0.02092 | 0.21434 | -0.00488 | 0.02177 | 0.07103
100 0.00391 | -62.54707 | -37.0752 0.02091 | 0.21437 | -0.00487 | 0.02176 | 0.07105

Table 4.12a: Numerical values of displacements and stresses for CCFS thick anisotropic rectangular

plate for 0° @ a =5t0 100, =1

a w u v Oxx Gy Ty Tez Tyz

5 000159 | -0.00652 | -0-03598 |  0.07930 | 0.00404 | -0.00159 | 0.01999 | 0.00107
10 000066 | -0.01882 | -0.06116 | 0.05696 | 0.00195 | -0.00080 | 0.02114 | 0.00088
20 000041 | -0.06750 | -0-15426 | 0.05097 | 0.00138 | -0.00058 | 0.02145 | 0.00081
30 000036 | -0.14858 | -0-30860 | 0.04984 | 0.00127 | -0.00054 | 0.02151 | 0.00080
40 000035 | -0.26207 | -0.52455 | 0.04945 | 0.00123 | -0.00052 | 0.02153 | 0.00080
50 000034 | -0.40799 | -0.80217 | 0.04926 | 0.00122 | -0.00052 | 0.02154 | 0.00080
60 000033 | -05863a | -1.14147 | 0.04916 | 0.00121 | -0.00051 | 0.02154 | 0.00079
70 000033 | -0.79711 | -1.54246 | 0.04910 | 0.00120 | -0.00051 | 0.02154 | 0.00079
80 000033 | -1.04031 | -2:00513 | 0.04906 | 0.00120 | -0.00051 | 0.02155 | 0.00079
90 000033 | -1.31594 | -2.52949 | 0.04904 | 0.00120 | -0.00051 | 0.02155 | 0.00079
100\ 500033 | -1.62399 | -3.11555| 0.04902 | 0.00119 | -0.00051 | 0.02155 | 0.00079
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Table 4.12b: Numerical values of displacements and stresses for CCFS thick anisotropic rectangular

plate for 15° @ o =5t0 100, B =1

a w u v O o, Ty T T,
5 000151 | -0.00553 | -0.03283 | 0.05377 | 0.00716 | -0.00561 | 0.01993 | 0.00178
10 000061 | -0.01706 | -0.05089 | 0.04234 | 0.00446 | -0.00270 | 0.02028 | 0.00437
20 000038 | -0.06257 | -0.13608 | 0.03903 | 0.00382 | -0.00206 | 0.02039 | 0.00529
30 000034 | -0.13833 | -0.27992 | 0.03839 | 0.00370 | -0.00195 | 0.02042 | 0.00548
40 000032 | -0.24437 | 048157 | 0.03816 | 0.00366 | -0.00192 | 0.02043 | 0.00554
50 000032 | -0.38071 | -0.74090 | 0.03806 | 0.00365 | -0.00190 | 0.02043 | 0.00558
60 000031 | -0.54735 | -1.05790 | 0.03800 | 0.00363 | -0.00189 | 0.02043 | 0.00559
70 000031 | -0.74429 | -1.43254 | 0.03797 | 0.00363 | -0.00188 | 0.02043 | 0.00560
80 000031 | -0.97152 | -1.86483 | 0.03794 | 0.00362 | -0.00188 | 0.02043 | 0.00561
90 000031 | -1.22905 | -2.35476 | 0.03793 | 0.00362 | -0.00188 | 0.02043 | 0.00561
1000 1 500031 | -151688 | -2.90233 | 0.03792 | 0.00362 | -0.00187 | 0.02043 | 0.00562

Table 4.12c:  Numerical values of displacements and stresses for CCFS thick anisotropic rectangular

plate for 30° @ a =5t0 100, B =1

a w u v Oxx Gy Ty Tez Tyz

5 000150 | -0.00466 | -0-03536 | 0.03388 | 0.01403 | -0.01428 | 0.02122 | 0.00025
10 000061 | -0.01791 | -0.04554 | 0.03006 | 0.01059 | -0.00643 | 0.01909 | 0.00764
20 000040 | -0.06795 | -0.13527 | 0.02825 | 0.00974 | -0.00534 | 0.01886 | 0.01075
30 000036 | -0.15082 | -0-29176 |  0.02784 | 0.00958 | -0.00519 | 0.01883 | 0.01144
40 000035 | -0.26676 | -0.51190 | 0.02770 | 0.00952 | -0.00514 | 0.01883 | 0.01169
50 000034 | -0.41580 | -0.79524 | 0.02763 | 0.00950 | -0.00512 | 0.01882 | 0.01180
60 000034 | -0.59795 | -1.14166 | 0.02759 | 0.00948 | -0.00511 | 0.01882 | 0.01187
70 000034 | -0.81322 | -1.55112| 0.02756 | 0.00947 | -0.00510 | 0.01882 | 0.01191
80 000034 | -1.06160 | -2:02361| 0.02755 | 0.00947 | -0.00510 | 0.01882 | 0.01193
90 000033 | -1.34309 | -2.55910 | 0.02754 | 0.00946 | -0.00510 | 0.01882 | 0.01195
100 | 500033 | -165771 | -3.15761 | 0.02753 | 0.00946 | -0.00509 | 0.01882 | 0.01196
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Table 4.12d: Numerical values of displacements and stresses for CCFS thick anisotropic rectangular

plate for 45° @ o =51t0 100, B =1

a w u v O o, Ty T T,
5 000151 | -0.00495 | -0.03319 | 0.02511 | 0.02573 | -0.01787 | 0.02089 | 0.00163
10 000070 | -0.02365 | -0.04686 | 0.02124 | 0.01946 | -0.00963 | 0.01730 | 0.01205
20 000051 | -0.09095 | -0.16656 | 0.02015 | 0.01836 | -0.00890 | 0.01703 | 0.01685
30 000047 | -0.20181 | -0-37559 | 0.01992 | 0.01817 | -0.00885 | 0.01703 | 0.01797
40 000046 | -0.35680 | -0-66976 | 0.01984 | 0.01811 | -0.00884 | 0.01703 | 0.01838
50 000045 | -0.55601 | -1.04841 | 0.01980 | 0.01808 | -0.00884 | 0.01703 | 0.01857
60 000045 | -0.79946 | -1.51138 | 0.01978 | 0.01807 | -0.00883 | 0.01703 | 0.01868
70 000045 | -1.08716 | -2.05860 | 0.01977 | 0.01806 | -0.00883 | 0.01703 | 0.01875
80 000045 | -1.41911 | -2.69006 | 0.01976 | 0.01805 | -0.00883 | 0.01703 | 0.01879
90 000045 | -1.79533 | -3.40574 | 0.01976 | 0.01805 | -0.00883 | 0.01703 | 0.01882
100\ 500045 | -2.21580 | -4.20563 | 0.01975 | 0.01804 | -0.00883 | 0.01703 | 0.01884

Table 4.12e:  Numerical values of displacements and stresses for CCFS thick anisotropic rectangular

plate for 60° @ a=5t0100,B=1

a w u v Oxx Gy Ty Tez Tyz

5 000167 | -0.01010 | -0.02435| 0.01823 | 0.04126 | -0.01406 | 0.01618 | 0.00923
10 000103 | -0.04147 | -0.06535| 0.01599 | 0.03361 | -0.01164 | 0.01501 | 0.01955
20 0.00083 | -0.15678 | -0.27610 | 0.01568 | 0.03360 | -0.01159 | 0.01500 | 0.02472
30 000079 | -0.34698 | -0.63596 | 0.01564 | 0.03375 | -0.01162 | 0.01503 | 0.02592
40 000078 | -0.61203 | -1.14118 | 0.01563 | 0.03382 | -0.01164 | 0.01504 | 0.02637
50 000077 | -0.95a77 | -1.79117 | 0.01562 | 0.03385 | -0.01165 | 0.01504 | 0.02658
60 000077 | -1.37253 | -2.58575| 0.01562 | 0.03387 | -0.01165 | 0.01504 | 0.02669
70 000077 | -1.86624 | -3.52488 | 0.01562 | 0.03388 | -0.01165 | 0.01505 | 0.02676
80 000076 | -2.43580 | -4.60854 | 0.01562 | 0.03389 | -0.01166 | 0.01505 | 0.02681
90 000076 | -3.08149 | -5:83670 | 0.01562 | 0.03389 | -0.01166 | 0.01505 | 0.02684
100 0.00076 | -3.80304 | -7.20937 | 0.01562 | 0.03390 | -0.01166 | 0.01505 | 0.02686
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Table 4.12f:  Numerical values of displacements and stresses for CCFS thick anisotropic rectangular

plate for 75° @ o =5t0 100, B = 1

a w u v Oxx G,y Tyy Ta Ty,

5 000283 | -002673 | -0.03154 |  0.01805 | 0.06637 | -0.01067 | 0.01296 | 0.02145
10 0.00206 | -0.09435 | -0.14119 |  0.01695 | 0.07170 | -0.01038 | 0.01261 | 0.03258
20 000179 | -0.34902 | -0.61686 | 0.01649 | 0.07672 | -0.01037 | 0.01241 | 0.03772
30 000173 | 077048 | -1.41669 | 0.01639 | 0.07796 | -0.01037 | 0.01237 | 0.03887
40 000171 | -1.36004 | -2.53757 | 0.01635 | 0.07843 | -0.01037 | 0.01235 | 0.03929
50 000170 | -2.11791 | -3-97903 | 0.01633 | 0.07865 | -0.01037 | 0.01234 | 0.03949
60 000170 | -3.04414 | -5.74094 | 0.01632 | 0.07877 | -0.01037 | 0.01234 | 0.03960
70 000169 | -4.13875 | -7.82326 | 0.01632 | 0.07884 | -0.01037 | 0.01234 | 0.03966
80 000169 | -5.40175 | -10.2259 |  0.01631 | 0.07889 | -0.01037 | 0.01233 | 0.03970
90 000169 | -6.83314 | -12.9491 | 0.01631 | 0.07892 | -0.01037 | 0.01233 | 0.03973
100 000169 | -8.43293 | -15.9925 | 0.01631 | 0.07894 | -0.01037 | 0.01233 | 0.03975

Table 4.12g: Numerical values of displacements and stresses for CCFS thick anisotropic rectangular

plate for 90° @ o =5to0 100, B =1

a w u v Oxx Gy Ty T Ty,

5 0.00472 | -0.05087 | -0-05596 | 0.02575 | 0.13271 | -0.00501 | 0.01212 | 0.03372
10 0.00350 | -0.16793 | -0-25559 | 0.02165 | 0.14959 | -0.00472 | 0.01067 | 0.04645
20 0.00308 | -0.61020 | -1.08704 | 0.01989 | 0.15827 | -0.00461 | 0.00997 | 0.05188
30 0.00300 | -1.34278 | -2-47858 | 0.01951 | 0.16023 | -0.00459 | 0.00982 | 0.05306
40 0.00297 | -2.36770 | -4-42763 | 0.01937 | 0.16094 | -0.00458 | 0.00976 | 0.05349
50 0.00295 | -3.68524 | -6-93381 | 0.01930 | 0.16128 | -0.00458 | 0.00973 | 0.05369
60 0.00295 | -5.29550 | -9.99702 | 0.01927 | 0.16147 | -0.00457 | 0.00972 | 0.05380
70 0.00294 | -7.19849 | -13.6172 | 0.01924 | 0.16158 | -0.00457 | 0.00971 | 0.05387
80 0.00294 | -9.39423 | -17.7944 | 0.01923 | 0.16165 | -0.00457 | 0.00970 | 0.05391
90 0.00294 | -11.8827 | -22.5286 | 0.01922 | 0.16170 | -0.00457 | 0.00970 | 0.05394
100 000293 | -14.6639 | -27-8197 | 0.01921 | 0.16174 | -0.00457 | 0.00970 | 0.05396
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Table 4.13a:

plate for 0° @ a=5t0 100, =1.5

Numerical values of displacements and stresses for SCFC thick anisotropic rectangular

a w u v O o, Ty T T,

5 |0.00020 |-0.00257 |-0.00509 |-0.00045 |-0.00003 |0.00063 | 0.00786 | 0.00007
10 [0.00008 |-0.00722 |-0.00827 |[-0.00031 |-0.00001 |0.00030 | 0.00808 | 0.00008
20 |0.00005 |-0.02569 |-0.02060 |-0.00028 |-0.00001 |0.00022 |0.00814 | 0.00009
30 [0.00004 [-0.05646 |-0.04112 [-0.00027 |-0.00001 |0.00020 | 0.00815 | 0.00009
40 [0.00004 |-0.09955 |-0.06984 |-0.00027 |-0.00001 |0.00020 | 0.00815 | 0.00009
5 |0.00004 |-0.15494 |-0.10677 |-0.00027 |-0.00001 |0.00019 | 0.00815 | 0.00009
60 |0.00004 |-0.22264 |-0.15191 |-0.00027 |-0.00001 |0.00019 | 0.00816 | 0.00009
70 [ 0.00004 |-0.30266 |-0.20525 |-0.00027 |-0.00001 |0.00019 | 0.00816 | 0.00009
80 |0.00004 |-0.39498 |-0.26680 |-0.00027 |-0.00001 |0.00019 | 0.00816 | 0.00009
9 [0.00004 |-0.49961 |-0.33655 |-0.00027 |-0.00001 |0.00019 | 0.00816 | 0.00009
100 [0.00004 |-0.61655 |-0.41451 |-0.00026 |-0.00001 | 0.00019 | 0.00816 | 0.00009

Table 4.13b: Numerical values of displacements and stresses for SCFC thick anisotropic rectangular

plate for 15° @ a =5t0 100,B=1.5

a W u v O o, Ty T T,
5 0.00023 | -0.00267 -0.00526 -0.00525 | -0.00045 0.00267 0.00912 | 0.00034
10 0.00008 | -0.00727 -0.00721 -0.00235 | -0.00020 0.00117 0.00827 | 0.00079
20 0.00005 | -0.02591 -0.01931 -0.00181 | -0.00015 0.00090 0.00809 | 0.00093
30 0.00005 | -0.05699 -0.03997 -0.00173 | -0.00015 0.00085 0.00806 | 0.00096
40 0.00004 | -0.10049 -0.06895 -0.00169 | -0.00014 0.00083 0.00804 | 0.00097
50 0.00004 | -0.15643 -0.10623 -0.00168 | -0.00014 0.00083 0.00804 | 0.00098
60 0.00004 | -0.22480 -0.15180 -0.00167 | -0.00014 0.00082 0.00804 | 0.00098
70 0.00004 | -0.30560 -0.20567 -0.00167 | -0.00014 0.00082 0.00804 | 0.00098
80 0.00004 | -0.39883 -0.26782 -0.00167 | -0.00014 0.00082 0.00803 | 0.00098
90 0.00004 | -0.50449 -0.33826 -0.00166 | -0.00014 0.00082 0.00803 | 0.00098
100 0.00004 | -0.62258 -0.41698 -0.00166 | -0.00014 0.00082 0.00803 | 0.00098
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Table 4.13c:

plate for 30° @ a =5 to 100, B = 1.5

Numerical values of displacements and stresses for SCFC thick anisotropic rectangular

a w u v O o, Ty T T,

5 |0.00034 |-0.00361 |-0.00858 |-0.01101 |-0.00380 |0.01025 |0.01429 | 0.00011
10 [0.00010 |-0.00908 |-0.00745 |[-0.00349 |-0.00120 |0.00320 | 0.00893 | 0.00154
20 |0.00006 |-0.03225 |-0.02176 |-0.00281 |-0.00096 |0.00257 | 0.00821 | 0.00203
30 [0.00006 |-0.07084 |-0.04726 |-0.00273 |-0.00094 |0.00250 | 0.00809 | 0.00214
40 [0.00005 |-0.12486 |-0.08319 |-0.00270 |-0.00093 |0.00248 | 0.00805 | 0.00218
5 | 0.00005 |-0.19431 |-0.12945 |-0.00269 |-0.00092 |0.00247 | 0.00803 | 0.00219
60 |0.00005 |-0.27919 |-0.18602 |-0.00269 |-0.00092 |0.00246 | 0.00802 | 0.00220
70 [0.00005 [-0.37950 |-0.25288 |-0.00268 |-0.00092 | 0.00246 | 0.00802 | 0.00221
80 |0.00005 |-0.49525 [-0.33004 |-0.00268 |-0.00092 |0.00246 | 0.00801 | 0.00221
9 [0.00005 |-0.62643 |-0.41748 |-0.00268 |-0.00092 | 0.00245 | 0.00801 | 0.00222
100 [0.00005 |-0.77304 |-0.51522 |[-0.00268 |-0.00092 | 0.00245 | 0.00801 | 0.00222

Table 4.13d: Numerical values of displacements and stresses for SCFC thick anisotropic rectangular

plate for 45° @ a =5t0100,B=1.5

a W u v O o, Ty T T,
5 0.00049 | -0.00553 -0.01204 -0.01223 | -0.01225 0.01909 0.02007 | 0.00034
10 0.00013 | -0.01407 -0.00922 -0.00367 | -0.00366 0.00569 0.00935 | 0.00259
20 0.00009 | -0.05032 -0.03160 -0.00322 | -0.00321 0.00498 0.00832 | 0.00339
30 0.00008 | -0.11052 -0.07135 -0.00318 | -0.00317 0.00493 0.00816 | 0.00357
40 0.00008 | -0.19474 -0.12737 -0.00317 | -0.00316 0.00491 0.00811 | 0.00364
50 0.00008 | -0.30301 -0.19949 -0.00317 | -0.00316 0.00491 0.00808 | 0.00367
60 0.00008 | -0.43534 -0.28767 -0.00317 | -0.00316 0.00491 0.00807 | 0.00369
70 0.00008 | -0.59173 -0.39191 -0.00317 | -0.00316 0.00491 0.00806 | 0.00370
80 0.00008 | -0.77217 -0.51219 -0.00317 | -0.00316 0.00490 0.00806 | 0.00370
90 0.00008 | -0.97667 -0.64852 -0.00317 | -0.00316 0.00490 0.00805 | 0.00371
100 0.00008 | -1.20523 -0.80088 -0.00317 | -0.00316 0.00490 0.00805 | 0.00371
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Table 4.13e:

plate for 60° @ a =5 to 100, B = 1.5

Numerical values of displacements and stresses for SCFC thick anisotropic rectangular

a w u v O o, Ty T T,

5 |0.00048 |-0.00892 |-0.00853 |-0.00507 |-0.01466 |0.01359 | 0.01429 | 0.00226
10 [0.00022 [-0.02738 |-0.01535 |[-0.00295 |-0.00848 |0.00788 | 0.00899 | 0.00414
20 |0.00017 |-0.10028 |-0.06221 |-0.00283 |-0.00815 |0.00756 | 0.00826 | 0.00499
30 [0.00016 [-0.22128 [-0.14250 |-0.00282 |-0.00814 |0.00755 | 0.00814 | 0.00518
40 [0.00016 |-0.39059 |-0.25524 |-0.00282 |-0.00814 |0.00756 |0.00810 | 0.00525
5 |0.00016 |-0.60825 |-0.40029 |-0.00283 |-0.00814 |0.00756 | 0.00808 | 0.00528
60 |0.00016 |-0.87428 |-0.57760 |-0.00283 |-0.00815 |0.00756 | 0.00807 | 0.00530
70 [0.00016 |-1.18867 |-0.78718 |-0.00283 |-0.00815 | 0.00756 | 0.00806 | 0.00531
80 |0.00016 |-155142 |-1.02900 |-0.00283 |-0.00815 |0.00756 | 0.00806 | 0.00532
9 [0.00016 |-196254 |-130307 |-0.00283 |-0.00815 |0.00756 | 0.00805 | 0.00532
100 [0.00016 |-2.42202 |-1.60938 |-0.00283 |-0.00815 |0.00756 | 0.00805 | 0.00533

Table 4.13f:  Numerical values of displacements and stresses for SCFC thick anisotropic rectangular

plate for 75° @ a =5t0 100, B =1.5

a W u v O o, Ty T T,
5 0.00063 | -0.01819 -0.00923 -0.00141 | -0.01572 0.00805 0.00898 | 0.00413
10 0.00045 | -0.06399 -0.03674 -0.00131 | -0.01467 0.00750 0.00788 | 0.00565
20 0.00041 | -0.24407 -0.15560 -0.00131 | -0.01474 0.00753 0.00762 | 0.00630
30 0.00040 | -0.54364 -0.35506 -0.00131 | -0.01478 0.00754 0.00757 | 0.00643
40 0.00039 | -0.96295 -0.63451 -0.00131 | -0.01479 0.00755 0.00755 | 0.00648
50 0.00039 | -1.50204 -0.99386 -0.00131 | -0.01480 0.00755 0.00754 | 0.00651
60 0.00039 | -2.16091 -1.43309 -0.00131 | -0.01480 0.00755 0.00754 | 0.00652
70 0.00039 | -2.93958 -1.95219 -0.00131 | -0.01480 0.00756 0.00753 | 0.00653
80 0.00039 | -3.83804 -2.55115 -0.00132 | -0.01481 0.00756 0.00753 | 0.00653
90 0.00039 | -4.85629 -3.22998 -0.00132 | -0.01481 0.00756 0.00753 | 0.00654
100 0.00039 | -5.99434 -3.98867 -0.00132 | -0.01481 0.00756 0.00753 | 0.00654
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Table 4.13g: Numerical values of displacements and stresses for SCFC thick anisotropic rectangular

plate for 90° @ a =5 to 100, B = 1.5

a w u v Oxx Oyy Tyy Tyz Ty,

5 0.00087 | -0.02882 | -0.01440 |-0.00021 |-0.00169 | 0.00310 | 0.00688 | 0.00472
10 | 0.00073 |-0.10771 | -0.06476 |-0.00020 |-0.00189 | 0.00315 | 0.00662 | 0.00599
20 | 0.00069 |-0.42030 |-0.27229 |-0.00020 |-0.00199 | 0.00318 | 0.00652 | 0.00648
30 | 0.00068 |-0.94083 |-0.61913 |-0.00020 |-0.00201 | 0.00319 | 0.00650 | 0.00659
40 | 0.00068 |-1.66950 |-1.10485 | -0.00020 |-0.00201 | 0.00319 | 0.00649 | 0.00662
50 | 0.00068 |-2.60635 |-1.72938 | -0.00020 |-0.00202 | 0.00320 | 0.00649 | 0.00664
60 | 0.00068 |-3.75137 | -2.49272 | -0.00020 |-0.00202 | 0.00320 | 0.00649 | 0.00665
70 | 0.00068 |-5.10458 | -3.39485 | -0.00020 |-0.00202 | 0.00320 | 0.00649 | 0.00666
80 | 0.00068 |-6.66597 | -4.43577 |-0.00020 |-0.00202 | 0.00320 | 0.00649 | 0.00666
90 |0.00068 |-8.43555 |-5.61548 | -0.00020 |-0.00202 | 0.00320 | 0.00649 | 0.00666
100 | 0.00068 |-10.41331 |-6.93399 | -0.00020 |-0.00202 | 0.00320 | 0.00649 | 0.00666

4.2 Discussions of results

The results obtained from the solution were discussed in details in the following sections.

4.2.1 Total Potential Energy Functional

The total potential energy functional for the thick anisotropic rectangular plate derived in this work

can be used to analyze rectangular thick anisotropic plate of any boundary condition and it was used

here to solve for rectangular plate subjected under pure bending loading. Although, it can also solve

buckling loading and vibration loading when the external work is substituted appropriately. It is

presented here in the expanded form to accommodate the exact displacement functions unlike that of

other works like Shimpi and Patel (2005), Reddy (1984), Atashipour et al. (2017) that assumed their

displacement functions and had no need for such expansion. Hence it is similar when compare with

other works in a minimized form but exhibit some level of differences when compared in the

expanded form. The above statements can be relied on to confirm the efficiency of this Equation (4.1)

for the analysis of thick anisotropic rectangular plate. The equation is a combination of differential of

central deflection (w), in-plane rotational displacement (¢, ) on x-axis and in-plane rotational

197



displacement (¢y ) on y-axis. Previous work on thick anisotropic rectangular plate did not care to
separate the two rotational in-plane displacements (¢, , ¢y) because they assumed their displacement

functions and has no need for further expansion.
4.2.2 Governing equation and compatibility equations

The total potential energy were minimized with displacements to obtain the governing equation of
equilibrium and the two compatibility equations of thick anisotropic plate. The governing equation
obtained in Equation (4.2) is similar to those obtained by Shimpi and Patel (2006), Reddy (2014), etc
but their various works were able to obtained one compatibility equation in addition to their governing
equation unlike the present work that obtained two compatibility Equations (4.3 and 4.4). The governing
equation comprises the external work (pure bending loading), differentials of out-plane displacement
(W), differential of in-plane rotational displacement in x-axis and differential of in-plane rotational
displacement in y-axis. The compatibility equations contain the differentials of out-plane displacement
(W), differential of in-plane rotational displacement in x-axis, differential of in-plane rotational
displacement in y-axis, whole in-plane rotational displacement in x-axis and whole in-plane rotational

displacement in y-axis.
4.2.3 Exact polynomial displacement functions and polynomial stiffness coefficients

The exact polynomial displacement functions and polynomial stiffness coefficients are discussed in

sections 4.2.3.1 and 4.2.3.2.
4.2.3.1 Exact polynomial displacement functions

The exact polynomial displacement functions for the twelve plate boundary conditions were obtained
and tabulated in Table 4.1a. The results are discussed based on each particular boundary condition and

geometric parameters of the plate as follows:

SSSS plate: The displacement function (¢, ) yielded meaningful value (0.31254;) when considering
edge — middle points (i.e. x = 0, y = b/2) along the x and y directions of the thick orthotropic
rectangular plates. The in-plane displacement function (¢y) gave 0.3125A4; at points x =a/2 andy =0
along both x and y directions of the rectangular thick anisotropic plate. The deflection (w) and the
differential of the displacement functions (¢XI, ¢y1) yielded meaningful values (0.097656A4;, -
0.9375A4, and -0.9375A43) at the middle points (i.e. x = a/2, y = b/2) along both x and y directions of

the rectangular plate. Also the second differential of the out-plane displacement (WXyH) along x and y
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directions yielded 14, at edge points (i.e. x =0,y =0 and x = a, y = b). From the SSSS exact

displacement functions, one can observe that (¢, ) and (¢y) yielded similar values though different

displacement coefficients at the same points on the rectangular plate. Also (¢XI) and (¢yl) yielded

similar values with different displacement coefficients at the same points on the rectangular plate
while w and wxyII did not yield similar value with any of the displacement functions but have similar

displacement coefficient. This confirms the uniqueness and similarity of the SSSS plate being
supported on all edges. Also, from Table 4.1a it is observed that there is rotation and no deflection at

the edges of the SSSS rectangular thick anisotropic plate.

CCCC plate: The displacement functions (¢, ¢y, ny") yields zero at all the meaningful geometric
points considered; edges (i.e. x =0,y =0 and x =a, y = b), edge — middle (i.e. x=0o0ra, y =b/2
points), middle — edge (i.e. x = a/2, y = 0 or b) and midspan (i.e. x = a/2, y = b/2) along both x and y
directions of the thick orthotropic rectangular plate. While the displacement functions (w, ¢x1 and ¢y1)
gave values (0.003906254,, -0.0625A4, and -0.0625A4,) only at the middle geometric points (i.e. X =
a/2, y = b/2) along both x and y directions of the thick rectangular orthotropic plate. Hence, CCCC
plate does not rotate at any meaningful geometric point considered but exhibits deflection and moment

at the center of the plate. However, these displacement functions (¢, ¢y, waH) yielded values when

considered at the geometric points, (i.e. X = 0.2 or y = 0.2 or both x and y = 0.2) as the case may be.

CSSS plate: The displacement functions (w, ¢y, ¢x1 and ¢y1 ) yielded (0.0390624,, 0.03906245, -

0.375A, and -0.46875A3) at the geometric middle points (i.e. x = a/2 and y = b/2) along both x and y
directions of the thick orthotropic rectangular plate. Hence, they cannot be applied to obtain
meaningful values at the edge points (i.e. x =0 or a and y = 0 or b point) and edge — middle points
(i.e. x=0oraand y = b/2) or middle — edge points (i.e. x =a/2 and y = 0, b) along both x and y
directions of the rectangular plate. The displacement functions ¢ values (0.1254;) and the second
derivative of displacement w,," values (0.125A,) are valid at the geometric edge — middle points (i.e.
x =0, y =b/2) along both x and y directions of the rectangular plate but did not yield any result when
considering other points like, middle points and edges along both x and y directions of the rectangular
plate. Table 4.1a shows that there are deflections, rotations and moments at the geometric middle

point of CSSS thick orthotropic rectangular plate.

CCSS plate; The displacement functions (w, ¢y, ¢xland ¢yl) are only valid at the geometric middle

points (i.e. x = a/2 and y = b/2) with values (0.0156254,, 0.039062545, -0.3754, and -0.46875A5)
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along both x and y directions of the thick orthotropic rectangular plate. Hence, they cannot be applied
to obtain meaningful values at the geometric edge points, (i.e. x =0 or a and y = 0 or b point) and
edge — middle points (i.e. x = 0 or a and y = b/2) or middle — edge points (i.e. x =a/2 and y = 0, b)
along both x and y directions of the rectangular plate. The displacement functions ¢, value (0.1254;)
and the second derivative of displacement ny” values (0.1254; & 0.5A,) are valid at the geometric
edge — middle points (i.e. x = 0, y = b/2) along both x and y directions of the rectangular plate but did
not yield any result when considering other points like, middle points and edges, along both x and y
directions of the rectangular plate. Table 4.1a shows that there are deflections, rotations and moments
at the geometric middle point of CCSS thick orthotropic rectangular plate. CCSS plate has similar
force characteristic with CSSS plate.

CSCS plate: The displacement function (w) and the derivatives of displacement functions (¢xl
and ¢y1) yield values, (0.019531254,, -0.1875A, and -0.3125A45;) at the geometric middle points, (i.e.

x = a/2 and y = b/2) along both x and y directions of the thick anisotropic rectangular plate. Hence,
they cannot be applied at the edge points, (i.e. x =0,y =0 and x = a, y = b) and edge — middle points
(i.e. x=0or a and y = b/2 point) or middle — edge points (i.e. x =a/2 and y = 0 or b points) along both
x and y directions of the CSCS thick anisotropic rectangular plates. The displacement function (¢,)
yields value (0.3125A43) while the displacement functions (wy,'") did not yield meaningful value at the
meaningful geometric points considered in Table (4.1a). Although, it yielded it maximum value when
geometric points, (x = 0.2, y = 0.2) is considered. Also the displacement function (¢, ) is only valid at
the geometric edge — middle points (i.e. x = 0 or a and y = b/2 points) with a value (0.06254,) along
both x and y directions of the thick anisotropic rectangular plate and did not yield any meaningful
value at the various geometric points; edge (iex=0,y=0orx=a,y=borx=0,y=borx=a,y=
0), middle — edge (i.e. x = a/2 and y = 0 or b) and middle (i.e. x = a/2 and y = b/2) along both x and y
directions of the rectangular plate. The plate does not deflect at the geometric middle points but has

moment and can rotate at that point.

CCCS plate: The displacement functions (w, ¢,) and the derivative of displacement functions, ¢x’
, ¢y1 yield valid values (0.007813A44, 0.0078134,, -0.0937545 and -0.125A43) at the geometric middle

points, (i.e. x = a/2 and y = b/2) along both x and y directions of the thick anisotropic rectangular
plate. Hence, they cannot be applied at the various geometric points; edge (i.e. x =0,y =0 and x = a,
y =Db) and edge — middle (x =0, y =b/2 and x = a, y = b/2) or middle — edge (x =a/2, y =0 and x=

a/2, y =b) along both x and y directions of the thick anisotropic rectangular plate. The displacement
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function ¢y and ny” yields zero at all the meaningful geometric points considered in this work; (i.e.

x=a,y=bora=a/2,y=b/2 orx =0,y =0)along both x and y directions of the thick anisotropic
rectangular plate. However, these displacement functions (¢, , waH) yielded values when considered
at the geometric points, (i.e. x = 0.2 or y = 0.2 or both x and y = 0.2) as the case may be. Hemce, this

plate deflects and exhibit rotation and moment at the geometric middle points only.

SSFS plate: The displacement functions w and ¢y and the derivate of displacement functions ¢xl

and ¢y1 yields values (0.28971354A44, 0.37109375A454, -2.78125A, and -0.78125A) only at the

geometric middle points, (i.e. x = a/2, y = b/2) along both x and y directions of the rectangular thick
anisotropic plate. Hence, they yield zero at every other meaningful geometric points; edge (i.e. x =0,
y=0orx=a,y=D>), edge — middle (i.e. x= 0, y =b/2 or x =a, y = b/2) or middle — edge (i.e. x = a/2,
y =0 or x =a/2, y =b) along both x and y directions of the rectangular thick anisotropic plate. The
displacement function ¢, yields value (0.927083334,) at the geometric edge-middle points (i.e. x =0,
y =b/2 or x =a, y = b/2) along both x and y directions of the thick anisotropic rectangular plate. The
second derivate of displacement functions, ny” yield values, (1.18754; and 0.666667A,) at various
geometric points; edge — middle, (i.e. x =0, y =b/2) and edges, (i.e. x=aandy=borx=0andy =
0) along both x and y directions of SSFS thick anisotropic rectangular plate. Thus, SSFS thick

anisotropic rectangular plates deflect, rotate and also exert moment at the middle span.

CCFC plate: The displacement functions (w and ¢y ) and the derivative of displacement functions

(¢, and g,") yield values, (0.0160156254;, 00257812543, -0.256254, and -0.08754;) at the

geometric middle points (i.e. x = a/2 and y = b/2) along both x and y directions of CCFC thick
anisotropic rectangular plate. Hence, yield zero when applied at the edge points, (i.e. x =0,y =0 or x
=a, y =Db), edge — middle points, (i.e. x =0, y = b/2 or x = a, y = b/2) or middle — edge points, (i.e. x =
a/2,y=0or x =a/2, y =b) along both x and y directions of CCFC thick anisotropic rectangular plate.
The second derivative of CCFC displacement function ny’ I"and the displacement function (¢y) yield
zero at all the meaningful geometric points; edge-middle, (i.e. x =a, y = b/2), edges, (i.e. x =a,y =b),
middle — edge, (i.e. x = a/2, y = b) and middle, (i.e. x = a/2, y = b/2) along both x and y directions of

the rectangular thick anisotropic plate. However, these displacement functions (¢y, waH) yielded

values when considered at the geometric points, (i.e. x = 0.2 or y = 0.2 or both x and y = 0.2) as the
case may be. Thus, there are deflections, rotations and moments at the geometric middle points for all

the displacement functions considered.
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SCFS plate: The displacement functions, (w, ¢, and ¢y) and the derivate of displacement functions,

g and ¢, " yields values (0.11588544y, 0.11588544,, 0148437543, -1.3906254, and -0.312543)

only at the geometric middle points, (i.e. x = a/2 and y = b/2) along both x and y directions of SCFS
thick anisotropic rectangular plate. Hence, they yield zero when applied at the edge points, (i.e. x =0,
y=0orx=a,y=>b), edge — middle points, (i.e. x =0, y = b/2 or x =a, y = b/2) or middle — edge
points, (i.e. x =a/2, y =0 or x = a/2, y = b) along both x and y directions of SCFS rectangular thick
anisotropic plate. The second derivative of SCFS displacement function w,,," only yield significant
values, (10.1484375A; and -0.33333334,) at middle points, (i.e. x = a/2, y = b/2) and edge points, (
i.e. x =a, y = b) along both x and y directions of the rectangular thick anisotropic plate. Thus the plate

deflect, rotate and exert moments for all the displacement functions in SCFS.

CSFS plate: The displacement functions, w and ¢y, and the derivate of displacement functions, ¢xl

and ¢y1, yield values (0.080078125A4,, 0.15234375A5, -0.76875A, and -0.34375A3) only at the

geometric middle points (i.e. x =a/2, y = b/2) along both x and y directions of CSFS thick anisotropic
rectangular plate. Hence, they yield zero at the edge points, (i.e. x=0,y=0orx=a, y=Db), edge —
middle points, (i.e. x =0,y =b/2 or x =a, y = b/2) or middle — edge points, (i.e. x=a/2,y=0orx =
a/2, y =b) along both x and y directions of CSFS thick anisotropic rectangular plate. The second
derivative of CSFS displacement function ny" only yield significant values, (0.48754, and 0.24,) at
edge — middle points, (i.e. x =0, y =b/2 or x =a, y = b/2) and edge points, (i.e. X =a, y = b) along
both x and y directions of the rectangular thick anisotropic plate. Displacement functions, (¢, ) yields
value, (0.25625A4,) only at the geometric edge — middle points, (i.e. x =0,y =b/2 orx =a, y =b/2)
along both x and y directions of CSFS thick anisotropic rectangular plate and cannot yield significant
values when applied at any other point on the plate. Hence the plate can deflect, rotate and exert

moment at the geometric middle points.

CCFS plate: The displacement functions, (w, ¢, and ¢y) and the derivate of displacement functions,
¢x1 and ¢y1 yield values, (0.0320312544, 0.032031254,, 0.0609375A43, -0.384375A4,, -0.1375453) at

the geometric middle points, (i.e. x = a/2, y = b/2) along both x and y directions of CCFS thick
anisotropic rectangular plate. Hence, they cannot yield significant values when applied at the edge
points, (i.e. x =0,y =0 or x = a, y = b) or edge — middle points, (i.e. x =0,y =b/2 or x =a, y = b/2)
or middle — edge points, (i.e. x =a/2, y =0 or x = a/2, y = b) along both x and y directions of CCFS
thick anisotropic rectangular plate. The second derivative of CCFS displacement function, ny" will

only yield significant values, (0.06093754, and -0.14,) at the various geometric points; middle, (i.e. x
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=a/2, y =b/2) and edges, (i.e. x =a, y = b) along both x and y directions of the CCFS rectangular
thick anisotropic plate. Hence, the most effective displacement functions for this plate cannot be
determined at the edge points. Thus, the plate does not deflect or rotate at the edges but can exert

moment at the edge (x =a and y =b).

SCFC plate: The displacement functions w and ¢y yield values, (0.057942708A; and 0.0742187545)

only at the geometric middle points (i.e. x = a/2, y = b/2) along both x and y directions of SCFC
rectangular thick anisotropic plate. Hence, they cannot yield significant value when applied at the
edge points, (i.e. x =0,y =0 or x =a, y =b) and edge — middle points, (i.e. x =0, y=b/2orx=a,y =
b/2) or middle — edge points, (i.e. x =a/2, y =0 or x =a/2, y = b) along both x and y directions of
SCFC rectangular thick anisotropic plate. The derivative of SCFC displacement function, ¢xl only
yield values, (-0.927083334, and2.6666667A,) at middle points, (i.e. x = a/2, y = b/2) and edge
points, (i.e. X = a, y = b) along both x and y direction of the thick anisotropic rectangular plate while

the derivate of the displacement function ¢y1 can be applied to yield value, (-0.1562545) at all the

points along x and y directions of SCFC thick anisotropic rectangular plate. Also, the displacement
functions ¢, and ny" will not yield any significant value when applied at any of the meaningful
points along both x and y directions of thick anisotropic rectangular plate. However, these
displacement functions (¢,, ny”) yielded values when considered at the geometric points, (i.e. x =
0.2 or y =0.2 or both x and y = 0.2) as the case may be. Thus, the plate does exert moment, deflection

and rotations at most of the displacement functions considered.
4.2.3.2 Polynomial stiffness values (k) of the rectangular plates

The polynomial stiffness values (k) of the rectangular plate for the twelve boundary conditions
considered here were the product of closed form integral of the displacement functions. The Equations
and the values obtained are similar to those obtained by Ibearugbulem et al. (2014). Table (4.1b)
showed that the polynomial stiffness values obtained for the various rectangular plate boundary
conditions (SSSS, CCCC, CSSS, CCSS, CSCS, CCCS, SSFS, CCFC, CSES and CCFS) yielded the
same value, zero for, (k, and ks). SCFS and SCFC rectangular plate boundary conditions yielded
0.1111 and 0.5625 for its (k,) stiffness values. Thus, for the twelve boundary conditions considered,
the stiffness values of ks, yielded zero in all boundary conditions while k, yielded values for only two
boundary conditions as stated above. These yield of the same values for (ks) and most (k,) confirmed

the similarities in its Equations.
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4.2.4 Formulas for determining the displacements and stresses

The combination of the elastic equations, displacement functions equations, stiffness equations,
governing equations and the compatibility equation yielded the required formulas for the calculation

of displacements and stresses. It can be seen from Equations (4.5) to (4.7) that the displacements

follow similar pattern and they are generally related by the following terms (:—8) (%) 3, Ei where kg is
T 0

the stiffness coefficient, % is the ratio of span to thickness which is majorly used to classify the plate, q

is the pure bending loading on the plate, Ej is the elastic modulus, while k is a combination of

different parameters as shown in chapter 3. The in-plane displacements u and v are more closely
dh dh

related, with the difference being the derivative ( " 10

) and aspect ratio (P,, P;). When these

displacement formulas are applied in a problem, the values obtained with the formulas of u and v are

more closely related than the values obtained with the out-plane displacement w.

The in-plane stresses (ogg, 0gq, Trg) in Equations (4.8) to (4.10) also have some terms in common and
those common terms which includes the derivative of “h” with respect to “R” and “Q” are as follows;

1248, (%)2 (’;—j) [P, —2ps2—1 .28 [P -2ps2-1 ]%‘ and [P, + Py — £P,5% —2p;52 -

2
2 ] .%. These common terms enhances the easy applicability of the developed formulas. The out-

plane displacement (zgs and 745) in Equations (4.11) and (4.12) also have common term which is

3
12q. (ll:—s) (%) . Closer observation shows that the displacements (w, u and v) and out plane shear
T

K 3 o . o
stresses (tgs and T;) are related by the term (k—g) (%) and this will further ease the solution of this thick
T
anisotropic rectangular plate through this method.
These common terms confirms our earlier submission that the method is less cumbersome and easy to
apply when analyzing thick anisotropic rectangular plates. With these novel equations and formulas,

the solution to rectangular thick anisotropic plate can be determined by simply substituting the equation

data.

4.2.5 Example problem of typical anisotropic rectangular thick plate with

different boundary conditions

A typical anisotropic rectangular thick plate problem was solved with the developed solution to

ascertain its validity and correctness in analysing thick rectangular anisotropic plate problems. The
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problems chosen is a very familiar one that has been solved by several authors. This stands as advantage
for easy comparison with the results from different authors. Below are discussions made based on

different plate boundary conditions.

4.2.5.1 Numerical values of displacements and stresses for SSSS anisotropic rectangular thick

plate

The numerical values of displacement and stresses for SSSS thick anisotropic rectangular plate were
presented on Table 4.2a, 4.2b, 4.2¢, 4.2d, 4.2¢, 4.2f and 4.2g. The angle fibre orientation used are as
follows: 0°, 159, 309, 45°, 60°, 75° and 90° while the span to thickness ratio, o considered are 5, 10,
20, 30, 40, 50, 60, 70, 80, 90 and 100. Also, the aspect ratio, B, is taken to be one (1). Although the
solution can be varied for different geometric parameters if the need arises, only the listed geometric

parameters were considered in Tables 4.2.
i. SSSS plate at angle fiber orientation of 0°

From Table 4.2a, it is observed that out-plane displacement values w decreases as the thickness of the
plate decreases. The decrease was very high at the thick plate zone (a.=5 to 10) but becomes very small
at the thing plate zone (o = 50 to 100). This is a confirmation that the out-plane displacement act more
on thick plate zone than thin plate zone in rectangular thick anisotropic plate. The in-plane
displacements, &4 and 7, also decrease as the thickness of the plate decreases and become more
noticeable at the thin plate section (o = 50 to 100). This shows that the in-plane displacements have a

minimal effect on SSSS thick anisotropic plate.

The in-plane stresses, Oxy, Oy, and Ty, decrease as the plate decreases in thickness. A close look will
reveal a sharp decrease at thick and moderately thick plate section (o = 5 to 20) while at the thin plate
section (o = 50 to 100), they decreased lightly. The out-plane stress, T, increases as the plate thickness
decreases while the out-plane stress, T,,,, decreases as the plate thickness decreases. This divergence in
the progressive order of the plate values can be explained from the fact that anisotropic plates are plates
with different resistance to mechanical actions in different directions. That is, they possess different

properties in different directions.
ii. SSSS plate at angle fiber orientation of 15°

Table 4.2b shows that out-plane displacement values, W, decreases as the thickness of the plate
decreases. The decrease was higher at the thick plate zone, (a = 5 to 10) but becomes very small at the
thin plate zone, (o = 50 to 100). This shows that the out-plane displacement act more on thick plate than
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thin plate. The in-plane displacements, U and 7, also decrease as the thickness of the plate decreases and
become more noticeable at the thin plate section, (o = 30 to 100). This shows that the in-plane

displacements is more effective to thin plate than thick plate.

The in-plane stresses, Oy, Oy, and Ty, decrease as the plate decreases in thickness. It is observed that
the decrease is more noticeable at thick and moderately thick plate section, (a = 5 to 30) but moderate

at the thin plate section, (a = 50 to 100). The values of out-plane stresses, Ty, and Ty, increase as the
plate thickness decreases. This divergence in the progressive order of the plate values can be explained

from the fact that anisotropic plates have different properties in different directions.
iii. SSSS plate at angle fiber orientation of 30°

We observed from Table 4.2¢ that out-plane displacement values, W, decreases as the thickness of the
plate decreases. The decrease was higher at the thick plate zone, (o =5 to 10) but gradually diminishes
at the thin plate zone, (o = 50 to 100). This shows that the out-plane displacement act more on thick
plate than thin plate for SSSS plate at angle fiber orientation of 30°. The in-plane displacements, U and
v, also decrease as the thickness of the plate decrease and become more noticeable at the thin plate
section, (o = 50 to 100). This shows that the in-plane displacements are more effective in thin plate than

thick plate.

The in-plane stresses, Oy, Oyy and Ty, decrease as the plate thickness decreases. It is observed that the
decrease is more noticeable at thick and moderately thick plate section, (o = 5 to 20) but moderate at
the thin plate section, (o= 50 to 100). The values of out-plane stresses T, and T, increase as the plate
thickness decreases. This divergence in the progressive order of the plate values can be explained from

the fact that anisotropic plates have different properties in different directions.
iv. SSSS plate at angle fiber orientation of 45°

It is observed from Table 4.2d that out-plane displacement values, W, decreases as the thickness of the
plate decreases. The decrease was high at the thick plate zone (o = 5 to 10) but gradually diminishes at
the thin plate zone (o = 50 to 100). This shows that the out-plane displacement act more on thick plate
than thin plate. The in-plane displacements, t and v, also decrease as the thickness of the plate decreases
and becomes more noticeable at the thin plate section, (o = 50 to 100). This shows that the in-plane

displacements are more effective in thin plate than thick plate.

The in-plane stresses, Oyx, Oyy and T, and the out-plane stresses Ty, and Ty, increase as the plate

thickness decreases. This increase in stresses as the plate thickness decreases are very obvious at the
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thick plate section (a0 = 5 to 10) but gradually decreases as the thickness of the plate decreases. One
unique observation at this angle fiber orientation of 45° is that both the out-plane and the in-plane
displacements decrease as the plate thickness increases while both the out-plane and the in-plane
stresses increase as the plate thickness decreases. So at angle 45° for SSSS plate the displacements

decrease while the stresses increase as thickness of the plate decreases.
\A SSSS plate at angle fiber orientation of 60°

Table 4.2e shows that out-plane displacement values W decreases as the thickness of the plate decreases.
The decrease was very high at the thick plate zone (o = 5 to 10) but gradually diminishes at the thin
plate zone (o= 50 to 100). This shows that the out-plane displacement act more on thick plate than thin
plate. The in-plane displacements, U and V, also decrease as the thickness of the plate decreases and
become more noticeable at the thin plate section, (o = 50 to 100). This shows that the in-plane

displacements are more effective in thin plate than thick plate.

The values of the in-plane stresses, Gy and Gyy, and the out-plane stresses, Ty, and Ty, increase as the
plate thickness decreases while the values of the in-plane stress, Ty, decreases as the thickness of the
plate decreases. This increase or decrease in stresses as the plate thickness decreases are very obvious
at the thick plate section but gradually decrease or increase as the thickness of the plate decreases. One
unique observation at this angle fiber orientation of 60° is that both the out-plane and the in-plane
displacements decrease as the plate thickness increases while both the out-plane and the in-plane

stresses increase as the plate thickness decreases except the values of the in-plane stress, T, which

decreases as the plate thickness decreases.
vi. SSSS plate at angle fiber orientation of 75°

We observed from Table 4.2f that out-plane displacement values, W, decreases as the thickness of the
plate decreases. The decrease was very visible at the thick and moderate thick plate zone, (o = 5 to 40)
but gradually diminishes at the thin plate zone, (o = 50 to 100). This shows that the out-plane
displacement act more on thick plate than thin plate. The in-plane displacements, u and v, also decreases
as the thickness of the plate decrease and become more noticeable at the thin plate section. This shows

that the in-plane displacements are more effective in thin plate than thick plate.

The in-plane stresses, Oy, and Ty, decrease in values as the plate thickness decreases while the values

of the in-plane stress, Gy, and out-plane stresses, Ty, and Ty, increase as the plate thickness decreases.
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This divergence in the progressive order of the plate values can be explained from the fact that

anisotropic plates have different properties in different directions.
vii.  SSSS plate at angle fiber orientation of 90°

Table 4.2¢ shows that out-plane displacement values, W, decreases as the thickness of the plate
decreases. The decrease was very visible at the thick and moderate thick plate zone, (o = 5 to 40) but
gradually diminishes at the thin plate zone, (o= 50 to 100). This shows that the out-plane displacement
act more on thick plate than thin plate for SSSS plate at 90° angle fiber orientation. The values of the
in-plane displacements, U and v, also decrease as the thickness of the plate decreases and becomes more
noticeable at the thin plate section, (o= 50 to 100). This shows that the in-plane displacements are more

effective in thin plate than thick plate.

The values of the in-plane stresses, Oy, 0y, and T, and the out-plane stress, Ty, decrease as the plate

thickness decreases while the values of the out-plane stress, Ty, increases as the thickness of the plate
decreases. This increase or decrease in stresses as the plate thickness decreases are very obvious at the
thick plate section, (o =5 to 10) but gradually diminishes as the thickness of the plate decreases. One
unique observation at this angle fiber orientation of 90° is that both the out-plane, in-plane
displacements and stresses values decrease as the plate thickness decreases except the values of the in-

plane stress, Ty, which decreases as the plate thickness decreases.
viii.  SSSS plate variation of displacements and rotation with angle fibre orientation

The values of displacements, (w, u, v), for, 0°, angle fibre orientation, p = 1, a = 5, (0.0180, -0.32005,
-0.60615) and, a = 100, (0.00698, -111.216, -111.608) were as given. These values at, « =5 and a =
100, yielded differences, (w = 0.01102, u= 110.89595, v=111.00185). It yielded differences of, (w =
0.006667, u = 91.9578, v = 92.0057), at 15°, and differences of, (w = 0.00343, u = 68.57382, v =
68.48086), at 30°. The differences obtained at, 45°, 60°, 75°, and 90°, are as follows; (w = 0.00297,
u=060.88813, v=1060.694773), (w = 0.00464, u= 68.74922, v=68.426313), (w=0.01101, u=92.38146,
v=91.910177) and (w =0.02161, u=111.34903, v=110.921208) respectively. It is observed from the
differences that the values of the displacements (w,u,v) decreases as the angle fiber orientation increases
and changed trend at 60°, angle fiber orientation and started increasing up till 90°, angle fiber

orientation as shown above.
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4.2.5.2 Numerical values of displacements and stresses for CCCC anisotropic rectangular thick

plate

The numerical values of displacements and stresses of CCCC anisotropic rectangular thick plate were
tabulated on Tables 4.3a, 4.3b, 4.3c, 4.3d, 4.3e, 4.3f and 4.3g. The angle fibre orientation used are as
follows: 0°, 15°, 30°, 45° 60°, 75° and 90° while the span to thickness ratio, o, considered are 5, 10,
20, 30, 40, 50, 60, 70, 80, 90 and 100. Also, the aspect ratio, B, is taken to be one (1.5). Although the
solution can be varied for different geometric parameters if the need arises, only the listed geometric
parameters were considered in Tables 4.3. The CCCC plate yielded zero at the mid-span/edges for all
of its in-plane displacements (U and V), in-plane stress (Tyy) and out-plane stresses (T, and Ty;). This
is because, the plate does not rotate, deflect or exert moment at the mid-span/edges. Hence the aspect
ratio, f = 0.2 was adopted and it yielded the maximum analytical values for the listed stresses and

displacements.
i. CCCC plate at angle fiber orientation of 0°

From Table 4.3a, it is observed that the values of displacements, (W, U, V), and stresses, (Txz, Ty7),
decrease as the thickness of the plate decreases. At the minimum span to thickness ratio, o = 5, the
displacements, (W, U, V), and stresses, (Tyz, Ty,), yields, (0.01349, -0.13438, -0.26688) and (0.03285,
0.04710), while at the maximum span to thickness ratio, a = 100, the displacements (w, u, V), and
stresses (Tyy, Tyz), yields, (0.00164, -24.71141, -16.74480) and (0.00765, 0.01187) respectively. The
in-plane stresses, (Oxy, Oyy), and out-plane stress, (Ty,), increase as the thickness of the plate decreases.
Their values at minimum and maximum thickness, a.= 5 and a.= 100 are (-0.02330, -0.00145, 0.57552),
and (-0.01062, -0.00030, 0.65321), respectively. These decrease/increase were high at the thick and
moderate thick plate zone (o = 5 to 20) but becomes smaller at the thin plate zone (o = 50 to 100). This
is a confirmation that the displacement of CCCC plate at 0° angle fiber orientation act more on thick

plate than on thin plate.
ii. CCCC plate at angle fiber orientation of 15°

Table 4.3b shows that displacements, (W, U, V), and shear stresses, (Tyxy, Txz, Tyz), decrease as the
thickness of the plate decreases. It yields, (0.01704, -0.16094, -0.31905) and (0.16179, 0.74015,
0.07032), at o = 5 and also yield, (0.00177, -26.72582, -18.05267) and (0.03524, 0.64926, 0.03186) at
a=100. The decrease were high at the thick and moderately thick plate zone (o = 5 to 40) but becomes
very small at the thin plate zone (o = 50 to 100). The in-plane stresses, (Gx; and 0yy), for CCCC plate
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at 15° angle fiber orientation yield, (-0.31784, -0.02747) and (-0.07163, -0.00605) at a = 5 and 100
respectively. This shows that the in-plane stresses increase as the thickness of the plate decreases.
However, these decrease/increase of displacements and stresses are more active at the thick plate zone,

(a.=5to 20).
iii. CCCC plate at angle fiber orientation of 30°

From Table 4.3c it was noted that displacements, (W, U, V), and shear stresses, (Txy, Txz, Tyz), decrease
as the thickness of the plate decreases. It yields, (0.03572, -0.29479, -0.58125) and (0.72773, 1.61547,
0.19996), at o = 5 and also, (0.00221, -33.55198, -22.48122) and (0.10677, 0.62940, 0.09990), at a. =
100. The decrease were high at the thick and moderately thick plate zone (o = 5 to 40) but becomes
very small at the thin plate zone (o = 50 to 100). The in-plane stresses, (Gx; and o), for CCCC plate
at 30° angle fiber orientation yield, (-0.78345, -0.27034) and (-0.11649, -0.03996) at a = 5 and 100
respectively. This shows that the in-plane stresses increase as the thickness of the plate decreases.
However, these decrease/increase of displacements and stresses for CCCC plate at angle fiber

orientation of 30° are more active at the thick plate zone, (a. = 5 to 20).
iv. CCCC plate at angle fiber orientation of 45°

From Table 4.3d, it was noted that displacements, (W, U, V), and shear stresses, (Tyy, Tx;, Tyz), decrease
as the thickness of the plate decreases. These decrease in the values of displacements and stresses yields,
(0.06904, -0.56067, -0.86875) and (1.51050, 3.13588, 0.53925), at a = 5 and also yield, (0.00311, -
47.34357, -31.41726) and (0.19248, 0.56688, 0.23824), at o.= 100. The decrease were high at the thick
and moderately thick plate zone (o = 5 to 40) but becomes very small at the thin plate zone (o = 50 to
100) except for out-plane stress, (Ty,), where the values decreased at the thick plate zone, (o =5 to 10),
but increased at moderate thick and thin plate zone, (a = 20 to 100). The in-plane stresses, (0x; and
Gyy), for CCCC plate at 459 angle fiber orientation yield, (-0.97001, -0.97014) and (-0.12434, -
0.12389), at a = 5 and 100 respectively. This shows that the in-plane stresses increase as the thickness
of the plate decreases. However, these decrease/increase of displacements and stresses for CCCC plate

at angle fiber orientation of 45° are more visible at the thick plate zone, (0. =5 to 20).
V. CCCC plate at angle fiber orientation of 60°

Table 4.3¢ shows that the values of displacements, (W, U, V), and shear stresses, (Tyy, Txz, Tyz), decrease

as the thickness of the plate decreases. These decrease in the values of displacements and stresses yields,
(0.03562, -0.48056, -0.29559) and (0.57755, 1.33066, 0.36971), at o = 5 and also (0.00453, -69.25583,
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-45.59342) and (0.21513, 0.42454, 0.45949), at a = 100. The decrease were high at the thick and
moderately thick plate zone, (o =5 to 40), but becomes very small at the thin plate zone, (o = 50 to 100)
except for out-plane stress, (Ty,), where the values decreased at the thick plate zone, (a = 5 to 10) but
increased at moderate thick and thin plate zone, (o = 20 to 100). The in-plane stresses, (0xx and Gyy),
for CCCC plate at 60° angle fiber orientation yields, (-0.21602, -0.62236) and (-0.08043, -0.23186), at
o =5 and 100 respectively. This shows that the in-plane stresses increase as the thickness of the plate
decreases. However, these decrease/increase of displacements and stresses for CCCC plate at angle fiber

orientation of 60° are more visible at the thick plate zone, (o = 5 to 20).

Vi. CCCC plate at angle fiber orientation of 75°

From Table 4.3f, it was observed that displacements, (W, U, V), and shear stresses, (Tyy, Tx,), decrease
as the thickness of the plate decreases. The decrease in the plate values yields, (0.02750, -0.66753, -
0.17555) and (0.23217, 0.58255), at a = 5 and also (0.00602, -92.38325, -60.53263) and (0.11556,
0.22829), at o. = 100. The decrease were high at the thick and moderately thick plate zone, (o =5 to 40)
but becomes very small at the thin plate zone (o = 50 to 100). The in-plane stresses, (Oxy, Oyy) and out-
plane stress, (Ty,), for CCCC plate at 75° angle fiber orientation yields, (-0.0414, -0.44927, 0.31703)
and (-0.02012, -0.22638, 0.69460), at oo = 5 and 100 respectively. This shows that the in-plane stresses
increase as the thickness of the plate decreases. However, these decrease/increase of displacements and
stresses for CCCC plate at angle fiber orientation of 75° are more visible at the thick plate zone, (0. =5

to 20).
vii. CCCC plate at angle fiber orientation of 90°

Table 4.3g, shows that displacements, (W, V), and stresses, (Tyy, Ty,), decrease as the thickness of the
plate decreases. At the minimum span to thickness ratio, a = 5, the displacements, (W, V), and stresses
(Txz> Tyz), yields, (0.00266, -0.05007) and (0.00624, 0.01074), while at the maximum span to thickness
ratio, o = 100, the displacements (W, V), and stresses (Ty,, Tyz), yields, (0.00032, -3.24718) and
(0.00148, 0.00267) respectively. The in-plane displacement, (1), and stresses, (Oxx, Oyy, Txz), INCrease
as the thickness of the plate decreases. Their values at minimum and maximum thickness, o = 5 and o
= 100 are (-0.02646, -0.00458, 0.00027, 0.11327), and (-4.79300, -0.00206, -0.00006, 0.12668),
respectively. These decrease/increase in displacements and stresses values are high at the thick and

moderate thick plate zone, (o = 5 to 20), but becomes smaller at the thin plate zone, (o = 50 to 100).
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This is a confirmation that the displacement of CCCC plate at 90° angle fiber orientation act more on

thick plate than on thin plate.

viii. CCCC plate variation of displacements and rotation with angle fibre orientation

The values of CCCC displacements, (w, u, v), for, 0°, angle fibre orientation, B = 1.5, a =5, (0.01349,
-0.3438, -0.26688) and, a. = 100, (0.00164, -24.71141, -16.74480) were as given. These values at, 0. =5
and o = 100, yielded differences, (w = 0.01185, u=24.57703, v=16.47792). It also yielded differences
of, (w=0.01527, u=26.56488, v=17.73362), at 15°, and differences of, (w = 0.03351, u =33.25719,
v=21.89997), at 30°. The differences obtained at, 45°, 60°, 75°, and 90°, are as follows; (w = 0.06593,
u =46.7829, v = 30.54851), (w = 0.03109, u = 68.77527, v =45.29783), (w = 0.02148, u = 91.71572,
v = 60.35708) and (w = 0.02261, u = 101.45984, v = 66.75829) respectively. It is observed from the
differences that the values of the displacements (w,u,v) for CCCC plate boundary condition increases
as the angle fiber orientation increases and changed trend at 60°, angle fiber orientation and started
decreasing up till 75°, angle fiber orientation before changing trend again and increased at 90°, angle
fibre orientation as shown above. The in-plane displacements, (u,v), increases as the angle fiber

orientation increases from 0°, to 90°, angle fiber orientation.

4.2.5.3 Numerical values of displacements and stresses for CSSS anisotropic rectangular thick

plate

The numerical values of displacements and stresses for CSSS anisotropic rectangular thick plate are
presented on Table 4.4a, 4.4b, 4.4c, 4.4d, 4.4e, 4.4f and 4.4g. The angle fibre orientation used are as
follows: 0°, 15°, 30°, 45° 60°, 75° and 90° while the span to thickness ratio, o, considered are 5, 10,
20, 30, 40, 50, 60, 70, 80, 90 and 100. Also, the aspect ratio, B, is taken to be one (1). The solution can
be varied for different geometric parameters if the need arises, only the listed boundary conditions were

considered.

i. CSSS plate at angle fiber orientation of 0°

Table 4.4a shows that out-plane displacement values, W, decreases as the thickness of the plate
decreases. The decrease is high at the thick plate zone, (o =5 to 10) but gradually diminishes at the thin
plate zone, (o = 50 to 100). This shows that the out-plane displacement act more on thick plate than on
thin plate. The values of the in-plane displacement, (i and V), also decrease as the thickness of the plate
decreases and becomes more noticeable at the thin plate section, (o = 50 to 100). This shows that the

in-plane displacements are more effective in thin plate than on thick plate.
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The values of the in-plane stresses, Gy, Oy, and Ty, and out-plane stress, Ty,, decrease as the plate
thickness decreases while the values of the out-plane stress, T, increases as the thickness of the plate
decreases. This increase or decrease in stresses as the plate thickness decreases are very obvious at the
thick plate section, (o = 5 to 10), but gradually decrease as the thickness of the plate decreases. One
unique observation at this angle fiber orientation of 0° is that both the values of displacement and

stresses decrease as the plate thickness decreases except the values of the out-plane stress, Ty, which

increases as the plate thickness decreases.

ii. CSSS plate at angle fiber orientation of 15°

Table 4.4a shows that out-plane displacement values, (W), in-plane displacements, (U and V) and in-
plane stresses, (Oxx, Oyyand Tyy), decrease as the thickness of the plate decreases. The decrease was
very visible at the thick plate zone, (o = 5 to 10), but gradually diminishes at the thin plate zone, (o =
50 to 100). This shows that the out-plane displacement, in-plane stresses and in-plane displacements of

CSSS plate at angle fiber orientation of 15° act more on thick plate than on thin plate.

The values of the out-plane stresses, (Ty, and Ty,), increase as the plate thickness decreases. This
increase in stresses as the plate thickness decreases are very obvious at the thick plate section, (o =5 to
10) but gradually decreases as the thickness of the plate decreases. One unique observation on this CSSS
plate at angle fiber orientation of 15° is that both the values of the out-plane stresses (Ty; and Tyz)

increase as the plate thickness decreases while the values of the in-plane stresses and displacements

decrease with decrease in the plate thickness.

iii. CSSS plate at angle fiber orientation of 30°

From Table 4.4c, it is observed that values of out-plane displacement, (W), in-plane displacements, (U0
and V), and in-plane stresses, (0xx and Gyy), decrease as the thickness of the plate decreases. The
decrease was high at the thick plate zone, (o = 5 to 10), but gradually diminishes as the thickness move
towards thin plate zone, (o = 50 to 100). This shows that the out-plane displacement and in-plane
principal stresses of CSSS plate at angle fiber orientation of 30° have more effect on thick plate than

thin plate.

The values of the out-plane stresses, (7, and 7,,,), and in-plane stress, (Tyy), increase as the plate

thickness decreases. This increase in stresses as the plate thickness decreases are very obvious at the

213



thick plate section, (o = 50 to 100), but gradually decrease as the thickness of the plate decreases. One
unique observation on this CSSS plate at angle fiber orientation of 30° is that all the displacements, (W,
u and V), and the principal stresses, (0, and Gy,), acting on the plate decrease as the thickness of the
plate decreases while all the shear stresses, (Ty, Ty, Txy), acting on the plate increase as the thickness

of the plate decreases.
iv. CSSS plate at angle fiber orientation of 45°

Table 4.4d shows that the values of out-plane displacement, (W), in-plane displacements, (U and V) and
in-plane stresses, (Oxx, Oyy and Tyy), decrease as the thickness of the plate decreases. The decrease was
very visible at the thick plate zone, (o= 5 to 10) but gradually diminishes at the thin plate zone, (o0 = 50
to 100). This shows that the out-plane displacement, in-plane stresses and in-plane displacements of

CSSS plate at angle fiber orientation of 45° have more impact on thick plate than on thin plate.

The values of the out-plane stresses, (T, and Ty,), increases as the plate thickness decreases. This
increase in stresses as the plate thickness decreases are very obvious at the thick plate section, (a0 =5 to
10) but gradually decrease as the thickness of the plate decreases. One unique observation at this angle
fiber orientation of 45° is that both the values of the out-plane stresses, (T, and Ty,), increase as the
plate thickness decreases while the values of the in-plane stresses and displacements decreases as the

plate thickness decreases.

V. CSSS plate at angle fiber orientation of 60°

From Table 4.4¢, it is observed that the values of out-plane displacement, (W), in-plane displacements,
(U and v) and in-plane stresses, (Oxx, Oyy and Tyy), decrease as the thickness of the plate decreases. The
decrease in values was very visible at the thick plate zone, (o = 5 to 10) but gradually diminishes at the
thin plate zone, (o = 50 to 100). This shows that the out-plane displacement, in-plane stresses and in-
plane displacements of CSSS plate at angle fiber orientation of 60° have more impact on thick plate

than thin plate.

The values of the out-plane stresses, (Ty, and Ty,), increase as the plate thickness decreases. This
increase in stresses as the plate thickness decreases are very obvious at the thick plate section but
gradually decrease as the thickness of the plate decreases. One unique observation on this CSSS plate
angle fiber orientation of 60° is that both the values of the out-plane stresses (T, and Ty,) increase as
the plate thickness decreases while the values of the in-plane stresses and displacements decrease as the

plate thickness decreases.
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Vi. CSSS plate at angle fiber orientation of 75°

Table 4.4f, shows that the values of out-plane displacement, (W), in-plane displacements, (i and V) and
in-plane stresses, (Gxx, Oyy and Tyy), decrease as the thickness of the plate decreases. The decrease in
values were very visible at the thick plate zone, (a = 5 to 10) but gradually diminishes at the thin plate
zone, (o0 = 50 to 100). This shows that the out-plane displacement, in-plane stresses and in-plane
displacements of CSSS plate at angle fiber orientation of 75° have more impact on thick plate than thin

plate.

The values of the out-plane stress, T, increased at aspect ratio of, (o = 5 to 10) and then decreased at
aspect ratio of, (a = 20 to 100), as the plate thickness decreases while the values of out-plane stress, Ty,

increases as the plate thickness decreases.
vii.  CSSS plate at angle fiber orientation of 90°

Table 4.4g shows that out-plane displacement values, (W), decreases as the thickness of the plate
decreases. The decrease is very visible at the thick plate zone, (a =5 to 10), but gradually diminishes at
the thin plate zone, (o = 50 to 100). This shows that the out-plane displacement act more on thick plate
than thin plate. The values of the in-plane displacements, (U and V), also decrease as the thickness of
the plate decreases and becomes more noticeable at the thin plate section, (o = 50 to 100). This shows

that the in-plane displacements are more effective in thin plate than thick plate.

The values of the in-plane stresses, (Oxx, Oyyand Tyy), and the out-plane stress, (Ty,), decrease as the
plate thickness decreases while the values of the out-plane stress, (Ty,), increases as the thickness of the
plate decreases. This increase or decrease in stresses as the plate thickness decreases are very obvious
at the thick plate section, (o = 5 to 10), but gradually decreases as the thickness of the plate decreases.
One common observation on this CSSS plate at angle fiber orientation of 90° is that both the values of
displacements and stresses decrease as the plate thickness decreases except the values of the out-plane

stress, (Ty,), which increases as the plate thickness decreases.
viii.  CSSS plate variation of displacements and rotation with angle fibre orientation

The values of CSSS displacements, (w, u, v), for, 0°, angle fibre orientation, p = 1, a = 5, (0.04028, -
0.2879082, -0.14667) and, a. = 100, (0.001605, -102.30411, -32.0665) were as given. These values at,
o =5 and a = 100, yielded differences, (w = 0.02423, u = 102.016502, v = 31.91983). It also yielded
differences of, (w = 0.01573, u = 81.995395, v = 25.640694), at 15°, and differences of, (w = 0.01037,
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u=157.0782116, v = 17.809713), at 30°. The differences obtained at, 45°, 60°, 75°, and 90°, are as
follows; (W =0.011697, u=45.62696, v = 14.192985), (w = 0.017907, u =43.510476, v = 13.482424),
(w = 0.033396, u = 46.094396, v = 14.26197) and (w = 0.050577, u = 47.994391, v = 14.873895)
respectively. It is observed from the differences that the values of the out-plane displacement, (w), for
CSSS plate boundary condition decreases as the angle fiber orientation increases and changed trend at
30°, angle fiber orientation and started increasing up till 90°, as shown above. The in-plane
displacements, (u,v), decreases as the angle fiber orientation increases and changed trend at 60°, angle

fiber orientation and increased till 90°, angle fiber orientation.

4.2.5.4 Numerical values of displacement and stresses for CCSS anisotropic rectangular thick

plate

The numerical values of displacements and stresses for CCSS anisotropic rectangular thick plate are
tabulated in Table 4.5a, 4.5b, 4.5¢, 4.5d, 4.5¢, 4.5f and 4.5g. The angle fibre orientation used are as
follows: 0°, 15°, 30°, 45° 60°, 75° and 90° while the span to thickness ratio, o, considered are 5, 10,
20, 30, 40, 50, 60, 70, 80, 90 and 100. Also, the aspect ratio, B, is taken to be one (1). The solution can
be varied for different geometric plate properties if the need arises, only the listed boundary conditions

were considered.
i. CCSS plate at angle fiber orientation of 0°

From Table 4.5a, the out-plane displacement values of, (W), decreases as the thickness of the plate
decreases. The decrease in values were very visible at the thick plate zone (o = 5 to 10) but gradually
diminishes at the thin plate zone, (o = 50 to 100). This shows that the out-plane displacement act more
on thick plate than on thin plate. The values of the in-plane displacements, (U and V), also decrease as
the thickness of the plate decreases and becomes more noticeable at the thin plate section, (a0 = 50 to

100). This shows that the in-plane displacements are more effective on thin plate than on thick plate.

The values of the in-plane stresses, (04, Oyy and Ty ), and the out-plane stress, (Ty,), decrease as the
plate thickness decreases while the values of the out-plane stress, (Ty;), increases as the thickness of the
plate decreases. This increase or decrease in stresses as the plate thickness decreases are very obvious
at the thick plate section, (o =5 to 10), but gradually decrease as the thickness of the plate decreases.

One common observation at this angle fiber orientation of 0° is that both the values of displacements
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and stresses decreases as the plate thickness decreases except the values of the out-plane stress, (Tx,),

which increases as the plate thickness decrease
i. CCSS plate at angle fiber orientation of 15°

From Table 4.5, it is observed that the values of out-plane displacement, (W), in-plane displacements,
(u and V), and in-plane stresses, (Oyy, Oy, and T,y ), decrease as the thickness of the plate decreases. The
decrease in values were very visible at the thick plate zone, (o = 5 to 10), but gradually diminishes at
the thin plate zone, (o = 50 to 100). This shows that the out-plane displacement, in-plane stresses and
in-plane displacements of CCSS plate at angle fiber orientation of 15° have more impact on thick plate

than thin plate.

The values of the out-plane stresses, (Ty, and Ty,), increase as the plate thickness decreases. This
increase in stresses as the plate thickness decreases are very obvious at the thick plate section, (o =5 to
10), but gradually decreases as the thickness of the plate decreases. One unique observation at this CCSS
plate angle fiber orientation of 15° is that both the values of the out-plane stresses (Tx; and Ty,) Increase
as the plate thickness decreases while the values of the in-plane stresses and displacements decrease as

the plate thickness decreases.
iii. CCSS plate at angle fiber orientation of 30°

Table 4.5c shows that the values of out-plane displacement, (W), in-plane displacements, (u and V), and
in-plane stresses, (Oyy, Oy, and Tyy), decrease as the thickness of the plate decreases. The decrease in
values were very visible at the thick plate zone, (o =5 to 10), but gradually diminishes at the thin plate
zone, (o0 = 50 to 100). This shows that the out-plane displacement, in-plane stresses and in-plane
displacements of CCSS plate at angle fiber orientation of 30° have more impact on thick plate than on
thin plate. Also the in-plane displacements, (U and V), have closely related values at all the aspect ratio

and its graph followed the same pattern.

The values of the out-plane stresses, (Ty, and Ty,), increase as the plate thickness decreases. This
increase in stresses as the plate thickness decreases are obvious at the thick plate section, (o = 5 to 10),
but gradually decrease as the thickness of the plate decreases. One common observation at this angle
fiber orientation of 30° is that both the values of the out-plane stresses, (T, and Ty,), increase as the
plate thickness decreases while the values of the in-plane stresses and displacements decrease as the

plate thickness decreases.
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iv. CCSS plate at angle fiber orientation of 45°

From Table 4.5d, the values of out-plane displacement, (W), and in-plane displacements, (U, V), decrease
as the thickness of the plate decreases. The decrease in values were very visible at the thick plate zone,
(o =5 to 10), but gradually diminishes at the thin plate zone, (o = 50 to 100). This shows that the
displacements of CCSS plate at angle fiber orientation of 45° have more impact on thick plate than on

thin plate. Also the in-plane displacements, (U and V), have closely related values at all the aspect ratio.

The values of the out-plane stresses, (Ty, and Ty;,), and in-plane principal stresses, (Gxy, Oyy), increase
as the plate thickness decreases while the values of the in-plane shear stress, (Tyy), decreases as the
thickness of the plate decreases. This increase or decrease in stresses as the plate thickness decreases
are very obvious at the thick plate section, (o = 5 to 10), but gradually decrease as the thickness of the
plate decreases. One common observation at this angle fiber orientation of 45° is that both the values
of the out-plane stresses, (Ty, and Ty,), and the in-plane principal stresses, (Oxx, Oyy), increase as the
plate thickness decreases while the values of the in-plane shear stresses, (Tyy), and the displacements

decrease as the plate thickness decreases.
\A CCSS plate at angle fiber orientation of 60°

Table 4.5¢ shows that the values of out-plane displacement, (W), and in-plane displacements, (U, V),
decrease as the thickness of the plate decreases. The decrease in values were very visible at the thick
plate section, (o= 5 to 10), but gradually diminishes at the thin plate section, (o= 50 to 100). This shows
that the displacements of CCSS plate at angle fiber orientation of 60° have more impact on thick plate
than on thin plate. Also the in-plane displacements, (U and V), have closely related values at all the

aspect ratio.

The values of the out-plane stresses, (Ty, and Ty,), and the in-plane principal stresses, (G, and Gyy),
increase as the plate thickness decreases while the values of the in-plane shear stress, (Tyy), decreases
as the thickness of the plate decreases. This increase or decrease in stresses as the plate thickness
decreases are very obvious at the thick plate section, (o = 5 to 10), but gradually decreases as the
thickness of the plate decreases. One common observation at this angle fiber orientation of 60° is that
both the values of the out-plane stresses, (Ty,and Ty;), and the in-plane principal stresses, (Oyy, Oyy),
increase as the plate thickness decreases while the values of the in-plane shear stresses, (Tyy), and the

displacements decrease as the plate thickness decreases.
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Vi. CCSS plate at angle fiber orientation of 75°

From Table 4.5f, the out-plane displacement values, (W), decreases as the thickness of the plate
decreases. The decrease in values were very visible at the thick plate zone, (o = 5 to 10), but gradually
diminishes at the thin plate zone, (o = 50 to 100). This shows that the out-plane displacement act more
on thick plate than on thin plate. The in-plane displacements, (U, V), have close values at all the aspect

ratio and also decrease as the thickness of the plate decreases.

The values of the in-plane stresses, (Oxx, Oyy» Txy), and the out-plane stress, (Ty;), decrease as the plate
thickness decreases while the values of the out-plane stress, (Ty), increases as the thickness of the plate
decreases. This increase or decrease in stress values as the plate thickness decreases are very obvious at
the thick plate section, (o= 5 to 10), but gradually decreases as the thickness of the plate decreases. One
common observation at this angle fiber orientation of 75° is that both the values of displacements and
stresses decrease as the plate thickness decreases except for the values of the out-plane stress, (Ty,),

which increases as the plate thickness decreases.
vii.  CCSS plate at angle fiber orientation of 90°

From Table 4.5g, it is observed that the out-plane displacement values of (W) decreases as the thickness
of the plate decreases. The decrease in values were very visible at the thick plate zone, (o= 5 to 10), but
gradually diminishes at the thin plate zone. This shows that the out-plane displacement act more on
thick plate than on thin plate. The in-plane displacements, (U, V) have close values at all the aspect ratio

and also decrease as the thickness of the plate decreases.

The values of the in-plane stresses, (Oxy, Oyy, Txy) and the out-plane stress, (Ty), decrease as the plate
thickness decreases while the values of the out-plane stress, (Ty,), increases as the thickness of the plate

decreases. This increase or decrease in stress values as the plate thickness decreases are very obvious at
the thick plate section, (o= 5 to 10), but gradually decreases as the thickness of the plate decreases. One
common observation at this angle fiber orientation of 90° is that both the values of out-plane and the
in-plane displacements and stresses decrease as the plate thickness decreases except the values of the

out-plane stress, (Ty,), which increases as the plate thickness decreases.
viii.  CCSS plate variation of displacements and rotation with angle fibre orientation

The values of CCSS displacements, (w, u, v), for, 0°, angle fibre orientation, B = 1, o= 5, (0.075423, -
0.0497670, -0.111938) and, o = 100, (0.02423, -14.186843, -14.29507) were as given. These values at,
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o =5 and a = 100, yielded differences, (w = 0.057531, u=14.137076, v = 14.183132). It also yielded
differences of, (w = 0.042511, u=13.24746, v =13.280932), at 15°, and differences of, (w = 0.026839,
u= 1177571, v = 11.763185), at 30°. The differences obtained at, 45°, 60°, 75°, and 90°, are as
follows; (w = 0.023969, u = 11.1847525, v = 11.11557526), (w = 0.034334, u = 11.866118, v =
11.7392323), (w = 0.066558, u = 13.409978, v = 13.245716) and (w = 0.103385, u = 14.304327, v =
14.149373) respectively. It is observed from the differences that the values of the displacements (w,u,v)
for CCSS plate boundary condition decreases as the angle fiber orientation increases and changed trend

at 60°, angle fiber orientation and started increasing up till 90°, angle fiber orientation as shown above.

4.2.5.5 Numerical values of displacements and stresses for CSCS anisotropic rectangular

thick plate

The numerical values of displacements and stresses for CSCS anisotropic rectangular thick plate were
tabulated on Table 4.6a, 4.6b, 4.6¢, 4.6d, 4.6¢, 4.6f and 4.6g. The angle fibre orientation used are as
follows: 0°, 15°, 307, 45° 60°, 75° and 90° while the span to thickness ratio, o, considered are 5, 10,
20, 30, 40, 50, 60, 70, 80, 90 and 100. Also, the aspect ratio, B, is taken to be one and half (1.5). Although
the solution can be varied for different geometric parameters if the need arises, only the listed boundary
conditions were considered. The CSCS plate did not yield any value for in-plane displacement (v), in-
plane stress (T,,) and out-plane stress (7,,,) at the mid-span and edges due to the two opposite edges
that are clamped. Hence, the plate was analysed at varying points, X, or y, = 0.2 and x, or y, = 0.5, to

obtain the maximum values (see section 3.7).
i. CSCS plate at angle fiber orientation of 0°

Table 4.6a presents the results obtained and from observation, the values of displacements, (W, V), and
the stresses, (Tyy, Ty,), decrease as the thickness of the plate decreases while the displacement, (1), and

stresses, (Oxx, Oyy, Txz), increase as the plate thickness decreases. At the minimum span to thickness

(0.00266, -0.02646, -0.05007) and (-0.00458, -0.00027, 0.00624, 0.11327, 0.01074) while at the
maximum span to thickness ratio of, (100), the displacements and stresses yield the following values,
(0.00032, -4.79300, -3.24718) and (-0.00206, -0.00006, 0.00148, 0.12668, 0.00267). The decrease was
very visible at the thick and moderately thick plate zone, (o = 5 to 30), but becomes very small at the
thin plate zone, (o= 50 to 100). This shows that the displacements and stresses of CSCS plate acts more
on thick plate than on thin plate.

ii. CSCS plate at angle fiber orientation of 15°
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From Table 4.6b, the values of displacements (W, U, V) and stresses, (Txy, Txz, Tyz), decrease as the
thickness of the plate decreases while the values of the in-plane stresses (Oxx, Oyy) increase as the plate

thickness decreases. The decrease was very visible at the thick plate zone, (o =5 to 10), but becomes
very small at the thin plate zone, (o = 50 to 100). At the minimum span to thickness ratio of, (5), the
displacements, (W, U, V) and stresses, (Oxx, Oyy, Txy» txz» yz), Yield values as follows, (0.0036, -0.03413,
-0.06239) and (-0.06376, -0.00550, 0.03238, 0.15637, 0.01791) while at the maximum span to thickness
ratio of, (100), the displacements and stresses yield the following values, (0.00035, -5.22946, -3.53106)
and (0.01401, -0.00118, 0.00689, 0.12674, 0.00694). Summarily, it can be stated that for CSCS
anisotropic plate at 15° angle fiber orientation the displacements and shear stresses decrease as the
thickness of the plate decreases while the in-plane stresses increase as the thickness of the plate

decreases. This shows that the displacements and stresses of CSCS plate at 15° angle fiber orientation

acts more on thick plate than thin plate.
iii. CSCS plate at angle fiber orientation of 30°

From Table 4.6¢, the values of displacements, (W, U, V), and stresses, (Tyy, Txz, Tyz), decrease as the
thickness of the plate decreases while the values of the in-plane stresses, (Oxy, Oy, ), increase as the plate
thickness decreases. The decrease and the increase were very visible at the thick plate zone, (o =5 to
10), but becomes very small at the thin plate zone, (o = 50 to 100). However, the in-plane displacements,
(1, V), increased at thick plate zone, (o = 5 to 10), and then decreased at the moderate thick plate and
thin plate zone, (o =20 to 100). At the minimum span to thickness ratio of, (5), the displacements, (W,
and (-0.26033, -0.08977, 0.24145, 0.58426, 0.08782) while at the maximum span to thickness ratio of,
(100), the displacements and stresses yield the following values, (0.00044, -6.72973, -4.50499) and (-
0.02335,-0.00801,0.02141, 0.12514, 0.02227). This shows that the displacements and stresses of CSCS

plate at 15° angle fiber orientation acts more on thick plate than thin plate.

Hence, it can be stated here that for CSCS plate at angle fiber orientation of 30°, the displacements and
shear stresses decrease as the thickness of the plate decreases while the in-plane stresses increase as the

thickness of the plate decreases.
iv. CSCS plate at angle fiber orientation of 45°

Table 4.6d show that the values of displacements, (W, U, V) and stresses, (Tyy, Ty,), decrease as the

thickness of the plate decreases while the values of the stresses, (0xy, Oyy, Tyz), increase as the plate
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thickness decreases. The decrease and the increase were very visible at the thick plate zone, (o =5 to
10), but becomes very small at the thin plate zone, (o = 50 to 100). However, the in-plane stresses, (0xy,
Gyy), decrease at thick plate zone, (o = 5 to 10), before it start to increase at moderate thick plate and
thin plate zone, (o= 20 to 100). Also, the stresses, (Tyy, Tx,), increased at thick plate zone, (o =5 to 10),
before it start to decrease at moderate thick plate and thin plate zone, (o = 20 to 100). At the minimum
values as follows, (0.0487, 0.39615, 0.52882) and (0.62017, 0.61987, -0.96480, -2.2093, -0.4303),
while at the maximum span to thickness ratio of, (100), the displacements and stresses yielded the
following values, (0.00064, -9.79626, -6.48884) and (-0.02571, -0.02561, 0.03979, 0.11516, 0.05591).
This shows that the displacements and stresses of CSCS plate at 45° angle fiber orientation acts more

on thick plate than thin plate.
V. CSCS plate at angle fiber orientation of 60°

From Table 4.6¢, the values of displacements, (W, U, V) and stresses, (Tyy, Ty, ), decrease as the thickness
of the plate decreases while the values of the stresses, (Oxy, Oyy, Tyz), increase as the plate thickness
decreases. The decrease and the increase were very visible at the thick plate zone, (o = 5 to 10), but
becomes very small at the thin plate zone, (o = 50 to 100). However, the in-plane displacement, (V),
increases at thick plate zone, (o = 5 to 10) before it start to decrease at moderate thick plate and thin
plate zone, (o = 20 to 100). Also, the stress, (T,y), decreases at thick plate zone, (a0 = 5 to 10), then
increases at moderate thick plate and thin plate zone, (o = 20 to 100). At the minimum span to thickness
(0.01503, -0.19812, -0.11116) and (-0.08533, -0.24566, 0.22803, 0.56847, 0.16414) while at the
maximum span to thickness ratio of, (100), the displacements and stresses yield the following values,
(0.00095, -14.46300, -9.49385) and (-0.01677, -0.04835, 0.04486, 0.08622, 0.11188). This shows that
the displacements and stresses of CSCS plate at 60° angle fiber orientation acts more on thick plate

than thin plate.
vi. CSCS plate at angle fiber orientation of 75°

From Table 4.6f, it is observed that the values of displacements, (W, U, V) and stresses, (Tyy, Txy),
decrease as the thickness of the plate decreases while the values of the stresses (Gxx, Oyy, Ty;) increase
as the plate thickness decreases. These decrease and increase of stresses and displacements values were
very visible at the thick plate zone, (o =5 to 10), but becomes very small at the thin plate zone, (o= 50

to 100). At the minimum span to thickness ratio of, (5), the displacements, (W, U, V) and stresses, (Oxy,
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Gyy» Txys> Txz> Tyz), yield values as follows, (0.00652, -0.15719, -0.03900) and (-0.00960, -0.10396,
0.05376, 0.14003, 0.07682) while at the maximum span to thickness ratio of, (100), the displacements
and stresses yield the following values, (0.00121, -18.63225, -12.16252) and (-0.00405, 0.04557,
0.02326, 0.04481, 0.16735). Summarily, it can be stated that for CSCS anisotropic plate at 75° angle
fiber orientation the displacements and shear stresses, (Tyy, Tx,), decrease as the thickness of the plate
decreases while the in-plane stresses and out-plane stress (Ty,) increase as the thickness of the plate
decreases. This shows that the displacements and stresses of CSCS plate at 75° angle fiber orientation

acts more on thick plate than thin plate.
vii.  CSCS plate at angle fiber orientation of 90°

From Table 4.6g, the values of displacements, (W, U, V) and stresses, (Tyy, Tx,), decrease as the thickness
of the plate decreases while the values of the stresses, (Gxy, Oyy, Tyz), increase as the plate thickness
decreases. These decrease and increase of stresses and displacements values were very visible at the
thick plate zone, (o = 5 to 10), but becomes very small at the thin plate zone, (a = 50 to 100). At the
minimum span to thickness ratio of, (5), the displacements, (W, U, V) and stresses, (Oxx, Oyy, Txy, Txz,
Ty,), yielded values as follows, (0.00619, -0.18283, -0.03792) and (-0.00960, -0.00129, -0.00464,
0.01473, 0.08240, 0.07235), while at the maximum span to thickness ratio of, (100), the displacements
and stresses yielded the following values, (0.00131, -20.06464, -13.7366) and (-0.00038, 0.00381,
0.00609, 0.02510, 0.18835). Summarily, it can be stated that for CSCS anisotropic plate at 90° angle
fiber orientation the displacements and shear stresses, (Tyy, Txz), decrease as the thickness of the plate
decreases while the in-plane stresses and out-plane stress, (Ty,), increase as the thickness of the plate
decreases. This shows that the displacements and stresses of CSCS plate at 90° angle fiber orientation

acts more on thick plate than thin plate.

viii.  CSCS plate variation of displacements and rotation with angle fibre orientation

The values of CSCS displacements, (w, u, v), for, 0°, angle fibre orientation, B = 1, a = 5, (0.00266, -
0.02646, -0.05007) and, a. = 100, (0.00032, -4.79300, -3.24718) were as given. These values at, o = 5
and o = 100, yielded differences, (w = 0.00234, u = 4.76654, v=3.19711). It also yielded differences
of, (w=0.00325, u = 5.19533, v = 3.46867), at 15°, and differences of, (w = 0.01252, u = 6.62155, v
=4.31956), at 30°. The differences obtained at, 45°, 60°, 75°, and 90°, are as follows; (w = 0.04806,
u=9.40011, v=5.96002), (w = 0.01408, u = 14.26488, v =9.38269), (w = 0.00531, u = 18.4751, v =
12.12352) and (w = 0.00488, u = 19.88181, v = 13.03574) respectively. It is observed from the
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differences that the values of the displacement, (w), for CSCS plate boundary condition increases as the
angle fiber orientation increases and changed trend at 60°, angle fiber orientation and started decreasing
up till 90°, angle fiber orientation as shown above. The in-plane displacements, (u,v), increases as the

angle fiber orientation increases throughout the entire angle considered.

4.2.5.6 Numerical values of displacements and stresses for CCCS anisotropic rectangular

thick plate

The numerical values of displacements and stresses for CCCS anisotropic rectangular thick plate are
tabulated on Table 4.7a, 4.7b, 4.7¢c, 4.7d, 4.7¢, 4.7f and 4.7g. The angle fibre orientation used are as
follows; 0°, 15°, 307, 45° 60°, 75° and 90° while the span to thickness ratio, o, considered are 5, 10,
20, 30, 40, 50, 60, 70, 80, 90 and 100. Also, the aspect ratio, f3, is taken to be one and half (1.5). The
solution can be varied for different geometric parameters if the need arises, only the listed geometric
parameters were considered. CCCS plate did not yield any value for in-plane displacement, (V), in-plane
stress, (Txy), and out-plane stress, (Ty,), when points at mid-span and edges were considered due to the
three clamped edges of the plate. Hence, the plate was analysed at varying points, X, or y, = 0.2, and X,

ory, = 0.5, to obtain the maximum values (see section 3.7).
i. CCCS plate at angle fiber orientation of 0°

From Table 4.7a, it is observed that the values of displacements, (W, U, V) and stresses, (Tyy, Tyy),
decrease as the thickness of the plate decreases while the values of the stresses, (Gxx, Oyy, Txz), increase
as the plate thickness decreases. At the minimum span to thickness ratio of, (5), the displacements, (W,
(-0.01618, -0.00082, 0.01907, 0.28550, 0.02688) while at the maximum span to thickness ratio of, (100),
the displacements and stresses yield the following values, (0.00159, -24.16039, -16.23061) and (-
0.01038, -0.00029, 0.00745, 0.32097, 0.01138). The decrease and increase in the values of
displacements and stresses were more at the thick and moderately thick plate zone, (o = 5 to 30), but
becomes very small at the thin plate zone, (o =50 to 100). This shows that the displacements and stresses

of CCCS plate acts more on thick plate than thin plate.
ii. CCCS plate at angle fiber orientation of 15°

From Table 4.7b, the values of displacements, (W, U, V) and stresses, (Tyy, Ty,), decrease as the thickness
of the plate decreases while the values of the stresses, (0xy, Oyy, Txz), increase as the plate thickness
decreases. These decrease and increase of stresses and displacements values were very visible at the
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thick plate zone, (o = 5 to 10), but becomes very small at the thin plate zone, (o = 50 to 100). At the
minimum span to thickness ratio of, (5), the displacements, (W, U, V) and stresses, (Oxx, Oyy, Txy, Txz,
Ty2), yield values as follows, (0.00719, -0.09009, -0.12679) and (-0.14213, -0.01220, 0.07162, 0.27917,

0.03441), while at the maximum span to thickness ratio of, (100), the displacements and stresses yield
the following values, (0.00163, -24.89827, -16.68742) and (-0.06650, -0.00562, 0.03271, 0.30758,
0.02888).

iii. CCCS plate at angle fiber orientation of 30°

From Table 4.7c, the values of displacements, (W, U, V) and stress, (Tyy), decrease as the thickness of
the plate decreases while the values of the stresses, (Oxy, Oyy, Txz> Tyz), increase as the plate thickness
decreases. At the minimum span to thickness ratio of, (5), the displacements, (W, U, V) and stresses,
(Oxx> Oyy> Txy» Txz» Tyz), yield values as follows, (0.00682, -0.08919, -0.09305) and (-0.15631, -0.05376,
0.14411, 0.25909, 0.04894), while at the maximum span to thickness ratio of, (100), the displacements
and stresses yielded the following values, (0.00179, -27.33189, -18.20908) and (-0.09464, -0.03247,
0.08673, 0.26955, 0.07919). The decrease and increase in the values of displacements and stresses were
more at the thick and moderately thick plate zone, (o = 5 to 30), but becomes very small at the thin plate
zone, (o0 = 50 to 100). This shows that the displacement and stresses of CCCS plate acts more on thick
plate than thin plate.

iv. CCCS plate at angle fiber orientation of 45°

Table 4.7d shows that the values of displacements, (W, U, V) and stresses, (Tyy, Txz), decrease as the
thickness of the plate decreases while the values of the stresses, (0y, Oyy, Tyz), increase as the plate
thickness decreases. These decrease and increase of stresses and displacements values were very visible
at the thick plate zone, (o =5 to 10) but becomes very small at the thin plate zone, (o = 50 to 100). At
the minimum span to thickness ratio of, (5), the displacements, (W, U, V) and stresses, (Oxx, Oyy, Txy
Txz> Tyz), yield values as follows, (0.00688, -0.11370, -0.6269) and (-0.10966, -0.10917, 0.16953,
0.22555, 0.06801), while at the maximum span to thickness ratio of, (100), the displacements and
stresses yield the following values, (0.00210, -32.05569, -21.20138) and (-0.08405, -0.8375, 0.13011,
0.21170, 0.15790).
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V. CCCS plate at angle fiber orientation of 60°

From Table 4.7¢, the values of displacements, (W, U, V) and stress, (Tyy, Ty, ), decrease as the thickness
of the plate decreases while the values of the stresses, (Oxy, Oyy, Ty;), increase as the plate thickness
decreases. At the minimum span to thickness ratio of, (5), the displacements, (W, U, V) and stresses,
(Oxx> Oyys Txy» Txz» Tyz), yield values as follows, (0.00848, -0.20064, -0.05253) and (-0.06553, -0.18753,

0.17437, 0.18746, 0.09873), while at the maximum span to thickness ratio of, (100), the displacements
and stresses yield the following values, (0.00258, -39.59470, -26.02639) and (-0.04595, -0.13246,
0.12290, 0.13997, 0.25937). The decrease and increase in the values of displacements and stresses were
more at the thick and moderately thick plate zone, (o = 5 to 30), but becomes very small at the thin plate
zone, (0. =50 to 100). This shows that the displacements and stresses of CCCS plate acts more on thick
plate than thin plate.

vi. CCCS plate at angle fiber orientation of 75°

From Table 4.71, it is observed that the values of displacements, (W, U, V) and stresses, (Tyy, Txy),
decrease as the thickness of the plate decreases while the values of the stresses, (xx, Oyy, Ty;), increase
as the plate thickness decreases. These decrease and increase of stresses and displacements values were
very visible at the thick plate zone, (o = 5 to 10), but becomes very small at the thin plate zone, (o0 = 50
to 100). At the minimum span to thickness ratio of, (5), the displacements, (W, U, V) and stresses, (Oxy,
Oyy> Txys Txz» Tyz), yield values as follows, (0.01318, -0.40361, -0.07907) and (-0.02330, -0.25044,
0.12985, 0.15375, 0.15500), while at the maximum span to thickness ratio of, (100), the displacements
and stresses yield the following values, (0.00317, -48.59043, -31.81830,) and (-0.01058, -0.11903,
0.06076, 0.06895, 0.36358).

vii.  CCCS plate at angle fiber orientation of 90°

From Table 4.7g, the values of displacements, (W, U, V) and stress, (Tyxy, Txz), decrease as the thickness
of the plate decreases while the values of the stresses, (Oxy, Oyy, Ty;), increase as the plate thickness
decreases. At the minimum span to thickness ratio of, (5), the displacements, (W, U, V) and stresses,
(Oxx> Oyy»> Txys Txz» Tyz), yielded values as follows, (0.01785, -0.59585, -0.11448) and (-0.00421, -
0.01408, 0.04716, 0.13445, 0.20550), while at the maximum span to thickness ratio of, (100), the
displacements and stresses yield the following values, (0.00346, -53.18527, -34.78409) and (-0.00101,
-0.01015, 0.01618, 0.03581, 0.41320). The decrease and increase in the values of displacements and

stresses were more at the thick and moderately thick plate zone, (o =5 to 30), but becomes very small
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at the thin plate zone, (o = 50 to 100). This shows that the displacements and stresses of CCCS plate

acts more on thick plate than thin plate.

viii. CCCS plate variation of displacements and rotation with angle fibre orientation

The values of CCCS displacements, (w, u, v), for, 0°, angle fibre orientation, p = 1, o = 5, (0.00739, -
0.09359, -0.14449) and, o = 100, (0.00159, -24.16039, -16.23061) were as given. These values at, o =
5 and a = 100, yielded differences, (w = 0.0058, u =24.0668, v=16.08612). It also yielded differences
of, (w = 0.00556, u = 24.80818, v = 16.56063), at 15°, and differences of, (w = 0.00503, u = 27.2427,
v=18.11603), at 30°. The differences obtained at, 45°, 60°, 75°, and 90°, are as follows; (w = 0.00478,
u=31.91869, v=21.13869), (w = 0.0059, u = 39.39406, v = 25.97386), (w = 0.01001, u = 48.18682,
v = 31.73923) and (w = 0.01439, u = 52.58942, v = 34.66961) respectively. It is observed from the
differences that the values of the out-plane displacement, (w) for CCCS plate boundary condition
decreases as the angle fiber orientation increases and changed trend at 60°, angle fiber orientation and
started increasing up till 90°, angle fiber orientation as shown above. The in-plane displacements, (u,v),

increases as the angle fiber orientation increases throughout the entire angle considered.

4.2.5.7 Numerical values of displacements and stresses for SSFS anisotropic rectangular

thick plate

The numerical values of displacements and stresses for SSFS anisotropic rectangular thick plate were
presented on Table 4.8a, 4.8b, 4.8c, 4.8d, 4.8e, 4.8f and 4.8g. The angle fibre orientation used are as
follows: 0°, 15°, 307, 45°, 60°, 75° and 90° while the span to thickness ratio, o, considered are 5, 10,
20, 30, 40, 50, 60, 70, 80, 90 and 100. Also, the aspect ratio, B, is taken to be one (1). The solution can
be varied for different geometric parameters if the need arises, only the listed boundary conditions were

considered.
i. SSFS plate at angle fiber orientation of 0°

Table 4.8a shows that the values of out-plane displacement, (W), increases as the thickness of the plate
decreases while the values of the in-plane displacements, (U, V) decrease as the thickness of the plate

decreases and becomes more noticeable at the thin plate section, (a = 50 to 100).

The values of the in-plane stresses, (Oxyx, Oyy), and out-plane stress, (Ty,), increase as the thickness of
the plate decreases while the values of the in-plane stress, (Tyy) and out-plane stress, (T,,;), decrease as

the plate thickness decreases vice versa. This increase or decrease in stresses as the plate thickness
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decreases are very obvious at the thick plate section, (o= 5 to 10), but gradually decrease as the thickness

of the plate decreases.
ii. SSFS plate at angle fiber orientation of 15°

From Table 4.8b, the values of out-plane displacement, (W), increases as the thickness of the plate
decreases while the values of the in-plane displacements, (U and V), decrease as the thickness of the
plate decreases and becomes more noticeable at the thin plate section, (o = 50 to 100). However, the
out-plane displacement has more effect on thick plate, (o = 5 to 10), while the in-plane displacements

has more effect on thin plate (o = 50 to 100).

Also, the values of the in-plane stresses, (0xx, Oyy) and out-plane stress, (Ty,), increase as the thickness
of the plate decreases while the values of the in-plane stress, (Tyy), and out-plane stress, (T;), decrease

as the plate thickness decreases. This increase or decrease in stresses as the plate thickness decreases
are very obvious at the thick plate section, (o = 5 to 10), but gradually decreases as the thickness of the

plate decreases.
iii SSFS plate at angle fiber orientation of 30°

Table 4.8c shows that the values of out-plane displacement, (W), increases as the thickness of the plate
decreases while the values of the in-plane displacements, (U, V) decrease as the thickness of the plate
decreases and becomes more noticeable at the thin plate section, (o= 50 to 100). However the out-plane
displacements has more effect on thick plate while the in-plane displacements have more effect on thin

plate.

Also the values of the in-plane stresses, (04, Oyy), and out-plane stress, (Ty,), increase as the thickness
of the plate decreases while the values of the in-plane stress, (T, ) and out-plane stress, (Ty;), decrease

as the plate thickness decreases. This increase or decrease in stresses as the plate thickness decreases
are very obvious at the thick plate section, (o = 5 to 10), but gradually decrease as the thickness of the

plate decreases.

iv. SSFS plate at angle fiber orientation of 45°

From Table 4.8d, it is observed that the values of out-plane displacement, (W), increases as the thickness
of the plate decreases while the values of the in-plane displacements, (U, V), decrease as the thickness

of the plate decreases and becomes more noticeable at the thin plate section (a = 50 to 100). However,
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the out-plane displacement has more effect on thick plate while the in-plane displacements have more

effect on thin plate.

Also the values of the in-plane stresses (0xx, Oyy) and out-plane stress, (Ty,), increase as the thickness
of the plate decreases while the values of the in-plane stress (Ty,) and out-plane stress (T;,) decrease as
the plate thickness decreases. This increase or decrease in stresses as the plate thickness decreases are

very obvious at the thick plate section (o = 5 to 10) but gradually decreases as the thickness of the plate

decreases.
\A SSFS plate at angle fiber orientation of 60°

From Table 4.8e, the values of out-plane displacement, (W), increases as the thickness of the plate
decreases while the values of the in-plane displacements (U, V) decrease as the thickness of the plate
decreases and becomes more noticeable at the thin plate section, (a = 50 to 100). Hence the out-plane
displacement has more effect on thick plate while the in-plane displacements have more effect on thin

plate.

Also the values of the in-plane stresses, (0xx and Gyy) and out-plane stress, (Gy,), increase as the
thickness of the plate decreases while the values of the in-plane stress, (Tyy), and out-plane stress, (T,),
decrease as the plate thickness decreases. This increase or decrease in stresses as the plate thickness

decreases are very obvious at the thick plate section (o= 5 to 10) but gradually decrease as the thickness

of the plate decreases.
vi. SSFS plate at angle fiber orientation of 75°

Table 4.8f, shows that the values of out-plane displacement, (W), increases as the thickness of the plate
decreases while the values of the in-plane displacement (U, V) decrease as the thickness of the plate
decreases and becomes more noticeable at the thin plate section, (o = 50 to 100). Hence the out-plane
displacement has more effect on thick plate while the in-plane displacement has more effect on thin

plate.

Also the values of the in-plane stress, (0y4) and out-plane stress, (Ty;), increase as the thickness of the
plate decreases while the values of the in-plane stress, (Gyy, and T;) and out-plane stress, (Ty;), decrease

as the plate thickness decreases vice versa. This increase or decrease in stresses as the plate thickness
decrease are very obvious at the thick plate section (o =5 to 10) but gradually diminishes as the thickness

of the plate decreases.
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vii.  SSFS plate at angle fiber orientation of 90°

From Table 4.8g, it is observed that the values of out-plane displacement, (W), increases as the thickness
of the plate decreases while the values of the in-plane displacements, (U, V) decrease as the thickness of
the plate decreases and becomes more noticeable at the thin plate section, (a. = 50 to 100). However the
out-plane displacement has more effect on thick plate while the in-plane displacements have more effect

on thin plate.

Also the values of the in-plane stress, (0y,) and out-plane stress, (0y), increase as the thickness of the
plate decreases while the values of the in-plane stress, (Gyy, Txy) and out-plane stress, (Ty;), decrease as
the plate thickness decreases. This increase or decrease in stresses as the plate thickness decreases are
very obvious at the thick plate section, (o = 5 to 10), but gradually diminishes as the thickness of the

plate decreases.
viii.  SSFS plate variation of displacements and rotation with angle fibre orientation

The values of SSFS displacements, (w, u, v), for, 0°, angle fibre orientation, p = 1, a =5, (0.01617, -
0.028878, -0.24675) and, a = 100, (0.00562, -89.4954, -35.9605) were as given. These values at, o =5
and o = 100, yielded differences, (w = 0.01055, u = 89.20662, v =35.71375). It also yielded differences
of, (W =0.00979, u =92.10681, v = 36.8462), at 15°, and differences of, (w = 0.00821, u = 103.5248,
v =41.3398), at 30°. The differences obtained at, 45°, 60°, 75°, and 90°, are as follows; (w = 0.00689,
u=133.7453, v=153.3623), (w = 0.00706, u = 214.3279, v = 85.5884), (w = 0.0113, u =454.9119, v=
181.0783) and (w = 0.01972, u = 817.3961, v = 326.9542) respectively. It is observed from the
differences that the values of the displacement, (w), for SSFS plate boundary condition decreases as the
angle fiber orientation increases and changed trend at 75°, angle fiber orientation and started decreasing
up till 90°, angle fiber orientation as shown above. The in-plane displacements, (u,v), increases as the

angle fiber orientation increases throughout the entire angle considered.

4.2.5.8 Numerical values of displacements and stresses for CCFC anisotropic rectangular

thick plate

The numerical values of displacements and stresses for CCFC anisotropic rectangular thick plate were
presented on Table 4.9a, 4.9b, 4.9¢c, 4.9d, 4.9¢, 4.9f and 4.9g. The angle fibre orientation used are as
follows; 0°, 15°, 30°, 45° 60°, 75° and 90° while the span to thickness ratio, o, considered are 5, 10,
20, 30, 40, 50, 60, 70, 80, 90 and 100. Also, the aspect ratio, B, is taken to be one and half (1.5). Although

the solution can be varied for different geometric parameters if the need arises, only the listed boundary
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conditions were considered. The CCFC plate yielded zero values for in-plane displacement, (1), and
out-plane stress, (Ty;), at the mid-span and edges due to the type of support at the edges of the plate.
Hence, the plate was analysed at varying points, X, or y, = 0.2 and x, or y, = (.5, to obtain the maximum

values (see section 3.7).
i. CCFC plate at angle fiber orientation of 0°

From Table 4.9a, it is observed that the values of displacements, (W, U, V), and the in-plane stress, (Tyy),
decrease as the thickness of the plate decreases while the in-plane stresses, (Oyy, 0yy), and the out-plane
stresses, (Ty,, Tyz), increase as the plate thickness decreases. The decrease and the increase of the
displacements and stresses are very obvious at the thick plate zone, (o = 5 to 10), but gradually
diminishes towards moderate thick and thin plate zone, (o = 20 to 100). The values obtained for
of (§) are, (0.00037, -0.00365, -0.00929) and (-0.00064, -0.00005, 0.00108, 0.01566, 0.00007), while
at the maximum span to thickness ratio of (100), it yields, (0.00004, -0.62069, -0.42092) and (-0.00027,
-0.00001, 0.00019, 0.01637, 0.00009). The values obtained were progressively increasing or decreasing
up till span to thickness ration of (40) and then changed trend and yielded similar or close values from

span to thickness ratio of (50) to (100) for each particular stresses and out-plane displacement.
ii. CCFC plate at angle fiber orientation of 15°

From Table 4.9b, the values of displacements, (W, U, V), and the stress, (Tyy, Ty,), decrease as the
thickness of the plate decreases while the in-plane stresses, (0, Oyy), and the out-plane stress, (Ty,),
increase as the plate thickness decreases. The decrease and the increase of the displacements and stresses
have a wider margin between the preceding values at the thick plate zone, (o = 5 to 10), but gradually
diminishes towards moderate thick and thin plate zone, (o = 20 to 100). The values obtained for
of (5) are, (0.00061, -0.00569, -0.01633) and (-0.01473, -0.00128, 0.00757, 0.02656, -0.0004), while at
the maximum span to thickness ratio of (100), it yields, (0.00005, -0.69427, -0.46957) and (-0.00186, -
0.00016, 0.00092, 0.01670, 0.00042). The values obtained from span to thickness ratio of (50) to (100)
for each particular stresses and out-plane displacement are close to preceding span to thickness ratio.
Hence, it can be stated here that for CCFC plate at angle fiber orientation of 15°, the displacement, (W,

U, V), and stresses, (Tyy, Txz), decrease as the plate thickness decreases while the stresses, (Gyy, Gyy,

Ty,), increase as the plate thickness decreases.
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iii. CCFC plate at angle fiber orientation of 30°

From Table 4.9¢, it is observed that the values of displacements, (W, U, V), and the stress, (Tyy, Tx),
decrease as the thickness of the plate decreases while the in-plane stresses, (G4, Oyy), and the out-plane
stress, (Ty,), increase as the plate thickness decreases. However, the out-plane displacement, (W), and
stresses, (Txy» Txz), increased at the thick plate zone, (a =5 to 10) and then changed trend and started to
decrease at moderate thick and thin plate zone, (o = 20 to 100). Also the in-plane stresses, (Oxy, Oyy),
and the out-plane stress, (Ty,), decreased at the thick plate zone, (a = 5 to 10), and then changed trend
and started to increase at moderate thick and thin plate zone, (o = 20 to 100). The decrease and the
increase of the displacements and stresses have a wider margin between the preceding values at the
thick plate zone, (o = 5 to 10), but gradually diminishes towards moderate thick and thin plate zone, (a
=20 to 100). The values obtained for displacements, (W, U, V), and stresses, (Oxx, Oyy, Txy»> Txz> Tyz)s
at the minimum span to thickness ratio of (5) are, (-0.0016, 0.01213, 0.04714) and (0.05488, 0.01898,
-0.05128, -0.0747, 0.00350), while at the maximum span to thickness ratio of (100), it yielded, (0.00006,
-0.97667, -0.65649) and (-0.00340, -0.00117, 0.00311, 0.01774, 0.00150). The values obtained from
span to thickness ratio of (50) to (100) for each particular stresses and out-plane displacement are close

to preceding span to thickness ratio.
iv. CCFC plate at angle fiber orientation of 45°

Table 4.9d, shows that the values of displacements, (W, U, V), and the stress, (Tyy, Tx,), decrease as the
thickness of the plate decreases while the in-plane stresses, (Oxy, Oyy), and the out-plane stress, (Ty,),
increase as the thickness of the plate decreases. However, the out-plane displacement, (W), and stresses,
(Txy» Txz), Increased at the thick plate zone, (a.= 5 to 10), and then changed trend and started to decrease
at moderate thick and thin plate zone (a = 20 to 100). Also the in-plane stresses, (Oxx, Oyy), decreased
at the thick plate zone, (o = 5 to 10), and then changed trend and started to increase at moderate thick
and thin plate zone, (a = 20 to 100). The decrease and the increase of the displacements and stresses
have a wider margin between the preceding values at the thick plate zone, (o = 5 to 10), but gradually
diminishes towards moderate thick and thin plate zone, (o = 20 to 100). The values obtained for
of (5) are,(-0.0005, 0.00300, 0.01637) and (0.01418, 0.01423, -0.02221, -0.0266, 0.00152), while at the
maximum span to thickness ratio of (100), it yields, (0.00011, -1.74488, -1.16587) and (-0.00340, -
0.00460, -0.00458, 0.00712, 0.01954, 0.00364). The values obtained from span to thickness ratio of
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(50) to (100) for each particular stresses and out-plane displacement are close to preceding span to

thickness ratio.
\A CCFC plate at angle fiber orientation of 60°

From Table 4.9¢, it is observed that the values of out-plane displacements, (W, U, V), and the stresses,
(Txy» Txz)» decrease as the thickness of the plate decreases while the in-plane stresses, (G, Oyy), and
the out-plane stress, (Ty;), increase as the thickness of the plate decreases. However, the out-plane
displacement, (W), and stresses, (Tyy, Txz), increased at the thick plate zone, (o = 5 to 10), and then
changed trend and started to decrease at moderate thick and thin plate zone, (o = 20 to 100). Also the
in-plane stresses, (0yy, Oyy), decreased at the thick plate zone, (o= 5 to 10), and then changed trend and
started to increase at moderate thick and thin plate zone, (o = 20 to 100). The decrease and the increase
of the displacements and stresses have a wider margin between the preceding values at the thick plate
zone, (o = 5 to 10), but gradually diminishes towards moderate thick and thin plate zone, (a0 = 20 to
100). The values obtained for displacements, (W, U, V), and stresses, (Oxx, Oyy, Txy> Txz> tyz), at the
minimum span to thickness ratio of (5) are, (-0.0014, 0.01332, 0.03492) and (0.01529, 0.04652, -
0.04118, -0.0603, -0.0005), while at the maximum span to thickness ratio of (100), it yields, (0.00025,
-3.86882, -2.57718) and (-0.00452, -0.01303, 0.01209, 0.02145, 0.00694). The values obtained from
span to thickness ratio of (50) to (100) for each particular stresses and out-plane displacement are close

to preceding span to thickness ratios.
vi. CCFC plate at angle fiber orientation of 75°

From Table 4.9f, the values of displacements, (W, U, V), and the stress, (Tyy, Ty,), decrease as the
thickness of the plate decreases while the in-plane stresses, (Oxy, Oyy), and the out-plane stress, (Ty,),
increase as the thickness of the plate decreases. The decrease and the increase of the displacements and
stresses have a wider margin between the preceding values at the thick plate zone (a0 = 5 to 10) but
gradually diminishes towards moderate thick and thin plate zone (a0 = 20 to 100). The values obtained
for displacements, (W, U, V), and stresses, (Oxx, Oyy, Txy> Txz> Tyz), at the minimum span to thickness
ratio of (5) are, (0.00158, -0.03604, -0.02709) and (-0.00336, -0.03805, 0.01938, 0.03719, 0.00808)
while at the maximum span to thickness ratio of (100), it yielded, (0.00057, -8.74689, -5.82485) and (-
0.00192, -0.02162, 0.01103, 0.01963, 0.00908). The values obtained from span to thickness ratio of

(50) to (100) for each particular stresses and out-plane displacement are close to preceding span to

thickness ratios.
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vii.  CCFC plate at angle fiber orientation of 90°

From Table 4.9g, it is observed that the values of displacements, (W, U, V), and the stress, (Oyy, Txy» Txz),
decrease as the thickness of the plate decreases while the in-plane stress, (0xy,), and the out-plane stress,
(Tyz), increase as the thickness of the plate decreases. However, the out-plane displacement, (W), and
stresses, (Oyy, Txy, Txz), showed a very unique sequence between preceding values starting from
moderate thick plate zone, (o = 20). The decrease and the increase of the displacements and stresses
have a wider margin between the preceding values at the thick plate zone, (o = 5 to 10) but gradually
diminishes towards moderate thick and thin plate zone, (o = 20 to 100). The values obtained for
of (5) are, (0.00119, -0.03494, -0.02001) and (-0.00026, -0.00234, 0.00399, 0.01629, 0.00632) while at
the maximum span to thickness ratio of (100), it yields, (0.00082, -12.53882, -8.35247) and (-0.00024,
-0.00244, 0.00385, 0.0153, 0.00811). The values obtained from span to thickness ratio of (50) to (100)

for each particular stresses and out-plane displacement are close to preceding span to thickness ratios.

viii. CCFC plate variation of displacements and rotation with angle fibre orientation

The values of CCFC displacements, (w, u, v), for, 0°, angle fibre orientation, p = 1, o.= 5, (0.00037, -
0.00365, -0.00929) and, a. = 100, (0.00004, -0.62069, -0.42092) were as given. These values at, o = 5
and a = 100, yielded differences, (w = 0.00033, u=0.61704, v =0.41163). It also yielded differences
of, (w = 0.00056, u = 0.68858, v = 0.45324), at 15°, and differences of, (w = 0.00154, u = 0.96454, v
=0.60935), at 30°. The differences obtained at, 45°, 60°, 75°, and 90°, are as follows; (w = 0.00039,
u=1.74188, v = 1.1495), (w = 0.00115, u = 3.8555, v = 2.54226), (w = 0.00101, u = 8.71085, v =
5.79776) and (w =0.00037, u=12.50388, v =8.33246) respectively. It is observed from the differences
that the values of the displacement (w), for CCFC plate boundary condition increases as the angle fiber
orientation increases and changed trend at 45°, angle fiber orientation and decreased before changing
trend again and increase at 60°, angle fibre orientation, then started decreasing as shown above. The in-
plane displacements, (u,v), increases as the angle fiber orientation increases along the 7 angle fiber

orientations considered.

4.2.5.9 Numerical values of displacements and stresses for SCFS anisotropic rectangular

thick plate

The numerical values of displacements and stresses SCFS anisotropic rectangular thick plate were

presented on Table 4.10a, 4.10b, 4.10c, 4.10d, 4.10e, 4.10f and 4.10g. The angle fibre orientation used
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are as follows; 0°, 15°, 30°, 45° 60°, 75° and 90° while the span to thickness ratio, o, considered are
5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100. Also, the aspect ratio, B, is taken to be one (1). The solution
can be varied for different boundary conditions if the need arises but only the listed boundary conditions

were considered.
i. SCFS plate at angle fiber orientation of 0°

Table 4.10a shows that the values of out-plane displacement, (W), increases as the thickness of the plate
decreases while the values of the in-plane displacement, (u and V), decrease as the thickness of the plate
decreases and becomes more noticeable at the thin plate section, (o= 50 to 100). Also, the values of the
in-plane stresses, (0yy and Gyy), and out-plane stresses, (Ty, and Ty,), increase as the thickness of the
plate decreases while the values of the in-plane stress, (Tyy), decreases as the plate thickness decreases.
This increase or decrease in stresses as the plate thickness decreases are very obvious at the thick plate

section, (o = 5 to 10), but gradually decreases as the thickness of the plate decreases.
ii. SCFS plate at angle fiber orientation of 15°

From Table 4.10b, the values of out-plane displacement, (W), and in-plane displacement, (V), increase
as the thickness of the plate decreases while the values of the in-plane displacement, (1), decreases as
the thickness of the plate decreases and becomes more noticeable at the thin plate section, (a0 = 50 to
100). Hence the out-plane displacement has more effect on thick plate while the in-plane displacements

have more effect on thin plate.

Also the values of the in-plane stresses, (0yx and Gyy), and out-plane stress, (Ty,), increase as the
thickness of the plate decreases while the values of the in-plane stress, (Tyy), and out-plane stress, (T,),
decrease as the plate thickness decreases. This increase or decrease in stresses as the plate thickness
decreases are very obvious at the thick plate section, (o= 5 to 10), but gradually decrease as the thickness

of the plate decreases. Hence, the impact from stresses are felt more on thick plate than thin plate.
iii. SCFS plate at angle fiber orientation of 30°

Table 4.10c shows that the values of out-plane displacement, (W), and in-plane displacement, (V),
increase as the thickness of the plate decreases while the values of the in-plane displacement, (1),
decreases as the thickness of the plate decreases and becomes more noticeable at the thin plate section,
(a = 50 to 100). Hence the out-plane displacement has more effect on thick plate while the in-plane

displacements have more effect on thin plate.
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Also the values of the in-plane stresses, (O and Gyy), and out-plane stress, (Ty,), increase as the
thickness of the plate decreases while the values of the in-plane stress, (Tyy), and out-plane stress, (Ty,),
decrease as the plate thickness decreases. This increase or decrease in stresses as the plate thickness
decreases are very obvious at the thick plate section, (o = 5 to 10), but gradually decreases as the
thickness of the plate decreases. Hence, the impact from stresses are felt more on thick plate than thin

plate.

iv. SCFS plate at angle fiber orientation of 45°

Table 4.10d shows that the values of out-plane displacement, (W), and in-plane displacement, (V),
increase as the thickness of the plate decreases while the values of the in-plane displacement, (U)
decreases as the thickness of the plate decreases and becomes more noticeable at the thin plate section,
(a = 50 to 100). Hence the out-plane displacement has more effect on thick plate while the in-plane

displacements have more effect on thin plate.

Also the values of the in-plane stresses, (0 and Gyy), and out-plane stress, (Ty,), increase as the
thickness of the plate decreases while the values of the in-plane stress, (Ty), and out-plane stress, (Ty,),

decrease as the plate thickness decreases. This increase or decrease in stresses as the plate thickness
decreases are very obvious at the thick plate section, (o= 5 to 10), but gradually decrease as the thickness

of the plate decreases. Hence, the impact from stresses are felt more on thick plate than thin plate.
V. SCFS plate at angle fiber orientation of 60°

Table 4.10e shows that the values of out-plane displacement, (W), increases as the thickness of the plate
decreases while the values of the in-plane displacements, (U and V), decrease as the thickness of the
plate decreases and becomes more noticeable at the thin plate section, (o = 50 to 100). Thus, the out-
plane displacement has more effect on thick plate while the in-plane displacements have more effect on

thin plate.

Also the values of the in-plane stresses, (0x¢ and Gyy), and out-plane stress, (Gy,), increase as the
thickness of the plate decreases while the values of the in-plane stress, (Ty), and out-plane stress, (T,),

decrease as the plate thickness decreases. These increase or decrease in stresses as the plate thickness
decreases are very obvious at the thick plate section, (a = 5 to 10), for all the stresses except out-plane

stress, (Ty,), which has more impact on thin plate section, (a = 50 to 100).

vi. SCFS plate at angle fiber orientation of 75°
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From Table 4.10f, it is observed that the values of out-plane displacement, (W), increases as the
thickness of the plate decreases while the values of the in-plane displacements, (U and V), decrease as
the thickness of the plate decreases and becomes more noticeable at the thin plate section, (a0 = 50 to
100). Thus, the out-plane displacement has more effect on thick plate while the in-plane displacements

have more effect on thin plate.

Also, the values of the in-plane stresses, (Gxx and Gyy), and out-plane stress, (Ty,), increase as the
thickness of the plate decreases while the values of the in-plane stress, (Tyy), and out-plane stress, (Ty,),
decrease as the plate thickness decreases. This increase or decrease in stresses as the plate thickness
decreases are very obvious at the thick plate section, (o =5 to 10), for all the stresses except out-plane

stress, (Ty,), which has more impact on thin plate section, (o = 50 to 100).

vii.  SCFS plate at angle fiber orientation of 90°

Table 4.10g shows that the values of out-plane displacement, (W), increases as the thickness of the plate
decreases while the values of the in-plane displacements, (U and V), decrease as the thickness of the
plate decreases and becomes more noticeable at the thin plate section. Thus, the out-plane displacement

has more effect on thick plate while the in-plane displacements have more effect on thin plate.

Also, the values of the in-plane stresses, (Oxx and Gyy), and out-plane stress, (Ty,), increase as the
thickness of the plate decreases while the values of the in-plane stress, (Tyy), and out-plane stress, (T,),
decrease as the plate thickness decreases. The increase or decrease in stresses as the plate thickness
decreases are very obvious at the thick plate section, (a = 5 to 10), for all the stresses except out-plane

stress, (Ty), which has more impact on thin plate.
viii. SCEFS plate variation of displacements and rotation with angle fibre orientation

The values of SCFS displacements, (w, u, v), for, 0°, angle fibre orientation, p =1, a =5, (0.01142, -
0.04699, -0.17713) and, a = 100, (0.00229, -11.35974, -14.67358) were as given. These values at, o =
5 and o = 100, yielded differences, (w = 0.00913, u = 11.31275, v = 14.49645). It also yielded
differences of, (w = 0.01018, u = 11.48238, v = 14.66497), at 15°, and differences of, (w = 0.01369, u
=14.02906, v = 17.79807), at 30°. The differences obtained at, 45°, 60°, 75°, and 90°, are as follows;
(w=0.01643,u=21.17089, v =26.73956), (w = 0.01323, u=40.11047, v=51.15031), (w = 0.01158,
u = 93.77863, v = 119.94993) and (w = 0.01177, u = 161.24459, v = 206.37409) respectively. It is
observed from the differences that the values of the displacement (w), for SCFS plate boundary

condition increases as the angle fiber orientation increases and changed trend at 60°, angle fiber

237



orientation and started decreasing up till 90°, angle fiber orientation as shown above. The in-plane
displacements, (u,v), increases as the angle fiber orientation increases throughout the angle fiber

orientation presented in the work.

4.2.5.10 Numerical values of displacements and stresses for CSFS anisotropic rectangular

thick plate

The numerical values of displacements and stresses for CSFS anisotropic rectangular thick plate were
presented in table 4.11a, 4.11b, 4.11c¢, 4.11d, 4.11e, 4.11f and 4.11g. The angle fibre orientations used
are as follows; 0°, 159,309, 45°, 60°, 75° and 90° while the span to thickness ratio, o, considered are
5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100. Also, the aspect ratio, J, is taken to be one (1). The solution
can be varied for different geometric properties if the need arises, only the listed geometric properties

were considered.
i. CSFS plate at angle fiber orientation of 0°

Table 4.11a shows that the values of out-plane displacement, (W), and in-plane displacement, (U and V),
decrease as the thickness of the plate decreases and become more noticeable at the thin plate section, (o
= 50 to 100). Thus, out-plane displacement has more effect on thick plate while the in-plane

displacements have more effect on thin plate.

Also, the values of the in-plane stresses, (0xy, Oyy and Tyy), and out-plane stress, (T,), decrease as the
thickness of the plate decreases while the values of the out-plane stress, (Ty,), increases as the plate

thickness decreases. This increase or decrease in stresses as the plate thickness decreases are more

noticeable at the thick plate section, (o =5 to 10).
ii. CSFS plate at angle fiber orientation of 15°

From Table 4.11b, it is observed that the values of out-plane displacement, (W), and in-plane
displacement, (u and V), decrease as the thickness of the plate decreases and become more noticeable at
the thin plate section, (o = 50 to 100). Hence the out-plane displacement has more effect on thick plate

while the in-plane displacements have more effect on thin plate.

Also, the values of the in-plane stresses, (0xx, Oyy and Tyy), and out-plane stress, (T,), decrease as the
thickness of the plate decreases while the values of the out-plane stress, (Ty,), increases as the plate
thickness decreases. This increase or decrease in stresses as the plate thickness decreases are more

noticeable at the thick plate section, (o =5 to 10).
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iii. CSFS plate at angle fiber orientation of 30°

From Table 4.11c, it is observed that the values of out-plane displacement, (W), and in-plane
displacement, (u and V), decrease as the thickness of the plate decreases and become more noticeable at
the thin plate section, (a0 = 50 to 100). Thus, the out-plane displacement has more effect on thick plate

while the in-plane displacements have more effect on thin plate.

Also, the values of the in-plane stresses, (0xx, Oyy and Tyy), and out-plane stress, (T,), decrease as the
thickness of the plate decreases while the values of the out-plane stress, (Ty,), increases as the plate
thickness decreases. In-plane stress, (Tyy), increased at the thick and moderately thick plate section and

later changed trend and remained the same values at thin plate section, (o = 50 to 100). This increase or

decrease in stresses as the plate thickness decreases are more noticeable at the thick plate section.
iv. CSFS plate at angle fiber orientation of 45°

From Table 4.11d, it is observed that the values of out-plane displacement, (W), and in-plane
displacements, (U and V), decrease as the thickness of the plate decreases and become more noticeable
at the thin plate section, (o= 50 to 100). Thus, the out-plane displacement has more effect on thick plate

while the in-plane displacements have more effect on thin plate.

Also the values of the in-plane stresses, (0xx, Oyy and Tyy), and out-plane stress, (Ty,), decrease as the
thickness of the plate decreases while the values of the out-plane stress, (Ty,), increases as the plate

thickness decreases. This increase or decrease in stresses as the plate thickness decreases are more

noticeable at the thick plate section, (o =5 to 10).
V. CSFS plate at angle fiber orientation of 60°

Table 4.11e shows that the values of out-plane displacement, (W), and in-plane displacement, (i and V),
decrease as the thickness of the plate decreases and become more noticeable at the thin plate section.
Thus, the out-plane displacement has more effect on thick plate while the in-plane displacements have

more effect on thin plate.

Also, the values of the in-plane stresses, (0xx and 0yy), and out-plane stress, (Ty,), decrease as the
thickness of the plate decreases while the values of the out-plane stress, (Ty,), and in-plane stress, (Tyy),

increase as the plate thickness decreases. This increase or decrease in stresses as the plate thickness

decreases are more noticeable at the thick plate section, (o =5 to 10).
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Vi. CSFS plate at angle fiber orientation of 75°

From Table 4.11f, we observed that the values of out-plane displacement, (W), and in-plane
displacements, (U and V), decrease as the thickness of the plate decreases and become more noticeable
at the thin plate section, (a0 = 50 to 100). Thus, out-plane displacement has more effect on thick plate

while the in-plane displacements have more effect on thin plate.

Also the values of the in-plane stresses, (0 and Gyy), and out-plane stress, (Ty,), decrease as the
thickness of the plate decreases while the values of the out-plane stress, (Ty,), and in-plane stress, (Tyy),

increase as the plate thickness decreases. This increase or decrease in stresses as the plate thickness

decreases are more noticeable at the thick plate section.
vii.  CSFS plate at angle fiber orientation of 90°

Table 4.11g shows that the values of out-plane displacement, (W), and in-plane displacements, (0 and
V), decrease as the thickness of the plate decreases and become more noticeable at the thin plate section.
Thus, the out-plane displacement has more effect on thick plate while the in-plane displacements have

more effect on thin plate.

Also the values of the in-plane stresses, (Gxx and Gy, ), and out-plane stress, (Ty,), decrease as the
thickness of the plate decreases while the values of the out-plane stress, (Ty,), and in-plane stress, (Tyy),

increase as the plate thickness decreases. This increase or decrease in stresses as the plate thickness

decreases are more noticeable at the thick plate section, (o =5 to 10).

viii.  CSFS plate variation of displacements and rotation with angle fibre orientation

The values of CSFS displacements, (w, u, v), for, 0°, angle fibre orientation, p = 1, a = 5, (0.00223, -
0.03967, -0.04963) and, a = 100, (0.00079, -12.6480, -7.54799) were as given. These values at, a = 5
and o = 100, yielded differences, (w = 0.00144, u = 12.60833, v = 7.43027). It also yielded differences
of, (Ww=10.00113, u=12.18613, v = 7.24293), at 15°, and differences of, (w = 0.00074, u = 11.84305,
v =7.02667), at 30°. The differences obtained at, 45°, 60°, 75°, and 90°, are as follows; (w = 0.00055,
u=13.23054, v="7.84137), (w = 0.00061, u = 18.94172, v =11.23218), (w = 0.00127, u = 36.67579,
v = 21.76844) and (w = 0.0028, u = 62.2979, v = 36.99584) respectively. It is observed from the
differences that the values of the displacement (w) for CSFS plate boundary condition decreases as the
angle fiber orientation increases and changed trend at 60°, angle fiber orientation and started increasing

up till 90°, angle fiber orientation as shown above. While the in-plane displacements (u,v), decreases
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as the angle fiber orientation increases and changed trend at 45°, angle fiber orientation and increases

as the angle fiber orientation increases.

4.2.5.11 Numerical values of displacements and stresses for CCFS anisotropic rectangular

thick plate

The numerical values of displacements and stresses for CCFS anisotropic rectangular thick plate were
tabulated on table 4.12a, 4.12b, 4.12¢, 4.12d, 4.12¢, 4.12f and 4.12g. The angle fibre orientation used
are as follows: 0°, 15°, 30°, 45° 60°, 75° and 90° while the span to thickness ratio, o, considered are
5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100. Also, the aspect ratio, J, is taken to be one (1). The solution
can be varied for different geometric properties if the need arises, only the listed geometric properties

were considered.

i. CCFS plate at angle fiber orientation of 0°

Table 4.12a shows that the values of out-plane displacement, (W), and in-plane displacements, (U and
V), decrease as the thickness of the plate decreases. The decrease is more obvious at the thick plate
section, (o = 5 to 10). Hence, displacements have more effect on thick plate than on thin plate. Also, the
values of the in-plane stresses, (0yx and Gyy), and out-plane stress, (Gy,), decrease as the thickness of
the plate decreases while the values of the in-plane stresses, (Tyy), out-plane stress, (Ty;,), increase as
the plate thickness decreases. This increase or decrease in stresses as the plate thickness decreases are
very obvious at the thick plate section, (o = 5 to 10), but gradually decrease as the thickness of the plate

decreases. Hence, the impact from stresses are felt more on thick plate than thin plate.
ii. CCFS plate at angle fiber orientation of 15°

From Table 4.12b, the values of out-plane displacement, (W), and in-plane displacements, (U and V),
decrease as the thickness of the plate decreases. The decrease is more obvious at the thick plate section,
(o =5 to 10). Hence, displacements have more effect on thick plate than on thin plate. Also the values
of the in-plane stresses, (0xx and Gy,y), decrease as the thickness of the plate decreases while the values
of the in-plane stresses, (Tyy), and out-plane stresses, (Ty, and Ty,), increase as the plate thickness
decreases. This increase or decrease in stresses as the plate thickness decreases are very obvious at the
thick plate section, (oo = 5 to 10), but gradually decrease as the thickness of the plate decreases. Hence,

the impact from stresses are felt more on thick plate than thin plate.

iii. CCFS plate at angle fiber orientation of 30°
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Table 4.12c shows that the values of out-plane displacement, (W), and in-plane displacements, (U and
V), decrease as the thickness of the plate decreases. The decrease is more obvious at the thick plate
section, (o = 5 to 10). Hence, displacements have more effect on thick plate than on thin plate. Also, the
values of the in-plane stresses, (Gxx and Gyy), and out-plane stress, (Ty,), decrease as the thickness of
the plate decreases while the values of the in-plane stresses, (Tyy,), and out-plane stress, (Ty,), increase
as the plate thickness decreases. This increase or decrease in stresses as the plate thickness decreases
are very obvious at the thick plate section, (o = 5 to 10), but gradually decreases as the thickness of the

plate decreases. Hence, the impact from stresses are felt more on thick plate than on thin plate.

iv. CCFS plate at angle fiber orientation of 4.5°

From Table 4.12d, it is observed that the values of out-plane displacement, (W), and in-plane
displacements, (U and V), decrease as the thickness of the plate decreases. The decrease is more obvious
at the thick plate section, (o = 5 to 10). Hence, displacements have more effect on thick plate than on
thin plate. Also, the values of the in-plane stresses, (0xx and Gy ), and out-plane stress, (Ty;,), decrease
as the thickness of the plate decreases while the values of the in-plane stress, (Tyy), and out-plane stress,
(Tyz), increase as the plate thickness decreases. This increase or decrease in stresses as the plate
thickness decreases are very obvious at the thick plate section, (o= 5 to 10), but gradually decreases as
the thickness of the plate decreases. Hence, the impact from stresses are felt more on thick plate than

on thin plate.
V. CCFS plate at angle fiber orientation of 60°

Table 4.12¢ shows that the values of out-plane displacement, (W), and in-plane displacements, (U and
V), decrease as the thickness of the plate decreases. The decrease is more obvious at the thick plate
section, (o = 5 to 10). Hence, displacements have more effect on thick plate than on thin plate. Also, the
values of the in-plane stresses, (Gyxy and Gyy), and out-plane stress, (T,), decrease as the thickness of
the plate decreases while the values of the in-plane stress, (Tyy), and out-plane stress, (Ty,), increase as
the plate thickness decreases. This increase or decrease in stresses as the plate thickness decreases are
very obvious at the thick plate section, (0. =5 to 10), but gradually decreases as the thickness of the plate

decreases. Hence, the impact from stresses are felt more on thick plate than on thin plate.
Vi. CCFS plate at angle fiber orientation of 75°

From Table 4.12f, it is observed that the values of out-plane displacement, (W), and in-plane

displacements, (u and V), decrease as the thickness of the plate decreases. The decrease is more obvious
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at the thick plate section, (o = 5 to 10). Hence, displacements have more effect on thick plate than on
thin plate. Also, the values of the in-plane stress, (0,%), and out-plane stress, (Ty,), decrease as the
thickness of the plate decreases while the values of the in-plane stresses, (Gyy and Tyy), and out-plane
stress, (Ty;), increase as the plate thickness decreases. This increase or decrease in stresses as the plate
thickness decreases are very obvious at the thick plate section, (o = 5 to 10), but gradually decrease as
the thickness of the plate decreases. Hence, the impact from stresses are felt more on thick plate than

thin plate.
vi CCFS plate at angle fiber orientation of 90°

Table 4.12g shows that the values of out-plane displacement, (W), and in-plane displacements, (U and
V), decrease as the thickness of the plate decreases. The decrease is more obvious at the thick plate
section, (o = 5 to 10). Hence, displacements have more effect on thick plate than on thin plate. Also, the
values of the in-plane stress, (0xx), and out-plane stress, (Ty;), decrease as the thickness of the plate
decreases while the values of the in-plane stresses, (Gyy and Tyy), and out-plane stress, (Ty), increase
as the plate thickness decreases. This increase or decrease in stresses as the plate thickness decreases
are very obvious at the thick plate section, (a0 =5 to 10), but gradually decrease as the thickness of the

plate decreases. Hence, the impact from stresses are felt more on thick plate than thin plate.

viii.  CCFS plate variation of displacements and rotation with angle fibre orientation

The values of CCFS displacements, (w, u, v), for, 0%, angle fibre orientation, B = 1, a =5, (0.00159, -
0.00652, -0.03598) and, a = 100, (0.00033, -1.62399, -3.11555) were as given. These values at, a = 5
and a = 100, yielded differences, (w = 0.00126, u = 1.61747, v = 3.07957). It also yielded differences
of, (w = 0.0012, u = 1.51135, v = 2.8695), at 15°, and differences of, (w = 0.00117, u = 1.65305, v =
3.12225), at 30°. The differences obtained at, 45°, 60°, 75°, and 90°, are as follows; (w = 0.00106, u
= 2.21085, v = 4.17244), (w = 0.00091, u = 3.79294, v = 7.18502), (w = 0.00114, u = 8.4062, v =
15.96096) and (w = 0.00179, u = 14.61303, v = 27.76374) respectively. It is observed from the
differences that the values of the displacement (w) for CCFS plate boundary condition decreases as the
angle fiber orientation increases and changed trend at 75°, angle fiber orientation and started increasing
up till 90°, angle fiber orientation as shown above. While the in-plane displacements (u,v), increases as

the angle fiber orientation increases from 0°, to 90°, angle fiber orientation.
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4.2.5.12 Numerical values of displacements and stresses for SCFC anisotropic rectangular thick

plate

The numerical values of displacements and stresses for SCFC anisotropic rectangular thick plate were
presented on table 4.13a, 4.13b, 4.13c, 4.13d, 4.13e, 4.13f and 4.13g. The angle fibre orientations used
are as follows: 0°, 15°, 30°, 45° 60°, 75° and 90° while the span to thickness ratio, a, considered are
5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100. Also, the aspect ratio, B, is taken to be one and half (1.5).
Although the solution can be varied for different geometric parameters if the need arises, only the listed
geometric parameters were considered. The SCFC plate yielded zero for in-plane displacement (u) and
out-plane stress (T,,) due to the two clamped edges which do not rotate, deflect or exert moments when
analysed at the mid-span points on the plate. However, the plate was analysed at various points, X or y

=0.2 and x or y = 0.5, to obtain the maximum value for displacements and stresses (see section 3.7).
i. SCFC plate at angle fiber orientation of 0°

From Table 4.13a, it is observed that the values of displacements, (W, U, V), and the in-plane stress,
(Txy), decrease as the thickness of the plate decreases while the in-plane stresses, (Gyy, Oyy), and the

out-plane stresses, (Ty;, Tyx;), increase as the thickness of the plate decreases. However, the out-plane

displacement, (W), and stresses, (Oyy, Oyy, Txy> Txz» Tyz), Showed a very unique sequence between
preceding values starting from moderate thick plate zone, (o = 20 to 40), the increase or decrease
between two successive preceding values, becomes very small and even diminishes to infinitesimal
difference at the thin plate zone (a = 50 to 100). The decrease or the increase of the displacements and
stresses have a wider margin between the preceding values at the thick plate zone, (o = 5 to 10), but
gradually diminishes towards moderate thick and thin plate zone, (o = 20 to 100). The values obtained
for displacements, (W, U, V), and stresses, (Gxx, Oyy, Txys Txz> Lyz), at the minimum span to thickness
ratio of (5) are, (0.00020, -0.00257, -0.00509) and (-0.00045, -0.00003, 0.00063, 0.00786, 0.00007)
while at the maximum span to thickness ratio of (100), it yield, (0.00004, -0.61655, -0.41451) and (-

0.00026, -0.00001 -0.00019, 0.00816, 0.00009).
ii. SCFC plate at angle fiber orientation of 15°

From Table 4.13b, the values of displacements, (W, U, V), and the stresses, (Tyy, Tx,), decrease as the
thickness of the plate decreases while the in-plane stresses, (Oxy, Oyy), and the out-plane stress, (Ty,),
increase as the thickness of the plate decreases. However, the out-plane displacement, (W), and stresses,

(Oyy» Oyy> Txy> Txz> Tyz), showed a very unique sequence between preceding values starting from thin
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plate zone, (o = 50 to 100). The increase or decrease between two successive preceding values, becomes
very small and even in some cases diminishes to infinitesimal difference. Also, the decrease or the
increase of the displacements and stresses have a wider margin between the preceding values at the
thick plate zone, (o = 5 to 10), but gradually diminishes towards moderate thick and thin plate zone, (o

=20 to 100). The values obtained for displacements, (W, U, V), and stresses, (Oxx, Oyy, Txy»> Txz> Tyz)s
at the minimum span to thickness ratio of (5) are, (0.00023, -0.00267, -0.00526) and (-0.00525, -
0.00045, 0.00267, 0.00912, 0.00034) while at the maximum span to thickness ratio of (100), it yield,
(0.00004, -0.62258, -0.41698) and (-0.00166, -0.00014, 0.00082, 0.00803, 0.00098).

iii. SCFC plate at angle fiber orientation of 30°

From Table 4.13c, it is observed that the values of displacements, (W, U, V), and the stresses, (Txy, Txz),
decrease as the thickness of the plate decreases while the in-plane stresses, (Oyy, 0yy), and the out-plane

stress, (Ty,), increase as the thickness of the plate decreases. However, the out-plane displacement, (W),

and stresses, (Oyy, Oyy, Txy» Txz, Lyz), Showed a very unique sequence between preceding values starting
from thin plate zone, (o= 50 to 100). The increase or decrease between two successive preceding values,
becomes very small and even in some cases diminishes to infinitesimal difference. Also, the decrease
or the increase of the displacements and stresses have a wider margin between the preceding values at

the thick plate zone, (o = 5 to 10), but gradually diminishes towards moderate thick and thin plate zone

at the minimum span to thickness ratio of (5) are, (0.00034, -0.00361, -0.00858) and (-0.01101, -
0.00380, 0.01025, 0.01429, 0.00011) while at the maximum span to thickness ratio of (100), it yield,
(0.00005, -0.77304, -0.51522) and (-0.00268, -0.00092, 0.00245, 0.00801, 0.00222).

iv. SCFC plate at angle fiber orientation of 45°

Table 4.13d, shows that the values of displacements, (W, U, V), and the stresses, (Tyy, Ty,), decrease as
the thickness of the plate decreases while the in-plane stresses, (04, Oyy), and the out-plane stress, (Ty,),

increase as the thickness of the plate decreases. However, the out-plane displacement, (W), and stresses,

(Gyy> Oyy» Txy> Txz»> Tyz), showed a very unique sequence between preceding values starting from thin
plate zone, (o = 50 to 100). The increase or decrease between two successive preceding values, becomes
very small and even in some cases diminishes to infinitesimal difference. Also, the decrease or the
increase of the displacements and stresses have a wider margin between the preceding values at the
thick plate zone, (o = 5 to 10), but gradually diminishes towards moderate thick and thin plate zone (o

=30 to 100). The values obtained for displacements, (W, U, V), and stresses, (Gxx, Oyy, Txy> Txz> Tyz)s
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at the minimum span to thickness ratio of (5) are, (0.00049, -0.00553, -0.01204) and (-0.01223, -
0.01225, 0.01909, 0.02007, 0.00034) while at the maximum span to thickness ratio of (100), it yield,
(0.00008, -1.20523, -0.80088) and (-0.00317, -0.00316, 0.00490, 0.00805, 0.00371).

\A SCFC plate at angle fiber orientation of 60°

From Table 4.13e, it is observed that the values of displacements, (W, U, V), and the stresses, (Tyy, Txy),
decrease as the thickness of the plate decreases while the in-plane stresses, (Oyy, Oyy), and the out-plane

stress, (Ty,), increase as the thickness of the plate decreases. However, the out-plane displacement, (W),

and stresses, (Oyy, Oyy, Txy» Txz» Lyz)> Showed a very unique sequence between preceding values starting
from thin plate zone, (o= 50 to 100). The increase or decrease between two successive preceding values,
becomes very small and even in some cases diminishes to infinitesimal difference. Also, the decrease
or the increase of the displacements and stresses have a wider margin between the preceding values at
the thick plate zone, (o =5 to 10), but gradually diminishes towards moderate thick and thin plate zone,
at the minimum span to thickness ratio of (5) are, (0.00048, -0.00892, -0.00853) and (-0.0507, -0.01466,
0.01359, 0.01429, 0.00226) while at the maximum span to thickness ratio of (100), it yield, (0.00016, -
2.42202, -1.60938) and (-0.00283, -0.00815, 0.00756, 0.00805, 0.00533).

vi. SCFC plate at angle fiber orientation of 75°

From Table 4.13f, the values of displacements, (W, U, V), and the stresses, (Oyy, Tx,), decrease as the

thickness of the plate decreases while the in-plane stresses, (Oyy, Txy), and the out-plane stress, (Ty,),

increase as the thickness of the plate decreases. However, the out-plane displacement, (W), and stresses,
(Gyy> Oyy» Txy> Txz»> Tyz), showed a very unique sequence between preceding values starting from thin
plate zone, (=50 to 100). The increase or decrease between two successive preceding values, becomes
very small and even in some cases diminishes to infinitesimal difference. Also, the decrease or the
increase of the displacements and stresses have a wider margin between the preceding values at the
thick plate zone, (o =5 to 10), but gradually diminishes towards moderate thick and thin plate zone (o
=30 to 100). The values obtained for displacements, (W, U, V), and stresses, (Gxx, Oyy, Txy> Txz> Tyz)s
at the minimum span to thickness ratio of (5) are, (0.00063, -0.01819, -0.00923) and (-0.00141, -
0.01572, 0.00805, 0.00898, 0.00413) while at the maximum span to thickness ratio of (100), it yield,
(0.00039, -5.99434, -3.98867) and (-0.00132, -0.01481, 0.00756, 0.00753, 0.00654). Note that for in-

plane stress, 0y, the values increased from -0.00141 to -0.00131 and maintained same value till span

to thickness ratio of (80) before it decreased to -0.00132 while in-plane stress, Gy, increased from -
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0.01572 to -0.01467 and started to decrease. Hence these increase and decrease of displacements and
stresses can be explained from the principles of anisotropy which implies different properties in

different direction.
vii.  SCFC plate at angle fiber orientation of 90°

From Table 4.13g, it is observed that the values of displacements, (W, U, V), and the stresses, (Gyy, Ty,),
decrease as the thickness of the plate decreases while the in-plane stresses, (0yy, Txy), and the out-plane

stress, (Ty,), increase as the thickness of the plate decreases. However, the out-plane displacement, (W),

and stresses, (Oyy, Oyy, Txy» Txz» Lyz)> Showed a very unique sequence between preceding values starting
from thin plate zone, (o= 50 to 100). The increase or decrease between two successive preceding values,
becomes very small and even in some cases diminishes to infinitesimal difference. Also, the decrease
or the increase of the displacements and stresses have a wider margin between the preceding values at
the thick plate zone, (o = 5 to 10) but gradually diminishes towards moderate thick and thin plate zone
at the minimum span to thickness ratio of (5) are, (0.00087, -0.02882, -0.01440) and (-0.00021, -
0.00169, 0.00310, 0.00688, 0.00477), while at the maximum span to thickness ratio of (100), it yield,
(0.00068, -10.41331, -6.93399) and (-0.00020, -0.00202, 0.00320, 0.00649, 0.00666).

viii. SCFC plate variation of displacements and rotation with angle fibre orientation

The values of SCFC displacements, (w, u, v), for, 0°, angle fibre orientation, B = 1, a = 5, (0.00020, -
0.00257, -0.00509) and, a. = 100, (0.00004, -0.61655, -0.41451) were as given. These values at, o = 5
and a = 100, yielded differences, (w = 0.00016, u = 0.61398, v = 0.40942). It also yielded differences
of, (w =0.00019, u = 0.61991, v = 0.41172), at 15°, and differences of, (w = 0.00029, u = 0.76943, v
=0.50664), at 30°. The differences obtained at, 45°, 60°, 75° and 90°, are as follows; (w = 0.00041,
u=1.1997, v = 0.78884), (w = 0.00032, u = 2.4131, v = 1.60085), (w = 0.00024, u = 5.97615, v =
3.97944) and (w = 0.00019, u=10.38449, v =6.91959) respectively. It is observed from the differences
that the values of the displacement (w) for SCFC plate boundary condition increases as the angle fiber
orientation increases and changed trend at 60°, angle fiber orientation and started decreasing up till 90°,
angle fiber orientation as shown above. While the in-plane displacements (u,v) kept increasing from 0°,

angle fiber orientation till 90°, angle fiber orientation as shown.
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4.3 Numerical problems comparisons

In this section, the present study results were compared with the existing literature results obtained by
some other scholars by calculating the percentage difference between the present study and the existing

literature results by the scholar.

The percentage difference is calculated as follows:

present study value—previo author value

% difference = ( )X 100%

present study value

Table 4.14 shows a comparison of present study results with that of Atashipour et al. (2017).The values
of out displacement (W), from present study were compared with that of Atashipour et al. (2017) at

aspect ratio of one (1) as shown:

Table 4.14:  Comparison of results of non-dimensional deflection, w, from present study with that of
Atashipour et al.(2017) for rectangular anisotropic plate at 0° angle fiber orientation.

And aspect ratio of 1 (b/a=1)

a/t | Author w
10 | Atashipour et.al.(2017) 0.9520
Present study 1.0051
%difference 5.28%
20 | Atashipour et.al.(2017) 0.7262
Present study 0.7749
%difference 6.28%
100 | Atashipour et.al.(2017) 0.6528
Present study 0.6981
%difference 6.49%

From Table 4.14, it is observed that, present study deflections (w), have considerable similarity with
the deflections obtained by Atashipour et al. (2017) in their single layer orthotropic square plate
solutions with percentage differences of 5.28%, 6.28% and 6.49% at span to thickness ratios (a/t) of 10,
20 and 100 and aspect ratio of, 1, respectively. The following factors may have contributed to the mild

differences between the present study results and that of Atashipour et al. (2017):

1. Atashipour et al. applied Levy type solution in Fourier differential quadrature while present

study used Ritz energy method through exact approach.
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ii. Atashipour et al. employed modification factor of 5/6 while present study does not require
modification factor.

1ii. Atashipour et al. adopted first order shear deformation theory while present study adopted
third order shear deformation theory.

iv. Atashipour et al. employed assumed displacement functions while present study used exact

displacement functions.

Table 4.15 show a comparison of present study non-dimensional out-plane displacement (W) and in-
plane stresses (Oxx and Gyy) of simply supported orthotropic rectangular plate under uniformly
distributed transverse load with that of Shimpi and Patel (2006). The plate aspect ratio a/b = 0.5 i.e. b/a
= 2 and thickness to span ratio is t/a = 0.1 i.e a/t = 10 and all other conversions were explained in Table

3.1. The boundary conditions are as stated in section 3.6.
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Table 4.15:  Comparison of present study non-dimensional out-plane displacement (W) and in-plane
stresses (0xx and Gy,) of simply supported orthotropic rectangular plate under uniformly
distributed transverse load with that of Shimpi and Patel (2006)

Plate dimensional parameters w,atx=2a/2,y=b/2,z=1/2
Present study Shimpi & Patel | % difference
(2006)

b/a a/t

2.0 20.0 22034 21542 2.22%
10.0 1451.90 1408.5 2.98%
7.14286 402.76 387.23 3.86%

1.0 20.0 10,382 10443 0.59%
10.0 678.57 688.57 1.47%
7.14286 186.05 191.07 2.70%

0.5 20.0 2054.06 2048.7 0.26%
10.0 139.46 139.08 0.27%
7.14286 39.86 39.79 0.18%

Oxx, atx=2a/2,y=b/2,z2=1/2

2.0 20.0 262.05 262.67 0.24%
10.0 65.89 65.975 0.13%
7.14286 33.863 33.862 0.003%

1.0 20.0 143.425 144.31 0.62%
10.0 35.59 36.021 1.20%
7.14286 18.002 18.346 1.91%
Gyy,atx=a/2, y=b/2,z=12

1.0 20.0 88.24 87.08 1.31%
10.0 21.997 22.21 0.97%
7.14286 11.178 11.615 3.91%

Nondimensional out-plane displacement (W) and in-plane stresses (0xx and Gy,) of simply supported
orthotropic rectangular plate under uniformly distributed transverse load were analyzed through exact
approach by applying Ritz energy method using polynomial shear deformation functions. The results
were presented in Table 4.15. The table also present results obtained by Shimpi and Patel (2006) using
refined plate theory. This refined plate theory results by Shimpi and Patel (2006) were used as basis for

comparison of the results obtained in the present study.

The present study exact approach results for out-plane displacement converged well with the results

obtained by Shimpi and Patel (2006) with maximum percentage difference being 3.86% for rectangular
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plate of width/length ratio (b/a = 2), span/thickness ratios (a/t = 7.14286). The minimum percentage
difference (0.18%) occurred in the rectangular plate of width/length ratio (b/a = 0.5), span/thickness
ratios (a/t = 7.14286). The average percentage difference for the three plates out-plane displacements
with three span to thickness ratios each is 1.614%. This serves as a complimentary result to the earlier
submission that the obtained orthotropic thick plate out-plane displacement shows good accuracy with
that of Shimpi and patel (2006). From Table 4.15, it can be stated that the lesser the aspect ratio the

better the out-plane displacement results.

Table 4.15 also shows the comparison of present study results with that of Shimpi and Patel (2006) for
non-dimensional in-plane stress (Oyy) of simply-supported orthotropic rectangular plate under
uniformly distributed transverse load. The results shows high level of convergence with very low
percentage difference for rectangular plate with aspect ratio 2 (b/a = 2) and span to thickness ratios (a/t
=20, 10 and 7.14286). The percentage differences obtained for these aspect ratio and span to thickness
ratios are; 0.24%, 0.13% and 0.003%. Square plate also showed high level of convergence with low
percentage differences of 0.62, 1.20% and 1.91% for span to thickness ratios (a/t =20, 10 and 7.14286).
From the result of Table 4.15, it is observed that for in-plane stress (04y), the higher the aspect ratio
(b/a) the better the results.

Presented on Table 4.15 is the values of non-dimensional in-plane stress (Gy,) of simply-supported
orthotropic rectangular plate under uniformly distributed transverse load as obtained by present study
and Shimpi and Patel (2006). The present study results were compared with the results obtained by
Shimpi and Patel (2006) and it shows lower percentage differences for the square plate at a/t = 20, 10
and 7.14286 with percentage differences of 1.32%, 0.97% and 3.91%. It is observed from Table 4.15
that, the present study results converges very well with those from Shimpi and Patel when solving in-

plane stress (Gyy) for square plate.

Table 4.16 shows a comparison of present study non-dimensional out-plane stress (Ty,) of simply
supported orthotropic rectangular plate under uniformly distributed transverse load with those from
Srinivas et al. (1970), Reddy (1984), Reissner (1945) and Shimpi and Patel (2006).The span (a) to span
(b) ratio a/b = 0.5 i.e. b/a = 2 and thickness to span ratio t/a = 0.1 i.e a/t = 10 and all other conversions

were explained in Table 3.1. The boundary conditions are as stated in section 3.6.
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Table 4.16: Comparison of present study non-dimensional out-plane stress (Ty,) of simply-supported
orthotropic rectangular plate under uniformly distributed transverse load with those from Srinivas

(1970), Reddy (1984), Reissner (1945) and Shimpi and Patel (2006)

Plate dimensional | T,, ,atx=a/2,y=b/2,z=1t/2
parameters Present study Srinivas et al. (1970) % difference
b/a a/t
2.0 20.0 13.635 14.048 3.03%
10.0 6.8082 6.9266 1.74%
7.14286 4.8544 4.8782 0.49%
Plate dimensional | T,, ,atx=a/2,y=b/2,z=1t/2
parameters Present study Reddy (1984) % difference
b/a a/t
2.0 20.0 13.635 13.98 2.53%
10.0 6.8082 6.958 2.20%
7.14286 4.8544 4.944 1.85%
Plate dimensional | Ty, ,atx=a/2,y=b/2,z=1t/2
parameters Present study Reissner (1945) % difference
b/a a/t
2.0 20.0 13.635 14.114 3.51%
10.0 6.8082 7.0611 3.71%
7.14286 4.8544 5.0445 3.92%
Plate dimensional | Ty, ,atx=a/2,y=b/2,z=1t/2
parameters Present study Shimpi & Patel (2006) | % difference
b/a a/t
2.0 20.0 13.635 14.03 2.89%
10.0 6.8082 6.78 0.41%
7.14286 4.8544 4.70 3.18%

Table 4.16 shows the results comparison for out-plane stress (Ty,) of simply-supported orthotropic
rectangular plate under uniformly distributed transverse load as obtained by various authors with various
theories. Srinivas et al. (1970) used exact theory, Reddy (1984) used higher order shear deformation
plate theory, Reissner (1945) used first order shear deformation plate theory while Shimpi and Patel
(2006) used refined plate theory. It is interesting to note that all the methods presented in Table 4.16
with exception to present study solution are either moments or stress based approach or both. Also the
shear deformation function they applied were different from the shear deformation function of the

present study. Their shear deformation functions are stated herein: Srinivas et al. (1970) and Shimpi and
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Patel (2006) used f(z) = [1 (¢)-2 (f)3 ] Reddy (1984) applied f;(z) = —Coz — C32% and f,(2) =

4\t 3\t

3 . __z|n? z? . . 4[z]?
—C,z — C3z°, Reissner (1945) used f(z) = 5 lT — ?J while present study used f(z) =z (1 — 3 H

as shear deformation function. All the solutions yielded close values for stress T, even with different
shear deformation functions. The work by Srinivas et al. presented the lowest percentage differences
when compared with the present study with percentage differences of, 3.03%, 1.74% and 0.49%, (b/a
=2) for a/t = 20, 10 and 7.14286 respectively while the solution from Reissner had highest percentage
difference on comparing with the present study with differences of 3.51%, 3.71% and 3.92% for the
same respective geometric properties. However, other solutions gave values that are still below 3.2%
percentage difference which also is a prove of good agreement between them and present study. Reddy
percentage differences with present study are 2.53%, 2.20% and 1.85% while Shimpi and Patel results
yielded 2.89%, 0.41% and 3.18% respectively. The rectangular plate considered has the following
geometric parameters; b/a =2, a/t =20, 10 and 7.14286 for all the authors considered on Table 4.16.
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
5.1 CONCLUSIONS

The study presents a solution for the analysis of thick rectangular anisotropic plates based on third order
shear deformation theory and assumptions. Ritz energy method was employed for the analysis. The
solution derived the general orthogonal polynomial displacement functions for a rectangular plate from
the governing equation of equilibrium and compatibility equations of a rectangular thick anisotropic
plate based on third order shear deformation theory. The shear deformation function used was
determined from the first principle. Deflection at the center of the anisotropic rectangular plate was
determined for various angles fiber orientation (0°, 15°, 30°, 45°, 60°, 75° and 90°), various span to
thickness ratios, o (5, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100) and for all the twelve boundary
conditions illustrated in figure 1.4, namely: SSSS, CCCC, CCSS, CSCS, CCCS, CSSS, SSFS, CCFC,
CSFS, SCFS, SCFC and CCFS. In-plane displacements (u and v), in-plane stresses (ox, oy and Txy) and
out-plane stresses (Tx; and ty,) were also determined for the same angles of orientation of fibers, span-
depth-ratios and boundary conditions as applied to central deflection. Finally, a functional excel

worksheet program was developed for easy analysis of thick anisotropic plates.

The total potential energy functional developed for the rectangular thick anisotropic plate using third
order shear deformation theory, the formulated governing equation of equilibrium and the compatibility
equations of anisotropic plate, the stiffness coefficients, the orthogonal polynomial shear deformation
and the exact displacement functions developed in this work can be used to provide satisfactory solution

to anisotropic thick rectangular plate problems.

5.2 RECOMMENDATIONS

This research work used third order shear deformation theory to analyze thick anisotropic

rectangular plate through exact approach with twelve boundary conditions. Thus; it is recommended

that:

1. The method shall be used when analyzing thick anisotropic rectangular plate due to it
suitability and versatility.

ii. Further studies shall use exact approach in third order shear deformation theory in solving

other related anisotropic plate problems like thin laminated anisotropic plate, thin layered
anisotropic plate and laminated functionally graded anisotropic plate.
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iil.

iv.

5.3

Further studies shall use exact approach in third order shear deformation theory in other
methods than the Ritz energy method, such as in the Galerkin method, the Kantorovich
method, the Trefftz method and the method of least squares.

Further studies shall use exact solution in third order shear deformation theory to analyze

thick anisotropic non-rectangular plate problems.

Further studies shall use exact approach in third order shear deformation theory to solve

thick anisotropic plate with different laminars.

CONTRIBUTIONS TO KNOWLEDGE

This research work, “Analysis of thick anisotropic plate through exact approach using third order

shear deformation theory” has made the following contribution to knowledge:

il.

1il.

q

The exact displacement functions derived from the total potential energy functional of thick
anisotropic plate using third order polynomial shear deformation can be easily employed to
solve anisotropic thick rectangular plate. This has been very difficult using trigonometric

shape function.

The solution developed the following displacement equations (Equations 4.5, 4.6 and 4.7)

for easy calculation of displacement values.

a. Wio—t— 12[1 uxyuyx]( )h— 4.5
b. u%. (g)2 = 12[1 — iy hyx] [PZ ~%p 52— 1] .S. (l’z—:) o= 46
c. v%(i)z = 121 = pyy by [ Ps —-P352—1] s ("‘8) Zg =7 4.7

The solution developed the following stress equations (Equations 4.8, 4.9, 4.10, 4.11 and

4.12) which can easily be used to calculate the numerical values for stresses.

(&)2 =125 (£2). (Byy . [P, —2P,57 -1 |50+ 2. [ —2ps2-1 |. Z%Z#
_ 4 2 4 2 0%h _ =
[Pz + Py = 2P,S% —2P;S 2] aRaQ) Gr 48
(£)2 ~ 125 (:—:).(321 [P, —2ps2—1].20+ % [P, —2ps2 -1 ];’%‘;+
[P+ Py —2p,5% — 252 — 2] afahQ) = 5, 4.9
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e.

iv.

TR—Q(%)Z =125.(2). (Bsy . [P~ 2P,57 — 1 | ThiBz [p-ips2-1 |20y

q "9R2 B2 2Q?
%.[P2+P3—§P252—§P352—2].%)=fRQ 410
() =12 (%)2 Bua(P, — 4559, (12) .55 = Tas 4.11
(9= 2 - s -

This method of orthogonal polynomial displacement functions through exact approach

contributes in addressing the inadequacy of literature in this field.
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APPENDIX A

Example problem of typical anisotropic rectangular thick plate (SSSS boundary condition)

Analyze an orthotropic thick square SSSS plate with the following information:
E1=25; E2=1; G12 = 0.5; G13 = 0.5; G23 = 0.2, p12 = 0.25 (from section 3.6).
Solution

h=(R—-2R®*+R")(Q —2Q3+Q"Y Al
H=S—§S3 A2
E = E, =1 A3
92 :gi 93 :%294 = 6.4; U21:H2:E_ju12:0'01; Al

Ei . =E; andd11=i—?=%=25 A5

E12:E2.ﬂ12 andd12=%:%:&125:025 A6

Ez; _ Ep.iz; _ 25%0.01
E,b, 1 E

E21 = El Uzq and d21 = = 025 A7
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E, 1

Ess = Gio(1 = pighpr)  and dy; = 222 = S2Cbuebon) _ S9C39000 - 049875 A9
Epp = Gis(1 — ipityy) and dy, = EEL: = Gttty  0XUZ029000 — 049875 A10
Ess = Go3(1 = pighn:) and dsg = 222 = Zaltuzkey)  0BQG9000 — 01995 A1l
Constitutive relations
Angle of orientation 6 = 0°
By; = m*dy; + 2m?n?(dy, + 2d33) + ndy, = 25 A12
By, =di,(n* + m*) + m?n?(dy; + dyy —4d33) = 0.25 A13
Bz = m®n(dyy — dyp — 2dg3) + mn3(dy, — dyy + 2d33) = 0 Al4
By, = n*dy; +2m2n?(dy, + 2d33) + mtd,, = 1 A15
By3; = mn3dy; — m3nd,, + (m3n — mn3)(dy, + 2d53) =0 Al6
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B33 = mznz(dll - 2d12 + d22 - 2d33) + d33 (m4 + n4) = 0.49875 Al17

BZl = BlZ' B31 = B13 and B32 = Bz3 A18
By, = d,, = 0.49875 A19
B55 = d55 = 01995 A20

k, = 0.236190476; k, = 0.235918; ks = 0.236190476;k, = 0;ks = 0;k, = 0.0239%;k, =
0.0239; kg = 0.04 A21

For square plate, =1,a/t=5,6 =0°

2
Lyy = gsByiky + %931{2 +2 3;3931«4 +Bus-(3) -gsks = 5807476009 A22
Li, = (Bip + By3) 2k, + Bl3g3k4 ﬁ: gsks = 0.11439794 A23

L13 = (B11 + 0.5B12)g2k1 + (05B12 + B33) k2 + 3 B ngAI- + %g2k5 = 4865151837 A24

Ly = (B + ng)% + Egglu + %gng — 0.11439794 A25
_B B B 2
Lop = 22 gsks + 272 goks + 22 g3k, + 22 (3) . gak; = 0992058322 A26

L,3 = (0.5B;, + }333)%/&2 + (0.5B;, + B,, %1% + ’91392/!(,4 +3% e 228 0o ks = 0.330294694 A27
Ls; = (By; + 0.5B15)g,k; + (0.5B, + Bas %kz + 3'91392/!(,4 ﬁ: goks = 4865151837 A28

Ls, = (0.5B,, + 833) 2k, + (0.5B;, + Bzz) 2 ey + Bl3gzk4 +3% S gzks = 0330294694 A29

p, = Lizdzstluslaa) 833073427 A30
(L122-L11Lzz)
p, = Gizbutiulzs)  _ (936873987 A31
(L122-L11Ly7)
le = [B11 - B11g2P2 - O-SBlngPZ]kl = 1.94‘9805316 A32
kTZ = 2[))2 (2B33 + Blz)[4 gZPZ g2P3]k2 = 0462658623 A33
kT3 - % [BZZ - B2292P3 - 0.5B12g2P3]k3 - 0.185837834‘ A34‘
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B
kry = f[‘l' — 392P, — 92P3]ky = 0
krs = = .[4— g,P, — 39:P3]ks = 0

1
kT = [By1 — B1192P> — 0.5B129,P, 1k + _2(2333 + B2l

B4
le + kTZ + kT3 + kT4- + kT5 = 2.598301773
4 4
A = (ﬁ)% = 0.015394671.3%
kT Do DO
Kg oh qa® qa®
0= (2 ) SR e- = 0004007778 %
_ (ka\Ps oh aa® aa®
o, = (kT) o 0.001139562 .-
_ 4
w= (ﬁ)hw = 0.017995528. 3%
kr Eot Eot
Where D, = Eot?

12[1_nyl»lyx]

u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (,’i—i) %g—j

4 — g,P, — g,Pslk; +

[Bzz B292P; — 0.5B1,9,P;]k;3 + 2 [4 —392P, — g2Ps]ks + Pas [4 — g2P> — 392Ps]ks

'83

3
= —0.320045223 . 2=

v =12[1 gy (2) [~ 2Rs2 -1, = (52) o= = 0606149857 . 2%
or = 12gS. (%)2 (2)-(Bu- [P —3Ps? -1 |2+ 22 [ -ims? -1 ]%
22 [P, + Py —IRS2 —2Ps? - 2. o) = 0.980772095 '::tz

0q =1205.(2) (). (Bar [ - 2rs? =1 | S+ 22 [p—2pst -1 |28
%2 [p, 4+ —2P,52 ~1Pys2 -2 ) = 0036454463 2%
Tmz:l”ﬁ(ff(h)(Bm [P, —2ps2—1 |25+ 52 [P —2pis2 -1 | S0+

333 _4 2 _4 2 _ 0“h _ qaz

; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.059276485 1%
3 kg\ 6h

s = 12q (%) B, (P, —413252).(@.52 = 059966385 . 1

Tgs = 12q() 255 (P, — 4P,52). (2 ) % = 0.06820276 .2

A35

A36

A37

A38

A39

A40

A41

A42

A43

Ad4

A45

A46

A47

A48

A49
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For square plate,  =1,a/t=10,06 =0°

Lyy = gsByiky + BZ Bss gk, + 2282 222 gakes + Baa. (2 )2.g4.k6 = 11.52919029 A50
Ly, = (Byy + Bas ﬁkz Bis —2gsky + ‘;2; gsks = 0.11439794 A51
Lis = (Byy + 0.5B15)g2ky + (0.5B1z +Baz) 2k, + 38 2 gaky + ﬁ3 Bes g ke = 4865151837 A52
Ly, = (By, + B33)g—§. B;3g3k4 ‘;2; gsks = 0.11439794 A53
Ly, = }j;j gaks + 2‘;?; gaks + 7;23 gk, + %. (%)2 .gsk, = 3280744036 A54
Lys = (0.5B; + Baz) 2 92 1, + (0.5B;5 + Byy) gj B;3gzk4 + 3%921{5 = 0.330294694 A55

Ls, = (0.5By, + B33)%k2 + (0.5B,, + BZZ)% B;3gzk4 + 3%921{5 = 0.330294694 A57

P, = % = 0.421132308 A58

P, = “(ngjﬁ = 0.085992087 A59
kri = [Bys — B11goP, — 0.5B1,9,P, ]k, = 3.905466353 A60
Ky = Zﬁz (2Bss + By,)[4 — g,P, — goPs]k, = 0.528915987 A61
ks = %[B22 — ByygyPs — 0.5B1,9,Ps]ks = 0.217911015 A62
kro= Z2[4-30:% —goPlky = 0 A63
krs = % [4—g,P, —3g.P3]ks = 0 Ab4

1

kr = [By1 — B1192P, — 0.5B1,9,P ks + 252 (2B33 + By12)[4 — 2P, — g2Ps]k; +

1 B B

Iz [B22 — By292P3 — 0.5B1,9,P3 k3 +—= == [4 —39,P, — g2Ps]ky + = .[4- 92P2 — 3g,P3lks =

le + kTZ + kT3 + kT4- + kT5 = 4‘.652293355 A65
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0.00859791. 9%
Do

kr/) Do
b= () P52 = 0001131518 &=
o, = ()25 9= = 0000231048 %=
w= (f2)n ZEoemadd® g 10050487, 22
u = 12[1 = pyy by (%)2 [Pz —; PRS- 1] 5 (Z—i) %Z—: = —1.156602175. 3::

v =12[1 — ] (3) [P~ 252 1. = (52) 22 = 1515889891 2%

2 (g B 8%h
or = 125. (%) (—8) . (B11 [Pz —2Ps? -1 ] Tt [P3 —IPS? -1 ]6—Q2 +
% _ 4 2 _ 4 2 _ 0<h _ qa
; [PZ +P; —2P,5%? —2P.S 2] aRaQ) = 0.881023364 .1
2k B 82h
oq = 12gS. (5) (—8).(B21 [PZ —2P,S% -1 ] = +£ [P3 —2ps? -1 ].a—Qz+
% _4 2 _4 2 _ 0%h _ qaz
: [Pz +P; —3P,S? —2P,S 2] aRaQ) = 0025987129 . 3%
2 2
— a _%pc2_ 9%h | Bz _%poc2_ 3%n
Trq = 125.(%) (kT) (Bay. [P —3Ps2—1 ] Et P =5ps2 -1 ]-an +
333 _4 2 _ 2 2 _ d<h _ qa2
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.042759873 . £
3
s = 12q (%) B, (P, —413252).(1‘:—:).2—12 = 0677213546 2%
Bss _ 2 oh  _ 9a
Tos = 12q ) (P, — 4P;52). (12 ) S = 0055312789, %
For square plate,  =1,a/t=20,06 =0°
Bs3 B13 a)?
L11 = g3B11k1 + Fg3k2 + 2?93](4 + B44. (_) -94-k6 = 34.4160474‘4‘
B
L1, = (Byz + B33) Lk, + ;3g3k4 e 2aks = 0.11439794
L13 = (Bll + 0.5B12)g2k1 + (05B12 + B33) kz + 3 B';S ng4 + %gzks = 4865151837

Ly; = (Byz + B33)%

ﬁ —=g3ks + ﬁg 2 gsks = 0.11439794

A66

A67

A68

A69

A70

A71

A72

A73

A74

A75

A76

A77
A78

A79

A80
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B
3242 g3

a

B33 Bss 2
ks + 2522 22 gaks + 22 gsky + (%) .94k, =124354868

L22

B
Lys = (0.5B;, + }333)%/&2 +(0.5B;, + B,, %1% + 13g2k4 435 e 2 g ks =

Bi3

L3; = (By; + 0.5By3) g2k, + (0.5B;;, + B33)%k2 +3— F; —=92ks +

L3, = (0.5B;, + B33) 2k, + (0.5By, + Bzz) ~ks + Bl3gzk4 +3 23gzks

(L12.L3—L13.L22)

9 A81

= 0.330294694 A82

%2 goks = 4865151837 A83

= 0.330294694 A84

P, = > = 0.141278921 A85
(L122-L11Lz7)
p, = Lazlaa—lualzs) 0.025260987 A86
(L12%-L11L27)
le = [Bll - Bllgzpz - 0'5B12g2P2]k1 = 5234050321 A87
kTZ = 2ﬂ2 (2B33 + Blz)[4‘ gZPZ gzp3]k2 = 0.569010705 A88
kT3 = % [BZZ - B22g2P3 - 0.5B1292P3]k3 = 0230820712 A89
B
kry = f[‘l' —392P, — 92P3]ky = 0 A90
krs = BZS [4 — g,P, — 3g,P3]ks = 0 A91
kr = [B11 — B1192P, — 0.5B1,9,P ks + 2[32 — (2B33 + B12)[4 — 92P, — g2 Pk, +
1
Iz [B2z — B22g2P3 — 0.5B1,9,P3]ks + [4 —392P, — g2Ps]ks + £ [4 — g2P, — 3g,Ps]ks =
le + kTZ + kT3 + kT4- + kT5 = 6033881738 A92
4 4
A = (ﬁ)% = 0.006629232.3% A93
kr/ Do Do
kg oh ga? _ qa®
o, = ( P,. 3R "Dy = 0.000292678. b A94
_()Ps onoaa® o5 9¢
o, = (kT) o 5.23315E — 054 A95
w= (E)h Llizgiydadt - _ g 607749209, 9% A96
kr) Eot3 ) "Eo
_ a\ 2 4 2 kg oh qa qa’
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (E) D= —449237932.0% A97
. a\?2 4 2 S (kg oh qa qa3
v =12[1 = uyyhy] (5) [P — 282 1]. 2 (—) e = —4875972812.8% A98
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2 1k 4 a2 h B a%h
or = 12g5. (ﬁ) (—8).(1311.[132 —2Ps? -1 ].a Bi [P3 —2ps? -1 ].6—Q2+
% [P, + P —2P,52 —1ps% - 2. aiahQ) = 0.853597565 % A99
2 rk 4 9%h B 8%h
o = 12gS. (5) (—8).(B21 . [PZ —2p,5% -1 ].W Bz [P3 —2ps? -1 ]'ﬁ+
% _ 4 2 _ 4 2 _ 0“h _ qaz
; P+ P = 3ps2 —2ps2 - 2. aRaQ) = 0022270508 . £ A100
k B 9%h
Tre = 12¢S. (%) (22).(Bs;.|P — -stz -1 |.Z+2.|k- —P352 -1 |.—=+
t kT "OR B 2Q
B33 _ 4 2 _ 4 2 _ 0h _ qa
; [PZ +P; —2P,52 —2P.S 2] aQ) = 0.037473409. 1% A101
3
s = 12q (%) B4 (P, — 4P,52). (k—s) 2 = 0700671952 = A102
Tos =124 ) Bss (p, — 4P,52). (k—g) % = 0.050112686 . 7% A103
For square plate,  =1,a/t= 30,6 = 0°
Bs3 Bi3 a\?
Lis = gsBuaks + 72 gsky + 272 gaky + By, (5) .gsks = 7256080934 A104
Ly, = (Byy + Bss) % B;3g3k4 + %g3k5 = 011439794 A105

L5 = (By; + 0.5B,,)g,k; + (0.5B, + B33) 2k, + 322 2 gk + ﬁ’3 22 g ks = 4.865151837
A106

L21 = (Blz + B33)g—z. 313 g3k4 :g3k5 = 0.11439794 A107

2
Ly, = 34 Boz g ks + 222 %2 gsks + ﬁz Bss gaky + BSS.(E) .gsk, =27.69339166 A108

t

Lys = (0.5B1; + By3) 3 92 k, + (0.5B;, + B;5) gj B;3gzk4 +3 2392k5 = 0.330294694

A109

Ls; = (By; + 0.5B1,)g,k, + (0.5B, + ng) 2k, + 3282 —2 g2k + ﬁ’3 22 g ks = 4.865151837

A110

L32 = (05812 + B33)%k2 + (05B12 + BZZ) gz k3 +— 313 .ng4 + 3 33233 ngS = 0.330294694
Al111

p, = Luztms—hisls) 067030938 A112

(L12%-L11Ly2)
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le = [B11 - B11g2P2 - O-SBlngPZ]kl = 5.586537315
kTZ = 2[))2 (2B33 + Blz)[4 gZPZ g2P3]k2 = 0579353756
ks % [B,; — Byyg2P; — 0.5B1,9,P; 1k = 0.233714031

B
kry = f[‘} —39:P, — g2P3]k, = 0

B
krs = ﬁ [4 — g,P, — 3g,P3]ks = 0
kT = [B11 — B1192P, — 0.5B1,9,P, ]k; + 2[32 (2B33 + By)[4 — gzpz
Iz [Bzz B329,P; — 0.5B;1,9,P3]k;3 + [4 —39,P, — g2Ps]ky +
le + kTZ + kT3 + kT4- + kT5 = 6.399605102
A= (R2)9 = 0.006250386. 9%

kr/ Do Do
0 = () P 5 £ = 0.000130928. &

0

kg P3 ah qa3

¢y _( )/3 80 Do
_ 4

w= (82)n, Zltwtnla g 597306359, 24

Kk Eg

u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] 5. (2

P, = (L12.L13—L11L23)
3 = 2_
(L12%-L11Lz7)

Eot3

0.011649945

2.27552E — 05 .92
Do

qa*

ks) dh qa

ky/) "OREg

o= 1201 - ([~ 252 1] 2. (4 22 2

- 1205 (3 (2). (51 [

P, + Py —SP,S% —ZPyS% -2
| J

= 1245, (5)2 (ﬁ) (Bas - [PZ —2p,$2 -1 ] i+ B“ [P3 —2p,52 -1 ]—

P, + P; ——PZSZ ——P352 -2
| |

9%h
0ROQ

9%h
0RO

—2p,S? -1 ]

) —  0.84840346 .

),

Biz

+22 [P —2ps? -1 |.

aRZ BZ

= 0.021516243.

qa?

qa

'83

Eot?

0

3
~10.43944306. 2=
Eot

62h
BQZ

8%h
202

3
= —10.05099498. —

+

Al113

Al114

A115

Al116

A117

A118

[4 — g2.P, — 3g,Ps]ks =

A119

A120

A121

A122

A123

Al124

A125

A126

A127

284



Tre = 1208. (5)2 (). (Bss . [P~ 2R52 -1 ]S+ +22 [, - P52 -1 ]%+

B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.036427445 . % A128

s = 12q (%)3 B, (P, — 4P252).(11:—:).% = 0705243022 3% A129
12q() 25 (P, — 4P;57). (2 ) % = 0.050112686 . = A130

For square plate,  =1,a/t=40,0 =0°

2
Liy = gsByiky + %931{2 +2 313931«4 + By, ( ) .goke = 125963476 A131
L12 = (B12 + B33)g_:;k2 313 g3k4 ,83 g3k5 = 0.11439794 A132
Lz = (Byy + 0.5B1,) gk + (0.5B,, + B33) 2k, +3 B,j: Goka + %gzks = 4.865151837
A133
Lyy = (Biz +B3g) 3 ks + ﬁ, Bis goky + ﬁ3 Bes g ke = 011439794 A134

a

B B B
LZZ [;42 g3k3 + Zﬁg3k5 BZ g3k2 55 . (?) .g4k7 = 4905445832 A135
L23 = (05B12 + B33)%k2 + (05B12 + Bzz)%k3 B;3 g2k4 + 3%‘92](5 = 0330294694
A136

L31 = (B11 + O'SBIZ).ngl + (0.5B12 + B33) k2 + 3 B1s .ng4- ﬁ: .ngS = 4‘.865151837

A137

Lsz = (0.5B1z + B3s) 2k + (0.5B1; + Baz) $rks + =22 goky + 372 goks = 0330294694

A138

p, = Gulzlled) 038617479 A139
(L122-L11Lz2)

p, = Guzbubule)  _ 006643166 A140
(L12%-L11Lz2)

kry = [B1; — B11g2P> — 0.5B1,9,P, Ky = 5.721428182 Al41

kr, = Zﬁz — (2B33 + B15)[4 — g92P, — g,P5]k, = 0.583288096 A142

Kps = % [B2; — By2g2Ps — 0.5B1,9,Ps]ks = 0.234778329 A143
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kT4- = %[4 - 3g2P2 - gZP3]k4. = O A144
kT5 = —. [4’ — gZPZ - 3gzp3]k5 = 0 A145

1
kT = [By1 — B1192P> — 0.5B129,P, 1k + Y (2B33 + B12)[4 — g2P, — g2P3]k, +

BI:M + kpg + feps + kpg + Kps = 6.539494607 " A146
A, = (:—j)qg - 0.006116681.% A147
0= ()P 5 & = 738159805 9= A148
b, = (}’j—:)%% qD;‘f —  1.26982E — 05 qDLf A149
w= (:—:)hw - 0.007150065.]% A150
u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (:_i) %g—j = —17.83292627. ;‘:; A151
v = 12[1 = by (%)2 [P3 —2p,82 - 1] % (@) %g—j = —18.2231017.3::2 A152
op = 124S. (%)2 (&) (Bur [P~ 2Rs2 -1 . WJ’% [P, —2ps2 -1 ]Z%H

=y [P+ P, —2p,5% — 252 —2]. a‘;a“Q) = 0.84657694 . ;‘f:z A153
oo = 128 (5)2 (ﬁ) (Bar [P 2Rs2-1].20 = [P, —2ps2 -1 ]ZZT};JF

% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = 0.02124695 % A154
Trq = 125. (5)2 (). (Bsr [P~ P52 -1 |, Z%‘+% [P.-2ps?—1 |22+

B;3 [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = 0.036056028 . :OL; A155
s = 12q (%)3 B4 (P, — 4P,52). (1‘:—:) = 0706860774 . 3 A156
tos = 12q (3 ) Bss (p, — 4P,52). (l‘:—:)% = 0.048639051. % A157

For square plate,  =1,a/t=50,0 =0°

[Bzz B292P; — 0.5B1,9,P;]k;3 + 2 [4 —392P, — g2Ps]ks + Pas [4 — g2P, — 3g2Ps]ks =
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2
Lyy = gsByiky + %931{2 + z%gglgL +Bus-(3) -gske = 1946240474 A158

L12 = (B12 + B33)g_32‘k2 Bﬁl3 g3k4 BS g3k5 = 0.11439794 A159

L13 = (B11 + O'SBIZ).ngl + (0.5B12 + B33) k2 +3 B;F g2k4 + %gzk5 = 4.865151837

A160

Ly; = (By, +Bg3)g—§. B 218 gk + ﬁ’3 22 goks = 0.11439794 A161

BZZ a

B
Lop = 22 gsks + 2% %2 gskes + ﬁz Bss gky + 55.(;) .gsk, = 7651868689 A162
L,s = (0.5B;, + B33)%k2 + (0.5B;, + BZZ)ZZ + Egziq 3 23gzk5 = 0.330294694
A163

Ls; = (By; + 0.5B1,) 9.k, + (0.5B, + ng) 2k, + 3282 —2 g2k + ﬁ’3 22 g ks = 4.865151837
A164

Lsz = (0.5B1; + B33) 92k, + (0.5B,, + B22) 53 %2 ey + Bl3gzk4 +3% e 22 g ks = 0.330294694

A165

P, = % = 0.024995176 A166

P, = % = 0.004279155 A167

kpy = [Biy — By1gaPy — 0.5B1,9,P]k; = 5.786099092 A168
krz = 357 (2Bs; + Bio)[4 — g,P, — g2Pslk, = 0.585170057 A169
krs = 7:[Bo — B2ogoPs — 0.5B1ogoPslks = 0.23528085 A170
kro= “2[4=3goP — goPslky = 0 A171
kps = % [4—g,P,—3g,Plks = O A172

kT = [B11 — B1192P, — 0.5B1,9,P, ]k; + (2B33 + By2)[4 — 2P, — g2Ps]k; +

Zﬁz

Iz [Bzz B329,P; — 0.5B1,9,P3]k; + ?3 [4 —3g,P, — g,P3]ks + ﬁ [4 — g2.P, — 3g,Ps]ks =
ks + kpy + kpg + kpy + kpg = 6.606549999 A173
A= (R2)9 = 0.006054597. 9% A174

T 0 0
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_ (ka)p o wd  _ o5, 9@
¢X—(kT)P2. . —  4.72924E — 05 A175

dR " Dy " Do
kg)P3 dh qi3 . _ qi3
o, = (= )B S = 8.09642E-06.% A176
- 4 4
w= (ﬁ)hw = 0.007077493. 3% A177
kr Eot Eot
_ % 4 2 kg dh qa qa?
u=12[1 - iy ) [ -2 P52 -1] .. (k—T) AR = -27.83823085. 15
. a\? 4 2 S (kg oh gqa qa®
v =12[1 = uyyhy] (5) [Py - 2Ps82 - 1]. 2 (—) SR = -2822921085.8%  A179
_ a\?2 (kg 4 3%h  Bq, 4 82h
Op = 12qs.(-) (—).(Bll.[Pz——PZS -1 ]'WJ’F .[P3—§P3S -1 ].6—Q2+
% _ 4 2 _ 4 2 _ 0<h _ qaz
; [PZ +P; —2P,5% —2P.S 2] aRaQ) = 0.845730014. £ A180
_ a\? (kg 4 9*h | By 2 a2h
o = 12qs.(—) (—).(1321.[132——1325 -1 ].aRz = [P3——P3S ~1 ].@+
% [Pz +P; —2P,52 —2P,52 — 2] a‘;ahQ) = 0.021121358. ;‘:tz A181
2 2
= 2 _4ps2_q | Zh B2 [p _%pgz_q |20
Trq = 125.(%) (kT) (Bay. [P —2Ps2—1 .5 aR2+ . P —5ps2 -1 ]'an+
2
BES [Pz +P; —2P,52 —2P,57 — 2] a‘;ahQ) = 0.035883163. 2 A182
0
3
Trs =129 (2) Baa(P, —4P252).(1£—:).% = 0.707612748. &= A183
Tgs = 12q() 255 (P, — 4P,52). (2 ) % = 0.048457101. % A184
For square plate,  =1,a/t= 60,6 = 0°
2
L11 = g3B11k1 + %g3k2 + 2%g3k4 + B44. (%) .94.k6 = 2785425236 A185
Ly, = (By, + B33)% B;3g3k4 + %g3k5 = 0.11439794 A186

L13 = (B11 + 0.5B12)g2k1 + (05B12 + B33) k2 + 3 ,8 ngAl- ,[)’3 ngS = 4 865151837

A187
Ly = (B + B33)g—;- B; g3k, + );,233 gzks = 0.11439794 A188
2
Loz = 22 gsks + 2% %2 gaks + ﬁz Bss gaky + BSS.(%) .gsk, =110.0860774 A189
B B
Ly3 = (0.5By; + ng)%kz + (0.5By, + Bzz)% ;3gzk4 + 3ﬁgzk5 = 0.330294694

A190
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L31 = (B11 + O'SBIZ).ngl + (0.5B12 + B33)%k2 +3 3313 .ng4- + %gzk5 = 4.865151837

A191

Lyz = (0.5B1; + By3) 3 92 k, + (0.5B;, + B;y) gj Bl3gzk4 3 23gzk5 = 0.330294694

A192

P, = % = 0.017465235 A193

P, = % = 0.002982182 A194

ki = [Byy — B11goPy — 0.5B1,0.Po]k; = 5.821846948 A195
kro = 555 (2Bss +B1o)[4 — g2P, — g:Pslks = 058620919 A196
krs = 5:[Baz = BagaPs — 0.5B1ogoPslks = 023555655 A197
kro= “2[4=3goP — goPslky = 0 A198
krs = BZS [4—g:P, —3g.P3]ks = 0 A199

1
kr = [By; — B1192P, — 0.5B1,9,P ks + 252 (2B33 + By3)[4 — 2P, — g2Ps ]k, +
1
F[Bzz B3292P; — 0.5B1,9,P3]k;3 + 2L [4 —39,P, — g2Ps]ky + £ [4 — g2P, — 3g,Ps]ks =

Kpi + kpy + kps + kpg + kg = 6.643612688 A200
4 4
A = (ﬁ)% = 0.006020821.3% A201
kr/ Dy Do
kg oh ga®  _ _ qa’®
o, _( Po o = 32861E-05. 5 A202
_ (ks\Ps oh ga®  _ —06. 99
o, = (kT) 2 A = 561099E-06.% A203
_ 4
w = (o) 2lzhyindadt ) 66703807, 92 A204
kr Eot3 Eot3
_ a\2 4 2 kg dh qa qa’
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (E) D = —40.06692285. 1% A205
. a\?2 4 2 S (kg\ oh qa qa3
v =12[1 = iy (5) [P - 2Ps82 1], 2 (—) SeE = —4045834125.0%  A206
2 1k B 4 a%h
or = 12g5. (ﬁ) (—8).(B11 [PZ —2Ps? -1 ] - +ﬁ [P3 —2ps? -1 ].6—Q2+
313 4 2 _ 2 2 _ d<h _ qa2
; [P2+P3— P,S% —2PsS 2] aRaQ) = 0.845269554. 1 A207
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% =12q5-(2)2 (ﬁ)-(Bz1 [Po-3Rs? =1 |5+ 52 [P —Sps? -1 [0+

323 _ 4 2 _ 4 2 _ 0<h _ &
; P+ P —3ps2 - 2ps2 - 2. aRaQ) = 0.021052881. % A208
2 g LB 8%h
Trq = 1205.(%) (—8).(1331 . [P —2ps% -1 ] = [P3 —2ps? -1 ].ﬁ+
333 _ 4 2 _ 4 2 0“h _ qa
; P+ P = 3ps2 —2ps2 - 2. aRaQ) = 0.035789006. 3 A209
3
_ a _ 2y (ke) oh _ aa
s = 12q (t) B,.(P, — 4P,S ).(kT).aR = 0.708022078. % A210
Bss (p. — 4P, 52 on  _ aa
Tos = 12q (3 ) 25 (P, — 4P;57). (2 ) 5 = 0048357794. 2% A211
For square plate,  =1,a/t=70,0 =0°
_ Bss Bys E 2 _
Lis = gsBuaks + 22 gsk, + 272 g3k4 +Bay (2) .guke = 377.7189046 A212
L12 = (B12 + B33)% 3313 g3k4 BS g3k5 = 0.11439794 A213
L13 = (B11 + O'SBIZ).ngl + (0.5B12 + B33) k2 +3 B;S g2k4 + %gzk5 = 4.865151837
A214
L21 = (Blz + B33)g—z. 313 g3k4 ﬁ: g3k5 = 0.11439794 A215

2
Ly, = zz4zg3k3+22233g3k5 ‘j;;g3k2 BSS.(E) .gsk, = 149.7566298 A216

t

Lys = (0.5B, + B33)%k2 + (0.5B,, + By,) ;2 + @gziq + 3%921{5 = 0.330294694

A217

Lsy = (Byy + 0.5B1,)goky + (0.5B, + B33)%k2 +3 Bl3gzk4 ;gzks = 4.865151837

A218

L32 = (05B12 + B33)%k2 + (05B12 + BZZ %k3 313 g2k4 3 Bas g2k5 = 0330294694

A219

p, = Luztes—hisls) 012879685 A220
(L122-L11Lz7)

p, = Lazlis=lulzs) = 0.002195704 A221
(L12%-L11L22)

kri = [B11 — B11g2P, — 0.5B1,9,P;]kq = 5.843616518 A222

kr, = —(2B33 + By3)[4 — g,P, — g,Ps]k, = 0.586841602 A223

= 2[>’2
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kT3 = % [BZZ - B2292P3 - 0.5B12g2P3]k3 = 0.235723732 A224‘

Ky = %[4 —3g,P,—g,Pslky, = 0 A225
B
kT5 = ﬁ . [4’ - gZPZ - 3g2P3]k5 = 0 A226
kr = [By; — B1192P, — 0.5B1,9,P,]kq + 252 — (2B33 + B12)[4 — 2P, — g2Ps]k; +
1 B B
Iz [B22 — B2292P; — 0.5B1,g,Ps ks + =2 [4 —392P, — g;Pslks + =5 .[4 — g,P, — 392P3]ks =
le + kTZ + kT3 + kT4 + kT5 = 6666181853 A227
A= (R2)9 = 0.006000436. 9% A228
kr/ Dy Do
(kg oh qa3 . _ q;¢3
0, = (i ) SR = 241512E-05. % A229
_ (ka)Ps 0 aa®  _ og 9
o, = (kT) 2% = 411725E-06.% A230
- 4 4
w=(:)h Lelwgidedt g 067014182, 9% A231
kr Eot Eot
a\? 4 k oh qa qa’
u=12[1 - iy G) [ -3 P52 -1] .. (k—j) SR = -5451900712. 5% A232
2 4 S (kg\ oh 3
v = 12[1 = by (%) [P3 —2p,82 - 1] 2 (—8) B = -5491069031.1%  A233
j— a 2 k8 2 B12 4 2 azh
or =124.(%) (E).(B11 [P, —2ps2—1 ] T P =3ps? -1 ].6—Q2+
Bi3 _ i 2 i 2 0<h _ qaz
2 P+ P —2p52 —2ps2 2| .—aRaQ) = 0.844991776. 55 A234
2k LB 82h
oq = 12gS. (5) (—8).(B21 [PZ —2p,s7 -1 ] i +z [P3 —2ps% -1 ].ﬁ+
% [P, + P —2p,52 —1p5% - 2. a‘;a“Q) = 0.021011505. ;‘ftz A235
2 rk LB 8%h
Trq = 1205.(%) (—8).(1331 . [P —2Ps% -1 ] = [P3 —2ps% -1 ]'ﬁJ’
B33 _ 4 2 _ 4 2 _ 0“h _ qa
; [PZ +P; —2P,5? —2P,S 2] aRaQ) = 0.035732146. 3 A236
3
Trs = 12q (%) B, (P, —4P252).(1£—:).% = 0.708269182. &= A237
Tgs = 12q() Bss (p, — 4P352).(l‘:—:).% = 0.048297755. % A238

For square plate,  =1,a/t=80,6 = 0°
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2
Lyy = gsByiky + %931{2 + z%gglgL +Bas () -gske = 4921531903 A239
L12 = (B12 + B33)g_32‘k2 Bﬁl3 g3k4 BS g3k5 = 0.11439794 A240

L13 = (B11 + O'SBIZ).ngl + (0.5B12 + B33) k2 +3 B;F g2k4 + %gzk5 = 4.865151837

A241
Ly, = By, + B33)g—§. ﬁ Bz gk, + Bg Bes g ke = 011439794 A242
L, =220k, +252 4.k k ‘355 (5) k, = 195530344 A243
22 = pa Za Y3k Bg —> gsks + ﬁz —gsk, + 2. ;) 9ak7 .

L,s = (0.5B;, + B33)%k2 + (0.5B;, + BZZ)ZZ + Egziq 3 23gzk5 = 0.330294694

A244

Ls; = (By; + 0.5B1,) 9.k, + (0.5B, + ng) 2k, + 3282 —2 g2k + ﬁ’3 22 g ks = 4.865151837
A245

Lyz = (0.5B1; + By3) 3 92k, + (0.5B,, + B22) 53 %2 ey + Bl3gzk4 3 23gzk5 = 0.330294694

A246

P, = % = 0.009885051 A247

P, = % = 0.001683441 A248
kpy = [Biy — B11goP, — 0.5B1,9,P]k; = 5.857833332 A249
kro = 357 (2Bs; + Bio)[4 — 2P, — goPslk, = 0.587254446 A250
krs = 7:[Bo — BrogoPs — 0.5B1agoPslks = 0.235832625 A251
kro= “2[4=3goP — goPslky = 0 A252
kps = % [4—g,P,—3g,Plks = O A253

kT = [B11 — B1192P, — 0.5B1,9,P, ]k; + (2B33 + By2)[4 — 2P, — g2Ps]k; +

Zﬁz

Iz [Bzz B329,P; — 0.5B1,9,P3]k; + ?3 [4 —3g,P, — g,P3]ks + ﬁ [4 — g2.P, — 3g,Ps]ks =
ks + kpy + kps + kg + kps = 6.680920403 A254
A =(R2)9 = 0,005987199. 9% A255

T 0 0
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_(fa)p b @ _ o5, 9
b, = () Poog - = 1.84949E — 05. A256

OR " Dy Do
kg)P3 dh gf_ . _ gf
o, = (= ) o = 314972E-06.% A257
— (ks 12[1-pyypyxjaat qa*
w= (kT)h. o = 0.006998708. 1 A258
2 4 kg\ oh 3
u=12[1 - iy ) [ -2 P52 -1] .. (k—j) AR = -7119448566. 1
. a\? 4 2 S (kg oh gqa qa®
v =12[1 = uyyhy] (5) [Py - 2Ps82 - 1]. 2 (—) TSR = 71586340905 A260
2 1k B a%h
or = 125. (ﬁ) (—8) . (B11 [Pz —2Ps? -1 ] ot .[P3 —2PS?—1 ]6—Q2 +
% _ 4 2 _ 4 2 _ 0<h _ qa
; [PZ +P; —2P,5% —2P.S 2] aRaQ) = 0844811432 % A261
2k LB 8%h
g = 12gS. (ﬂ) (—8).(1321 [PZ —2P,S2 -1 ] e [P3 —2pS2 -1 ].@+
% _4 2 _4 2 _ 0“h _ qa
: [Pz +P; —3P,S? —2P,S 2] aRaQ) = 0.020984616. 5 A262
2 2
Trq = 125.(%) (kT) (Bay. [P —3Ps2—1 . W+% [P, —3p,s2 -1 ]%+
333 _4 2 _ 2 2 _ 0<h _ qaz
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.035695207. A263
3
Trs =129 (3) Baa(P, - 413252).(%).% = 0.708429678. &= A264
Bss _ 2 oh  _ 9a
Tgs = 12q() (P, — 4P;52). (12 ) o5 = 0048258723, 2% A265
For square plate,  =1,a/t=90,6 = 0°
2
Liy = gsByiky + BZ Bss gaky + 2—g3k4 +Bus-(3) -gsks = 621.8453808 A266
L12 = (B12 + B33 ﬁkz 3313 g3k4 Fg3k5 = 0.11439794 A267

A268

Ly, = (By, +B33)g—§. ﬁ 222 goky + ﬁg -2 goks = 0.11439794 A269

Ly, = 34 o2 ks + 222 %22 gsks + ﬁz Bss 0.k, +%.(ﬂ) .gsk, = 247.4072202 A270

t
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L,s = (0.5B;, + B33)%k2 + (0.5B;, + BZZ)ZZ + @gziq 3 23gzk5 = 0.330294694

A271

L3y = (Byg + 0.5B15)gok; + (0.5B;, + ng) 2k, + 3282 ~ 9aka+ ,;3 -22 5 ks = 4.865151837
A272

Ly, = (0.5B,, + }333)%/&2 +(0.5B;, + BZZ)% 31392k4 +3% e 22 g ks = 0330294694
A273

p, = Luztm—hiskaa) 007823487 A274
(L12%-L11L22)

_ (Lq2.L13—L11Lp3)

p, = Luzls 0.001331407 A275
(L12%-L11L27)
le = [B11 - BlngPZ - O'SBIZQZPZ]kl = 5867620457 A276
kTZ = 2ﬁ2 (2B33 + BlZ)[4 gZPZ gZP3]k2 = 0.587538582 A277
kT3 = % [BZZ - B2292P3 - 0.5B12g2P3]k3 = 0.235907457 A278
B
kry = f[‘} —392P; — g2P3]ky = 0 A279
kTS = % . [4’ - gZPZ - 3g2P3]k5 = 0 A280
kr = [B1y — B1192P, — 0.5B1,9,P ]k + 2[32 (2B33 + Byp)[4 — g2P, — g2 P51k, +
1
Iz [B22 — B22g2P3 — 0.5B1,9,Ps]k; + ?3 [4 — 39,P, — g,Pslky + £ [4 — g,P, — 3g,Ps]ks =
le + kTZ + kT3 + kT4 + kT5 = 6691066497 A281
4 4
A = (ﬁ)& = 0.00597812.%% A282
kr/ Dy Do
s oh ga? _ _ qa®
0= (2 ) SR e = 146155E—05. A283
_ (ks\Ps 9h qa® — _ qa®
o, = (kT) 2SS = 248728E-06.% A284
_ 4 4
w=(:)h Lliiidad 6 506988096, 99 A285
kr Eot Eot
_ % 4 2 kg dh qa qa’
u=12[1 - iy ) [ -2 P57 -1] 5. (k—T) SR = -90.09335943. 1% A286
. a\?2 4 2 S (kg\ oh gqa qa3
v = 12[1 — iy (;) [P3 —2p,s? — 1] 2 (—) SeE = -9048533272.0%  A287

294



2 1k LB a%h
or = 12g5. (ﬁ) (—8).(1311.[132 —2Ps? -1 ] +=z [P3 —2ps? -1 ].6—Q2+
% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.844687763. % A288
2 g LB 3%h
o = 12gS. (5) (—8).(B21 [PZ —2p,5% -1 ] i+ [P3 —2ps? -1 ]'ﬁ+
% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.020966164. ::tz A289
= ke _ = 2 _ B32 _ 4 2 _ az_h
Trg = 12qS.(t) (kT) (Bay. [P —2Ps2 -1 ] ETE P -3ps2 -1 ].an +
2
B;3 [PZ +P; —2P,52 —ZP,S2 — 2] aahQ) = 0.035669865. 1 A290
s = 12q (%) B4 (P, — 4P,52). (k—s) 2= 0.708539767. &= A291
Tos =124 ) Bss (p, — 4P,52). (k—g) ;’2 = 0.048231933. 3% A292
For square plate, B =1,a/t=100,6 =0°
2
Lyy = gsByiky + BZ Bss gk, + 2222 ; g3k4 +Bus-(3) -gske = 766795476  A293
Ly, = (Byy + Bas ﬁkz Bl3g3k4 ﬁ3 %30.ks = 0.11439794 A294

L13 = (Bll + 0.5B12)g2k1 + (05B12 + B33) kz + 3 ,[)) 92k4 + %gzks = 4865151837
A295

313

Loy = (Biz +Byg) g3 kz + g3k4+%g3k5 = 0.11439794 A296

a

2
Loy = 222 gsks + 272 gsks + 22 gk, + 2. () ik, =305.3872583  A297
L23 = (05B12 + B33)%k2 + (05B12 + Bzz)%k3 3;3 g2k4 + 3%g2k5 = 0330294694
A298

L31 = (Bll + 0.5B12)g2k1 + (05B12 + B33)%k2 + 3%g2k4 + %gzks = 4865151837
A299

L, = (0.5B;, + B33)%k2 + (0.5B;, + BZZ)% Bl3g2k4 +3% SR gzks = 0330294694

A300

p, = Guzlzsthisled) — _ 0 006344623 A301
(L122-L11Lz7)

p, = Lazlis—liibes) = 0.001079183 A302

(L12%-L11Ly3)
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kry = [By; — B11g2P, — 0.5B1,9,P]k; = 5.874641259 A303

kpy = Zﬁz —(2B33 + B1,)[4 — g,P, — g,Ps]k, = 0.587742372 A304
kps = %[B22 — B,29,P; — 0.5B1,9,P3]ks = 0.235961073 A305
kre= 2[4 =3P —goPslky = 0 A306
ks = 2 .[4— 9P, = 3g:Pslks = 0 A307

1
kr = [B11 — B1192P, — 0.5B1,9,P, ]k + Y (2B33 + B12)[4 — g2.P, — g2P3]k, +

1 B
Iz [B22 — B2292P3 — 0.5B1,9,Ps]k3 +282 [4 —39,P, — g;Pslky + ﬁ (4 — g2P, — 3g,P3]ks =
le + kTZ + kT3 + kT4- + kT5 = 6698344704 A308
A= (R2)9 = 0.005971625.9% A309
kr/ Do Do
(kg oh ga? . _ qa’®
0, = (i ) SR e = 118399E-05. & A310
_ (ka)Ps 0 ga®  _ og 8°
o, = (kT) 2% = 20139E-06.% A311
- 4 4
w=(:2)h Lelwgided® g 06980503, 99 A312
kr Eot Eot
2 4 kg\ oh 3
u=12[1 - iy G) [ -3 P52 -1] 5. (k—;{) SR = -111215629.8%  A313
2 4 S (kg) oh 3
v = 12[1 = by (%) [P3 —2p,82 - 1] 2 (—8) o = —1116076867.0%  A314
2 rk B a%h
or =124.(%) (—8) (Bur [P —3P5% -1 ] T [P —2ps2—1 ]a—Qz +
% [P, + P —2p,52 —1p,5% - 2. a‘;a“Q) = 0.844599292. ;‘ftz A315
_ a 2 k8 2 Bzz 2 azh
o = 12qS.(?) (k—T).(B21 [PZ —2p,s% -1 ] T [P3 —2ps? -1 ].ﬁ+
Bas _ipgsz_ipg2_o| 2h) _ qa’
: P+ P —2p,57 —2ps2 2 ].aRaQ) = 0.020952958. £ A316
2 2
Trq = 1205.( ﬁ (Bay [P —3RS7 -1 |23 B32 P -2psz—1 |2+
"OR 0Q
B33 _ 4 2 _ 4 2 _ 0“h _ &
; [P2+P3 2P,S? —2P,S 2] aRaQ) = 0.035651731.Eotz A317
Trs = 12q (a) Bus(P, — 4P;5). (12) .55 = 0.70861854. 1% A318
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oh

tgs =120 (%) B2 (r, - ap,s7). (1) 2

For square plate, =1,a/t=5,0 =15°

= 0.048212755. 3%
Eot

0

A= (5)% = 0010651616,
kr/ Dy Do
(kK oh ga® . qa®
o, = ( )P 2 B = 0002775746, &=
b, = (}’j—:)%% qD;‘f —  0.001187179 qDLf
w = (k) 2iztwinda’ g 15451156, 99 A323
kr Eot3 Eot3
2 3
u = 12[1 = iy iy (%) [PZ ~2p, 82— 1] .S. (:_i) %g—j = —0.221165566.
_ a\2 4 S (k oh qa __ qa’
v = 12[1 = by (;) [P3 —2p,82 - 1] 2 (—8) See = —0379625166.7%
2 2
or =12g5. (%) (:—i).(Bn [P, —5Ps2—1 ] 2 +% AP —ips?—1 |5+
B 4 4 %h\ qa?
2 P+ P —2ps2 —2ps2 2| M) = 0.6618064. 7
oq = 12gS. (5)2 (E).(B21 [PZ —2p,57 -1 ] i+ B“ [P3 —2ps% -1 ]Z%+

8%h

[PZ +P; —2P,5%2 —ZP,S2 — 2] 3

Trq = 1245. (%) (kT) (1331 [P —2P,52 -1 ] WJ’F [P3 —2p,S2—1 ]

B33

B

8%h

[PZ +P; —2P,5? —ZP,S? — 2] —

s = 120 Y B 50 (2) 2

Tgs = 12q() Bss (p, — 4P352).(l‘:—:).%

For square plate,  =1,a/t=10,6 = 15°

Ay = (X2)9 0,00676586. 9%
kT D DO

0

2 = 0.035091492.&2

awac) =

= 0.071052646. ]f:‘—“t

B32

2
0.151706436. 2—
Eot

0.415321014. 22
Eqt

0

0

_ (k&)p, o0 @’  _ qa®
b = () P2p 5= = 000088648 I

_ (ks)Ps oh ga’ _ qd®
by = (kT) F50 bo = 0000404711

9%h

—t

0Q?

A319

A320

A321

A322

A324

A325

A326

A327

A328

A329

A330

A331

A332

A333
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- 4 4
w=(:)h Lelwgiydedt 4 60790892, a2 A334
0

kr Eot3
_ a)? 4 2 kg oh qa __ qa®
u = 12[1 = iy iy (;) [PZ ~2p, 52— 1] .S. (k—T) D = -0911721669. 3 A335
. a\? 4 2 S (kg oh gqa qa®
v =12[1 = uyyhy] (5) [Py - 2Po82 - 1]. 2 (—) Sl = -110394758.1%  A336
_ a\?2 (kg 4 3%h  Bq, 2 82h
R _12qs.(—) (—).(Bll.[Pz——PZS -1 ] ﬁ+—.[P3——P3S -1 ].6—Q2+
Bis _ipgsz_tpg2a_o| 2h) _ aa*
; [P2+P3 2P,5% - IP;S 2] aRaQ) = 0.658215037. 1% A337
— a\? (ks 2 Bzz 2 d%h
o = 12qs.(—) (—).(B21 [PZ——PZS —1] i+ [P3——P35 -1 ].a—Qz+
% [Pz + Py —2P,5% - IPyS% - 2] a‘;ahQ) = 0.038004989. g“tz A338
0
- ke _tpg2_q | Zh B2 [p _4pez_q |20
TRo —12qS.(t) (2 ) (Bay. [P —2Ps2—1 .5 aR2+ . P =5ps2 -1 ]'an+
2
B;3 [PZ +P; —2P,52 —2P,§7 — 2] o ahQ) = 0.127244805. 2% A339
0
3
s = 12q (%) B, (P, —413252).(1‘:—?).2—12 = 0530558371. & A340
Tgs = 12q() 25 (p, — 4P,52). (2 ) ;’2 = 0.096887802. 1% A341
For square plate,  =1,a/t= 20,06 = 15°
Ay = (R2)9 0005423432, % A341
kT Do DO
_ (kg oh qa3 . q;ﬁ
o, = ( Pgs o= = 0000238155 % A342
_ (ka\Ps 2h aa® aa®
o, = (kT) 2ot = 0000111199 % A343
_ 4
w= ((2)n Zlttala 6 96339696, 247 A344
kr Eot Eot

u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (E) b @ 0.656303806. g:; A345

kr) "8RE,
v = 12[1 = iy iy (%)2 [P —2ps2—1]. % (ﬁ) %g—: = 0.03916743. ;‘f:z A346
op = 124S. (5)2 (2).(Bur [P~ 2Rs2 -1 ], WJ’% [P, —2ps2 -1 ]Z%H
B;:" [PZ +P; = 2P,5%? —ZP,S? — 2] a‘;ahQ) = 0.658215037. :::2 A347
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6o = 1205 (5)2 (2). (Bar . [P~ P52 -1 |20+ +22 [P, - 2ps2 -1 ]%‘ﬁ
B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.038004989. % A348
Tre = 1208. (%)2 (). (Bsr . [P~ 2R52 -1 |55+ +22 [, - P52 -1 ]%+
B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.119268053. g:‘tz A349
s = 12q (%)3 B, (P, — 413252).(‘1:—?).% = 057014279, 1% A350
Tos = 12q() 25 (P, — 4P;57). (2 ) % = 0.106484013. 7% A351

For square plate,  =1,a/t=30,6 = 15°

A, = (kT)q'% 0.00515196. % A352
0 0
oh ga? _ qa®
0= (2 8) SR e = 0.00010733. %= A353
_ (kg\P3 oh qa® . qa’
o, = (ﬁ)?% % = 5.034256-05.%° A354
w= (82)n, Zltwtnla® 996022359, 3¢ A355
kr Eot Eot

u = 12[1 = pyyiyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—: = —8.28677564.;‘0;‘132 A356
v = 12[1 = by (%)2 [P3 —2p,82 - 1] % (@) %g—: = —8.491417634. g:; A357
or = 12g8. (%)2 (@).(B11 [P,—3ps2—1]. W+% N ]ZLQ}H

% [Pz +P; —2P,52 —ZP,S7 — 2] . ahQ) = 0.655873912. ;‘“:2 A358

0
g = 12gS. (2)2 (ﬁ).(B21 [P, —3Ps2—1 ] = +% [P, —3ps2—1 ]Z%}
=3 [P+ Py —2p,52 —2py52 - 2] a‘;ahQ) = 0.039412595. 3% A359
0

Trq = 1245 (5)2 (E) . (1331 . [P —2Ps? -1 ] Ol B32 [P3 —2ps? -1 ]%+

B 0<h _ qa?

e [P, + P —2P,52 —1p5% - 2. aRaQ) = 0.11768564.m A360
Trs = 12q (2 ) Buu(P, — 4P,57). (12). 55 = 0.578133048. 2% A361

299



b 0.108468023. 3%

o = 120(2) B - ans ()2 -

For square plate, B =1,a/t=40,6 = 15°

4
A = ( )% 0.00505509. 3%
kr) D D

0 0
_(k oh ga’® _ qa®
0, = ( ) Pgr B = 6.06707E—05. I
_ (kg\P3 oh qa® _ qa’
0, =(2)%2. 5% = 285034E—05.%-
w= ((2)n Zetnla® 95909124, 3¢ A366
kr Eot Eot
= a)? 4 k oh qa _ qa3
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (ﬁ) e = —1474003459. 3%
2 3
v =121 - iy (5) [P —3Rss? - 1|2 (1) 5o = —14.94539068. 2%
2 2
or = 1245. (%) (:_i)'(Bn [PZ __PZSZ -1 ] IR2 +E [Ps ——13352 -1 ]Z_Q};-I_
B 4 4 9%h\ _ qa?
2 P+ P —2ps2 —2ps2 2| M) = 0655716938. 5
oo =12a5. (2)2 (E)'(B“ [PZ _'PZSZ -1 ] et BZZ [P3 ——P352 -1 ]-ZZT};+
B 0%h\ qa?
% [PZ +P; —2P,5%2 —ZP,S2 — 2] aRaQ) = 0.039500909. %

TRQ = 12qS.(%) (kT) (B31 [P __stz_l] ﬁ"‘% [P3—§P352—1 ].%+

B33 _ 4 2 _ 4 2 _ 0“h _ qaz

; [PZ +P; —2P,5% —2P.S 2] aRaQ) = 0117123511 £
3

s = 12q (%) B, (P, —413252).(1‘:—:)% = 0580983019. 2

Bss 2y (ke 0h _ aa
Tgs = 12q() Bss (p, — 4P, ).(kT).aQ = 0.109179557. %

For square plate, p =1,a/t=150,6 = 15°

Ay = (%2)9 000500992, 9%
kT D DO

0

_ (ka)p o a2 _ o5, 9
o, = (kT) Pg i = 389181E-05. %
_ (k&\Ps oh qa®  _ o 988
o, = (kT) 2 oA = 182977E-05.%

A362

A363

A364

A365

A367

A368

A369

A370

A371

A372

A373

A374

A375

A376
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k 12[1- a*
W= (_s)h [ lJ-xle-yx]q

kr Eot3

u = 12[1 = iy iy (%)2 [PZ ~2p, 52— 1] .S. (,’i—i) %g—j = —23.03708284.30;‘132
v = 12[1 — iy tya] (%)2 [P, — 1pys? —1]. . (ﬁ) pE - —23.24277067.30;'132
og = 124S. (5)2 (&) (Bur [P~ 2Rs2 -1 ], %+@ [p—2ps2 -1 ]Zi;;+
% [Pz + Py —2P,5% — IPyS% - 2] a‘;ahQ) — 0.655643098. %

6o = 1205 (5)2 (2). (Bar [P~ P52 -1 |20+ +22 [P, - 2ps? -1 ]%‘ﬁ
% [Pz + Py —2P,5% - IPyS% - 2] a‘;ahQ) — 0.039542239. g:z

Trq = 12qS.(t) (2). (Bar [P —3Pus? -1 . W+% JP-trs2-1 |04
B;3 [PZ +P; —2P,52 —2P,§7 — 2] o ahQ) = 0.11686185. ;‘j;

s = 12q (%)3 B, (P, — 413252).(1‘:—?).2—12 = 0582311721 2%

Tos =124 ) 25 (p, — 4P,52). (2 ) % = 0.109511985. 2%

For square plate,  =1,a/t= 60,0 = 15°

A, = (:—j)qu: 0.004985294.‘%

0 = () P 5n ‘};’: —  2.70601E — 05. qD;‘f

0, = ()22 qD;‘f —  1.27278E — 05 qD;‘f

w=(2)n w = 0.005827537. 2% A388

u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] S(z—i) S22 -

o= 121 () [ 2051 3.(2) 2.2 =

or = 12g5. (5)2 (ﬁ).(B11 [PZ —2Pp,$?
0%h
0RO

B3

; [PZ +P; = 2P,5%? —ZP,S? — 2]

= 0.005856323.
Eot3

awac) =

qe* A377

oh qa qa®

—33.17791981.
Eot2

~33.38378819. 3%
0

___+EE
OR?2 32
qa®

0.655602669.
Eot2

1],

[P3 —2p,s2—1 ]

A378

A379

A380

A381

A382

A383

A384

A385

A386

A387

A389

A390

A391
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6o = 1205 (5)2 (2). (Bar . [P~ P52 -1 |20+ +22 [P, - 2ps2 -1 ]%‘ﬁ
B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.039564811. % A392
Tre = 1208. (%)2 (). (Bsr . [P~ 2R52 -1 |55+ +22 [, - P52 -1 ]%+
B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.116719319. g:‘tz A393
s = 12q (%)3 B4 (P, — 4P,52). (E—i) 2 = 0.583036045. = A394
Tos = 12q() 25 (P, — 4P;57). (2 ) % = 0.109693391. 1% A395

For square plate, =1,a/t=70,6 = 15°

A = (kT)q'% 0.004970415.“‘]3;“4 A396
0 0
oh ga? _ qa®
0= (2 8) SR o= = 198958E—05. T- A397
_ (kg\P3 oh qa® . qa’
o, = (ﬁ)?% % = 9.3604E - 06.5 A398
w= ((2)n, Zltetnla® 99510144, 3 A399
kr Eot Eot
u = 12[1 = pyyiyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—: = —45.16254541.30%2 A400
v = 12[1 = by (%)2 [P3 —2p,82 - 1] % (@) %g—: = —4536852276. g:; A401
2

or =1205.(£) (). (Bur [P —3Ps? -1 . W+% JP-trs2-1 | 204

% [Pz +P; —2P,52 —ZP,S7 — 2] . ahQ) = 0.655578183. ;‘“:2 A402
0

g = 12gS. (2)2 (ﬁ).(B21 [P, —3Ps2—1 ] = +% [P, —3ps2—1 ]Z%}

=3 [P+ Py —2p,52 —2py52 - 2] a‘;ahQ) = 0.039578463. 3% A403
0

Trq = 1245 (5)2 (E) . (1331 . [P —2Ps? -1 ] Ol B32 [P3 —2ps? -1 ]%+

B 0<h _ qa?

e [P, + P —2P,52 —1p5% - 2. aRaQ) = 0.116633244. 1 A404

Trs = 12q (2 ) Bua(P, — 4P,57). (1) 55 = 0.583473665. 2= A405
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oh

Bss _ 2y (ks _ qa
Tgs = 12q() (P, — 4P;52). (12 ) o5 = 0109803057, &%
For square plate, 3 =1,a/t=80,6 = 15°

4
A = ( )% 0.004960746, 3%
kr) D D

) )
0 = (1) P2 ‘}j — 1.52401E — 05. q.%

0, = ()22 © = 717121E- 0695

w=()n w - 0.005798841.]%43 A410
u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (:_i) %g—j = —58.99095958. ;‘:;
v = 12[1 = by (%)2 [P3 —2p,82 - 1] % (ﬁ) %g—j = —59.1970077.3::2

on =1205.(2) (2).(Buy [P —2Rs? —1 | 284 22 [p, — 2521 |20+

B [+ Py —1p5% - 2pu5% — 2] ﬂ) = 0.655562246. ;‘ftz

B dRAQ
o = 305 () ([ 20571 | 2242 [ e 22
% [p,+ P —2p,52 ~2ps2 - 2.2k = 0.039587341.%

TRQ = 12qS.(%) (kT) (B31 [P __stz_l] ﬁ"‘% [P3—§P352—1 ].%+

B33 _ 4 2 _ 4 2 _ 0“h _ qaz

; [PZ +P; —2P,5% —2P.S 2] aRaQ) = 0.116577323. 3
3

s = 12q (%) B, (P, —413252).(1‘:—:)% = 0.583758051. &

Bss 2y (ke 0h _ aa
Tgs = 12q() Bss (p, — 4P, ).(kT).aQ = 0.109874348. 1%

For square plate,  =1,a/t=90,6 = 15°

4
A = ( )% 0.004954111. 9%
kr) D Do

0

_ (kg oh qa _ _ q;u3
0= (2 )ZaR I = 120456E-05. 1

A406

A407

A408

A409

A411

A412

A413

A414

A415

A416

A417

A418

A419
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_ (ka\Ps 2h aa® 06 9
o, = (kT) 2.0 %= = 5.66866E - 06.% A420
_ 4
w= (82)n, Zltwtnla® 995791085, 3¢ A421
kr Eot Eot
2 4 kg\ 6h 3
u = 12[1 = iy iy (%) [PZ ~2p, 52— 1] .S. (k—j) D = -7466316232. 5 A422
2 4 S (kg\ oh 3
v = 12[1 = by (%) [P3 —2p,82 - 1] 2 (—8) e = -7486925898.8%  A423
2k B 4 82h
or =120.(%) (—8).(811 [P,—ips2—1]. W+ﬁ [P —ips2—1 ].6—Q2+
2
% [Pz +P; —2P,52 —ZP,S2 — 2] a‘;ahQ) = 0.6555513. 5 A424
2k LB 8%h
g = 12gS. (ﬂ) (—8).(1321 [PZ —2P,S2 -1 ] e [P3 —2pS2 -1 ].@+
% _ 4 2 _ 4 2 _ 0<h _ qa
: [Pz + Py —2P,S% = 2P;S 2] aRaQ) = 0.039593435. £ A425
2 rk B a%h
Trq = 1205.(%) (—8).(1331.[13 —2Ps? -1 ] - +£ [P3 —2ps? -1 ].@+
B33 _ 4 2 _ 4 2 _ 0 h _ &
; P+ P —3P,52 — P52 —2|.1) = 0.116538959. o A426
s = 12q (a) B, (P, — 4P,52). (k—g) = = 0.583953185. &= A427
Tos = 12q() 25 (P, — 4P;57). (2 ) 22 = 0.109923278 2% A428
For square plate, p =1,a/t=100,6 = 15°
4
A= ( )ﬁ 0.004949363. %% A429
k) Do D
_ (kg oh qa3 _ _ q;u3
0= (2 ) SR e = 9.75928E—06. & A430
_ (ka)Ps b aa®  _ 06,92
o, = (kT) 2.2 A- = 459308E-06.% A431
- 4 4
w=(:)h Lelwgided® - _ g 605785534, 992 A432
kr Eot Eot
2 4 kg\ oh 3
u=12[1 - iy ) [ -2 P52 -1] 5. (k—j) R = -9217915363. 35
2 4 S (kg\ oh 3
v = 12[1 = bty (%) [P3 —2p,$2 - 1] 2 (—8) SE = -92.38528502.0%  A434
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on =12qs.(ﬁ)2(ﬁ).(311.[1>2—fPZSZ—1 |.Sh+Be [p—2psz-1 |20+

aRZ 32 ' 6Q2
Bis _4pc2_4pc2_ 9’h \ _ qa?
; P+ P —3ps2 - 2ps2 - 2. aRaQ) = 0.65554346. 1 A435
_ a 2 k8 2 Bzz 2 azh
o = 12qs.(—) (—).(B21 [PZ——PZS —1] i+ [P3——P35 -1 ]'ﬁ+
% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.039597798. g“tz A436
0
k B 9%h
Trq = 12qS.(t) (k:) (Bay. [P, —2P,57 -1 ] ErZ. [P —2p,s2 -1 ]'WJ’
B;3 [PZ +P; —2P,52 —ZP,S2 — 2] e ahQ) = 0.116511506. g“tz A437
0
3
s = 12q (%) B44(P2—4P252).(11:—i).% = 0.584092844. 2% A438
Bss _ 2 oh 92
Tgs = 12q() 25 (p, — 4P,52). (2 ) T = 0109958303 2% A439
For square plate, =1,a/t=5,0 =30°
4 4
A= (ﬁ B 0.006624458.3 A440
1/ Do Do
_(fa)p b @ _ aa®
b= () Py b = 0001540535, & A441
_ ()P b e _ aa?
o, = T) 2 S = 0.001309947.% A442
- 4 4
w=(:)h Lelwgided® - 607743629, 99 A443
kr Eot Eot
. a\? 4 2 kg oh qa qa®
u=12[1 - iy ) [ -2 P52 -1] .. (k—T) SR = -0.156076775. 1% A444
_ a\? 4 2 S (kg\ oh qa __ qa3
v = 12[1 = by (;) [P3 —2p,82 - 1] .E.(I(—T)%.E—0 = —0.179077936.5%  A#45
— a 2 k8 2 B12 4 2 azh
R _12qs.(-) (—).(B11 [Pz——PZS —1] WJ’F [P3—§P3S -1 ].6—Q2+
E _4 2 _4 2 _ 0%h _ qaz
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.374327655. 1% A446
—_ a 2 k8 2 Bzz 4 2 aZh
oq = 1245.(%) (—).(BZ1 [P, -ips2—1 .2 WJFF [P —3ps2—1 ].@+
% _4 2 _4 2 _ 0%h _ qaz
: [P2+P3 2P,S? —2PS 2] aRaQ) = 0.047866015. 1 A447
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Tre = 1208. (5)2 (). (Bss . [P~ 2R52 -1 ]S+ +22 [, - P52 -1 ]%+

B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.21099123.% A448
s = 12q (%)3 B, (P, — 4P,52). (1‘:—:) 2= 0.23050259. 7 A449
Tos = 12q() 25 (P, — 4P;57). (2 ) % = 0.078400339 &= A450
For square plate,  =1,a/t=10,0 = 30°

A, = (kT)% 0.004861023.“‘]3;“: A451
0= () Pop - °]‘)‘" — 0.000565973. qD;‘f A452
b, = (@)%% qu: - 0.000633628.‘*]);‘? A453
w=(1)n w = 0.00568227. 2% A454
u = 12[1 = pyyiyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—: = —0.6833401. ;‘f:z A455
v = 12[1 — iy tya] (%)2 [P, — P57 - 1]. . (). 2 = —0.65634552.30;'132 A456
or = 1245. (%)2 (2).(Bur . [P~ 2Rs2 -1 ], er% [P.-2ps?—1 |22+

% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = 0.391836935. 2::2 A457
oq = 125. (2)2 (ﬁ) (Bar. [P 2Rps2—1].20 = [P —2ps2 -1 ]Z%}

% [Pz +P; —2P,52 —ZP,S7 — 2] a‘;ahQ) = 0.063819857. ;‘jtz A458
Trq = 1205. (%)2 (kT) (Boy [P —2Rps% -1 W+% [P~ P52 -1 ]Z%}H

e [P+ P —2p,52 — 252 —2] 20 ahQ) — 0.210844356. 30;‘122 A459
Trs = 12q (%)3 B, (P, — 413252).(%).% = 0.338734553. &% A460
Tos = 12q ) 255 (P, — 4P,52). (2 ) % = 0.151690569. 3 A461

For square plate,  =1,a/t= 20,0 = 30°
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4 4
A = (ﬁ B 0.004026605.3 A462
1/ Do Do
_(ka)p b @ _ aa®
b= () Posp B = 0000162739, & A463
_ (ka\Ps 2h aa® aa®
o, = (kT) 2o A = 00001984997 A464
- 4 4
w=(:)h Lelwgided® - _ G 604706881, 99 A465
T Eot Eot
_ a\2 4 2 kg o6h qa qa’
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (k—T) D = -275267306.4%  A466
. a\? 4 2 S (kg oh gqa qa®
v =12[1 = iy (5) [P - 2Po82 - 1]. 2 (—) SR = -2695599727.8%  A467
— a\? (ks 2 Biz 2 9%h
R —12qS.(?) (—).(B11 [Pz——PZS —1] aR2+ 2 [P3—-P3S -1 ].6—Q2+
% [PZ +P; —2P,5? —ZP,S? — 2] a‘;ahQ) = 0.396414701. g“tz A468
0
— a\? (ks 2 B2 2 d%h
oo _12qs.(—) (—).(B21 [PZ——PZS —1] 6R2+— [P3——P3S -1 ].a—Qz+
B3 _ 4 2 _ 4 2 _ 0<h _ qa?
: [P2+P3 2P,S? —2PS 2] aRaQ) = 0.071606251. 1 A469
2 2
— a _*p g2 _ 9%h | Bsz _%p 2 _ ah
Trq = 125.(%) (kT) (Bay.|P—2Ps2—1 .5 aR2+ . P =5ps2 -1 ]'an+
333 _4 2 _ 2 2 _ d<h _ qaz
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.214367004. 3 A470
3
s = 12q (%) B44(P2—4P252).(E—:).Z—E = 0.38959656. 1 A471
Tgs = 12q() 255 (P, — 4P,52). (2 ) % = 0.190082624. 3 A472
For square plate,  =1,a/t= 30,0 = 30°
A = ( )% 0003836625, 3% A473
kr/ Dy Do
3 oh qa3 _ _ q;ﬁ
0= (2 ) SR e = T44742E-05. & A474
kg P3 ah qa _ _ q_a3
o, = (= )B S = 923842E-05.% A475
_ 4
w= ((2)n, Zltnla® 904484805, 2 A476
kr Eot Eot
_ a\?2 4 2 kg oh qa qa®
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (E) e = —6.190682107. 3% A477
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v = 12[1 = iy byx] (%)2 [P —3pos2—1]. % (@) %g—: = —6.12636743.30%32 A478
or = 12g5. (5)2 (ﬁ).(B11 [PZ —2ps? -1 ] » +% [P3 —2ps?—1 ]Z%}
B %h\ qa?
2 P, + P —2P,52 —1ps% - 2. aRaQ) = 0.397230092. % A479
2 2
oq = 12q5.(%) (ﬁ) (Ba1. [P —3P,8% -1 ] o ‘;2; [P, —2ps2—1 ]%+
B 0%h _ qa?
% [PZ +P; —2P,52 —ZP,S? — 2] aRaQ) = 0.073393587. £ A480
B d%h
Trq = 1208. (%) (kT) (Bay. [P, —2Ps2—1 . erﬁ [P, —2p,s2 -1 ].@+
B 4 4 %h\ qa?
e P+ P —2ps?2 —2ps2 2| M) = 0.215388873. 5 A481
s = 129 (2) Bua(P, — 4P,52). (%2). 2 = 0401155356, 9% A482
t kT JR Eot
Tos =124 ) 25 (p, — 4P,52). (2 ) % = 0.199050949. 7% A483
For square plate, B =1,a/t=40,0 =30°
A = ( )% 0.003766832.9% A484
kr) Do D
0 = () P ‘};’ — 4.2335E - 05. % A485
_ (kg\P3 oh qa® . qa3
o, = (ﬁ)f% % = 52831E-05.%- A486
w=(2)h W = 0.00440322. ::‘; A487
u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (:_i) %g—j = —11.00197778. ;‘:; A488
v = 12[1 = pyyhiyy (%)2 [P3 —2p,82 - 1] % (ﬁ) %;‘—2 = —10.93497106. ;‘j; A489
or = 12g5. (5)2 (ﬁ) . (B11 [PZ —2Ps? -1 ] D B“ .[P3 —2pS? -1 ]%‘ +
B 0<h _ qa?
2 [P, + P —2P,52 —1ps% - 2. aRaQ) = 0.074051377. 1% A490
oq = 12gS. (5)2 (E) (Bar. [P —3Pu8% -1 ] i+ B“ P —3Ris?2 -1 ]%‘ﬁ
B 0<h _ qa?
= [PZ +P; —2P,52 —2P,§7 — 2] aRaQ) = 0.215782055. 5 A491
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Trq = 125. (3)2 () (Bsa [P = 5Ros? -1 ]S+ +22 [p - ipst -1 [E=x
323 [Pz +P; — _PZSZ - ‘P352 - 2] a(;ahq) = 0.405399982. %

Trs = 12q (%)3 Bas(P, — 4P5%). (1) 5o = 0.202364022. 7%

Tos = 12q() % (py — abys?).({2). 52 = 0.199050949.5%

For square plate,  =1,a/t= 50,0 = 30°

A= ()% 000373391425

0= (2)Pgp = = 272282E-05. 1=

0, = ()25 %= = 340735E-05.%

w=(1)n .—12[1";":;”‘]%4 = 0.004364741. 2 A498
w=1201 = iyl () [ -2 sz - 1] s (&) 2.2 = —17.18736483. 2%

v = 12[1 = iy iy (%)2 [P —2ps2—1]. 5 ("—) %§ = —17.1190827.30;'132

on =125, (9 (2). (Bus-[po =257 1 |- 22422 [~ 252 =1 |- 22+

22 Py + Py —IPS2 — IPyS2 - 2] aiahQ) = 0.397640626. 2

oq = 12g8. (g)z (@).(321 [p,— P52 —1].20 4Bz [P~ 2pys? 1 ]%Jr

%2 [P, + Py~ 2P,52 ~2P,52 — 2. L) = 00743618322

Trq = 1205 (%)2 (kT) (Bsy. [P —3Ps2—1 . W+% [P —2p,s2 1 ]'ZZT};J’

B3z

B 9RAQ

3
trs =124 (3) Baa(P —4P,57). (). 55 = 040740163325

Tgs = 12q() 255 (; — 4P;52). (2 ) g = 0.203929926..%

For square plate,  =1,a/t= 60,6 = 30°

[P+ = 2Rys7 —2ps2 - 2] 20 = 0.215970695. 4%
0

A492

A493

A494

A495

A496

A497

A500

A501

A502

A503

A504

A505

309



4 4
A = (ﬁ B 0.003715866.3— A506
1/ Do Do
= (ks)p, 20 92 _ _o05. %
b= () Ps o= = 189594E-05. & A507
_ (ks\Ps oh ga® _ e 9@®
o, = (kT) 2 A = 237619E-05.% A508
— 4 4
w=(:)h Lelwgiyded® - 604343645, 99 A509
T Eot Eot

u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (E) b @ 0.397710649. g:; A510

kt dR Eg
. a\? 4 2 S (kg oh gqa qa®
v =12[1 = iy (5) [P - 2Po82 - 1]. 2 (—) SR = 007453210285 AsI
— a\? (ks 2 Biz 2 9%h
R —12qS.(?) (—).(B11 [Pz——PZS —1] aR2+ 2 [P3—-P3S -1 ].6—Q2+
% [PZ +P; —2P,5? —ZP,S? — 2] a‘;ahQ) = 0.397640626. g“tz A512
0
— a\? (ks 2 B2 2 d%h
oo _12qs.(—) (—).(B21 [Pz——PzS —1] 6R2+— [P3——P3S -1 ].a—Qz+
B3 _ 4 2 _ 4 2 _ 0<h _ qa?
: [P2+P3 2P,S? —2PS 2] aRaQ) = 0.074361832. A513
2 2
= 2 _4ps2_q | Zh B2 [p _%pgz_q |20
Trq = 125.(%) (kT) (Bay.|P—2Ps2—1 .5 aR2+ . P =5ps2 -1 ]'an+
333 _4 2 _ 2 2 _ d<h _ qaz
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.215970695. 5 A514
3
s = 12q (%) B44(P2—4P252).(1‘:—:).Z—E = 0.408498992. % A515
Tgs = 12q() 255 (P, — 4P,52). (2 ) % = 0.204789348. 3% A516
For square plate,  =1,a/t=70,0 = 30°
A = ( )% 0.003704927. 9% A517
k) Do D,
3 oh qa3 _ _ q;ﬁ
0= (2 ) SR e = 13952E-05. F A518
kg P3 ah qa _ _ q_a3
o, = (= )B S = 175021E-05.% A519
_ 4
w= (L) n Zittnla® 994330857, 94 A520
kr Eot Eot
_ a\2 4 2 kg dh qa qa’
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (E) h D = -33.68114192. 1% A521
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. a\?2 4 S (k oh qa __ qa®
v =12[1 - iy (5) [P = 2Ps82 - 1]. 2 (—8) SeE = -3361173369.4%;  A522
or = 12g5. (5)2 (ﬁ).(B11 [PZ —2ps? -1 ] » +% [P3 —2ps?—1 ]Z%}
s [P+ P, —2p,5% —2p52 2] a‘;a“Q) = 0.397752791. 3% A523
0
2 2
oq = 12q5.(%) (ﬁ) (Ba1. [P —3P,8% -1 ] o ‘;2; [P, —2ps2—1 ]%+
% [PZ +P; —2P,52 —ZP,S? — 2] a‘;ahQ) = 0.074635329. ::‘tz A524
2 rk 8%h B 8%h
Trq = 125.(%) (k—:).(1331 P —ips2—1]. T P -3ps2 -1 ].@+
s [P+ —2ps2 —Ips2 2] %) = 0.21613848. ;‘f; A525
3
trs =129 (%) Baa(P, —4P252).(11:—:).% = 0.409164123. 3% A526
Tgs = 12q() 25 (p, — 4P,52). (2 ) ;’2 = 0.205310585.7% A527
For square plate, 3 =1,a/t=80,6 =30°
A = ( )% 0.003697803.9% A528
kr/ Do Do
oh qa3 . qa3
0, = (i 8) SR e = 1.06933E—05. $- A529
_ (kg\P3 oh qa® . qa3
o, = (ﬁ)f% % = 1342226055 A530
w= (L) p PEinla® g 9943253, 94 A531
kr Eot Eot
_ a\2 4 k oh qa qa®
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (k—j) D = —43.98964219. 1% A532
_ a\2 4 S (k oh qa qa®
v = 12[1 = pyyhiyy (;) [P3 —2p,82 - 1] ot (—8) e = —439199568.05  AS533
or = 12g8. (5)2 (ﬁ).(B11 P —3Ps2 -1 ] - +% P —3Rs? -1 ]Zi;;+
=3 [P+ Py —2p,52 —2py52 - 2. a‘;ahQ) = 0.39778011. 3% A534
0
oq = 12gS. (5)2 (E) (Bar. [P —3Pu8% -1 ] i+ B“ P —3Ris?2 -1 ]%‘ﬁ
B d“h _ qa?
= [PZ +P; —2P,52 —2P,§7 — 2] aRaQ) = 0.074702555. 5 A535
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Tre = 1208. (5)2 (). (Bss . [P~ 2R52 -1 ]S+ +22 [, - P52 -1 ]%+

B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.216179949. % A536
s = 12q (%)3 B, (P, — 413252).(1‘:—:)% = 040959722, 2% A537
Tos = 12q() 25 (P, — 4P;57). (2 ) % = 0.205650118. 3% A538
For square plate,  =1,a/t=90,0 = 30°

A, = (kT)% 0.003692909.% A539
0= () Pop - ‘g‘: — 8.45519E — 06. qD;‘f A540
b, = (@)%% qu: — 1.06173E — os.qD—‘f A541
w= (,’i—i) h w = 0.004316809. ::; A542

U= 12[1 — gy liyy] (%)2 [P.-2ps?-1] .5.(2) 2.2 = 5567257716, g:;

v = 12[1 — iy tya] (%)2 [P, — P57 - 1]. . (). 2 = —55.60270125.;10;'132 A544
og = 12¢5. (%)2 (ﬁ).(B11 [p—2ps2-1]. er% [P, —2ps2 -1 ]%Jf

% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = 0.397798825. 2::2 A545
oq = 125. (2)2 (2) . (Bar [P = 3Pos? -1 = +22 [Py - 1ps? - 1 ]Z%}

% [Pz +P; —2P,52 —ZP,S7 — 2] a‘;ahQ) = 0.074748749. ;‘jtz A546
Trq = 1205. (%)2 (2). (Bsr [P —3Pos? -1 . W+% [P.—2ps?—1 |22+

B;3 [Pz + Py —2P,5% = IP;5% - 2] o ahQ) = 0.216208496. 30;‘122 A547
Trs = 12q (a) B, (P, — 4P,52). (k—s) = = 0.40989479. 2% A548
Tos = 12q ) 255 (P, — 4P,52). (2 ) % = 0.205883463. 3% A549

For square plate, = 1,a/t =100, 6 = 30°
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4 4
A = (ﬁ B 0.003689403.3% A550
1/ Do Do
_(ka)p b @ _ 06,
b= () Py B = 685226E—06. % A551
_ (ka\Ps 2h aa® 06 9
o, = (kT) 2.0 % = 8.60696E - 06.% A552
- 4 4
w=(:)h Lelmgiydaat g 60431271, 92 A553
T Eot Eot
2 4 kg\ 6h 3
u = 12[1 = iy iy (%) [PZ ~2p, 82— 1] .S. (k—j) D = —68.72995528.0% AS554
2 4 S (kg) oh 3
v =12[1 = iy (5) [P - 2Po82 - 1]. 2 (—8) TE = -68.65994283.2%  ASS5
2 1k B a%h
or = 125. (%) (—8).(1311 [Pz —2Ps? -1 ] Tt [P3 —IPS? -1 ].6—Q2+
% [PZ +P; —2P,5? —ZP,S? — 2] a‘;ahQ) = 0.397812204. g“tz A556
0
2 rk B 8%h
oq = 12gS. (5) (—8).(B21 [PZ —2P,S% -1 ] = +£ [P3 —2ps? -1 ].a—Qz+
% [Pz +P; —2P,52 —2P,52 — 2] a‘;ahQ) = 0.074781842. ;‘“tz A557
0
2 B 4 8%h
Trq = 125.(%) (kT) (Bay. [P —3Ps2—1 . erﬁ [P —Sp,s2 -1 ]'WJ’
333 _4 2 _4 2 _ 0“h _ qaz
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.216228973. 5 A558
3
s = 12q (%) B44(P2—4P252).(1‘:—:).Z—E = 041010796, 7% A559
Tgs = 12q() 255 (P, — 4P,52). (2 ) % = 0.206050654. 3 A560
For square plate,  =1,a/t=>5,0 =45°
A = ( )% 0003689403, 3% A561
k) Do D,
3 oh qa3 _ _ q;u?’
0= (2 ) SR B = 6.85226E—06. F A562
kg P3 ah qa _ _ q_a3
o, = (= ) 2259 = 860696E - 06.% A563
_ 4
w= ((2)n Zittnla® 99431771, 99 A564
kr Eot Eot
2 4 kg\ oh 3
u = 12[1 = iy iy (%) [PZ ~2p, 82— 1] .S. (ﬁ) E D = —68.72995528.1% AS65
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v = 12[1 = iy byx] (%)2 [P —3pos2—1]. % (@) %g—: = —68.65994283.3%32 A566
2 a%h
or = 12g5. (5) (ﬁ).(B11 [PZ —2ps? -1 ] » +% [P3 —2ps?—1 ].6—Q2+
B 2*h ) _ qa?
2 P, + P —2P,52 —1ps% - 2. aRaQ) = 0.397812204. 1% A567
2 8%h
oq = 12q5.(%) (ﬁ) (Ba1. [P —3P,8% -1 ] o ‘;2; [P, —2ps2—1 ].@+
% [PZ +P; —2P,52 —ZP,S? — 2] a‘;ahQ) = 0.074781842. :“tz A568
0
B d%h
Trq = 1208. (%) (kT) (Bay. [P, —2Ps2—1 . erﬁ [P, —2p,s2 -1 ].@+
% P+ P —2ps?2 —2ps2 2| %) = 0.216228973. g“; A569
0
Trs = 12q (%)3 B, (P, — 413252).(1‘:—:).% = 0.41010796. 2% A570
Tos =124 ) 25 (p, — 4P,52). (2 ) % = 0.206050654. 7% A571
For square plate, =1,a/t=5,0 =45°
Ay = (£2)% = 0,005819568. % A572
kr/ Do Do
oh qa3 . qa3
0, = (i 8) SR e = 0.000815431. 3 A573
_ (kg\P3 oh qa® . qa3
o, = (ﬁ)f% % = 000183352.%- A574
w= (L) p, PEminlad g 9602757, 221 A575
kr Eot Eot
u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (:_i) %g—j = —0.190770994. ;‘:; A576
v = 12[1 = pyyhiyy (%)2 [P3 —2p,82 - 1] % (ﬁ) %;‘—2 = —0.089216638.;1;32 A577
2 2
or = 12g5. (ﬁ) (ﬁ) . (B11 [PZ —2Ps? -1 ] D B“ .[P3 —2pS? -1 ]Z—;z‘ +
B 0<h _ qa?
2 [P, + P —2P,52 —1ps% - 2. aRaQ) = 0.229241299. A578

oo = 1255 (' (2) (o [~ 105% -1 | £2 82 [ -2t -1 | 22
a?aahQ

o]
N
w

[PZ +P; —2P,52 —2P,§7 — 2] ) = 0.067898964. ;‘“tz A579
0

=]
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Trq = 1245 (5)2 (E).(B31 . [P —2p,82 1 ] Sl B32 [P3 —2ps2 -1 ]

B3

B dRAQ

3
Trs =12q (%) 1344(132—413252).(1‘:—:).ﬁ = 0.122008938. 2%

B
tos =120 (2) 22 (7, — 4Ry, (). 22
For square plate,  =1,a/t= 10,0 = 45°

4
Ay = (£2)% = 0.004451448. %
kr Do

Do
_ (kg oh qa _ q;¢3
0= (2 ) o e = 0.000359764. F
_ (ka)Ps b ga®  _ aa®
o, = )B.BQ = = 0000873545

_ 4 4
w= ("—S)h 220miyidaat g 60035, 92

kT Eot3 Eot3

u = 12[1 = pyyiyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—:

v =121 — iy by (%)2 [P —3Pus? = 1].2.(52) 555

R :12qs'(%)2(ﬁ)-(311 [ —-P252—1] W-l'%

22 [P, + Py —2P,5? —2P,52 — 2. 2L} = 0236799286, 2%
oo =115 (3 (2)- (s 2051 2422
% [P+ Py~ RS? — 2 Res? - 2. ) = 00963642

Bs2

o = 1205 2 (2. (5 [1 2571 32422

B3z

B 0RIQ

= 0.109736188.2%
Eqt

P+ P —3ps2 - 2ps2 - 2. o' 2 = 0.229042514.%
0

0

0

92h
'ﬁ-l_

= —0.689014034.3%

= —0.484017552.—
Eot2

[P —3ps2—1 |

[P3 —2ps? -1 ]

a
07. 2=

[P3 —2ps? -1 ]

2
[Pz + Py —2P,5% = IP;5% - 2] o'h ) = 0.239898189. 2%
0

3
Trs =12q(3) 1344(132—413252).(%).ﬁ = 021531883, 7%

tgs =120 (%) B2 (p, - apys7). (1) 2

For square plate,  =1,a/t= 20,0 = 45°

= 0.209125421. 22
Eot

0

Eot2

qa?®

92%h

—t

0Q?

d%h

—t

0Q?

d%h
A

A580

A581

A582

A583

A584

A585

A586

A588

A589

A590

A591

A592

A593
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4 4
A= (%) = 0.003639574. 3% A594
Do

1/ Do
_(ka)p b @ _ aa*
b= () Pp B = 0000112952, % A595
_ (ka\Ps 2h aa® aa®
o, = (kT) 2o A = 00002802733 A596
- 4 4
w=(:)h Lelwgided® - 604254462, 99 A597
T Eot Eot
_ a\? 4 2 kg dh qa qa®
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (k—T) D = -2542584789.3% A598
. a\? 4 2 S (kg oh gqa qa®
v =12[1 = iy (5) [P - 2Po82 - 1]. 2 (—) SR = -2275539744.8%  A599
2 1k B a%h
or = 125. (%) (—8).(1311 [Pz —2Ps? -1 ] Tt [P3 —IPS? -1 ].6—Q2+
% [PZ +P; —2P,5? —ZP,S? — 2] a‘;ahQ) = 0.241001983. g“tz A600
0
2 rk B 8%h
oq = 12gS. (5) (—8).(B21 [PZ —2P,S% -1 ] = +£ [P3 —2ps? -1 ].a—Qz+
B d“h _ qa?
% [Pz +P; —2P,52 —2P,52 — 2] aRaQ) = 0.113450294. 1 A601
2 2
= 2 _4ps2_q | Zh B2 [p _%pgz_q |20
Trq = 125.(%) (kT) (Bay.|P—2Ps2—1 .5 aR2+ . P =5ps2 -1 ]'an+
B 9%h\ _ qa?
el [Pz +P; —2P,52 —2P,52 — 2] aRaQ) = 0.246340202. 3 A602
3
s = 12q (%) B44(P2—4P252).(1‘:—:).Z—E = 0.270406726. 7% A603
Tgs = 12q() 255 (P, — 4P,52). (2 ) % = 0.268389717. 35 A604
For square plate,  =1,a/t= 30,0 = 45°
A = ( )q“ — 0.003437528.9% A605
kr/ Dy Do
3 oh qa3 _ _ q;u?’
0= (2 ) SR B = 527432605, F A606
kg P3 ah qa _ q;l:%
o, = (= )B % = 00001314185 A607
_ 4
w= (ﬁ)hw = 0.004018283. 1% A608
kr Eot Eot
_ a\?2 4 2 kg oh qa qa’
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (E) D = -5596926211. 3% A609
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v = 12[1 = iy iy (%)2 [P —3pos2—1]. % (@) %g—: = —5.314405473.30%32 A610
op = 124S. (5)2 (2). (Bur [P~ 2Rs2 -1 |22 252 [p—2ps2 -1 ]Z%}

% P, + P —2P,52 —1ps% - 2. a‘;a“Q) = 0.242033349. ;‘(‘; A611
oq = 12as.(2)’ (2).(Bar [P —2ms? -1 | S+ 22 [p - Sms? -1 |0+

% [PZ +P; —2P,52 —ZP,S? — 2] a‘;ahQ) = 0.117712367. ::‘tz A612
Trq = 125. (%) (2). (Bar [P —2pos2 -1 . er% [P, — P52 -1 ]Z%#

s [P+ —2ps2 —Ips2 2] %) = 0.247943377. g:; A613
Trs = 12q (%)3 B, (P, — 4P,52). (1‘:—:) 2= 0.284101403. 25 A614
Tos =124 ) 25 (p, — 4P,52). (2 ) % = 0.283153004. 2% A615
For square plate, B =1, a/t = 40,0 = 45°

A = (kT) ‘;“0 = 0.003361583.‘% A616
0 = () P ‘};’ — 3.02055E — 05. % A617
b, = (i—:)%% qu: — 7.53716E — os.qD—‘f A618
w=(2)h W = 0.003929506. ::; A619

u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (:_i) %g—j = —9.866704379. ;‘:; A620
v = 12[1 = pyyhiyy (%)2 [P3 —2p,82 - 1] % (ﬁ) %;‘—2 = —9.578363924. ;‘j; A621
op = 124S. (5)2 (2). (Bur [P~ 3Rs2 -1 |2+ +22 [p, - 2ps? -1 ]%‘ +

% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.242419901. % A622
6o = 1205 (5)2 (2). (Bar . [P~ P52 -1 |20+ +22 [P, - 2ps? -1 ]%‘ﬁ

% [PZ +P; —2P,52 —2P,§7 — 2] a‘;ahQ) = 0.119315188. ;‘jtz A623
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trq = 1205, (%) (2).(Bar [P —3pos? -1 | S+ 22 [p - ims? -1 |0+

B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.248545986. % A624
s = 12q (%)3 B, (P, — 4P,52). (1‘:—:) 2= 0.289247895. &% A625
Tos = 12q (3 ) 25 (P, — 4P;57). (2 ) % = 0.288703431. 2% A626

For square plate,  =1,a/t= 50,0 = 45°

A, = (k )‘}; = 0.003325436.% A627
0= () Pop - fj — 1.94952E — 05. qD—‘f A628
b, = (@)%% qu: — 4.86793E — os.qD—‘f A629
w= (:—:)h w = 0.003887253. ::; A630

U= 12[1 — gy liyy] (%)2 [P.-2ps?-1] .5.(2) 22 = -1535454563. g“tz

v = 12[1 = iy iy (%)2 [P —2ps2—1]. % (ﬁ) %g—: = —15.06343477.3%32 A632
op = 12g5. (%)2 (2).(Bur . [P~ 2Rs2 -1 ], er% [P, —2ps2 -1 ]%Jf

% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = 0.242603683. 2::2 A633
oq = 125. (2)2 (ﬁ) (Bar. [P 2Rps2—1].20 = [P —2ps2 -1 ]Z%}

% [Pz +P; —2P,52 —ZP,S7 — 2] a‘;ahQ) = 0.120078199. ;‘jtz A634
Trq = 1205. (%)2 (kT) (Boy [P —2Rps% -1 W+% [P~ P52 -1 ]Z%}H

B;3 [Pz + Py —2P,5% = IP;5% - 2] o ahQ) = 0.248832802. 30;‘122 A635
Trs = 12q (%)3 B, (P, — 413252).(%).% = 0.291697203. 2% A636
Tos = 12q ) 255 (P, — 4P,52). (2 ) % = 0.291345399. 2% A637

For square plate,  =1,a/t =60, 6 = 45°
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4
A = (ﬁ)ﬂ = 0.003305528.9% A638
1/ Do Do
_(ka)p b @ _ o5 9
b= () Pop o = 13601E-05. 5 A639
_ (ka\Ps 2h aa® R
¢y_(kr)l3 5 b= = 339739E-05.% A640
- 4 4
w=(:)h Lelwgided® - _ g 93863981, 99 A641
T Eot Eot
2 4 kg\ 6h 3
u = 12[1 = iy iy (%) [PZ ~2p, 82— 1] .S. (k—j) D = —2206116755. 3% A642
2 4 S (kg) oh 3
v =12[1 = iy (5) [P - 2Po82 - 1]. 2 (—8) R = -2176853075.4%  A643
2 1k B a%h
or = 125. (%) (—8).(1311 [Pz —2Ps? -1 ] Tt [P3 —IPS? -1 ].6—Q2+
% [PZ +P; —2P,5? —ZP,S? — 2] a‘;ahQ) = 0.242704849, 3“2 A644
0
2 rk B 8%h
oq = 12gS. (5) (—8).(B21 [PZ —2P,S% -1 ] = +£ [P3 —2ps? -1 ].a—Qz+
% [Pz +P; —2P,52 —2P,52 — 2] a‘;ahQ) = 0.120498468. ;‘jtz A645
2 2
= 2 _4ps2_q | Zh B2 [p _%pgz_q |20
Trq = 125.(%) (kT) (Bay.|P—2Ps2—1 .5 aR2+ . P =5ps2 -1 ]'an+
333 _4 2 _ 2 2 _ d<h _ qaz
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.248990767. 1 A646
3
s = 12q (%) B44(P2—4P252).(1‘:—:).Z—E = 0.293046116. 7% A647
Tos = 12q ) 255 (P, — 4P,52). (2 ) % = 0.292800527. 2% A648
For square plate,  =1,a/t=70,0 = 45°
A = ( )q“ — 0.003293429.9% A649
kr/ Dy Do
3 oh qa3 _ _ q;u?’
0= (2 ) SR B = 1.00205E-05. 3 A650
kg P3 ah qa _ _ q_a3
o, = (= )B % = 250358E-05.% A651
_ 4
w= ((2)n Zlttnla® 993849839, 907 A652
kr Eot Eot
2 4 kg\ oh 3
u = 12[1 = iy iy (%) [PZ ~2p, 82— 1] .S. (ﬁ) E D = —29.98682694. 1 A6S3
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v = 12[1 = iy iy (%)2 [P —3pos2—1]. % (@) %g—: = —29.69326277.3%32 A654
op = 124S. (5)2 (2). (Bur [P~ 2Rs2 -1 |22 252 [p—2ps2 -1 ]Z%}

% P, + P —2P,52 —1ps% - 2. a‘;a“Q) = 0.242766309. ;‘(‘; A655
oo = 124 (5)2 (2) . (Bar [P = 3Pos? -1 |25 = [P, —2ps2 -1 ]Z%‘h

% [PZ +P; —2P,52 —ZP,S? — 2] a‘;ahQ) = 0.12075388. ::tz A656
Trq = 125. (%) (2). (Bar [P —2pos2 -1 . er% [P.-2ps?—1 |22+

s [P+ —2ps2 —Ips2 2] %) = 0.249086764. g:; A657
Trs = 12q (%)3 B, (P, — 413252).(1‘:—:).% = 0.293865842. 3% A658
Tos =124 ) 25 (p, — 4P,52). (2 ) % = 0.293684837. 2% A659
For square plate, B =1,a/t =80, 0 = 45°

A = (kT)% = 0.003285539.‘% A660
0 = () P ‘};’: — 7.68589E — 06. qu: A661
b, = (i—:)%% qu: — 1.92057E — os.qD—‘f A662
w=(2)h W = 0.003840615. ::; A663

u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (:_i) %g—j = —39.13163358. ;‘:; A664
v = 12[1 = pyyhiyy (%)2 [P3 —2p,82 - 1] % (ﬁ) %;‘—2 = —38.83746455.;1;32 A665
op = 124S. (5)2 (2). (Bur [P~ 3Rs2 -1 |2+ +22 [p, - 2ps? -1 ]%‘ +

% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.242806387. % A666
oq = 1205.(%)’ (2).(Bar [P —2pos? -1 | S+ 22 [p - Sms? -1 |20+

% [PZ +P; —2P,52 —2P,§7 — 2] a‘;ahQ) = 0.120920468. ;‘jtz A667
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trq = 1205, (%) (2).(Bar [P —3pos? -1 | S+ 22 [p - ims? -1 |0+

B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.249149374. % A668
s = 12q (%)3 B, (P, — 4P,52). (1‘:—:) 2= 0.294400467. 2% A669
Tos = 12q (3 ) 25 (P, — 4P;57). (2 ) % = 0.294261599. 2% A670

For square plate,  =1,a/t=90, 0 = 45°

A, = (k )‘}; = 0.003280112.% A670
0= () Pop - fj — 6.08039E — 06 . qD—‘f A671
b, = (%)%% % — 1.51953E — o5.qD—‘f A672
w= (:—:)h w = 0.003834271. ::; A673

U= 12[1 — gy liyy] (%)2 [P.-2ps2-1] .5.(2) 22 = -49.49564061. g:;

v = 12[1 — iy tya] (%)2 [P, — P57 - 1]. . (). 2 = —49.20105555.304‘132 A675
op = 12g5. (%)2 (2).(Bur . [P~ 2Rs2 -1 ], er% [p—2ps2 -1 ]%Jf

% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = 0.24283395. g:; A676
oq = 125. (2)2 (ﬁ) (Bar. [P 2Rps2—1].20 = [P —2ps2 -1 ]Z%}

% [Pz +P; —2P,52 —ZP,S7 — 2] a‘;ahQ) = 0.121035053. ;‘jtz A677
Trq = 1205. (%)2 (kT) (Boy [P —2Rps% -1 W+% [P~ P52 -1 ]Z%}H

B;3 [Pz + Py —2P,5% = IP;5% - 2] o ahQ) = 0.249192438. 30;‘122 A678
Trs = 12q (a) B, (P, — 4P,52). (k—s) = = 0.29476819. 7% A679
Tos = 12q ) 255 (P, — 4P,52). (2 ) % = 0.294658312. 2% A680

For square plate, = 1,a/t =100, 6 = 45°
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v = 12[1 — ey by (%)2 [Pg —§P352 - 1] % (

ORr

%? [Pz+-B;—'4ESZ'__IESZ__2] ;;;2

oq = 12gS. (2)2 (k_) (Bar [P -3 PoS? -1 ] or?
% [Pz + P __PZSZ —‘13352 B 2] a?aahQ

Trq = 1208. (%)2 (kT) (Bay.|P—2Ps2—1 .5

P, + Py —ZP,S% —ZPyS% — 2
| J

Bzz
B

TRrs

tgs =120 (%) B2 (p, - apys7). (1) 2

For square plate, =1,a/t=

Ay = (kT) ?3‘10

ga’
"D

qa®
"9Q Dg

12[1_|J-xy lJ-yx]qa4
Eot3

=12q (%)3 B4 (P, — 4P,52). (1‘:—:) s

¢ ( 8) oh qa3 _

- 2'3R "D, -

¢ (kg) P3 ah qa _

y B 90 D, -

W = (ﬁ) h. 12[1-pyypyx|qat
kr

u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] 5.

Eot3

- 0.007663341.‘*})4“

0.003276221.3%
Do

— 4.92952E — 06 . quB

0

1.23201E — 05,9
Do

= 0.003829723.

8%h
dRAQ

508=60°

0

0.000496625 . qus

0

0.002724257.°‘Di3

= 0.008958027.

qa*

0

kg

2

)

U = 12[1 = iy biyy] (%)2 [ —2p 52 -1].5. (=

- 1205 (5 (2). (b [ro 21 | 224

dh qa

"OR " E,

oh qa

9Q Eg

B12
32

) — 0.242853709.
Eot?

+@

) = 0121117201, 2%

B3>

S

'82

2—) = 024922331225

[P3 —2pS2 -1 ]

qa

[P3 —2p,82 -1 ]

qa

[P -Sps2-1 .

qa?

0.295031814. 2%

qa*

0

kg
kT

)

= 0.294942724.%

dh qa

"OR"E,

0

—61.07887631.
Eot2

—60.78399298.
Eotz

—0.308782716.

A684

qa?®

qa?®

92%h

=t

202

A695

qa?®

0

A681

A682

A683

A685

A686

A687

A688

A689

A690

A691

A692

A693

A694

_ A696
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v = 12[1 = iy iy (%)2 [P —3pos2—1]. % (@) %g—: = —0.086576463.3%32 A697
op = 124S. (5)2 (2). (Bur [P~ 2Rs2 -1 |22 252 [p—2ps2 -1 ]Z%}

% P, + P —2P,52 —1ps% - 2. a‘;a“Q) = 0.144820272. ;‘(‘; A698
oo = 124 (5)2 (2) . (Bar [P = 3Pos? -1 |25 = [P, —2ps2 -1 ]Z%‘h

% [PZ +P; —2P,52 —ZP,S? — 2] a‘;ahQ) = 0.067841665. ::‘tz A699
Trq = 125. (%) (2). (Bar [P —2pos2 -1 . er% [P —2ps2 -1 ]Z%#

% P+ P —2ps?2 —2ps2 2| %) = 0.24889198. ;‘f; A670
Trs = 12q (%)3 B, (P, — 413252).(1‘:—:).% = 0.074307552. 3% A671
Tos =124 ) 25 (p, — 4P,52). (2 ) % = 0.163046773. 3% A672
For square plate, 3 =1,a/t=10,06 = 60°

A = (kT)% = 0.005504166.‘% A673
0 = () P ‘};’: — 0.000243128. qDLf A674
b, = (i—:)%% qu: - 0.001241934.‘*]);‘? A675
w=(2)h W = 0.00643407. ::‘; A676
u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (:_i) %g—j = —0.932443163. ;‘:; A677
v = 12[1 = pyyhiyy (%)2 [P3 —2p,82 - 1] % (ﬁ) %;‘—2 = —0.533919486. ;‘j; A678
op = 124S. (5)2 (2). (Bur [P~ 3Rs2 -1 |2+ +22 [p, - 2ps? -1 ]%‘ +

% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.147495141. % A679

oo = 1255 (' (2) (o [~ 105% -1 | £2 82 [ -2t -1 | 22
a?aahQ

o]
N
w

[PZ +P; —2P,52 —2P,§7 — 2] ) = 0139140305 ;‘“tz A680
0

=]
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trq = 1205, (%) (2).(Bar [P —3pos? -1 | S+ 22 [p - ims? -1 |0+

B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.230781225. % A681
s = 12q (%)3 B, (P, — 413252).(1‘:—:)% = 0.145511962. 2% A682
Tos = 12q (3 ) 25 (P, — 4P;57). (2 ) % = 0297318991 4% A683

For square plate,  =1,a/t= 20,0 = 60°

A, = (k )% = 0.004252578.“]);‘;4 A684
0= () Pop - °]‘)‘" — 7.82642E — 05. qD—‘f A685
b, = (i—j)%% qu: - 0.000391705.‘*]);‘? A686
w= (:—:)h w = 0.004971031. ::; A687

U= 12[1 — gy liyy] (%)2 [P.-2ps?-1] .5.(2) 2.2 = -3056550051. g:;

v = 12[1 = iy iy (%)2 [P —2ps2—1]. % (ﬁ) %g—: = —2.556298493.3%32 A689
op = 12g5. (%)2 (2).(Bur . [P~ 2Rs2 -1 ], er% [P, —2ps2 -1 ]%Jf

% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = 0.149099418. 2::2 A690
oq = 125. (2)2 (ﬁ) (Bar. [P 2Rps2—1].20 = [P —2ps2 -1 ]Z%}

% [Pz +P; —2P,52 —ZP,S7 — 2] a‘;ahQ) = 0.180072523. ;‘jtz A691
Trq = 1205. (%)2 (2). (Bsr [P —3Pos? -1 . W+% [P~ P52 -1 ]Z%}H

B;3 [Pz + Py —2P,5% = IP;5% - 2] o ahQ) = 0.220842379. 30;‘122 A692
Trs = 12q (%)3 B, (P, — 4P,52). (‘g—i) = = 0.187364389. 2= A693
Tos = 12q ) 255 (P, — 4P,52). (2 ) % = 0.37509669. 7% A694

For square plate,  =1,a/t= 30,0 = 60°
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4 4
A = (ﬁ)ﬂ = 0.003944578.9% A695
1/ Do Do
_(ka)p b @ _ o5, o
b= () Py o= = 3.67021E-05. & A696
_(ke)Ps o gt _ as®
o, = (kT) e 0.000182973. 5" A697
- 4 4
w=(:)h Lelegidadt g 604610995, 92 A698
T Eot 0
_ a)? 4 2 kg oh qa __ qa®
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (k—T) D = —6508036205. 3% A699
. a\? 4 2 S (kg oh gqa qa®
v =12[1 = iy (5) [P - 2Po82 - 1]. 2 (—) SR = -5982777058.8%  A700
2 1k B a%h
or = 125. (%) (—8).(1311 [Pz —2Ps? -1 ] Tt [P3 —IPS? -1 ].6—Q2+
% _ 4 2 _ 4 2 _ 0<h _ qa
; [PZ +P; —2P,5%? —2P.S 2] aRaQ) = 0.149497183. 1% A701
2 rk B 8%h
oq = 12gS. (5) (—8).(B21 [PZ —2P,S% -1 ] = +£ [P3 —2ps? -1 ].a—Qz+
B3 _ 4 2 _ 4 2 _ 0<h _ qa?
: [P2+P3 2P,S? —2PS 2] aRaQ) = 0.190123475. 5 A702
2 B 4 8%h
Trq = 125.(%) (kT) (Bay. [P —3Ps2—1 . erﬁ [P —Sp,s2 -1 ]'WJ’
333 _4 2 _ 2 2 _ d<h _ qaz
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.218427488. A703
3
s = 12q (%) B44(P2—4P252).(1‘:—:).Z—E = 0197695712 7% A704
Tos = 12q ) 255 (P, — 4P,52). (2 ) % = 0.394233773.2% A705
For square plate,  =1,a/t=40,0 = 60°
A = ( )q“ — 0.003829161.3% A706
kr/ Dy Do
3 oh qa3 _ _ q;u?’
0= (2 ) SR e = 2.10495E-05. §° A707
kg P3 ah qa _ q;l:%
o, = (= )B A = 0000104794.% A708
_ 4
w= (L) n Zittnla® 99447608, 2% A709
kT Eot EO
_ a\?2 4 2 kg oh qa qa’
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (E) E D = —1132438436.5; A800
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v = 12[1 = iy byx] (%)2 [P —3pos2—1]. % (@) %g—: = —10.78975622.3%32 A801
2 2
or = 12g5. (5) (ﬁ).(B11 [PZ —2ps? -1 ] » +% [P3 —2ps?—1 ]Z—(;;+
% P, + P —2P,52 —1ps% - 2. a‘;a“Q) = 0.149646472. ;‘“:2 A802
0
2
oq = 1205 (2) (1) (Bas [P - 3P257 -1 |25 +22 [Py —2ps? -1 |- 22+
% [PZ +P; —2P,52 —ZP,S? — 2] a‘;ahQ) = 0.193888128. :“tz A803
0
2
Trq = 1208. (%) (kT) (Bay. [P, —2Ps2—1 . er% [P, —2p,s2 -1 ]%+
% P+ P —2ps?2 —2ps2 2| %) = 0.217524996. g“; A804
0
3
trs =129 (%) Baa(P, —4P252).(11:—:).% = 0.201569676. 3 A805
Tos =124 ) 25 (p, — 4P,52). (2 ) % = 0.401404753. 2% A806
For square plate, B =1,a/t= 50,0 = 60°
qa* qa*
A = (kT) L= = 0.003774296.% A807
oh qa3 . qal
0, = (i 8) SR e = 135948E—05. 3 A808
_ (kg\P3 oh qa® . qa3
o, = (ﬁ)f% % = 67638E-05.%- A809
12[1—pyypuyx|qa* 4
w=(2)h % = 0.004411945. 2% A810
2 kg\ oh 3
u = 12[1 = iy iy (%) [PZ ~2p, 82— 1] .S. (k—j) D = -175121737.4% A8
2
v = 12[1 = pyyhiyy (%) [P3 —2p,82 - 1] % (ﬁ) %;‘—2 = —16.97309223.;1;32 A812
2
or =1205.(%) (£2).(Bua [P~ 2Pu52 — 1 |2+ +22 [p, - 2ps? -1 ]%‘ +
% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.149717481. % A813
0
2
oq =125.(%) (2). (Bar. [P - 5Ps7 1 |20+ +22 [P, - 2ps? -1 ]%‘ﬁ
% [PZ +P; —2P,52 —2P,§7 — 2] a‘;ahQ) = 0.195677409. ;‘“tz A814
0
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trq = 1205, (%) (2).(Bar [P —3pos? -1 | S+ 22 [p - ims? -1 |0+

B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.217096417. % A815
s = 12q (%)3 B, (P, — 4P,52). (1‘:—:) 2= 0.20341168. 7% A816
Tos = 12q (3 ) 25 (P, — 4P;57). (2 ) % = 0.404813554. 2% A817

For square plate,  =1,a/t= 60, 6 = 60°

A, = (k )‘}; = 0.003744097.“]);‘;4 A818
0= () Pop - fj — 9.48787E — 06. qD—‘f A819
b, = (i—j)%% qu: — 4.71885E — os.qD—‘f A820
w= (,’i—i) h w = 0.004376645. ::; A821

u = 12[1 = pyyiyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—: = —25.07319173. g:;

v = 12[1 = iy iy (%)2 [P —2ps2—1]. % (ﬁ) %g—: = —24.53165919.;10;'132 A823
og = 12¢5. (%)2 (ﬁ).(B11 [p—2ps2-1]. er% [P, —2ps2 -1 ]%Jf

% [PZ +P; —2P,5%? —ZP,S2 — 2] aRaQ) = 0.149756576. q“t A824
oq = 125. (2)2 (ﬁ) (Bar. [P 2Rps2—1].20 = [P —2ps2 -1 ]Z%}

% [Pz +P; —2P,52 —ZP,S7 — 2] a‘;ahQ) = 0.196662167. ;‘jtz A825
Trq = 1205. (%)2 (2). (Bsr [P —3Pos? -1 . W+% [P.—2ps?—1 |22+

B;3 [Pz + Py —2P,5% = IP;5% - 2] o ahQ) = 0.216860639. 30;‘122 A826
Trs = 12q (%)3 B, (P, — 4P,52). (‘g—i) = = 0.204425661. 2= A827
Tos = 12q ) 255 (P, — 4P,52). (2 ) % = 0.406689787. = A828

For square plate,  =1,a/t=70,0 = 60°
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0.003725752. 3%
Do

o, = (k—f;) P2 q,% = 6.99169E — 06 3%

0, = ()28 % = 347663 - 05.9C

w= () W = 0.0043552. 2%

u = 12[1 — pypyy (%)2 [P,-2ps2-1] 5.(2) 2.2
v = 12[1 = iy (%)2 [P —2ps2—1]. % (ﬁ) %g_: _

on =125.(£) (£).(Buy. [P~ 2Rs? —1 .20 422 [~ 2pis? -1 | 20+
% [P, + P —2P,52 —1Ps% - 2. a‘;ahQ) = 0.14978033. g:zz
oq = 12gS. (2)2 (E)_(B21 [PZ ——PZSZ -1 ] IRz +@ [P3 —‘P3SZ -1 ]SLQ}ZI-I-
% [P+ P —2P,52 —1Pss% - 2. a‘;ahQ) = 0.197260372. ;‘jtz
TR = 125. (%)2 () (Bsa [P —2Rps? -1 |. er% [P.—2ps?—1 |22+
B;S [P+ P —2P,S2 —1Pss% - 2. a‘;ahQ) = 0.216717446. ;‘:;
A836
Trs = 129 (%)3 Bua(P, — 4P;5%). (1) S5 = 0.205041688. 1%
Tos = 12q (2 ) 25 (P, — 4P;57). (2 ) o = 0.40782958. 2
For square plate, B = 1,a/t=80,6 = 60°
A= ()% = 0.00371379.%
0= (2)P5p & = 536358069
0, = ()22 %~ 266665E - 05.9C
u = 12[1 = pyyliyy] (%)2 [p,-%p,s2-1].s. (:—:) %g—j = —44.31710077. g‘:;

—33.4650551. 3%
Eotz

3
—34.00807661. ~—

A828

A829

A830

A831

A832

A833

A834

A835

A837

A838

A839

A840

A841

A842
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v = 12[1 = iy byx] (%)2 [P —3pos2—1]. % (@) %g—: = —43.77310837.3%32 A843

— 4 4
w= (ﬁ)h 2lmyidaat 00341917, 990 AB44

Eot3 Eot3

on :12qs.(5)2(ﬁ).(1311 [P—ips2—1]. 20422 [p—2ps2-1 |20+

BZ aQZ
=3 [P+ P —2ps2—2ips2 2] 2L a“Q) = 0.14979582. 3% A845
0
2k B 4 8%h
o = 12qs.(ﬂ) (—8).(1321 [PZ —2P,S2 -1 ] ﬁ+ﬁ [P3 —2pS2 -1 ].@+
=3 [P+ Py —2p,52 — P52 — 2. a‘;ahQ) — 0.197650428. % AB46
2k B 4 a%h
Trq = 1205.(%) (—8).(1331.[13 —2Ps? -1 ] - +ﬁ .[P3 —2Ps? -1 ].@+
B;3 [Pz + Py —2P,5% - IPyS% - 2] a‘;ahQ) = 0.21662409. :“; A847
0
3
_ a _ 2y (ke) b _ aa
s = 12q (t) B4 (P, — 4P,S ).(kT). o3 = 0205443393.2% A848
Tos = 12q() 25 (py — 4P;57). (2 ) gg = 0.408572797. 4% A849
For square plate,  =1,a/t=90,6 = 60°
Ay = (52)9 = 0003705563, % A850
kr/ Dy Do
_(fa)p b @ _ _069%
o, = (kT) P o B = 4.24352E- 06 A851
_ (ka)Ps b ga®  _ 0.9
¢)’_(RT)/3'6Q L = 210962E-05.% A852
_ a\ 2 4 2 kg oh qa qa
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (k—T) D = —56.00039605. 1% A853
_ a\2 4 2 S (kg oh ga qa®
v = 12[1 = pyyhiyy (;) [P3 —2p,82 - 1] ot (—) o = —5545573595.1%  A854
- 4 4
w=(:)h Lelwgided® - 604331601, 99 A855
kr Eot Eot
2k LB 82h
or = 12g5. (5) (—8).(B11 [PZ —2Ps% -1 ] =z [P3 —2ps? -1 ].6—Q2+
BlS _4 2 4 2 0h _ qa
; P+ P —2ps2 - 2ps2 - 2. aRaQ) = 0.149806474. 2

A856
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6o = 1205 (5)2 (2). (Bar . [P~ P52 -1 |20+ +22 [P, - 2ps2 -1 ]%‘ﬁ
B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.197918673. % A857
Tre = 1208. (%)2 (). (Bsr . [P~ 2R52 -1 |55+ +22 [, - P52 -1 ]%+
B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.216559896. g:‘tz

A858
s = 12q (%)3 B, (P, — 4P,52). (1‘:—:) 2= 0.205719662. &= A859
Tos =124 ) 25 (p, — 4P,52). (2 ) % = 0.409083921. 2% A860
For square plate, = 1,a/t =100, 6 = 60°

A, = (kT) ‘};) = 0.003699666.% A861
0= ()P n 2= = 3.44056F - 069> A862
b, = (@)%% qu: — 1.71032E — os.qD—‘f A863
u = 12[1 = pyyliyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—: = —69.05803246.3% A864
v = 12[1 = iy iy (%)2 [P —3pos2—1]. % (@) %g—: = —68.51289374.3%32 A865
w=(5)n w = 0.004324707. 2% A866

op = 12qS.(t) (’;:) (B [P —2ps2-1].22 5+ [p—2ps2 -1 ]%Jf
% [PZ +P; —2P,5%? —ZP,S2 — 2] o ahQ) = 0.149814112. 2::2

A867
6o = 1205 (5)2 (2). (Bar [P~ P52 -1 ] ﬁ+@ [P.-2ps2—1 |20+
% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = 0.198110958. % A868
trq = 1205, (%) (2).(Bar [P —3pos? -1 | S+ 22 [p = ims? =1 |0+

B33

B

[Pz + Py —2P,5% - IP;S% - 2] a‘;ahQ) — 0.216513882. g:‘tz
A869
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3
Trs =12q(3) 1344(132—413252).(%).ﬁ = 0.205917706. %

Tos =12q 2 ) 25 (p, — 4P,52). (& ) 52 =0.409450315. 2%

0

For square plate, 3 =1,a/t=>5,0 =75°

Ay = (52)9 = 0014401866, %
kr) Dy D

0

_ (ke\p, o0 @@ _ qa®
¢x_(kT)P2-aR-DO = 0.000572979.7-

kg\ Pz oh gqa® _ qa’

¢, = ( )B 30 b, = 0.004857009.--

u = 12[1 — iy iy (%)2 [PZ —2p, 57— 1] .S. (}’:—j) %g—:

A870

A871

A872

A873

A874

= —0.616245108. ;L“; A875
0

. a\?2 4 2 S (kg\ oh qa qa3
v = 12[1 — pyy bty (;) [P3—§P3S —1] 2 (—) See = -0188913083.0%  A876
_ 4
w= ((2)n, Zltetla® 016834993, 3¢ A877
T 0 0
j— a 2 k8 2 B12 4 2 a h
OR —12qS(?) (k_T)(Bll [ ——PZS —1] m‘l‘p [P3—§P3S -1 ] 6_Q2+
% .[PZ +P; = 2P,5% — 2P,S2 - 2 ] %) = 0.123480325.% A878
— a 2 k8 2 Bzz 4 2 azh
oq = 12q5.(%) (—).(BZ1 [P, -3ps2 1.2 WJFF [P —2ps2—1 ].@+
2
% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = 0.071039828. £ A879
- ks _tpg2_1 | Zh B2 [p _4pez_q |20
Trq —12qS.(t) ( ) (1331 [P >P,S 1] aR2+ . [P3 2p,5% -1 ]'an+
2
BES [Pz +P; —2P,52 —ZP,S7 — 2] . ahQ) = 0.203311524. 25 A880
0
3
_ a _ 2y (ke) b _ aa
s = 12q (t) B, (P, — 4P,S ).(kT). % = 0.085731946. 7% A881
Tgs = 12q() 255 (P, — 4P,52). (2 ) 22 = 0.290691993. 2% A882
For square plate,  =1,a/t=10,0 = 75°
4
A = ( )q“ = 0.008710333.9% A883
kr/ Dy Do
kg oh ga® _ qa®
b= () Poop B = 0.000850618. % A884
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— (ke)\Ps oh ga® qa?
¢, —(kT)B ‘30 Do = 0.000170528.7-

u =121 = by by G)Z [Pz —§ P, % — 1] S(:—i) .%.g—j =

o= 1201 ] €)1 s - 1] £ (2) 22

— 4 4
w= (ﬁ)h 2[mbybyaat 0.010181903. 2%
0

—0.851163434.
Eot2

kr Eot3
or = 12gS. (3)2 (@).(B11 [ —2P,52 -1 ] er% [P3 —2pS2 -1 ]
% [Pz +P; —2P,52 —ZP,S2 — 2] a‘;ahQ) = 0.097464099. ;‘;22
A889
oq = 12g5. (5)2 (2). (Bar [P - 2Ris2 -1 |52 +722 [P -2ps? -1 |
% [Pz +P; —2P,52 —ZP,S7 — 2] a‘;ahQ) = 0.224125495. ;‘jtz

B3>

Trq = 1245. (%)2 (kT) (1331 [P —2P,$2 -1 ] SRt [P3 —2p,S2 -1 ]

333 _4 2 _ 2 2 _ d<h _ qaz
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.152278642. 1
A891

3
_ a _ 2y (ke) ob _ aa
s = 12q (t) B4 (P, — 4P,S ).(kT).aR = 0.102060998. 1%
Bss §2 oh aa
Tos = 12q() % (s — apy5?).({2) 52 = 0466764583,

For square plate, B =1,a/t=20,6 =75°

qa* _ qa*
A = (kT) = 0.00604104.

D, D,
oh qal . _ qa’®

o, = (kT)P2 S E = 450662E - 05. %
kg P3 ah qa3 _ q;l:%

o, = (= )B L = 00005743124

u = 12[1 = pyyliyy] (%)2 [p,-%p,s2-1].s. (:—:) %g—j

o= 1201 ] €)1 s 1] £ (2) 22

—_ 4 4
— (ﬁ) p 22ltmeguyxlaat o 0000 car :“ts
0

kr Eot3

—3.602850876.

3
—1.561063741. ~—

qa?

d%h

—t

0Q?

d%h

—t

0Q?

d%h

—t

0Q?

3
= —4.447527294, 1

qa?

Eot2

A885

A886

A887

A888

A890

A892

A893

A894

A895

A896

A897

A898

A899
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o :12‘15-(5)2@)-(311-[1’2"PZSZ—1] oz [p-ipsto1 | on+

9%h

213 _Zz 2_ 4 2 _
P+ P —3ps2 - 2ps2 - 2. e

A900

Z0) = 0084643802, 2
Eot

oo = 1208 (2 (). (B oS5t —1 | 22425 st 1 | 224

% [P, + P, —2P,5% — P57 — 2] a‘;ahQ) = 0.297179699. ::tz A901
2 g B 8%h

Trq = 1205.(%) (—8).(1331 . [P —2ps% -1 ] o +£ [P3 —2ps? -1 ].ﬁ+

333 _ 2 2 _ 4 2 0h _ qa

; P+ P —2ps? —2ps2 - 2] - aQ) = 0.127050705. 2%

A902
3

s = 12q (%) B, (P, —413252).(‘1:—?).2—1}; = 0.107888506. 1 A903
Tos =124 ) 25 (p, — 4P,52). (2 ) % = 0.549961253. 2% A904

For square plate,  =1,a/t= 30,0 = 75°

Ay = (52)3 = 0005439991, % A905
kT Do DO
(kK oh qad . qa’
b= () Posp o= = 202546E - 05.%- A906
b, = (2) %5 @ = 0.00026396.9% A907
0 0
_ a\2 4 k oh qa qa®
u = 12[1 = iy gy (;) [PZ ~2p, 82— 1] .S. (ﬁ) SE D = —9.084300429. 3% A908
. a\?2 4 S (k oh qa qa3
v =12[1 - uyyhy] (5) [Py = 2Ps82 1], 2 (—8) SeE = -8209153807.4%  A909
w= ((2)n, Zltwtnla® 996350052, 3¢ A910
T 0 0
2 a%h
or = 12g5. (ﬁ) (ﬁ).(B11 [Pz —2Ps? -1 ] ﬁ+% [P3 —2PS? -1 ].6—Q2+
=y [P+ Py —2p,s2 — P52 - 2] a‘;ahQ) = 0.081723407. 3%
0
A911
2 82h
oq = 12gS. (5) (ﬁ) . (B21 [PZ —2P,S2 -1 ] = 3;; [P3 —2PS2 -1 ]'EJF
B 0<h _ qa?
% [PZ +P; —2P,5% —ZP,S2 — 2] aRaQ) = 0.313697791. £ A912
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Trq = 125. (3)2 (E).(Bgl.[P ~ipsr-1 .oy +22 [p - ipst -1 [E=x

333 _ 4 2 _ 4 2 _ 0<h _ qa
; P+ P —3ps2 - 2ps2 - 2. aRaQ) = 0.121299784.—Eotz
A913
3
_ a _ 2y (ks) ob _ aa
s = 12q (t) B,.(P, — 4P,S ).(kT).aR = 0109101218.7%
Bss _ 2 oh aqa
Tgs = 12q() %2 (py — ap;52). (1) 35 = 0.56872846. 2%

For square plate,  =1,a/t=40,0 = 75°

A= (%) = 0005219913.%%
kT Do

Do

0= () P52 = 1.14388E - 05,95
0, = (2)%.50 %5 = 00001502729
u = 12[1 = iy gy (%)2 [—ims?-1].5(2) 5B = -1554756532. ;‘:;
v = 12[1 — iy biys] (%)2 [P —3Ps?-1].2. (1) 5o b = —14.66125227.::;
w= (82)p, Elteali® 006101793, 22
or = 12¢5. (2)2 (E) _ (B11 [Pz __PZSZ -1 ] aRZ Blz [Pg - —P352 -1 ]ZLQ}; +
% [PZ +P; —2P,5%? —ZP,S2 — 2] aRaQ) — 0.080651456. q“

A922
oq =1205.(2) (£).(Bur [P~ 2Ris? ~1 | 22422 [ - 2ps? -1 |20+
% [P+ P —2ps2 - 257 2] %) = 0.319751337. ;‘ftz
Trq = 124S. (5)2 () (Bsr [P —3Res? -1 |. @+@ [P —3Pus? -1 ]%+
2 [py+ P - 3ps7 — P87 — 2| ) = 0.119188549. 2%

A924
Trs = 129 (%)3 Bus(P, — 4P,57).({2).5% = 0.109537474. &%
Tos = 12q( ) Bss (p, — 4p,52), ( ) % = 0.575602818.3—:t

A914

A915

A916

A917

A918

A919

A920

A921

A923

A925

A926
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For square plate,  =1,a/t=150,6 =75°
Ay = (52)9 = 0005116255, %
T 0

Do
oh ga® . qa?
0, = (i 8) ) SR = 7.33444E - 065
3 3
o, = (’;—i)%% = 9671536 - 05.5-

. a\? 4 k dh ga qa®
u=12[1 - iy ) [ -2 P57 -1] .. (k—j) R = -2384932771. 35
. a\? 4 S (kg oh gqa qa®

v =12[1 - iy (5) [Py — 282 - 1]. 2 (—8) S e = —2295775348.8%
w=(:)h Lelwgided® - _ 4 605980622, 99 A932

T Eot Eot
or = 12g5. (5)2 (ﬁ) . (B11 [PZ —2ps? -1 ] Sy B“ .[P3 —2ps? -1 ]Zi;; +
% P, + P —2P,52 —1p,5% - 2. a‘;a“Q) = 0.080146089. ;‘“tz

0

oq = 12gS. (%)2 (z—i).(Bm [P, —5Ps2—1 ] L +@ [P, —Sps2—1 ]%}
B 4 4 0“h _ qa?
e P+ P —2p,5%2 —2ps2 2| M) = 0032260356. 2%

TRQ = 12qS.(%) (kT) (B31 [P __stz_l] ﬁ"‘% [P3—§P352—1 ].ZZT}ZI+

2

B;3 [PZ +P; —2P,52 —ZP,S2 — 2] a‘;ahQ) = 0.118193159. 8%
3

s = 12q (%) B, (P, —413252).(‘1:—?).% = 0.109741566. 2=

Tos =124 ) %22 (P - 4Py57). (12) 55 = 0.578841165. 1%

For square plate, 3 =1,a/t=60,0 = 75°

A= (%) = 00050594615
kr) D D

o 0
0= () Pr 2 = 5.09853E - 06,95
o, = ()25 9= = 6736938 - 05.%=
u=12[1 ] (I) [P - P57 1] s (&) 2.2 = —33.99274789. 2%

A927

A928

A929

A930

A931

A933

A934

A935

A936

A937

A938

A939

A940

A941
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v = 12[1 — oy by (%)2 [P —3Ps?-1].2. (1) 5o b = ~33.00829062. 2

30 " E,
w=(2)h .—12[1";":;”]‘*“4 = 0.005980622. 1%2 A943
o = 1205 () (). (s -2 1 222 [t 1 ] 52
2 [P+ Py = 3Rs? —1Rs? — 2| =) = 0.079869075. go;“;
0 =1245.(2) (). (Bar [P~ 2pos? — 1 | S+ 22 [n - 2rs? -1 |20+
[P+ Py = 2RS7 — 1Res? - 2. ) = 0.324166535.]%22

B32 0%h

Trq = 1245 (5)2 (E).(B31 P —5Ps? -1 ] Ol o~

B 2 2 0<h _ qa

e [P2+P3——PZS —2PS —2] aRaQ) = 0.117647527. 2
3

_ a _ 2y (ke) b _ aa

s = 12q (t) B4 (P, — 4P,S ).(kT).aR = 0.109853016. 7%

Tos = 12q() 25 (py — 4P;57). (2 ) S =0.580615567.2%
0
For square plate, =1,a/t=70,6 =75°

Ay = (R2)9 = 0005025049, %
kT Do

D,
0= ()Pgp &= = 3.74816E - 06,9

o, = ()25 95 = 4958758 - 05.9%

U= 12[1 = by (%)2 [P,-2p,52-1].5.(2) .2 = 4597893878, 3
v = 12[1 - ] (2) [P - 2Pis? - 1. S (1) o = —45.0827345. 2
w=(5)n W = 0.005874008. & A954
og = 12g8. (5)2 (&) (Bur [P = 5Res? -1 |2+ +22 [p - 2ps? -1 ]Zi;; +

Bi3
B

9%h
0ROQ

. 2 _ = 2 _ _ qa
P+ P = 2P,52 — P52 — 2].24) = 0.079701187. o

AP =5ps?—1 |22+

A942

A944

A945

A946

A947

A948

A949

A950

A951

A952

A953

A955
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6o = 1205 (5)2 (2). (Bar . [P~ P52 -1 |20+ +22 [P, - 2ps2 -1 ]%‘ﬁ
B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.325113642. % A956
Tre = 1208. (%)2 (). (Bsr . [P~ 2R52 -1 |55+ +22 [, - P52 -1 ]%+
B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.117316834. g:‘tz A957
s = 12q (%)3 B, (P, — 413252).(‘1:—?).% = 0109920417. 3% A958
Tos = 12q (3 ) 25 (P, — 4P;57). (2 ) % = 0.581690735. 2% A959

For square plate, 3 =1,a/t=80,6 = 75°

A = (kT) ‘g‘ = 0.005002647“]);“ A960
0 0
ke 0h ga® qa®
o, = ( T) 23R Do = 287083E 06—
kg\Ps 9h qa® _ qa®
o, = (= 8) 2204 = 380111E-05.5- A961
2 3
u = 12[1 = iy iy (%) [PZ ~2p, 82— 1] .S. (,’i—i) %g—j = —59.80837202. 1% A962
2 3
v = 12[1 = bty (%) [P3 —2p,82 - 1] % (@) %g—j = 5891103036.35 A963
w= ((2)n Zitwtala 4 095874008, 2 A964
kr Eot Eot
or = 1245. (5)2 (£2).(Bur [P —2pos2 -1 ]. o +22 [y - 2ps? -1 |22+
B 9%h\ _ qa?
o [PZ +P; —2P,52 —2P,§7 — 2] aRaQ) = 0.079701187. 1% A965
oq = 12g5. (5)2 (ﬁ).(B21 [P, -3ps2 -1 . WJF% [P, —2ps2—1 ]Z%‘h
B *h\ qa?
. [P, + P —2p,52 — 1,52 - 2. aRaQ) = 0.325113642. 5 A966
Trq = 1245 (5)2 (ﬁ) . (1331 . [P —2p,s% -1 ] Sy ‘332 [P3 —2ps? -1 ]%+
B 0“h Y\ qa?
Z [P, + P —2p,52 — 1,52 - 2. aRaQ) = 0.117316834. 5 A967
Trs = 129 (a) Bua(P, — 4P,57). () .55 = 01099204172 A968
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oh

Bss _ 2 _ qa
Tos =12q ) (P, — 4P;52). (12 ) o = 0.581690735.2%
For square plate,  =1,a/t=90,6 = 75°

4
Ay = (£2)% = 0004987257 9
kr

D, D,
0 = (1) P2 °1‘j‘: — 2.26893F — 06.°‘D;‘f

b, = (’;—T)%% q'% — 3.00583E — o5.qD—‘f

U= 12[1 — g liyy] (%)2 [, -2ps2-1] 5. (:—j) E = 7548127485, g::z
v = 12[1 =y lyx] (%)2 [P~ 2pys7 — 1] . (@) %g—: - —74.58315182.%2
w=(1)n w = 0.005829831. 2 A975
op = 12¢S. (5)2 (2). (Bur [P~ 2Rs2 -1 |20+ 22 [ -ims? -1 ]Zi;;
% [P+ P —2p,52 —2ps2— 2| ahQ) = 0.079516771. ;‘:tz

6o = 1205 (5)2 (2).(Bor [P~ 2Po52 -1 |25+ +22 [P - ips7 1 ]Z%
% [PZ +P; —2P,5%2 —ZP,S2 — 2] a‘;ahQ) = 0.326153856.%

i = 12058 (). (b1 2242 [~ |22
B;3 [PZ +P; —2P,5? —ZP,S? — 2] a‘;ahQ) = 0.116953581. g:;

s = 12q (%)3 B4 (P, — 4P,52). (1‘:—:) == 0.10999433. %

Bss 2 (ks) o _ aa
TQS_12q() Bss (p, — 4P, ).(kT).aQ = 0.582871552. 5

For square plate, B =1,a/t=100,6 = 75°

Ay = (52)9 = 00049762339
kT DO

Do
_(fa)p b @ _ _ 06,95
o, = (kT) Pogi i = 183819E-06.%
_ (ka)Ps 0 ga®  _ 0.9
o, = (kT) 205 E- = 243616E- 055

A969

A970

A971

A972

A973

A974

A976

A977

A978

A979

A980

A981

A982

A983
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u =121~ by (%)2 [P -3ps2-1].5.(2) 22 = —92.99776764.3%

kr) "R E,
2
v =121~ ] (2) [Py - 2Ps5% — 1] 2. () S 2 = —92,09908489. 2%
w= (82)n Zltetala® 05816944, 2 A986
kr Eot Eot

on =1205.(£) (£). (B[P ~2ps? -1 | 33452 [n-tps? -1 |50
B 2*h \ _ qa?

2 [Pz + Py —2P,5% — IPyS% - 2] aRaQ) = 0.079462971. 3

% =12q5-(2)2 (ﬁ)-(Bz1 [Poips =1 | 4 [h—ipst -1 [0

% _ 4 2 _ 4 2 _ 0<h _ qa
: [Pz +P; = 2P,S% = 2P;S 2] aRaQ) = 0.326457295. 1%
k B 4 0°h
Trq = 12qS.(t) (2 8) (Bay. [P —3Ps2—1 . W+ﬁ [P —Sp,s2 -1 ]'WJ’
B33 2 2 0“h _ qaz
; [P2+P3 —2P,5? = 2P;S —2] ; aQ) = 0.116847607. 1%
3
_ a _ 2y (ke) b _ e
s = 12q (t) B4 (P, — 4P,S ).(kT).aR = 0.110015868.
Bss _ 2 oh 92
Tgs = 12q() 25 (p, — 4P,52). (2 ) o = 0.583215996.%
For square plate, f =1,a/t=>5,0 =90°
Ay = (R2)9 = 0024497926 %
kT Do DO
_ (kg oh qa3 . q;u?‘
0, = (i ) SR e = 0.000756882. %5
_ (ka\Ps 2h aa® aa®
o, = (kT) 2o A = 0.007968694.
_ a\ 2 4 2 kg oh qa qa’
u = 12[1 = iy gy (;) [PZ ~2p, 82— 1] .S. (E) e = —1.0699705. 2%
2 4 S (kg\ oh 3
v =12[1 - uyyhy] (5) [P - 2Ps82 - 1]. 2 (—8) SoE = 0350592232.5%
_ 4
w= ((2)n Zltwtnla 975636736, 327 A997
kr Eot Eot
2k B 82h
or = 12g5. (5) (—8).(B11 [PZ —2Ps% -1 ] » +£ [P3 —2ps? -1 ].6—Q2+
313 _ 4 2 _ 4 2 _ 0h _ qa
; [P2+P3 2P,S? —2PB,S 2] : aQ) = 0.139262383.

A984

A985

A987

A988

A989

A990

A991

A992

A993

A994

A995

A996

A998
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6o = 1205 (5)2 (2). (Bar . [P~ P52 -1 |20+ +22 [P, - 2ps2 -1 ]%‘ﬁ

B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.094631379. % A999
Tre = 1208. (%)2 (). (Bsr . [P~ 2R52 -1 |55+ +22 [, - P52 -1 ]%+

B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.090916015. g:‘tz A1000
s = 12q (%)3 B, (P, — 413252).(‘1:—?).% = 0.113248395. % A1001
Tos = 12q (3 ) 25 (P, — 4P;57). (2 ) % = 0.476926319. 2% A1002

For square plate,  =1,a/t=10,6 =90°

A = ( )q“ — 0.012059901 3¢ A1003
kr/ Dy Do
oh ga? _ qa®
0= (2 8) SR e = 0.00012004. - A1004
_ (kg\P3 oh qa® . qa3
o, = (ﬁ)?% % = 000263552.%- A1005
2 3
u = 12[1 = iy iy (%) [PZ ~2p, 82— 1] .S. (:_i) %g—j = —2.207682326.1% A1006
v = 12[1 = by (%)2 [P3 —2p,82 - 1] % (ﬁ) %;‘—2 = —1.204005859.;;32 A1007
w=(:)h w = 0.014097365. 3% A1008
T 0 0
2 2
or =120.(%) (@).(B11 [P,—3ps2—1]. W+% N ]Z—Q};
B 9*h \ _ qa?
2 [Pz +P; —2P,52 —ZP,S7 — 2] - aQ) = 0.075449137. 1% A1009
2 2

oq = 12q5.(%) (ﬁ).(B21 [P, —3Ps2—1 ] = +% [P, —3ps2—1 ]%
B 0%h . qa?
% [Pz + Py —2P,5% = IP;5% - 2] aRaQ) = 0.312617812. 5 A1010

a\? (k LB a%h
Trq = 1205.(%) (—8).(1331 . [P —2Ps? -1 ] o+ [P3 —2ps? -1 ].@+
B 0<h _ qa?
e [P, + P —2P,52 —1p5% - 2. aRaQ) = 0.054587011. 3% A1011
Trs = 12q (2 ) Bua(P, — 4P,57). (12). 55 = 0.071844067. 22 A1012
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Tos =12q ) 25 (P, — 4P,52). (2 ) % = 0.630943507. 2% A1013
For square plate, B =1,a/t= 20,6 =90°
g\ d qa*
A, = (—)— = 0.007608678 %% A1014
kT Do DO
__ (ks oh qa _ _ q;¢3
¢X—(kT)P2 D = 228721E-05.% A1015
kg\P; oh qa® qal
S.— 2= = 0.00071805.—
b = (kT>ﬁ 90 D, Dy
_ a\? 4 2 kg 0h ga qa’
u=12[1 - iy G) [ -3 P52 -1] .. (k—T) SEE = -5.655738447. 3% A1016
_ a\2 4 2 S (kg oh ga qa®
v = 12[1 = by (;) [P3 —2p,82 - 1] 2 (—) e = 4546234889.0% A1017
_ 4
w=(2)h L2lzigiydaat g 08594129, 99° A1018
kT Eot3 Eot3
2 1k B a%h
or = 125. (ﬁ) (—8).(1311 [Pz —2Ps? -1 ] ot .[P3 —2PS?—1 ].6—Q2+
Bis _%pc2_%pc2_ 0°h \ _ qa?
; P+ P —2ps7 - 2ps2 - 2. aRaQ) = 0.051069904. 2 A1019
2k LB 8%h
g = 12gS. (ﬂ) (—8).(1321 [PZ —2P,S2 -1 ] e [P3 —2pS2 -1 ].@+
B3 _ 4 2 _ 4 2 _ 0<h _ qa?
: [P2+P3 2P,S? —2PBS 2] aRaQ) = 0.392190094. £ A1020
2 2
= 2 _4ps2_q | Zh B2 [p _%pgz_q |20
Trg = 12qS.(t) (kT) (1331 [P, —2ps2-1].2 aR2+ . P -5ps? -1 ]'an+
B33 _ 4 2 _ 4 2 _ 0<h _ Lﬂ.z
; P+ P —2ps% —2ps2 - 2] - aQ) = 0.040807893. £ A1021
3
Trs =12q(3) B44(P2—4P252).(11:—:).% = 0.054755817. 1% A1021
Tos = 12q ) 255 (P, — 4P,52). (2 ) % = 0.687604462. 2% A1022
For square plate,  =1,a/t= 30,0 =90°
qa* qa*
A =(32)% = 0.006696259 2= A1023
kr/ Dy Do
kg oh gqa® e 2@
0= (2 ) SR = 9494 - 065 A1024
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_ (ks\Ps oh ga® ga®
o, = (kT) 2 A = 0.00032456.% A1025
2 4 kg\ oh 3
u = 12[1 = iy iy (%) [PZ ~2p, 82— 1] .S. (ﬁ) D = —1123759446. 0% A1026
2 4 S (kg) oh 3
v = 12[1 = bty (%) [P3 —2p,$2 - 1] 2 (—8) o = -10.10619398.1%  A1027
- 4 4
w = (Ko p 2oyl _ g 667697567, 99 A1028
kr Eot3 Eot3
_ a 2 k8 2 BlZ 4 2 62h
R _12qs.(—) (—).(B11 [ —2P,S —1] WJ’F [P3——P3S -1 ]a—Qz
% [Pz +P; —2P,52 —ZP,S2 — 2] aRaQ) = 0.045995465. q“ A1029
2k LB 8%h
g = 12gS. (ﬂ) (—8).(1321 [PZ —3p,s? -1 ] T [P3 —2ps?—1 ]@
% _ 4 2 _ 4 2 _ 0<h _ qa
: [P2+P3 2P,5% - 1P;S 2] aRaQ) = 0.408579032. £ A1030
_ a 2 kg 2 B32 2 azh
Trq = 1205.(%) (—).(1331.[13 —2P,S —1] aR2+— [P3——P3S ~1 ].@+
B33 _ 4 2 _ 4 2 _ 0<h _ &
; P+ P —2ps7 —2ps2 - 2] - aQ) = 0.037944513. 5 A1031
3
_ a _ 2y (ke) oh _ aa
Trs =12 (%) Byu(P, — 4P,S ).(kT).aR = 0.051139455. 1% A1032
Tos = 12q() 25 (P, — 4P;57). (2 ) % = 0.699296072. 3% A1033
For square plate, B = 1,a/t=40,6 =90°
4
A= ( )q“ = 0.00636962 3% A1034
k) Do Do
_ (kg oh ga’ _ _ qa’®
0= (2 ) SR e = 5.20428E - 06.%5- A1035
— (ks)\Ps oh ga®  _ qa®
o, = (kT) 2.2 A = 00001836595 A1035
2 4 kg\ 6h 3
u = 12[1 = iy iy (%) [PZ —2p, 57— 1] .S. (k—;{) SR = -19.02786283.3% A1036
2 4 S (kg) oh 3
v = 12[1 = by (%) [P3 —2p,82 - 1] 2 (—8) ro = —17.8886078. 1 A1037
- 4 4
=(2)n Lelwgiyded® - _ G 07445737, 99 A1038
kr Eot Eot
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2 1k 4 2%h B 4 a%h
or = 12g5. (ﬁ) (—8).(B11 . [PZ —2Ps? -1 ].ﬁ+ﬁ .[P3 —2ps? -1 ].6—Q2+
2
% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.04417296. £ A1039
2 g LB 3%h
o = 12gS. (5) (—8).(B21 [PZ —2p,5% -1 ] i+ [P3 —2ps? -1 ]'ﬁ+
% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.414452118. ::tz A1039
k B d%h
Trq = 12qS.(t) (k:) (Bay. [P, —2P,57 -1 ] ErZ. [P —2p,s2 -1 ]'WJ’
B;3 [PZ +P; —2P,52 —ZP,S2 — 2] e ahQ) = 0.036916471. g:‘tz A1040
3
s = 12q (%) B, (P, —413252).(‘1:—?).% = 0.049836147. 1% A1041
Tos =124 ) 25 (p, — 4P,52). (2 ) % = 0.703487478. 2% A1042
For square plate, B =1,a/t=150,6 =90°
A= (2 )ﬁ — 0.006217117 %% A1043
kT Do DO
_(ka)p b @ _ _ 06,94
o, = (kT) Pgs o = 328997E-06.% A1044
_ (ka\Ps 2h aa® aa®
o, = (kT) 2o A = 0.000117869. 7 A1045
_ a\?2 4 2 kg dh qa qa®
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (E) SE D = —29.03706289. 3% A1046
. a\? 4 2 S (kg oh qa qa®
v =12[1 =ty (5) [Py = 2Pp82 — 1] 'E'(k_r)%'ﬁ_o = -27.89413794.85  A1047
- 4 4
w=(:)h Lliigidad g 60726747, 3% A1048
Kk Eot Eot
k 4 2°h B 4 0%h
or = 12¢S. ( ) ( 8) (B11 [Pz——PZSZ—l ] T [P3—§P3SZ—1 ].6—Q2+
Bis _4pc2_4pc2_ 0’h\ _ qa?
; [P2+P3 2P,5% - IP;S 2] ; aQ) = 0.043321019. 7% A1049

0q =1205.(2) (). (B [ —2Rs2 =1 ] 224 22 [, —fpys? -1 |20y

% [P, + P —2P,52 —1p5% - 2. a‘;ahQ) = 0.41719522. % A1050
Tre = 1208. (5)2 (). (Bss . [P~ 2R52 -1 ]S+ +22 [, - 2p,s2 -1 ]%+
B;3 [PZ +P; —2P,52 —2P,§7 — 2] a‘;ahQ) = 0.036435969. ;‘:tz A1051
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3

Trs =12q(3) B44(P2—4P252).(11:—:).% = 0.049226117. 1% A1052
Bss _ oh 9@

Tgs = 12q() (P, — 4P;52). (12 ) o5 =0705445419.2%

A1053

For square plate, B =1,a/t= 60,6 =90°

A = ( )q“ — 0.006133924 3% A1054
kT Do DO
8 oh ga? . _ qa’®
0, = (i ) SR = 2.26923E - 06.%5 A1055
_ (ka)Ps b ga®  _ 0.9
¢)’_(RT)/3'6Q L = 819774E-05.% A1056
a\2 4 k oh qa qa®
u=12[1 - iy ) [ -2 P57 -1] 5. (k—j) SR = -4126788078.7; A1057
2 4 S (kg) oh 3
v = 12[1 = pyyhiyy (%) [P3 —2p,82 - 1] 2 (—8) ToE = —40.12295307.1%  A1058
- 4 4
w=(:)h Lelwgided® G 07170222, 99 A1059
kr Eot Eot
2k LB 82h
or = 12g5. (5) (—8).(1311.[132 —2ps? -1 ] s+ .[P3 —2ps?—1 ].6—Q2+
% [P, + P —2p,52 —1ps% - 2. a‘;a“Q) = 0.042855989.% A1060
0
2k LB 82h
o = 12gS. (5) (—8).(B21 [PZ —2p,57 -1 ] i +z [P3 —2ps% -1 ].ﬁ+
Bas _ipgsz_ipg2a_o| 2h) _ aa*
: [P2+P3 2P,S? —2P,S 2] aRaQ) = 0.418691923.Eotz A1061
= ke _ = 2 _ B32 _ 4 2 _ ﬂ
Trg = 12qS.(t) (kT) (Bay. [P, —2PsS 1] ETE. P -3ps2 -1 ]'an+
B33 _ 4 2 _ 4 2 _ 0“h _ qa
; [P2+P3 2P,S? —2P,S 2] : aQ) = 0.036173704. 3 A1062
3
Trs = 12q (%) 1344(132—413252).(%).% = 0.048892924. 7% A1063
Tgs = 12q() Bss (p, — 4P352).(l‘:—:).% = 0.706513797. 7% A1064
For square plate,  =1,a/t=70,6 =90°
4 4
A = (ﬁ)% = 0.00608364 3% A1065
kr/ Do Do
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_(fa)p b @ _ _ 06,95
b, = () Poog - = 166032E - 06.%°

kg)P3 dh EEZi . _ Ehii
o, = (= )B A = 6.02833E-05.%

u = 12[1 = pyyliyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—:

v=12[1 = nomn] () [B =t - 1] 5.(2) S5

— 4 4
W= (E) p Ziziedaat g 667191443, 92
Kk Eot3 Eot3

A1066

A1067

= —5572125024. 9% A1068

0

3
= —54.57511178..—  A1069
0

A1070

or = 12gS. (ﬁ)2 ("—) (Bu [P —5Ps2 -1 ] o [P —2pis2 -1 ]% +

o [P, + P —2P,52 —1Ps% — 2. a‘;ahQ) = 0.042574822. g:tz A1071
0q = 125. (%) (2).(Bar [P —3mos? -1 | Sm+ 22 [ —ims? -1 |55

% [P+ P —2P,52 —1Pss% - 2. a‘;ahQ) = 0.419596653. ;‘jtz A1072
trq =1205.(2) (&), (Bar [P —2Ps2 =1 | 2B+ 22 [p —2ps? -1 |20+

BES [Pz +P; —2P,52 —2P,57 — 2] a‘;ahQ) = 0.036015139. ;‘:; A1073
s = 12q (%)3 B, (P, — 4P,52). (‘g—:) 22 = 0.048691396. = A1074
Tos =12q ) 255 (P, — 4P,52). (2 ) % = 0.707159638.% A1075

For square plate,  =1,a/t=80,0 =90°

4
A= ( )ﬁ = 0.006050956 %
kr) D Do

0

3 oh qa3 _ _ qa’
0= (2 ) SR e = 126776 - 06.5

kg P3 ah qa _ _ qa3
¢y_( )B A = 461818E-05.%-

u = 12[1 = iy iy (%)2 [PZ —2p, 57— 1] .S. (:—j) %g—:
v=121 = momn] () [Br =Rt - 1] 5.(2) 5o 8

- 4 4
w= (82)n, Zltetnla® 997073236, 34
kT Eot EOt

A1076
A1077
A1078
— —72.39756428. SOL; A1079

= 71.25063872.3% A1080

Eot2

A1081
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2
or =1205.(%) (£2).(Bua [P~ 3P — 1 |2+ +22 [p, - 2ps? -1 ]%‘ +
% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.042392023. % A1082
2
oq =1205.(2) (2).(Bar . [P - 557 -1 |25+ +22 e, —2ps? -1 | 22+
% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.420184773. ::tz A1083
2
Trq = 12qS.(t) (}’:‘:) (Bay. [P, —2P,57 -1 ] = ‘;3; [P —2p,s2 -1 ]%+
B 0%h _ qa?
e [PZ +P; —2P,52 —ZP,S2 — 2] : aQ) = 0.035912051. £ A1084
3
s = 12q (%) B, (P, —413252).(‘1:—?).% = 0.048560345. % A1085
Tos =124 ) 25 (p, — 4P,52). (2 ) ;’2 = 0.707579478. 2% A1086
For square plate, B =1,a/t=90,6 =90°
Ay = (£2)% = 0.006028525 1 A1087
kr/ Dy Do
_(k oh qad _ qa®
b= () Py B = 9.99833E-07.5- A1087
_ (kg\P3 oh qa® . qa3
o, = (ﬁ)?% % = 3.65042E - 05.5- A1088
u = 12[1 = pyyiyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—: = —91.2970115.:% A1089
_ a\2 4 S (k oh gqa qa®
v = 12[1 = by (;) [P3 —2p,82 - 1] 2 (k—i) e = —90.14954571.0%  A1090
w=(:)h Llwyidad® - _ 6 607047016, 9% A1091
Kk Eot Eot
2
or =1205.(£) (22) (B [P —3Ps2 -1 ]. ﬁ+% [P.-2ps2—1 | .20+
% [Pz +P; —2P,52 —ZP,S2 — 2] a‘;ahQ) = 0.042266555. ;‘::2 A1092
oq = 12g5. (2)2 (ﬁ).(B21 [P, -3Ps2—1 . WJF% [P —3ps2—1 ]Z%}
B 9%h _ qa?
% [Pz +P; —2P,52 —2P,57 — 2] aRaQ) = 0.420588403. 1 A1093
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Tre = 1208. (5)2 (). (Bss . [P~ 2R52 -1 ]S+ +22 [, - P52 -1 ]%+

B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.035841295. % A1094
s = 12q (%)3 B, (P, —4P252).(11:—:).% = 0.048470382. 2% A1095
Tos = 12q() 25 (P, — 4P;57). (2 ) 22 = 0707867621 1% A1096

For square plate, = 1,a/t =100, 6 = 90°

A, = ( )q“ — 0.006012469 9% A1097
ky/ Do Do
_(k oh ga? _ qa®
o, = (8) SR e = 8.08788E - 07.5- A1098
_ (kg\P3 oh qa® . qa3
o, = (—8)?3% L = 29577E-05.%- A1099
u = 12[1 = iy iy (%)2 [PZ —2p, 57— 1] .S. (:—j) %g—: = —112.4196915. g:‘; A1100
_ a\2 4 S (k oh qa __ qa3
v = 12[1 = by (;) [P3 —2p,82 - 1] 2 (—8) e = —111271839. 4 A1101
w=(2)h Llwgidedt - _ g 697028248, 39 A1102
kr Eot Eot
2 a%h
or =124.(%) (ﬁ).(B11 [P,—2ps2—1]. er% [P —2ps2—1 ].6—Q2+
% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = 0.042176737. 2::2 A1103
2 2
oq = 12q5.(%) (ﬁ).(B21 [P, —3ps2—1 ] = 3;; [P, —3ps2—1 ]%+
% [Pz +P; —2P,52 —ZP,S7 — 2] a‘;ahQ) = 0.420877326. ;‘jtz A1104
2 B 8%h
Trq = 12qs.(§) (kT) (1331 [P —2P,52 -1 ] W+ﬁ [P3—§P352—1 ]'WJ’
=3 [P+ P —2ps2—2ps2—2]|. 2L ahQ) — 0.035790645. % A1105
Trs = 12q (a) B, (P, — 4P,52). (k—s) = = 0.048405975. 2= A1106
Tos = 12q ) Bss (p, — 4P,52). (k—g) % = 0.70807388. 2 A1107
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APPENDIX B
Example problem of typical anisotropic rectangular thick plate (CCCC boundary condition)
Analyze an orthotropic thick square CCCC plate with the following information:

E1=25; E2=1; G12 = 0.5; G13 = 0.5; G23 = 0.2, p12 = 0.25 (from section 3.6.2).
Solution

h=(R* - 2R* + RM(Q® - 2Q° + Q) B1
H=5-283 o
Eo = E2 = 1 B3
4 68 E
92 :E; 93 :E;g‘} =6.4; “21:”2:E_iu1z:0-01 B4
Ey, =E, and dyy = 22 =51 = 25 .
Eo 1
Ei; = E; .Uy anddm:@:M:%:O_ZS B6
Eo 1 1
Eyy = E, .y and dy, = 22 = Bt - X001 _ 3 95 B7
Ep 1 Eo
E22:E2 andd22=@:l=1 B8
Ey, 1

Ess _ Gio(1—p221) _ 0.5%(1-0.25x0.01)

E3s = G12(1 — pyaptz1)  and dss = Ey 1 1 = 0.49875
B9
E. G13(1— ) 0.5%(1-0.25x0.01)
E4q = Gi3(1 — piapz1) and dy, = EL: === 512#21 == 1 - = 0.49875
B10
E Gy3(1— 0.2x(1-0.25x0.01
Ess = Go3(1 — pazptz1) and dss = Ei: = sl fizuu) = 22 1 X0 - 0.1995
B11
Constitutive relations
Angle of orientation 6 = 0°
Bll = m4d11 + Zmznz(dlz + 2d33) + n4d22 = 25 B12
BlZ = d12 (TL4 + m4) + mznz(dll + d22 - 4‘d33) = 0.25 B13
313 = m3n(d11 - d12 - 2d33) + mn3(d12 - d22 + 2d33) == 0 B14‘
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B22 = n4d11 + 2m2n2 (dlz + 2d33) + m4d22 = 1 B15

By3; = mn3dy; — m3nd,, + (m3n — mn3)(dy, + 2d33) =0 B16
B33 = m?n?(dyy — 2dy, + dyy — 2d33) + dzz(m* +n*) = 0.49875 B17
By1 = Byz, B3; = Byz and Bsy = By3 B18
Byy = dyq = 0.49875 B19
Bss =dss = 0.1995 B20

k, = 0.00126;k, = 0.00036; ks =0.00127;k, = 0;ks = 0;k, = 0.00003; k, = 0.00003
kg = 0.00111 B21

For square plate, B = 1.5,a/t=5,0 =0°

2
Liy = g3Bi1ks + 32 =2 g3k, + 22 B 5 J3ka+Bas. (t) ga-ke = 0023024117 B2z
Ly, = (B12 + B33)% B; g3k4 + %931{5 B 719078 = 05 o
Lis = (Biy + 0.5B15)g2ks + (0.5B1; + Bss) 22k, + 372 goley + 22 gokes = 0.025604273
B24
L1 = (Byp + B33)% B;S gzks + %93"5 = 7.81907E-05 B25
B B B B ?
Ly, = /3242 g3ks +2 /3233 gsks + ﬁg3k2 55 : (%) gaks = 0000643452 526
Ly3 = (0.5B;, + B33) %kz + (0.5B;, + B,,) ZZ + E'gzk4 +3 %gsz =0.000306213
B27
L3y = (Byy + 0.5B13)g2k; + (0.5B, + B33)%k2 +3 B/;3 Gaks + %gsz = 0.025604273
B28
L3y = (05B1z + B3g) g5 ks + (05B1; + Bao) g ks + -2 goks + 372 g2ks = 0.000306213
B29
p, = Laztza~lialza) 4 110905502 B30
(L12%-L11L22)
p, = GazhuTluls)  _ (340896679 B3l

(L12%-L11L22)
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kry = [By; — By1gsPs — 0.5B1,9,P ]k = 0.003391491

— (2Bs3 + B12)[4 — g2P, — g,P51k, =0.000285501

— Zﬁz
kT3 = % [BZZ — B2292P3 - 0.5B12g2P3]k3 = 0.000173876
B
kry = f[‘} —392P, — g2Ps]ks = 0
B:
krs = =5 .[4 — g2P, — 39,P;]ks = 0

1
kr = [B11 — B1192P, — 0.5B1,9,P, ]k + Y (2B33 + B12)[4 — g2.P, — g2P3]k, +

1
Iz [B22 — By292P3 — 0.5B1,9,P31k3 + 22 [4 —39,P, — g2Ps]ky +

B33
B3

kri+ koo + ks + kg + kps = 0.003850868

k a*
A= (_8) @
kr/ Do

— 0.2885353.%¢
Do

0= ()P & = 00038464255

o, = ()25 95 = 00007868865

w= (ﬁ)hw — 0.01349. ;‘:;

Where D, = #ﬁym

u = 12[1 = gy (%)2 [p,-%p,s2-1].s. (:—T) %§ - —0.13438.;‘%

o= 0t ) [ 35— 1] 5. (2)22 = oz 22

or = 12g. (5)2 (2)-(Bu- [P, —3Ps? -1 ].%+% [P -tpsz-1 .20
2 [P+ Py —2R,S? = 3Pss2 2. 22) = —0.02330. 3::2

o =205 () (b [ 20571 2245 o~ ] 224
2 [py + P - 3ps7 — RS2 — 2| ) = —000145. 5%

Trq = 12qs.(5)2 (E).(Bm.[P ——P252—1] ﬁ+F.[P3—§P3SZ—1 ].@+

B

e [P, + P —2P,52 —1Ps% - 2.

B3, 0%h
92%h

_ aa®
aRaQ) = 0.03285.7%

B32

B33

B34

B35

B36

—= .[4— g,P, —3g,Ps]ks =

B37

B38

B39

B40

B41

B42

B43

B44

B45

B46

B47
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3
trs =129 (2) Baa(P, —413252).(;‘—:).— = 057552. % B48

Tgs = 12q() 25 (p, — 4P,52). (& ) = 00471085 B49

0

For square plate, = 1.5,a/t=10,6 =0°

2
Lyy = g3Byiky + %g3k2 + z%gm + Bua. (%) gioke = 0.030262212 B50
L1, = (Bip + B3z) 2k, + B; gsks + [),3 = gsks = 7.81907E — 05 B51

B52

313

Lo = (Brz +Bss) 3.k B 513 gaky + ‘j;: gsks = 7.81907E — 05 B53

2
Ly, = 34 o2 ks + 222 %22 gsks + ﬁz Bss 0.k, +%.(ﬂ) .gsk, =0.001930224 B54

t

L,s = (0.5B,, + 1333)%/&2 + (0.5B;, + B, %k3 + Bl3g2k4 +322 e 22 g.ks = 0.000306213
B55

Ls; = (By; + 0.5B1,)g,k, + (0.5B, + 1333) 2k, + 3282 —2 g2k + B3 223 g.ks = 0.025604273
B56

Bi3

Ly, = (0.5B;, + B33)%k2 + (0.5B;, + BZZ)ZZ + 5 g2ks +3 23gzk5 = 0.000306213

B57

P, = ﬁ = 0.845759311 B58

P, = (L(Zj;j—m = 0.124380669 B59

kry = [Byy — B11goP, — 0.5B1,g,P0k; = 0.010159032 B60
kpy = 2/32 L (2Bss + Byo)[4 — goP, — goPslk, = 0.000324257 B61
kps = %[B22 — B,,9,P; — 0.5B;,9,Ps]ks = 0.000222754 B62
kro= “2[4=3goP — goPslky = 0 B63
ks = 7% .[4~goP, —3g:Pslks = 0 B64
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1
kT = [B1; — B1192P, — 0.5B,9,P, ks + 252 (2B33 + By3)[4 — 2P, — g2Ps ]k, +

B B
le + kTZ + kT3 + kT4- + kT5 = 0.010706043
A= (R2)9 = 0.103783545.9%
kr/ Do Do
_ (kg oh qa3 . q;ﬁ
0, = (i ) SR e = 0001053311, &
_ (ks\Ps oh ga®  _ aa®
o, = (kT) 225 = 0000103269.%
_ 4
w= ((2)n Zlttnla® g gg4g5 9
kr Eot Eot
_ a\?2 4 2 kg oh qa qa’
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (k—T) e = -032510.75
. a\? 4 2 S (kg oh gqa qa®
U= 12[1 - uxyp-yx] (;) [P3 —§P3S - 1] E (—) %E_o = _045571ﬁ
_ a\? (kg 40 o d%h | By, 40 o a2h
op = 12qs.(—) (—).(Bn.[PZ——PZS -1 ]'WJ’F .[P3—§P3S -1 ].6—Q2+
Biz _4pc2_4pc2_ 9*h\ _ qa®
; [PZ +P; —2P,5%? —2PS 2] aRaQ) = —001404. 25
_ a\? (kg 40 oo 3%h = B, 40 o 3%h
oq = 12q5.() (—).(1321.[132—-1325 ~1 ]'WJFF P —3ps?2 -1 ].@+
BL _ 4 2 _ 4 2 _ 0“h _ _ qaz
: [PZ +P; —2P,5% —2P.S 2] aRaQ) = —0.00066. 2
2k B a%h
Trq = 1205.(%) (—8).(1331.[13 ——P252—1] ﬁ+ﬁ [P3—-P3S -1 ].ﬁ+
333 _4 2 _4 2 _ 0“h _ qa
; [P2+P3 2P,S? —2PBS 2] aRaQ) = 0.01549. 7%
3
_ a _ 2y (ke) o0 _ aa
s = 12q (t) B, (P, — 4P,S ).(kT).aR = 06304135
B oh
Tgs = 12q() 255 (P, — 4P,52). (2 ) g5 = 002472
For square plate, = 1.5,a/t= 20,0 = 0°
B B 2
L11 = g3B11k1 + ﬁg3k2 + 2%93](4 + B44. (g) 'g4-'k6 = 0.059214593
L12 = (Blz + B33) g—zkz B[;B g3k4 ,[))3 g3k5 = 781907E - 05

[Bzz B292P; — 0.5B1,9,P;]k;3 + 2 [4 —392P, — g2Ps]ks + Pas [4 — g2P, — 3g2Ps]ks =

B65

B66

B67

B68

B69

B70

B71

B72

B73

B74

B75

B76

B77
B78
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Lz = (Byy + 0.5B,5) gk, + (0.5B,, + 133;%)%1(2 +3% 0k, + %gsz = 0.025604273

B
B79
Loy = (Bry +Bss) 33.hy + %931«4 + %931«5 = 7.81907E — 05 B8O
B2z B3 B3z Bss (a 2
Loy = 22 gaks + 272 goks + 22 g3k, +22.(5) .gak; =0007077314  B81
Loz = (0.5B1, + Baz) 2 ky + (0.5B1, + Bay) ks + 22 goky + 372 goks = 0.000306213
B82
Lys = (Byy +0.5B15)g2ky + (0.5B1z + Bsa) g ky + 3722 goky + 72 g5k = 0.025604273
B83
L32 = (05B12 + B33)%k2 + (05B12 + Bzz)%k3 + %gzkll‘ + 3%‘92](5 = 0.000306213
B84
p, = Luztzs—hisler) 0.4323472 B85
(L12%-L11Lz2)
p, = Lizbis~Luilza) = 0.038490251 B86
(L123-L11Lz2)
le = [B11 - BlngPZ - O'SBIZQZPZ]kl = 0020710884 B87
Ky = %(2333 +B1,)[4 — g,P, — g,P3lk, = 0.000364433 B88S
kT3 - % [BZZ - B2292P3 - 0.5B12g2P3]k3 - 0.00024‘214‘4‘ B89
B
kry = f[‘} —392P, — g2Pslky = 0 B90
B:
krs = ﬁ [4 — g2P, — 39, Ps]ks = 0 BI1

1
kr = [B11 — B1192P, — 0.5B1,9,P ks + 252 (2B33 + By2)[4 — 2P, — g2Ps]k, +

1 B B:
Iz [B22 — B22g2P3 — 0.5B1,9,P3]ks + f [4 —39.P, — g2Ps]ks + ﬁ [4 — g2P2 —39,Ps]ks =
kery + kpo + kps + kpy + kys = 0.021317461 B92
4 4
A =(2)%= = 005212211435 B93
T [ 0
3 3
o= (2)Pon = = 0000270418, 1= B94
T 0 0
o, = (2)%2. 52 % = 160495E—05.% B95
T 0 0
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- 4 4
W = (ﬁ) h. 12[1 ny“yx]qa = 0.00244. :atg B9G
0

kr Eot3
_ a)? 4 ) ks\ oh qa qa®
u = 12[1 = iy iy (;) [PZ ~2p, 52— 1] .S. (k—T) e = -1.06578. 1% B97
. a\? 4 2 S (kg oh gqa qa®
v =12[1 = uyyhy] (5) [Py - 2Po82 - 1]. 2 (—) SR = 09726345 B9S
2 1k 4 2%h B 4 a%h
or = 12g8. (ﬁ) (—8).(1311.[132 ~IPs?-1 ). ot P —3Rus? -1 ].6—Q2+
Bis _4pc2_4pc2_ *hy _ qa”
; [Pz +P; = 2P,S% = 2P;S 2] aRaQ) = —0.01147. % B99
2 rk 4 92h B 4 8%h
oq = 12gS. (5) (—8).(B21 . [PZ —2P,s% -1 ].ﬁ+ﬁ .[P3 —2ps? -1 ].a—Qz+
Bas _4pc2_4pc2_ *hy _ qa”
: [Pz +P; = 2P,S% = 2P;S 2] aRaQ) = —0.00039. 2% B100
k B 4 0°h
Trq = 12qS.(t) (2 8) (Bay. [P —3Ps2—1 . erﬁ [P —Sp,s2 -1 ]'WJ’
Bssz _ 4 2_ 4 2 _ 0°h \ _ qa?
; [P2+P3 2P,S? —2PBS 2] ; aQ) = 0.00969. 3 B101
3 kg\ 6h
s = 12q (%) B, (P, — 413252).(@.52 = 064738. 3% B102
Tgs = 12q() 25 (p, — 4P,52). (2 ) ;’2 = 0.01537. &% B103
For square plate,  =1,a/t= 30,6 = 0°
Ly = gsByiks + ﬁz Bss 9ok, + 2222 ; g3k4+B44 (% ) goke = 0107468562 B104
L12 = (B12 + B33) BZ 3313 g3k4 BS g3k5 = 7.81907E — 05 B105

L13 = (B11 + O'SBIZ)ngl + (05B12 + B33) k2 + 3 B gzk4 ﬁ3 .ngS = 0 025604273

B106
Ly1 = (By, +B33)§ ﬁ B3 goky + ﬁ3 Bes g ke = 7.81907E — 05 B107

B55 a 2
Lyy = 22 gsks + 272 gsks + 22 gsky + 2. (7) -gak; = 0015655798 B108
L23 = (05B12 + B33) Zi kz + (05B12 + Bzz) Bi 3;3 g2k4 + 3 Bas ngS = 0000306213
B109

L3y = (By1 + 0.5B13) g2k + (0.5B4; + B33)%k2 + 3%92’% + %gzl\’s = 0.025604273
B110
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Ly, = (0.5B;, + B33)%k2 + (0.5B;, + Bzz)zz + @gziq 3 23gzk5 = 0.000306213

B111
p, = Lizlzbilaa) (538735596 B112
(L12%-L11Ly2)
p, = Lazlaa—lualzs) = 0.018369255 B113
(L12%-L11L3)
le = [Bll - Bllgzpz - 0'5B12g2P2]k1 = 0025665352 B114
kTZ = 2[))2 (2B33 + Blz)[4 gZPZ g2P3]k2 = 0000381671 B115
kT3 = % [BZZ - B2292P3 - 0.5B12g2P3]k3 = 0.00024‘6686 8116
Ky = 313 B1314-3g,P,—g,Pslky, = O B117
krs = BZS [4—g:P, —3g.P3]ks = 0 B118
kr = [By; — B1192P, — 0.5B1,9,P,]kq + 2[32 — (2B33 + Byp)[4 — gzpz 92Pslk, +
1
Iz [B22 — B2292P3 — 0.5B1,9,Ps]k; + ?3 [4 — 39,P, — g,Pslky + '83 4 — g2P, — 3g,P3]ks =
le + kTZ + kT3 + kT4- + kT5 = 0026293708 B119
A= ()9 = 004225768, 95 B120
kr/ Do Do
kg oh ga? . qa’®
o, = ( Pg I = 0000120807, & B121
_ (ks\Ps oh qa® — _ g 92
o, = (kT) 2 A = 6.20994E - 065 B122
_ 4
w= (L) p PEmna® g 99195, 87 B123
kr Eot3 Eot3
. a\? 4 2 kg oh qa qa3
u = 12[1 = iy iy (;) [PZ —2p, 57— 1] .S. (k—T) e = 22976305 B124
. a\?2 4 2 S (kg\ oh qa qa3
v =12[1 = uyyhy] (5) [P = 2Ps82 1], 2 (—) e = —179867.85 B125

orR = 12qS.(%)2 (&) (Bur [P =5 P57 1 ].%+% JP-trs2-1 |20y
B3
B

4 2 _4 2 _ 0h _ _ qaz
[P2+P3— P,S% —2P,S 2] aRaQ) = —0.01098.7% B126
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6o = 1205 (5)2 (2). (Bar . [P~ P52 -1 |20+ +22 [P, - 2ps2 -1 ]%‘ﬁ
B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = —0.00034. % B127
Tre = 1208. (%)2 (). (Bsr . [P~ 2R52 -1 |.oh 2+ [p - 2ps? -1 ]%+
B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.00853. ::tz B128
s = 12q (%)3 B, (P, — 413252).(‘1:—?).% = 065073.% B129
Tos = 12q() 25 (P, — 4P;57). (2 ) % = 0.01338. 3% B130

For square plate, § = 1.5,a/t=40,06 = 0°

2
Lyy = g3Biiks + %ggk2 + zﬁggk4 + Bya. (%) .guke = 0175024117 B131
Li, = (Bi, +B33) Sk, + Bl3g3k4 ﬁ: gsks =  7.81907E — 05 B132
L13 = (Bll + 0.5B12)g2k1 + (05B12 + B33) kz + 3 B'[]: 92k4 + %gzks = 0025604273
B133
Ly, = (By, + B33)% ﬁ 283 0ok + Bg 22 g.ks = 7.81907E—05 B134

2
%(ﬂ) .gik, = 0027665674  B135

B B B
Ly, = ﬁgsks + 2%93"5 +ﬁ93k2 + 52
L,s = (0.5B;, + B33)%k2 + (0.5B;, + Bzz)zz + @gziq +3 23gzk5 = 0.000306213

B136

Ls; = (By; + 0.5B1,)g,k, + (0.5B, + ng) 2k, + 3282 —2 g2k + ﬁ’3 2 g.ks = 0.025604273
B137

L32 = (05B12 + B33)%k2 + (05B12 + Bzz)%k3 313 g2k4 + 3 Bas ngS = 0000306213

B138

p, = Luetmshiskea) 146285212 B139
(L12%-L11L22)

p, = Lazlis=lulzs) = 0.0106549 B140
(L12%-L11L22)

le [B11 Bllgzpz - O'SBIZQZPZ]kl = 0028012276 B141
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kTZ = (2B33 +Blz)[4‘ gZPZ gZP3]k2 = 0.00038969 B142

2/;2
Kps = % [By, — ByygoPs — 0.5B1,9,Pslks = 0.000248428 B143
kry = %[4 —392P, — g2Pslks = 0 B144
krs = 72 .[4~g:P, —3g:Pslks = 0 B145

1
kT = [B11 — B1192P, — 0.5B,9,P, ks + 252 (2B33 + B12)[4 — g2P, — g2Ps]k, +

B B
ki + kpg + kps + kg + kps = 0.028650393 B146
A= (52)% = 0.038781705.9% B147
kr/ Dy Do
_(k oh qa® _ qa®
0. = (ﬁ) PS5 = 680783E-05. 1= B148
kg\Ps 9h qa® _ qa’
o, = (= 8) 20 % = 330572E-06.5- B149
w= ((2)n Zittnlad® g 59157 9 B150
kr Eot Eot
2 3
u = 12[1 = iy iy (%) [PZ ~2p, 82— 1] .S. (:_i) %g—j = —4.02187. %
B151
2 3
v = 12[1 = by (%) [P3 —2p,82 - 1] % (ﬁ) %;‘—2 = —294989.2% B152
2
or =1205.(%) (£2).(Bua [P~ 2P, — 1 |20+ +22 [p, - 2ps? -1 |22+
B 0“h Y\ qa?
2 [P, + P —2p,52 —1ps% - 2. aRaQ) = —~0.01080. 3 B153
2 82h
oq = 12g5. (5) (E).(B21 [PZ —2p,s% -1 ] L +@ [P3 —2ps? -1 ]ﬁ
Ba3 0h \ qa?
% [PZ +P; —2P,52 —ZP,S? — 2] aRaQ) = —~0.00032. £ B154
2 2
Trq = 125.(%) (:—8).(B31 P —3ps2 -1 ] . +% P -3ps2 -1 ]%+
B %h\ _ qa?
e [PZ +P; —2P,5%? —ZP,S2 — 2] aRaQ) = 0.00811. 3% B155
s = 12q (a) B,.(P, — 4P,52). ( 8) = 0.65192. 2% B156

[Bzz B292P; — 0.5B1,9,P;]k;3 + 2 [4 —392P, — g2Ps]ks + = [4 — g2P, — 3g2Ps]ks =
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Bss (p. _ 2 oh  _ aa
Tgs = 12q() (P, — 4P;52). (12 ) o = 001266. 3%
For square plate, § = 1.5,a/t= 50,06 = 0°
A= (R2)9 = 00371686595
kr/ Do Do
_(fa)p, b a2 _ _ 05, 9
o, = (kT) Rgii = 436071E-05. &
_ (ke\Pa 2h @ _ 06 8
o, = ( T) 2 A = 2.05951E- 065

_ 4
w= ((2)n Zltatla® g 5914y, 9
0

Eot3
~tgya] (3) [ =2 B2 1] s () 2
v= 12[1 - uxyp-yx] (%)2 [Pg —§P352 — 1] % (ﬁ) %_g_:

or = 1208, (%)2 (&) (Bur-|P

22 Py + Py — 2P,S2 — 2PyS2 — 2
| |

—Ips? -1, AL

OR2 BZ
8%h ) _
araQ/)

2
—0.01080. 2=

3
= —2.94989.2
Eot

[P -3ps2—1 |

oq = 12gS. (5)2 (E) (Bas - [PZ —2p,$2 -1 ] i+ B“ [P3 —2p,52 -1 ]

P [P, + Py —1Ps? - 2ps% - 2. a‘;a“Q) =
Trq = 1245 (5)2 (ﬁ).(B31 . [P —2ps% -1 ] o +% .

0%h
[PZ +P; —2P,52 —ZP,S2 — 2] 3

B3z

B

3
s = 12q (%) B4 (P, — 4P,52). (k—s) = 0651925

tos =124 (2) 22 (P, — 4py52). (). 22 = 0.01266. 22

For square plate, § = 1.5,a/t= 60,0 = 0°

4 4
A, = (E)ﬁ = 0.036291308.3%
kr/) Dy Do

~0.00032. 3%
Eot

T = 0.00811. 2%

[P3 —2ps2—1 ]

B157

3
—4.02187. 2%
Eot

d%h

—t

0Q?

9%h

ot

202

8%h

ot

0Q?

B158

B159

B160

Bl61

B162

B163

B164

B165

B166

B167

B168

B169
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_(fa)p b @ _ _ 05, 8¢
b, = () Poog - = 3.02967E — 05. B170

OR " Dy Do

0, = (2) =3 o qu: —  1.40891F — 06.qu: B171
w = (:—:)hw = 0.00170. 2% B172
u = 12[1 = pyyliyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—: = —8.94801. ;‘::2 B173
v = 12[1 = iy iy (%)2 [P —2ps2—1]. % (ﬁ) %g—: = —6.23522.;‘:‘; B174
og = 124S. (5)2 (2). (Bur [P~ 2Rs? -1 |2+ +22 o - 2ps? -1 ]%‘ +

% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = ~0.01068. ::tz B175
oq = 125. (5)2 (ﬁ) (Bar. [P 2pps2—1].20 = [P —2ps2 -1 ]Z%}

% [Pz +P; —2P,52 —2P,52 — 2] a‘;ahQ) = ~0.00030. ;‘:tz B176
Trq = 125. (%)2 (2). (Bar [P, —3Pos2 -1 ]S+ Pz [P —2ps2 -1 ]Z;}; +

BES [Pz +P; —2P,52 —2P,57 — 2] a‘;ahQ) = 0.00781. ;‘:tz B177
s = 12q (%)3 B, (P, — 4P252).(1£—:).% = 065277.3% B178
Tos =12q ) 255 (P, — 4P,52). (2 ) % = 0.01214. &% B179

For square plate, = 1.5,a/t=70,0 = 0°

4 4
A, = (ﬁ)ﬁ = 0.035761918.%% B180
kr/ Do Do
_(ke)p o a2’ _ _ o5, 9
b = () Pop o= = 22265E-05. & B181
— (ks\Ps 2h @a®  _ _ 06 9¢°
o, = (kT) S = 102565E-06.% B182
(kg) 12[1-pxyHyx]qa* qa*
w= () ZEReledd® g 00167, 2% B183
T Eot Eot
_ a\2 4 2 kg dh qa qa’
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (E) e = -121499.7%  B184
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o= 1201 ] () [ra =257 1] 2.(9). 2.8 = —psron2

o =15 (0 (). (e [ 271 | 22452 [ptne 1 | 22
22 [+ —2p,52 - 2p,s2 - 2] L) = ~0.01065. 2%
0q = 12a5.(2)’ (2).(Bar [P —2ms? -1 | S+ 22 [p - Sms? -1 |0+
2 Py + Py = IPS2 - IPs? - 2. o) = ~0.00030. g:tz

Trq = 12qS.(%) (2). (Bar [P —2pos2 -1 . m+%.[P3—§P352—1 ];?Jf

Bas _ipgz_tpg2_o| 2h) _ qa’

: P+ P —2ps2 - 2ps2 - 2. aRaQ) = 0.00774. 2%
3 kg\ 6h

trs =129 (%) Baa(P, —413252).(@.ﬁ = 0.65295.2%

Tgs = 12q() 25 (p, — 4P,52). (2 ) ;’2 = 0.01203. 3%

For square plate, B = 1.5,a/t=80,0 = 0°

A= ()% = 003541817195

0= ()P = = 170497E - 05. &=

0, = ()50 % = 780549E-07. 9

w= (f2)n ZEoemnai® g 09166, 22

w=12[1 — pohy] () [~ £ Bs2 1] 5. (&) 2.2 = —1584451. 2%

v = 12[1 - ] (2) [P - 2Pis? - 1. S (1) o = ~1083333.2%

or = 12g8. (5)2 (2)-(Bu- [P —3Ps? -1 |2+ +22 [p, - 2ps? -1 ]% +
% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = ~0.01064. %

% =12q5-(2)2 (ﬁ)-(Bz1 [Po=3Rs? =1 |5+ 52 [P —ips? -1 [0+

= 2 _ =X 2 _ 0%h _ _ qa?
[PZ +P; —P,52 —2PS 2] aRaQ) = 0.00030. £

o]
N
w

=]

B185

B186

B187

B188

B189

B190

B191

B192

B193

B194

B195

B196

B197

B198
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Tre = 1208. (5)2 (). (Bss . [P~ 2R52 -1 |.oh s+ [P —2ps? -1 ]%+
e [P+ P, —2p,5% — 252 2] a‘;ahQ) — 0.00770. :0;‘122

s = 12q (%)3 B, (P, — 413252).(1‘:—:)% = 065307. 3%

Tos = 12q (3 ) 25 (P, — 4P;57). (2 ) 22 = 0.01196. 5%

For square plate, § = 1.5,a/t=90,6 = 0°

A, = (:—:)qD—f - 0.035182428.“‘]);“:

0= ()P & = 13473805 %

b, = (i—j)%% qu: —  6.14173E— 07.qu:

w = (:—:)hw = 0.00165. 2%

u = 12[1 = pyyiyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—: = —20.03166. g:;

v = 12[1 = iy iy (%)2 [P —2ps2—1]. % (ﬁ) %g—: = —13.62488. ;‘“tz

or = 12g8. (%)2 (ﬁ).(B11 [P,—2ps2—1]. er% [P -ips2—1 |.2 6—Q2+
% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = ~0.01063. ::22

oq = 125. (2)2 (ﬁ) (Bar. [P 2Rps2—1].20 = [P —2ps2 -1 ]Z%}
e R e e S i | ) = ~0.00030. ;‘:tz

Trq = 1208 (%)2 (kT) (Bsr [P —2Ps2—1 |20+ Pz [P —2ps2 -1 ]Z;};

B3z

B 0ROQ 0
3 kg) oh
Trs =129 (2) Baa(P, —413252).(@.ﬁ = 065315. %

Tos = 12q() %55 (py — 4P;52). (2 ) o = 00119175

For square plate, § = 1.5,a/t= 100,06 = 0°

[P2+P3——P252——P352—2] o h) = 0.00767.%

+

B199

B200

B201

B202

B203

B204

B205

B206

B207

B208

B209

B210

B211

B212
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0.035013769. %%
Do

3 3
_ (&) p, 2 9@ _  109141E — 05. 3%
dR " Dg Do

b, = () 20 e
y kr/ B "8Q Dg

4.95997E — 07.9%
Do

W= (k_:)hw = 0.00164. 2%
u= 12[1 — IJ-xle-yx] (%)2 [Pz —g P, 2 — 1] 5 (:_i) -%-g_j

oh qa

v=E 12[1 B “XY“YX] (%)2 [P3 _§P352 B 1] % (ﬁ) 90 Eo

o 1208 (0 () (o [rm5n51 1 | B2 =3t | 224
2 [p+ P —ips? - RSt -2 ) = ~0.01062. 3%
oo = 1205 (3 (9 (5 25— | 225 [n—inst o1 | 22
% [p, 4+ P —2p,52 ~2pys2 - 2]k = ~0.00030. 2%
Tre = 1245. (%)2 (kT) (B31 [P __PZSZ -1 ] m+% -[P3 —§P352 -1 ].Z%+

333 _4 2 _4 2 _ 0“h _ qa
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.00765. 7%
3 kg\ oh
s = 12q (%) B, (P, —413252).(@.52 = 06532135
B oh
Tgs = 12q() 255 (P, — 4P,52). (2 ) S5 = 001187 %
For square plate, = 1.5,a/t=>5,0 =15°
A, = (ﬁ)qﬁ —  0.364450976.9%
kr/ Do Do
8 oh qa3 — q;u3
0= (2 ) SR e = 000494673
kg P3 ah qa _ q;ls
o, = (= )B A = 0.001174963.%
w = (ﬁ)h elizigiydad g 019722219, 9
kr ) Eot3 ) " Eot3

dh qa

= 12[1 = ey (%)2 [PZ _g B, 5% - 1] S (:_i) "9R "E,

= —24.71141.
Eot?

—16.74480.
Eotz

= 0.01704

qa?®

qa?®

qa?®

0

B213

B214

B215

B216

B217

B218

B219

B220

B221

B222

B223

B224

B225

B226

B227

B228

362



o= 1201 - ol (3 [~ 252 1] 2. (49) 22 2 =

or = 1295. (2)2 (i) (B [P —ips?—1].204 +o2 p - Ips? -1 |-+
22 [+ —2p,52 - 2p,s2 - 2] L) = ~031784. 2%

0q = 12a5.(2)’ (2)-(Bar- [ -3Rs? -1 |55+ 22 [ -2Rs? -1 |5+
2 [p 4B - iRt - iRs? 2] ) = ~0.02747. 2%
Tmzzlmﬁ(%)(h)(Bm F __%52_1] 5§+%%-F§—§%52—1 y%%+
22 [, + Py —2P,52 —2P,s2 2]k = 0.16179. 2%

trs = 12q (%) Buu (P, —4p59). (). 55 = 07401525

Tos = 12q() 25 (p; — 4Py52). (12 ) % = 0.07032. 7

For square plate, = 1.5,a/t= 10,0 = 15°

4 4
A= ()% = 01107127165
kr/ Dy Do
5)p, ot B - aa’
0, = ( ) 298 by = 0001116202, T
_ (ks\Ps oh ga® qa’
¢, = (kT) B "9Q Dg = 0.000185965. Dy
_ 4 4
w = (E) h 'w — 0.00518_ qa3
kr Eot Eot

u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (:_i) %g—j

o= 1201 - ([~ 252 1] 2. (1) 22 2

~0.31905. 3%
Ept

3
= —0.34977. =
Eot

0

3
—0.45589. 2%

oR :12‘15-(5)2 (2).(Bu [P —2ps2 -1 |3+ 22 [p—2ps? -1 |50+
22 [+ —2P,52 - 2pys2 - 2] 1) = ~0.13168. 2

% =12q5-(2)2 (ﬁ)-(Bz1 [Po=3Rs? =1 |5+ 52 [P —ips? -1 [0+

o]
N
w

dRAQ

=]

x 2 _ 4 2 _ 9%h _ _ qa?
AP+ P =3RSz -Ips2—2].r) = 0.01129. 2%

B229

B230

B231

B232

B233

B234

B235

B236

B237

B238

B239

B240

B241

B242

363



o= 105 () o o1 ] 222

B3

B dRAQ
3 kg\ 6h

trs =129 (%) Baa(P, —413252).(@.ﬁ = 0.66805. 7%
B oh

Tos = 12q() 25 (P, — 4P;57). (2 ) 25 = 0.04452. 1%

For square plate, § = 1.5,a/t= 20,0 = 15°

4 4
A =(32)%= = 0055077072.3-
kr/ Do Do
_ (ks oh qa3 _ q;u3
0 = (2 ) 258 pe = 0-000272996. <

_ (ks)Ps oh ga® _ o5 9¢®
o, = (kT) o 3.68531E — 05.%°

- 4 4
w= (L) p, ZEindatt g ggg5g, 40

kT Eot3 Eot3

u = 12[1 = pyyiyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—:

o= 121 () [ 2051 3.(2) 252 =

_4pc2_%pc2_ 0%h ) _ aa®
P+ P —3ps2 - 2ps2 - 2. )_0.06619.Eotz

= —1.14655.
Eot2

.[P3 —2ps2 -1 ]

9%h

ot

202

qa?®

~0.99602. 9%
Ept

or = 12¢S. (%)2 (ﬁ) (Bur [P —3P5% -1 ] T+ % [P —3ps2—1 |
% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = —0.08639. ::22
g = 12gS. (2)2 (ﬁ) . (B21 [PZ —3p,s? -1 ] = 3;; [P3 —2ps? -1 ]
% [Pz +P; —2P,52 —ZP,S7 — 2] a‘;ahQ) = —0.00734. ;‘:tz

Trq = 1245 (%)2 (kT) (1331 [P —2P,52 -1 ] W+% .

B3z

B 0ROQ
3 kg) oh
Trs =129 (2) Baa(P, —413252).(@.ﬁ = 065355. 5%

ts = 12q (%) 2R, - 4p,5?). (). 2 = 003529, 2

For square plate, § = 1.5,a/t= 30,0 = 15°

_*pc2_%pc2_ 9%h ) _ 94
[P2+P3 2P,5% - IP;S 2] )_ 0.04286. £

[P3 — 2P,s?

_1]

92%h

—t

0Q?

d%h

—t

0Q?

d%h

+

'6Q2

B243

B244

B245

B246

B247

B248

B249

B250

B251

B252

B253

B254

B255

B256

364



4 4
A = (ﬁ) @~ 0.045057063.3% B257
kT Do

Do
_(ka)p b @ _ aa*
b= () Psp o= = 0000120867, & B258
_ (ka\Ps 2h aa® R
o, = (kT) 2 A = 154736E- 05 B259
(ks) 12[1-pyyyx]gat qa*
w= () ZEReled® g 9211, 3% B260
T Eot Eot
_ a\? 4 2 kg dh qa qa®
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (k—T) e = —247837.85 B261
a\?2 4 S (k oh qa qa®
v =12[1 = iy (5) [P - 2Po82 - 1]. 2 (—8) TSR = -188603.55 B262
2 1k B 4 a%h
or = 125. (%) (—8).(1311 [Pz —2Ps? -1 ] s +ﬁ .[P3 —IPS? -1 ].6—Q2+
% [PZ +P; —2P,5? —ZP,S? — 2] a‘;ahQ) = ~0.07787. :“22 B263
0
2 rk B 4 8%h
oq = 12gS. (5) (—8).(B21 [PZ —2P,S% -1 ] = +ﬁ [P3 —2ps? -1 ].a—Qz+
2
% [Pz +P; —2P,52 —2P,52 — 2] a‘;ahQ) = ~0.00660. 2% B264
0
2 B 4 8%h
Trq = 125.(%) (kT) (Bay. [P —3Ps2—1 . erﬁ P =5ps2 -1 ]'WJ’
333 _4 2 _ 2 2 _ 0h _ qa
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.03846. 3 B265
3
s = 12q (%) B, (P, —413252).(1‘:—:).2—12 = 065105. 3% B266
Tos = 12q ) 255 (P, — 4P,52). (2 ) % = 0.03334. 2% B267
For square plate, § = 1.5,a/t=40,0 = 15°
A= ()9 = 00415698195 B268
kr/ Dy Do
_(fa)p b @ _ _ 05, 9¢
o, = (kT) Po - = 678975E-05. % B269
_ (ka)Ps 0 ga®  _ 06 9€
o, = (kT) 220 E = 851996E - 065 B270
(ks) 12[1—pyy Hyx|qa® qa*
w=(%o)p BRledd® 00194, 3% B271
T Eot Eot

365



U= 12[1 — gy liyy] (%)2 [p-2ps—1] s (L) 28 - —4.34341.:0%32 B272

kr) “OR E,
2
v =12[1 = iy (5) [P — 282 - 1]. ; ("8) %g—: = —3.13019.;‘:‘; B273
2
or =120 () () (Bur [P~ 2Po52 - 1 |28 + 2z [p—2ps2 -1 ]ZLQ}; +
% [PZ +P; —2P,52 —ZP,S2 — 2] a‘;ahQ) = —0.07487. ::tz B274
2 8%h 8%h
oq = 12q5.(%) (:—i).(Bu P -3ps2 1. WJF% [P —2ps2—1 ].@+
7 [P+ —2ps2 —2ps2 2] %) - —0.00634. g::z B275
Trq = 1245 (5)2 (ﬁ).(B31 P —5Ps? -1 ] o +% P —5pis2 -1 ]Z%}
2
B;S [P, + P —2p,52 —1p5% - 2. a‘;a“Q) = 0.03691. 7% B276
Trs = 12q (%)3 B, (P, — 413252).(1‘:—:).% = 0.65019.2% B277
Tgs = 12q( ) Bss (p, — 4P,52). ( ) % = 0.03263. 5% B278
For square plate, § = 1.5,a/t= 50,0 = 15°
A= (5)% = 0039959139 B279
1/ Do Do
K oh ga®  _ qa®
0= (2 8) SR e = 434279E-05. 55 B280
P; dh qal _ qa®
o, = (kT) 204 = 53976E-06.%- B281
w=(2)h '—12[1_?2”]%4 = 0.00187. 2% B282
T ot Eot
2
u = 12[1 = iy gy (%) [PZ ~2p, 82— 1] .S. (:_i) %g—j = —6.74147. ;‘:; B283
2
v =12[1 - uyyhy] (5) [P - 2Ps82 - 1]. % (@) %g—: = —4.72927.:% B284
2 2
or =124.(%) (ﬁ).(B11 [P,—ips2—1]. W+% P —3ps? -1 ]Z—Q};+
B;:" [PZ +P; —2P,52 —2P,§2 — 2] a‘;ahQ) = —0.07348. ;‘j; B285

366



0q =1205.(2) (£2). (B [ —2ps2 =1 ] 224 22 [, —fpys? -1 |20y
% [P+ Py = 1Rs7 — 1Res? - 2. o) = ~0.00621. 4

Tro = 1205 (%)2 () (Bsr- [P =552 -1 |.oh 3+ [P —ips? -1 ]%Jr
%o [P+ Py = 2Rs7 — 1Res? - 2. a‘;ahQ) = 0.03619. ::tz

Trs = 12q (%)3 B4a(P, — 4P,S5?). (E—i) -% = 0.64979.;—:t

Tos = 12q() Bss (py — 4Py52). (2 ) o = 0.03230.2%

For square plate,  =1,a/t=60,6 = 15°

4 4
A= (2)% = 0.039085094. 2=
kr) Do Do

3 oh qa3 _ qa?
Oy —( ) 258 pe = 301483E—05. -
_ (ks\Ps oh ga®  _ e 998
¢, = (kT) 230 by = 37274E—06.-
_ (ks 12[1—pyy Hyx|qa? _ qa*
w= (kT)h-—Eot3 = 0.00183.

dh qa

3
= = —967248. 1%
6R EO EOtZ

= 1201 ] (O[22 1] (2)

o= 1201 ] @) 17— 1] £ (2) 28

3
—6.68348. 2=
Eot

o= 1208 0 (2. (=1 | 22025 [ -1 | 220
22 [, 4+ —2p,52 - 2pys2 - 2] ) = ~0.07273. 2
o120 (3 ). 1 21| 2 [t | 22
%2 [py 4+ —3P,52 —2pis2 - 2] ) = ~0.00615. 4
Trq = 120S. (5)2 () (Bsa [P = 5Res? -1 |.oh 72 [P - RSt -1 ]%Jr

B33

; P+ P = 3Rs2 - 2ps2 - 2.

ah)_
arRAQ/)

Trs = 12q( ) B4 (P, — 4P,52). (kB) gg -

0.03580. 2%
Eot

0.64958. 1%
Eot

0

B286

B287

B288

B289

B290

B291

B292

B293

B294

B295

B296

B297

B298

B299
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Bss _ 2 oh  _ 9a
Tos =12q ) (P, — 4P;52). (12 ) o =003212.5%
For square plate, =1,a/t=70,6 = 15°
4 4
A = (ﬁ)% = 0.038558385.3%
kT Do DO
(kg oh qa3 . _ q;¢3
o, = ( Rgn i = 221454E-05. &
_ (ks\Ps oh ga®  _ —06.9%°
o, = (kT) 2 S = 272919E- 065
w= ((2)n Zittnla® g 59150, 9
kr ) Eot3 ) " Eot3

o = 1265 (8 (2) (b o 2521 | 22

2E) .[PZ + Py = 2P,5? — 2P,S? —2]_%) _

kg

U = 12[1 = pyybiyy] (%)2 [p-2ps2-1].s. (k—T

o= 1wl () [p - 27 1]

3
e 13136433
3
oh 92 _ _899290,3%
aQ EO Eot
B 4%h
+£ [P —Sps2—1 ].6—Q2+

~0.07227. 3%
Eot

9%h

oq = 12gS. (5)2 (E).(B21 [PZ —2p,57 -1 ] i+ B“ [P3 —2ps% -1 ].ﬁ+

[P2+P3——PZS ——Pgsz—z] a‘;ahQ) _

Trq = 1208. (%) (kT) (Bay [P —2Ps2—1 .5

m+ﬁ-

—0.00611. 9%
Eot2

B3z
0Q?

Bss 4 2 4 2 0%h _ qa?

- [P2+p3 'p,52—2ps 2] aRa@) = 0.03557. 4%
3 k. dh

ths = 12 () Bas(P, — 4P,57).(12) .55 = 064945 2%

Tos = 1201() % (py — a5, () 50 = 0.03202. 5%

9Q

For square plate, = 1.5,a/t=80,06 = 15°

4 4
Al:(ﬁ)ﬁ = 0.038216653.3%
kr/ Do Do
_ (k)p, oh @ _ 05, 3%
o, = (kT) ProR =  L69529E—05. -
_ (ks\Ps oh a@® —06.9%
0, = (kT) 2% Db = 20849E—06.-

[P, —2ps2—1 .20+

B300

B300

B301

B302

B303

B304

B305

B306

B307

B308

B309

B310

B311

B312

B313

368



Wz(@)h,w = 0.00179. 2%
0

pe Eot?
u = 12[1 — by (%)2 p-imsz-1].s(2) 28 = —17.13330.30;‘132

v =12[1 gy (2) [B —2Rs? -1, (1) 2 = 1165757 2%

or = 12gS. (5)2 (ﬁ).(B11 [P -2ps2—1]. m+k [P —2pis2 -1 ]%Jr

% B+ P —iRs?-2Rs?-2]. a‘;ahQ) = —0.07198. %

o =120 (3 (). (o [ 271 23422 [t 1 | 22

2 B+ P —iRs? - IRs?-2]. a‘;ahQ) = —0.00608. g:tz

trg = 1268 (2) (). (Bor- [P~ 2Ros? -1 [ 2+ 22 [p - 2ns? -1 | S0+
e R e e ] I =~ —) = 003542, ;‘:tz

trs = 124 (2) Byy(P, — 4P,52). ()5 = 0.64936. 2%

Tos = 12q() 22 (py — aps5?). () 2 = 0.03194. 2%

For square plate, § = 1.5,a/t=90,0 = 15°

A= (2)9 = 0037982418,
kr/ Do Do
0= (2)P22 2 = 133037E-05. %
0 0
__ (kg\P3; 0h qa3 _ qa’
0, = (ﬁ)f% Do = LO44BIE—06.7-
W= (:_:)hw = 0.00178.;%
2 3
w=12[1— i) (3) [~ 2,57 1] 5. (,’i—i) %g—j = —2166310. 5
2 oh 3
o= 12t -l 1~ 815 1] .2 8.2 = a7
on = 1205.(3) (12). (Bur- [P~ §Ras — 1 |24 52 [pa—dmst -1 |50
2
3;3 [Pz + P3 _ _P252 _ —P3SZ _ 2] a{;ahQ) = —0.07177. ::ltz

B314

B315

B316

B317

B318

B319

B320

B321

B322

B323

B324

B325

B326

B327

B328

369



oo = 1208 ) (). (o 1~ -1 | 22435 -1 224
= [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = —0.00607. %

Trq = 1qu-(%)2 (ﬁ).(Bgl.[P ~ps2-1. aR2+%.[P3—§P3SZ—1 ]%Jr

B3

_ 4 2 _ 4 2 _ 0 h _ qa
P+ P —3ps?—2ps2—2]|. ) = 0.03531. £

B dRAQ
3

_ a _ 2y (ke) oh _ a2

s = 12q (t) B,.(P, — 4P,S ).(kT).aR = 06493135

Bss _ 52 oh qa

Tos = 12q() 25 (P, — 4P;57). (2 ) 5 = 003190.3%

For square plate, p =1,a/t=100,6 = 15°

A= ()% = 003781499

0= (2)Pgp = = 1084828 - 05. &=

0, = ()50 %= = 133084E - 06. %

W= (l’j—:)h.—lz[l_‘;‘:t‘;YX]qa4 — 0.00177. g‘;

u= 1201 - ] (2) [P -2 P57 1] 5, (&) 2.2 = —2672582. 2%
I § T E e —

o = 1208 0 (2. (=1 | 22025 [ -1 | 22
2 [p+p-iRst-inst-2] ) = ~007163. 2%
R YO T EYC AR
%2 [py 4+ —3P,52 —2pis2 - 2] ) = ~0.00605. 4

Trq = 12(18-(5)2 () (Bsa [P —3Res? -1 |. aR2+%.[P3—§P3SZ—1 ]%Jr

B33

_4pc2_4pc2_ 0%h ) _ aa®
; P+ P —3ps?—2ps2—2]|. L) = 0.03524. £

JdROQ

Tps = 1zq( ) B, (P, — 4P,52). (kg) 2 = 064926,

0

B329

B330

B331

B332

B333

B334

B335

B336

B337

B338

B339

B340

B341

B342

370



oh

= 0.03186. %

s =124 (3) - 4m0. (1) 50 =

For square plate, p = 1.5,a/t=5,06 =30°

A =(12)% = 0764006809. 2=

0= ()P 2 = 0010796817, &=

o, = ()25 95 = 00033409929

= (o At — o 2

w12 npd G 1~ 5] 5 (2) 28 = oo

o= 120 (3 1~ 250 5 () 2% = sz

<) oo B o

oo =12a5. (2)2 (E)'(B“ [PZ _'PZSZ -1 ] et BZZ [P3 ——P352 -1 ]-ZZT};+

%2 [p,+ P —3p,52 —2pys2 2] b = ~027034. 1%

Tro = 1205 (%)2 (ﬁ).(Bgl [p-tps2-1]. 00 T+ [P —ips? -1 ]Z%Jr
0%h

B33 _ 4 2 _ 4 2 _ _ &
; [P2+P3 2P,S? —2PB,S 2] 2 = 0.72773. £

dRAQ

3 kg) oh
s = 12q (%) B44(P2—4P252).(ﬁ). S = 161547,

0

]

Tos = 12q( ) Bss (p, — 4p,52), ( ) = 0.19996.:—:t

For square plate,  =1,a/t=10,6 =30°

4 4
A = (ﬁ)& = 0.129807172.3%
kr/) Dg Do

-(®)rna= - ga?
¢, = (kT) Poor -5 = 0001243951 I
_ (ke\Ps b @’ _ qa’
¢y - (kT) 790 Do = 0.000440318. D,

B343

B344

B345

B346

B347

B348

B349

B350

B351

B352

B353

B354

B355

B356

B357

371



- 4 4
W = (ﬁ) h. 12[1-pxy yx]qa = 0.00607. :atg B358
0

kr Eot3

2

u = 12[1 = iy iy (%) [PZ ~2p, 52— 1] .S. (,’i—i) %g—j = —0.43594.30%32 B359
2

v =12[1 = iy (2) [P~ 2Rus? - 1] . (ﬁ) pE - —0.44583.;1?:2 B360

or = 1208. (5)2 (&) (Bur [P~ 2Rs2 -1 ], %+@ [P -tpsz-1 .20+

% [P, + P —3P,52 —1ps% - 2. a‘;ahQ) = ~0.18882. % B361

oq = 12gS. (5)2 (ﬁ) (Bas - [PZ —2P,s% -1 ] i+ B“ [P3 —2ps? -1 ]%‘ﬁ

% [Pz + Py —2P,5% - IPyS% - 2] a‘;ahQ) = ~0.06493. g:tz B362

92%h

Trq = 12qS.(t) ("8) (Bay. [P —3Ps2—1 . W+% P =5ps2 -1 ]'WJ’

B;3 [PZ +P; —2P,52 —2P,§7 — 2] o ahQ) = 0.17403. ;‘:tz B363

s = 12q (%)3 B4 (P, — 4P,52). (E—i) 2= 0.74450. 2% B364

Tgs = 12q() 25 (p, — 4P,52). (2 ) ;’2 = 0.10541. &% B365

For square plate,  =1,a/t= 20,0 = 30°

A, = (:—j)qDﬁ = 0.064954676.% B366

0 0
0 = () P 5n ‘};’: —  0.000273288. qDLf B367
__ (kg\P3; 0h qa3 _ qa®

o, = (ﬁ)f% T= = 0.000104688.%- B368

w=(2)h .—12[1_?:?)(]%4 = 0.00304. 2% B369
2

u = 12[1 = iy iy (%) [PZ ~2p, 82— 1] .S. (,’i—i) %g—j = —1.42985. g:; B370
2

v =12[1— iy (2) [P~ 2Rus? - 1] . ()2 = —1.07693.3;1:2 B371

or = 12g8. (5)2 (ﬁ).(B11 [P,—5Ps2—1 . WJ’% [P —Sps2—1 ]Z%H

B;:" [PZ +P; = 2P,5%? —ZP,S? — 2] a‘;ahQ) = ~0.13135. g:; B372

372



0q =1205.(2) (£2). (B [ —2ps2 =1 ] 224 22 [, —fpys? -1 |20y
% [P+ Py = 1Rs7 — 1Res? - 2. o) = ~0.04509. 4

Tro = 1205 (%)2 () (Bsr- [P =552 -1 |.oh 3+ [P —ips? -1 ]%Jr
22 [P, + Py —3P,52 —2P,52 2] ) = 0.12057. 2%

Trs = 12q (%)3 B4a(P, — 4P,S5?). (E—i) -% = 0.65425.;—:t

oh

s —12q() BSS(P3_4P3 2)( )_

= 0.10025. 2%
2Q Eot

For square plate,  =1,a/t=30,6 =30°

4 4
A= ()% = 0.054580969. %=
kr) Do Do

8 oh ga? _ qa?
Oy —( ) 2R by = 0000118755, T~
_ (ks\Ps 9h ga® _ P
0, = ()50 %= = 463918E- 055
_ (ks 12[1—pyy Hyx|qa? _ qa*
W= (kT)h-—Eot3 = 0.00255.

dh qa

- - aa>
SR = —310156.5°

= 1201 ] (O[22 1] (2)

o= 1201 ] @) 17— 1] £ (2) 28

3
—2.18541. 2%
Eot

o 1235 (3 (2). (s 1~ 51 2225 [t ] 22
22 [, 4+ —2p,52 - 2pys2 - 2] ) = ~0.12255. 2
oo = 1205 (0 (2) (o 20571 | 3203 [0 | e
%2 [py 4+ —3P,52 —2pis2 - 2] ) = ~0.04206. 2
Trq = 120S. (5)2 () (Bsa [P = 5Res? -1 |.oh 72 [P - RSt -1 ]%Jr

B33

; P+ P = 3Rs2 - 2ps2 - 2.

ah) _
arRaQ/)

Trs = 12q( ) B4 (P, — 4P,52). (kB) gg -

2
0.11240. 2%
Eot

0.63967. 3%
Eot

0

B373

B374

B375

B376

B377

B378

B379

B380

B381

B382

B383

B384

B385

B386

373



Tos = 1242 ) 225 (P - 4Py57). (12) 55 = 0.09996. 2%
For square plate, B =1,a/t=40,6 =30°
A= (52)% = 0051053224, 9%
kr/ Dy Dy
(kK oh ga® . qa®
o, = ( )2 & = 6.62806E - 05. &=
_ (kg\P3 oh qa® . qa®
o, = (ﬁ)f% 2 = 260839 - 05.5-
[k 12[1-pxyHyx]aa* . qa*
w= (52)h ST = 0,00239. 55
2 3
u = 12[1 = iy iy (%) [PZ ~2p, 82— 1] .S. (:_i) %g—j = —5.44349. 1%
_ a\2 4 S (kg Oh ga __ qa®
v = 12[1 = by (;) [P3 —2p,82 - 1] 2 (—8) e = —3T4457. 5

2 8%h
or =12g5. (%) (:—i).(Bn [P, —5Ps2—1 ] 2 +E [P —Sps2—1 ].6—Q2+
B 4 4 %h\ qa?

2 P+ P —2ps2 —2ps2 2| M) = ~3.74457. 2%

2 2
oq = 12gS. (5) (E) (Bas - [PZ —2p,57 -1 ] i+ B“ [P3 —2ps% -1 ]%+
B 0%h _ qa?

% [PZ +P; —2P,5%2 —ZP,S2 — 2] aRaQ) = —~0.04104. %

Tmzzlmﬁ(%)(h)(Bm F __%52_1] 5§+%%-F§—§%52—1 y%%+

Bss 4 2 4 2 0%h _ qa?

5 [Pz + P PZS P3S 2] aRaQ) = 0.10966. Egt?
3 k. dh

ths = 12 (3) Bas(P, — 4P,57).(12) .55 = 063470. 2%

Tgs = 12q() Bss (p, — 4P3SZ).(11:—:).2—}1

= 0.09991. 2
Q Eot

For square plate, p =1,a/t=150,6 =30°

4 4
A = (ﬁ)ﬁ = 0.04943787.%=
kr/ Dy Do
_(ks)p, b aa®  _ —05. %
o, = (kT) Pror po =  422672E—05. -
_ (ks)Pa b ga®  _ —05.92
b, = (kT) 2% b = 1.66921E—05.--

B387

B388

B389

B390

B391

B392

B393

B384

B395

B386

B397

B398

B399

B400

B401

374



— 4 4
w = (E)h.w — 0.00231. :“ts B402
0

kr Eot3
2
u = 12[1 = iy iy (%) [PZ ~2p, 52— 1] .S. (,’i—i) %g—j = —8.45495.30%32 B403
2
v =12[1 = uyyhy] (5) [Py - 2Po82 - 1]. % ("—) %g—j = —5.75121.;‘?; B404
or = 1208. (5)2 (&) (Bur [P~ 2Rs2 -1 ], %+@ [P -tpsz-1 .20+
% [P, + P —3P,52 —1ps% - 2. a‘;ahQ) = ~0.11826. % B405
oq = 12gS. (5)2 (ﬁ) (Bar. [P —3Pu8% -1 ] i+ B“ P —3Pus?2 -1 ]%‘ﬁ
% [Pz + Py —2P,5% - IPyS% - 2] a‘;ahQ) = —0.04057. g:tz B406
Trq = 12qS.(t) (2). (Bar [P —3Pus? -1 . W+% JP-trs2-1 |04
B;3 [PZ +P; —2P,52 —2P,§7 — 2] o ahQ) = 0.10841. ;‘:tz B407
s = 12q (%)3 B4 (P, — 4P,52). (E—i) 2= 0.63242. 2% B408
Tos =124 ) 25 (p, — 4P,52). (2 ) ;’2 = 0.09990. &% B409
For square plate, § = 1.5,a/t= 60, 6 = 30°
A, = (:—j)qDﬁ = 0.048564971.9 B410
0 0
0 = () P 5n ‘};’ —  2.9295E — 05. q.% B411
__ (kg\P3; 0h qa3 _ qa®
o, = (E)F% = = 1159156-05.%- B412
w = (:—j)hw = 0.00227. 3% B413
u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (,’i—i) %g—j = —12.13578. g:‘; B414
2
v =12[1— iy (2) [P~ 2Rus? - 1] . ()2 = —8.20455.3;1:2 B415
or = 12g8. (5)2 (ﬁ).(B11 [P,—5Ps2—1 . WJ’% [P —Sps2—1 ]Z%H
B;:" [PZ +P; = 2P,5%? —ZP,S? — 2] a‘;ahQ) = ~0.11753. g:; B416

375



oo =355 () (). (21| 220 21 |22
% [P+ Py = 1Rs7 — 1Res? - 2. o) = —0.04032. %

Tro = 1205 (%)2 () (Bsr- [P =552 -1 |.oh 3+ [P —ips? -1 ]%Jr
%o [P+ Py = 2Rs7 — 1Res? - 2. a‘;ahQ) = 0.10774. ::tz

Trs = 129 (%)3 Bua(P, — 4P59). (12) .52 = 063119. 3%

tos =124 (2) B2 (b, — 4R,57).(12). 22 = 009990, 2

For square plate, = 1.5,a/t=70,06 =30°

A= ()% = 0048040187, 25

0 = ()Pgp = = 214976E-05. &=

o, = ()25 % = 851617E—06.%

w= (£2)p, Zliteili® g 99225, 42

u= 1201 - ] (2) [P -2 P57 1] 5, (&) 2.2 = —1648591. 2%
o=t o (O [0 £ () 5.2 - oo 2

o = 155 (3 (2. - 201|202 [ 1 2
22 [, 4+ —2p,52 - 2pys2 - 2] ) = ~011710. 2%

o = 1205 (3 () (o[22 | 22452 [t 1 82
% [P+ Py = 1Rs7 — 1Rys? - 2. o) = ~0.04017. 4

Trq = 1205. (5)2 () (Bsa [P = 5Res? -1 |.oh 72 [P - RSt -1 ]%Jr
%2 [P, + Py —2P,52 —2P,s2 2] ) = 0.10733. 2%

s = 12q( ) B,, (P, — 4P,57). (ks) % = 0.63045. 2%

0

B417

B418

B419

B420

B421

B422

B423

B424

B425

B426

B427

B428

B429

B430

376



Tgs = 12q() 225 (P - 4Py57). (12) 55 = 0.09990. 2%
For square plate, 3 =1,a/t=80,6 =30°
A= (5)% = 0.047700202.9%
17 \ks) Dy ' " Dy
(kK oh ga® . qa®
o, = ( Pog i = 1.64466E - 05. 1
_ (kg\P3 oh qa® . qa®
o, = (—8)?3.% &L = 652021E-06.%-
[k 12[1-pxyHyx]aa* . qa*
w= (52)h ST = 0,00223. 5%

_ a\2 4 k oh qa qa?
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (ﬁ) e = -2150532. 1%
_ a\2 4 S (kg Oh ga __ qa®

v = 12[1 = by (;) [P3 —2p,82 - 1] 2 (—8) See = —1445037. 25

2 2
or =12g5. (%) (:—i).(Bn [P, —5Ps2—1 ] 2 +E [P —2ps?—1 |25+
B 4 4 %h\ qa?
2 P+ P —2ps2 —2ps2 2| M) = ~0.11682. 2%
oq = 12gS. (5)2 (E).(B21 [PZ —2p,57 -1 ] i+ B“ [P3 —2ps% -1 ]Z%+
B 0%h _ qa?
% [PZ +P; —2P,5%2 —ZP,S2 — 2] aRaQ) = —0.04008. %

Tmzzlmﬁ(%)(h)(Bm F __%52_1] 5§+%%-F§—§%52—1 y%%+

Bss 4 2 4 2 0%h _ qa?

5 [Pz + P PZS P3S 2] aRaQ) = 0.10707. Egt?
3 k. dh

ths = 12 (3) Bas(P, — 4P,57).({2) .55 = 062997. 2%

Tos = 1201() % (py — a5, (1) 50 = 0.09990. 2%

For square plate,  =1,a/t=90,6 =30°

4 4
A= (R2)9 = 0.047467391.9%
k) Do b
_ (ks oh gqa® _ B qa®
¢, = (kT) Pror po =  1:2988E—05. -
_ (ks\Ps 9h qa® o aqad
¢, = (kT) 2 oL 5.15179E — 06. %

B431

B432

B433

B434

B435

B436

B437

B438

B439

B440

B441

B442

B443

B444

B445

377



— 4 4
w = (E)h.w = 0.00222. :“ts B446
0

PR Eot3
u = 12[1 = iy iy (%)2 [PZ ~2p, 52— 1] .S. (,’i—i) %g—j = —27.19402.30;‘132 B447
v = 12[1 — iy tya] (%)2 [P, — 1pys? —1]. . (ﬁ) pE - —18.24268.;‘0;‘132 B448
og = 124S. (5)2 (&) (Bur [P~ 2Rs2 -1 ], ﬁ+@ [p—2ps2 -1 ]Zi;;+

% [Pz + Py —2P,5% — IPyS% - 2] a‘;ahQ) = ~0.11662. % B449

% =12q5-(2)2 (ﬁ)-(Bz1 [Poips =1 | 4 [h—ipst -1 [0

Bys 4 n Ay oan 9%h\ _ qa?
: [Pz +P; = 2P,S% = 2P;S 2] aRaQ) = 0.04001. 2 B450
k B 4 0°h
Trq = 12qS.(t) (2 8) (Bay. [P —3Ps2—1 . W+ﬁ P =5ps2 -1 ]'WJ’
B33 _4 2 _ 2 2 _ 0h _ qa
; [P2+P3 2P,S? —2PBS 2] ; aQ) = 0.10689. 3 B451
— a _ 2y (ke) o0 _ aa
s = 12q (t) B4 (P, — 4P,52). (k ) &= 06296425 B452
355 _ 2 6h _ ﬂ
Tgs = 12q() 25 (p, — 4P,52). (2 ) = 009990.2% B453
For square plate,  =1,a/t =100, 6 = 30°
A= (£2)% = 004730100395 B454
kr/ Do Do
_ (kg oh qa3 . _ q;ﬁ
o, = ( RS -b- = 105164E—05. & B455
_ (ka\Ps 2h aa® 06 9
o, = (kT) 2 A = 417296E - 065 B456
_ 4
w= ((2)n Zlttala? g 691633033, 227 B457
kr Eot Eot
a\2 4 k oh qa qa®
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (k—j) D = -3355198.8%  B4S8
a\?2 4 S (k oh qa qa®
v =12[1 = uyyhy] (5) [Py — 282 1]. 2 (—8) Sem = 224812205 B459
2k B 4 82h
or = 12g5. (5) (—8).(B11 [PZ —2Ps% -1 ] WJ’ﬁ [P3 —2ps? -1 ].6—Q2+
313 _ 4 2 _ 4 2 _ 0“h _ _ qaz
; [P2+P3 2P,S? —2PB,S 2] aRaQ) = 0.11649. 2 B460

378



0q =1205.(2) (£2). (B [ —2ps2 =1 ] 224 22 [, —fpys? -1 |20y
% [P+ Py = 1Rs7 — 1Res? - 2. o) = ~0.03996. 4

Tro = 1205 (%)2 () (Bsr- [P =552 -1 |.oh 3+ [P —ips? -1 ]%Jr
%o [P+ Py = 2Rs7 — 1Res? - 2. a‘;ahQ) = 0.10677. ::tz

Trs = 12q (%)3 B4a(P, — 4P,S5?). (E—i) -% = 0.62940. :—:lt

oh

TQs _12q() BSS(P3—4P3 2)( )_

= 0.09990. 1%
2Q Eot

For square plate, = 1.5,a/t=5,0 =45°

4
A= (52)% = 1476615932.9%
kr/ Do Dy

)p, 2 o et
b= () Py b= = 0020958285,
_ (kP2 0h @’ _ qa’
¢y - (kT) B 9Q Dg = 0.009010073. Dy
_ 4 4
W = (E)hw = 0.06904. qa3
kr Eot Eot

dh qa

3
2 a3 05606732
6R EO EOtZ

= 1201 ] (O[22 1] (2)

o= 1201 ] @) 17— 1] £ (2) 28

3
—0.86875.2
Eot

o 1235 (3 (2). (s 1~ 51 2225 [t ] 22
22 [, 4+ —2p,52 - 2pys2 - 2] ) = 097001, 2
oo = 1205 (0 (2) (o 20571 | 3203 [0 | e
%2 [py 4+ —3P,52 —2pis2 - 2] ) = ~097014. 42
Trq = 120S. (5)2 () (Bsa [P = 5Res? -1 |.oh 72 [P - RSt -1 ]%Jr

B33

; P+ P = 3Rs2 - 2ps2 - 2.

ah) _
arRaQ/)

Trs = 12q( ) B4 (P, — 4P,52). (kB) gg -

1.51050. 3%
Eot

3.13588. 1%
Eot

0

B461

B462

B463

B464

B465

B466

B467

B468

B469

B470

B471

B472

B473

B474

379



tgs =120 (%) 22 (p, - ap,57). ().

oh
9Q

For square plate, f = 1.5,a/t = 10,0 = 45°

Ay = (kT) ?3‘10

(kg oh
¢, = ( Py. R

ga’
Do

qa’®

B 9Q Dy

(ﬁ)h 12[1-pyyyx]ga*
kr ) Eot3

¢ _ (kg) P3 dh
Yy \kr )
W =

U= 12[1 = by (%)2 [P,-5Ps2—1] .5 (2
o= 12l () [ 5 .2,

o = 1265 (8 (2) (b o 2521 | 22

s [P, + Py — P52 — 2py5? —2].ﬂ) =

0.157131666.‘*})4“

0

0.001245109. qus

0

0.000852434.“‘]);“3

0

4
= 0.00735. 2%
Eot

JdROQ

= 0.53925. %

Eot

3
B 063172, 3%
3
o 9@ _ 04122335
aQ EO Eot
2
+E [P —Sps2—1 ]Z—(;;+

~0.16457. 3%
Eot

9%h

oq = 12gS. (5)2 (E).(B21 [PZ —2p,57 -1 ] i+ B“ [P3 —2ps% -1 ].ﬁ+

Trq = 1208. (%) (kT) (Bay [P —2Ps2—1 .5

[P2+P3——PZS ——Pgsz—z] a‘;ahQ) _

m+ﬁ-

—0.16396. 9%
Eot2

B3z
0Q?

B 0h
e [PZ +P; —2P,5? —ZP,S? — 2] aRaQ) = 0.25473. ::tz
3
_ a _ 2y (ke) 9h _ aa
s = 12q (t) B4 (P, — 4P,S ).(kT).aR = 0.74520. 3%
B k oh
Tgs = 12q() Bss (p, — 4P3SZ).(ﬁ).£ = 0.20407. 3%

For square plate, f = 1.5,a/t = 20,0 = 45°

Ay = (kT) C:)ao

qa

"o

qa?

0.085698374. 3%
Do

0.000253504. qus

0.000232051. 3%
Do

0

[P, —2ps2—1 .20+

B475

B476

B477

B478

B479

B480

B481

B482

B483

B484

B485

B486

B487

B488

B489

380



— 4 4
w = (E) B 2omotyaat o 06401 :“ts B490
0

PR Eot3
u = 12[1 = iy iy (%)2 [PZ ~2p, 52— 1] .S. (,’i—i) %g—j = —2.05735.30%32 B491
v = 12[1 — iy tya] (%)2 [P, — 1pys? —1]. . (ﬁ) pE - —1.27094.;‘?:2 B492
og = 124S. (5)2 (&) (Bur [P~ 2Rs2 -1 ], %+@ [p—2ps2 -1 ]Zi;;+

% [Pz + Py —2P,5% — IPyS% - 2] a‘;ahQ) = ~0.13056. % B493

% =12q5-(2)2 (ﬁ)-(Bz1 [Poips =1 | 4 [h—ipst -1 [0

Bys 4 n Ay oan 9%h\ _ qa?
: [Pz +P; = 2P,S% = 2P;S 2] aRaQ) = 0.13004. 2 B494
. kg 4 2 B3> 4y o2 0%h
Trg = 12qS.(t) (2 ) (Bay. [P —2Ps2—1 .5 —aR2+—ﬁ2 P =5ps2 -1 ]'_an+
B33 _4 2 _ 2 2 _ 0h _ qa
; [P2+P3 2P,S? —2PBS 2] ; aQ) = 0.20201. 3 B495
3
_ a _ 2y (ks) oh _ aa
s = 12q (t) B4 (P, — 4P,S ).(kT). o5 = 060689 2% B496
355 _ 2 6h _ ﬂ
Tgs = 12q() 25 (p, — 4P,52). (2 ) S = 0222215 B497
For square plate, § = 1.5,a/t = 30,0 = 45°
4 4
A= (ﬁ)& = 0.074417914.3%% B498
kt/ Dy Do
_ (ka)p o w’  _ aa?
0= ( T) Po - = 0000108364. B499
— (ks)Ps oh ga®  _ qa®
o, = ( T) > E = 0.000107014. 5 B500
(ks) 12[1-pyyyx]gat qa*
w= () 2R ledd® g 00348, 34 B501
kr Eot Eot
_ a\? 4 2 kg oh qa qa®
u=12[1 - iy ) [ -3 P52 -1] .. (k—T) R = 44210905 B502
a\2 4 S (kg\ dh qa qa®
v = 12[1 = by (;) [P3 —2p,82 - 1] 2 (—8) e = -282253.85 B503
j— a 2 k8 2 B12 4 2 azh
OR = 12qS(—) (_)(Bll [PZ__PZS -1 ] m‘l‘p [P3 —§P3S -1 ]6_Q2+
BlS _4 2 _ 4 2 0<h _ _ qaz
; P+ P —2ps2 - 2pss 2].—0R6Q) = 0.12664. 2 B504

381



oo = 1208 ) (). (o 1~ -1 | 22435 -1 224
= [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = —0.12616.%

Trq = 12(18-(5)2 (ﬁ).(Bgl.[Pz—fP252—1 I aR2+% [P —2ps2 -1 ]%Jr

B3

0%h qa?
P+ P = 3Ps2 — RS2 —2].2t) = 0.19599.2%

B ARAQ o
3 kg) oh
ths =124 (5) Baa(P — 4P,57).({2). 5% = 0.58370. %

Tos = 12q() Bss (p, — 4P,52). ( ) 22 = 0.23057. 35

For square plate, B = 1.5,a/t = 40,0 = 45°

_ (ks\aa* _ qa*
A= ()% = 0.070563186.%"
b= ()P 5 & = 601106E - 05. 9=

_ (kg\P3 oh qa® _ qa3
o, = ()25 % = 611093E - 059
= () Hmle ooy e

2

w=12[1— i) (2) [P -2 P57 - 1] 5. (1) 2 = 77248180
o= 20 i (O [~ 20571 5.8+ sorsan
on = 1205.(2) (&) (Bur [P~ 2Ris? —1 | 22 422 [p, ~2p,s7 —1 | 20+
2 [p+ P —ips? - RS2 -2 o) = ~0.12547. 24

Oq = 12qS.(E)2 (ﬁ)-(Bu [PZ__PZSZ_l ] E-I-E [Pg—-P3SZ—1 ].627+

% [p, 4+ P —2p,52 ~2pys2 - 2]t = ~012501. 2%
= 1205 (2 (). (b 1~ 21571 | 2222 [t 22
%2 [Py + Py —IPS2 - IPis? - 2. a‘;ahg) = 0.19421. ;:t

s = 12q (a) B4 (P, — 4P,52). (kg) 2 = 057562.2%

0

B505

B506

B507

B508

B509

B510

B511

B512

B513

B514

B515

B516

B517

B518

382



Tos = 12q() 225 (py - 4PyS5?). (1) 55 = 0.23407. 2%

For square plate, f = 1.5,a/t =50, 6 = 45°

A= ()98 = 006879317195

b= ()P 2 = 382207E-05. 9=

o, = ()29 = 3948059

w= (ﬁ—j)h.—““"ﬁjj?"hﬁ = 0.00322. 2%

= 0t G -2 5 1] 5(2) 22 = n1avose 22

o= 0t ([ 217 1] 5.2 2.2 = raise 22

) o e 5 13

oq = 12gS. (5)2 (E)-(Bu [P,—2ps? -1 .20+ 52 [P - 2ps2 -1 |0+

% [Pz + P __PZSZ —‘13352 - 2] a?aahq) = —0.12451.%

Tro = 1205 (%)2 () (Bsr- [P =552 -1 |.oh T+ [P —ips? -1 ]Z%Jr
0“h

B33 _ 4 2 4 2
; [P2+P3 PZS “P,S z]aRa

Q) -
Trs = 12q (%)3 B4 (P, — 4P,S2). (E—i) =

Tos = 12q ) 255 (P, — 4P,52). (2 )

For square plate, f = 1.5,a/t =60, 6 = 45°

4 4
A= (32)% = 00678351912
kr) Do Do

oh qa

by = ()P2£D—O =

Z64477E——05.7;—

0.19344, 9%
Eot2

0.57188. 3%
Eqt

0

= 0.23581. &

qa®

0

B519

B520

B521

B522

B523

B524

B525

B526

B527

B528

B529

B530

B531

B532

383



_ (ka\Ps 2h aa® R
¢y_(kT) . = 274743E - 05.% B533

B 9Q Dy
w= ((2)n Zlttla g 59397, 9 B534
T 0 0
_ a\? 4 k oh ga qa®
u = 12[1 = iy iy (;) [PZ ~2p, 52— 1] .S. (k—j) e = -1715903.8%  BS53S
_ a\? 4 S (kg Oh ga __ qa®
v = 12[1 = by (;) [P3 —2p,82 - 1] 2 (—8) Sem = -1129798.0% B536
2 8%h 8%h
or =120.(%) (@).(B11 P =3ps7 1. W+% [P -Sps2—1 . St
% [Pz +P; —2P,52 —ZP,S2 — 2] a‘;ahQ) = ~0.12471. ;‘j; B537
2 82h
g = 12gS. (ﬂ) (ﬁ) . (B21 [PZ —2P,S2 -1 ] = 3;; [P3 —2pS2 -1 ].@+
% [Pz + Py —2P,5% = IP;S% - 2] a‘;ahQ) = ~0.12425. g:tz B538
2 a%h
Trq = 1205.(%) (E).(B31 . [P —2Ps? -1 ] - +% .[P3 —2ps? -1 ].@+
B;; [P+ P =257 —2ps? - 2] ahQ) = 0.19304. % B539
s = 12q (%)3 B, (P, — 4P,52). (‘g—:) = 0.56984. 2= B540
Tos = 12q() 25 (P, — 4P;57). (2 ) % = 0.23678. 3% B541
For square plate, = 1.5,a/t = 70,0 = 45°
A= (R2)9 = 0067258708, 95 B542
kr/ Dy Do
__(k oh qad _ qa3
b= () Poop b= = 1.93892E-05. &= B543
_ (kg\P3 oh qa® . qa®
o, = (—T 208 = 202363E-05.5- B544
w= (""—:) h .—12[1‘:th§yx]q“4 = 0.00314. ;‘“:3
0 0
_ a\2 4 k oh qa qa?
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (ﬁ) D = -2320047.0%  B54S
. a\? 4 S (kg) oh gqa qa®
v =12[1 = iy (5) [Py - 2Ps82 - 1]. 2 (—8) SR = -15.38406. 5% B546
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ox = 1205. (%)’ (2).(Bu [P —2ps2 -1 |3+ 22 [p - 252 -1 |50+
% [pz + Py — 2P,S% — 1P;5% - 2] a‘;ahQ) - —0.12455. %

oo = 120S. (2)2 (). (Bar [ 2ps2 -1 |.2n +22 [P - ips? -1 ].%+
e [P, + P —2P,52 —1ps% - 2. a‘;ahQ) —0.12410. g:tz
=126 2)'(2) (o[- 2r5t -1 | 245 [n-tnsto1 |22
B;3 [P+ P —2P,S2 —2Ps% - 2. aa ahQ) = 0.19281. g:;

s = 12q (%)3 Bua(P, — 4P59). (12) .55 = 056862 2%

Tgs = 12q() %22 (P - 4Py5?). (1) 55 = 0.23738.2%

For square plate, B = 1.5, a/t = 80, 8 = 45°

A= ()% = o0.066885001. 5"

0= (2)Pgp & = 14824805 %

0, = ()25 % = 155191E-05. %5

W= (z_:)hw = 0.00313, g:;

w=12[1 - pyny] (3) [R -2 R 57— 1] 5. () .22 = 3036501 2

v = 12[1 = by (%)2 [P —3Pss?—1].2. () 2o 8 = —20.09941.3::2

on = 1205.(2) (&) (Bur [P~ 2Bis? —1 | 22 422 [p,~2p,s?—1 | 20+
22 [P+ Py —IPS2 - IPis? - 2. a‘;ahQ) = —0.12446. ;‘jtz

oo = 1235 2 (). (B 12 -1 | 2222 [r—mst 1 ] 22
% [Py + Py = IPS2 — IPsS2 - 2] a‘;ahQ) = —0.12400. ;‘::2

B547

B548

B549

B550

B551

B552

B553

B554

B555

B556

B557

B558

B559
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Trq = 1245 (5)2 (E).(B31 . [P —2p,82 1 ]

B3

; P+ P —3ps2 - 2ps2 - 2.

s = 12q (%)3 B, (P, — 4P,52). (1‘:—:) e

tos =120 (2) 22 (7, — 4Ry, (). 22

9%h
0ROQ

70)

92h
'ﬁ-l_

Baz

aR2+ = .[P3—§P352—1 ]

= 0.19266. 2%
Eot

= 0.56782. 3%

= 0.23778. &
Eot

For square plate, § = 1.5,a/t =90, 6 = 45°

o= () p 2 2

X /) 2"8R " D,

0. = (Eé P3 oh ga®

y v/ B 9Q Do

W = (E)h 12[1-pyypyx|qat
T ’ Eot3

u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] S (

v = 12[1 — ey by (%)2 [Pg —§P352 - 1] % (

0.066628991. 3%
Do

= 0.00312. 2%
Ept

1.17015E — 05. %

0

Eot

0

0

1.2276E — 05.9%
Do

3
E) Oh g _ _3838270.3%
kr) "R Eqg Eot?
kg dh qa _ qa
). 52 = 254438455

on =1208.(2) (1) (B [P~ 2Rs? =1 .30+ 22 [ —2ps? -1 |20+

22 [P, + Py —IRS2 - 2Ps? - 2. a‘;ahQ) = —0.12439. %

oq = 125. (2)2 ("_) (Bar. [P - 2Rs2 -1 |20 + 2z | ]%Jr

2 [p+ P —ips? - ips? -2 ) = ~012394. 2%

= 1265 (1 (2) ([ 51 ] S22 [ st ] 224

Bzz

; [Pz +P; —2P,52 —ZP,S2 — 2]

s = 12q (%)3 B4 (P, — 4P,52). (1‘:—:) [oh

tgs =120 (%) B2 (p, - apys7). (1) 2

8%h
ARAQ

=) = 0.19256. 2%

qa

0.56727. 2%

= 0.23805. %

For square plate, B = 1.5,a/t = 100, 6 = 45°

Eot

B560

B561

B562

B563

B564

B565

B566

B567

B568

B569

B570

B571

B572

B573
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4
A, = (ﬁ)ﬂ = 0.066445969. 3% B574
Do DO

kr
_(k oh qa® _ qa®
b, = () Poop B = 947171E - 06. &= B575
_ ()P b e _ _ 06,9
o, = j) 2 S S- = 995175E-06.% B575
— (E)h 12[1-pypyxfaat 0.00311, 3% B576
kr) Eot3 ) "Eot3
_ a\? 4 k dh qa qa?
u=12[1 - iy ) [ -2 P52 -1] 5. (k—j) AR = -4734357.8%5  B576
_ a\?2 4 S (k oh qa __ qa’
v = 12[1 = by (;) [P3 —2p,82 - 1] 2 (—8) SeE = -3141726.0% B577
or = 12g5. (5)2 (ﬁ) . (B11 [PZ —2Ps% -1 ] Sy B“ .[P3 —2ps? -1 ]Z% +
% P, + P —2p,52 —1p5% - 2. a‘;a“Q) = —0.12434. ;‘“tz B578
0
2
oq = 1205 () (1) (Bar [P - 3Po5? -1 = 322 [P —1Ps? -1 |22+
B 4 4 %h\ qa?
% P+ P —2p57 —2ps2 2| M) = —~0.12389. 1% B579

TRQ = 12(15-(5)2 (E).(Bgl.[P —3ps?—1 . ﬁ+%.[1>3—§p352_1 ]%J,

B33 _ 4 2 _ 4 2 _ 0<h _ &
; [P2+P3 2P,5% - 21P;S 2] aRaQ) = 0.19248. 35 B580
3
Trs =129 (3) Baa(P, - 4P252).(1£—i).% = 0.56688. 3 B581
Tos = 12q() 25 (py — 4P;57). (2 ) 22 = 0.23824. 7 B582
For square plate, p = 1.5,a/t=5,0 =60°
4 4
A = (ﬁ)% = 0.761720388.9% B583
kr/ Dy Do
_(ka)p b @ _ a®
b= () Pop 5= = 0.008893287. B584
b, = ()22 90— 0,006177323.9% B585
y v/ B 9Q Dg ) " Do
_ 4
w= ((2)n Zittnla® g g356, 9 B586
T Eot Eot
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U= 12[1 — gy liyy] (%)2 [p-2ps—1] s (L) 28 - —0.48056.:0%32 B587

kr) “OR E,
2
v =12[1— iy (2) [P - 2Rus? - 1] . (). 2 = —0.29559.;‘:‘; B588
2 2

or =124.(%) (ﬁ) (Bu [P —3P5% -1 ] o ‘;1; [P —2ps2—1 ]Z—Q}; +

% [PZ +P; —2P,52 —ZP,S2 — 2] a‘;ahQ) = ~0.21602. g“tz B589
0
2 rk 9%h B 8%h

oq = 12q5.(%) (k—j).(B21 P -3ps2 1. . [P —2ps2—1 ].@+

7 [P+ —2ps2 —2ps2 2] %) - —~0.62236. 3 B590
0

Trq = 1245 (5)2 (ﬁ).(B31 P —5Ps? -1 ] o +% P —5pis2 -1 ]Z%}

B %h\ qa?

. [P, + P —2p,52 —1p5% - 2. aRaQ) = 0.57755.7% B591
Trs = 12q (%)3 B, (P, — 413252).(1‘:—:).% = 1.33066. 7% B592
Tgs = 12q( ) Bss (p, — 4P,52). ( ) % = 0.36971. % B593
For square plate, § = 1.5,a/t= 10,0 = 60°
A= (R2)9 = 0202741656.95 B594

kr/ Do Do
(kK oh qal . qa®
o, = (—T) PRgiE = 0001005648, L= B595
__ (kg\ Pz 0h qa3 _ qa®

o, = (—i)f—Q = = 0001381202.%- B596

w= (L) p, ZEindatt g ggg4g, 9 B597

T Eot Eot

2

uw=12[1 - ] (2) [ -2 R 52-1] .. (:—j) %g—: - —1.05484.:0%32 B598
2 3

v = 12[1 = pyyhiyy (%) [P3 —2p,82 - 1] % (ﬁ) %;‘—2 = —0.41963.2 B598

or = 12g5. (5)2 (ﬁ).(B11 [PZ —2Ps? -1 ] - +% [P3 —2ps? -1 ]Zi;;+

B 0*h\ qa?

2 [P, + P —2P,52 — 152 - 2. aRaQ) = —~0.09860. 3 B599
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6o = 1205 (5)2 (2). (Bar . [P~ P52 -1 |20+ +22 [P, - 2ps2 -1 ]%‘ﬁ

B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = —0.28306. %

Tre = 1208. (%)2 (). (Bsr . [P~ 2R52 -1 |.oh 2+ [p - 2ps? -1 ]%+
B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.26296. ::tz

s = 12q (%)3 B4 (P, — 4P,52). (E—i) 2= 0.60188. 2

Tos = 12q() 25 (P, — 4P;57). (2 ) % = 0.33066. 1

For square plate, = 1.5,a/t = 20,0 = 60°

A, = (:—:)qD—f - 0.123952587.%

0= ()P 2 = 0000198437, 9=

b, = ("—j)%% qu: - 0.000426902.‘*])1:

w = (’;—:)h.—lz[l";X:t‘;yx]q“4 = 0.00580. 1%

w=12[1 - pyny] (3) [R -2 R 57— 1] 5. () 22 = 32442020

v = 12[1 — iy tya] (%)2 [P, — 1pys? - 1]. . ()2 = —1.69261.3;1:2

og = 12¢5. (5)2 (ﬁ) (Buy. [P —2Rps7—1].20 +32, [P, —2ps2 -1 ]ZLQ}Z‘ +

% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = —0.08456. ::tz

6o = 1205 (5)2 (ﬁ).(B21 [P, —2p,s7 -1 ]. ﬁ+@ [P —2ps2 -1 ];’%‘2‘+

R R e e S i | ) = ~0.24328. ;‘:tz

Trq = 125. (%)2 (2). (Bar [P —3Pos? -1 . W+% [P —2ps2 -1 ]Z%}H
Bas o%n

[P2+P3——P252——P352—2] 2 = 0.22586.;1;1

t2

B dRAQ

s = 12q (a) B4 (P, — 4P,52). (kg) 2 = 047506. 2%

0

B600

B601

B602

B603

B604

B605

B606

B607

B608

B609

B610

B611

B612

B613

389



oh

tgs =120 (%) B2 (p, - apys?). (1) 2

For square plate, = 1.5,a/t=30,06 = 60°

= 0.40880 .22

"Eot

A= ()92 = 0.108574473.95

b= ()P & = 829807E-05. 9=

o, = ()25 95 = 00002021789

w=({)n —12[1";":;”‘]%4 = 0.00508. 2%

u =121 — bty (%)2 [P, -3 P52 —1] .5.(2) 58 = —672005. g“z
R L T EX e

or = 12gS. (5)2 (2).(Bur [P~ 3Ps? -1 ]. Ihy 2. [P, —2ps2 -1 ]ZLQ}; +
22 [, + P —2p,52 —2p,s2 - 2] 20 ) = ~0.08216. 2%

oo =12a5. (2)2 (E)'(B“ [PZ _'PZSZ -1 ] et BZZ [P3 ——P352 -1 ]-ZZT};+
%2 [p,+ P —3p,52 —2pys2 2] b = ~023662. %

Tro = 1205 (%)2 () (Bsr- [P =552 -1 |.oh T+ [P —ips? -1 ]Z%Jr

0h

B33 _ 4 2 _ 4 2 _
; [P2+P3 2P,S? —2PB,S z]aRaQ

) = 021961 3%

3 kg) oh
s = 12q (%) B, (P, —4P252).(ﬁ).£ = 0.44698. 3%
B55 _ 2 ah _ qa
Tgs = 12q() Bss (p, — 4P,52). ( ) 5 = 04356125

For square plate, B =1,a/t =40,6 = 60°

@R
~ \kr/ Dy

oh a
p2 oh q_
R " Dy Do

0.102996789. 3%
Do

45576E — 05. 3¢

B614

B615

B616

B617

B618

B619

B620

B621

B622

B623

B624

B625

B626

B627
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_ (ka\Ps 2h aa® aa®
¢y_(kT) . = 0.000116585.% B628

B 9Q Dy
w= ((2)n Zltetla g goqg; 9 B629
T 0 0

2 3

u = 12[1 = iy iy (%) [PZ ~2p, 52— 1] .S. (,’i—i) %g—j = 115446135 B630
2 3

v = 12[1 = by (%) [P3 —2p,82 - 1] % (@) %g—: = —7.14610.5% B631

2

or =1205.(£) (). (Bur [P —3Ps? -1 . W+% [P.-2ps?—1 |22+

B 9*h \ _ qa?

2 [Pz +P; —2P,52 —ZP,S2 — 2] aRaQ) = —~0.08133. 3% B632

% :12‘13-(2)2 (ﬁ)-(Bu [P.=3Rs?—1 | 452 [ —SRs? -1 |50+

Bys 4 n Ay oen 9%h\ _ qa?
: [Pz + Py —2P,S% = 2P;S 2] aRaQ) = 0.23433. 2 B633
2 rk B 4 a%h
Trq = 1205.(%) (—8).(1331.[13 —2Ps? -1 ] - +ﬁ .[P3 —2ps? -1 ].@+
B33 _ 4 2 _ 4 2 _ 0<h _ qa
; P+ P —2ps7 —2ps2 - 2] - aQ) = 0.21745.3% B634
3

_ a _ 2y (ks) 9h _ qa

Trs =12 (%) Byu(P, — 4P,S ).(kT). T = 04364425 B635
Bss _ §2 oh  _ 9a
Tos = 12q() 25 (P, — 4P;57). (2 ) 5 = 0.44657.2% B636
For square plate, = 1.5,a/t=50,0 = 60°
A= (R2)9 = 0100371727.95 B637
kT Do DO
_ (ke)p o a2 _ _ o5, 9

b = () Pop o= = 2:88326E-05. % B637
b, =(2)2.2 90 - 755151E-05.9% B638
y v/ B 9Q Do Do

(ks) 12[1-pxyHyx]qa* qa*
w= () 2R ledd® g 00469, 24 B639

T Eot Eot
_ a\?2 4 2 kg dh qa qa?
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (E) D = -17.73414.8%  B640
2 4 S (kg\ oh 3

v =12[1 = iy (5) [Py - 2Ps82 - 1]. 2 (—8) SR = -1126123.05 B650
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ox = 1205. (%)’ (2).(Bu [P —2ps2 -1 |3+ 22 [p - 252 -1 |50+
% [pz + Py — 2P,S% — 1P;5% - 2] a‘;ahQ) - ~0.08094. %

oo = 120S. (2)2 (). (Bar [ 2ps2 -1 |.2n +22 [P - ips? -1 ].%+
e [P, + P —2P,52 —1ps% - 2. a‘;ahQ) —0.23327. g:tz
=126 2)'(2) (o[- 2r5t -1 | 245 [n-tnsto1 |22
B;3 [P+ P —2P,S2 —2Ps% - 2. aa ahQ) = 0.21646. g:;

s = 12q (%)3 Bua(P, — 4P;59). (12) 5 = 04314135

Tgs = 12q() %22 (P - 4Py5?). (12) 55 = 0.45196.2%

For square plate, B = 1.5, a/t = 60, 8 = 60°

A= ()% = 0.098933137.9%

0= ()Pgp &= = 198938E - 05. &=

o, = ()20 % = 52791480595

w= (%) W = 0.00463. g:;

w=12[1 - pyny] (3) [R -2 R 57— 1] 5. (B) 22 = 25293612

v = 12[1 = by (%)2 [P —3Pss?—1].2. () 2o 8 = —16.29461.3::2

on = 1205.(2) (&) (Bur [P~ 2Bis? —1 | 22 422 [p,~2p,s?—1 | 20+
22 [P+ Py —IPS2 - IPis? - 2. a‘;ahQ) = —0.08074. ;‘jtz

oo = 1235 2 (). (B 12 -1 | 2222 [r—mst 1 ] 22
% [Py + Py = IPS2 — IPsS2 - 2] a‘;ahQ) = —0.23260. ;‘::2

B651

B652

B653

B654

B654

B655

B656

B657

B658

B659

B660

B661

B662
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0 = 1205 (5 (). (1 [r =251 | Z 2

B;s [Pz + P __PZSZ —‘13352 - 2] a(;ahQ) - 0'21592':%:2
tos = 120 (%) Bus(P, — 4B,57). (1) 22 = 042863, 2
= s ()8 = asen
For square plate, f = 1.5,a/t =70, 8 = 60°

A= ()% = 009806120895

0= ()P 20 q'% —  1.45583E — 05. %

b, = (o) 2 qD;‘f —  3.89435E — os.qD;‘f

W (k_:)hw = 0.00459.%
=l Q- () 28

o= 121 () [ 2051 3.(2) 2.2 =

.[P3 —2ps2 -1 ]

3
—34.22487. 2=

9%h
202

—22.24495.9%

Et2

4%h

or = 12g5. (%)2 (ﬁ) . (B11 [PZ —2Ps% -1 ] Sy B“ [P3 —2ps? -1 ]6—Q2 +

dRAQ

oq = 12¢S. (2)2 (ﬁ).(BZ1 [Pz __pZSZ -1 ] = 1;222

’% [P, + P —2P,52 —21Ps% - 2. aiahQ) =

TRQ T 12qs'(2)2 (E)'(BM-[P _‘PZSZ—l ] E-l_%

333 _4 2 _4 2 _ 0“h _ qa
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.21559. 1%
3
_ a _ 2y (ke) oh _ aa
s = 12q (t) B, (P, — 4P,S ).(kT). TR = 04269475
B ah
Tgs = 12q() 25 (P, — 4P,52). (2 ) o = 045683.2%

For square plate, = 1.5,a/t=80,0 = 60°

Bz [P2+P3——P252——P352—2] o 2 = —0.08061.%
0

—0.23235.
Eot2

.[P3—§P352—1 ]

P, ——P352 —1 .22,
[ |

ot

B663

B664

B665

B666

B667

B668

B669

B670

B671

B672

B673

B674

B675

B676
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4
A= (2)2 = 0.09749343. 9
kr/) Dy Do
_ (k&)p, oh @’  _ - ge’
o, = ( T) Poorpy = L11174E—05 I

3 3
kg)Ps Oh da” 2.98955E — 05. 3%
DO DO

W = (ﬁ) h. 12[1-pyypyx|qat
Eot3

sl

<

I
N
9
=]
3|

I

- 0.00456.:(%
u = 12[1 = pyypyy] (%)2 [P,-5Ps2—1] .5 (2

kT

o= 1wl () [p - 27 1]

on = 1245.(£) (£).(Buy. [B—2ps? 1 | 204 B2

=13 .[PZ + P —gpzsz _§P352 _2]'%) -

oq = 12¢S. (2)2 (E) . (B21 . [Pz - EPZS2 -1 ]'ZR};

P+ P —3Rs2 - 2ps2 2. a‘;ahQ) -

Trq = 1245. (%) (kT) (Bay. [P —2Ps2—1 .5 WJ’F P -3ps2 -1 ]

dh qa

"OR"E,

oh qa
"9Q "Eg

Biz
B2

~0.08053. 1%
Ept

Bzz

—0.23213. 9%
Eot2

B32

B33 _ 4 2 _ 4 2 _ 0“h _ qa
; [P2+P3 2P,S? —2PB,S 2] aRaQ) = 0.21538.7%
3 kg\ 6h
s = 12q (%) B, (P, —413252).(@.5 = 042584, 3%
B k oh
Tgs = 12q() Bss (p, — 4P3SZ).(ﬁ).£ = 0.45805. 3%
For square plate, = 1.5,a/t=90,06 = 60°
A= (R2)9 = 009710330195
T 0 0
_(ka)p b @ _ _ 06, 9¢
b = () Pop o= = 876851E - 06. %
_ (ka)Ps 0 ga®  _ _os 0
o, = (kT) 2% = 236644E-05.%

= -2911170.9¢
Eot2

[P3 —2p,s2 -1 ]

[P3 —2p,52 -1 ]

3
= —44.52877. 2=

4%h

0Q?

9%h

"aq?

d%h
et

B677

B678

B679

B680

B681

B682

B683

B684

B685

B686

B687

B688

B689

B690
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k 12[1- a*
W= (_s)h [ lJ-xle-yx]q

kr Eot3

4
= 0.00454. =

= el () [ -] 5(2) 8 < seaosen 2

v =12[1 gy (2) [B —2Rs? -1, (1) 2 = 3689457 2%

or =12a5. (%)’ (2).(Bur [P —2ps? -1 |3+ 22 B - 2521 |50+

2 [pt P 3Rs? = RS? - 2] ) = ~0.08047. 2%

o =120 (0 (2. (5 [ 1 | 2252 [t 1 |22

2 [p o+ Py 3Rs? - RS2 - 2] ) ~023197. 2%

o = 1268.(§) (1) (Bar- [P~ Rs? = 1 |50+ 52 B~ 2Rus? -1 [0
%2 [, + P —2P,52 —2Pis2 — 2] ) = 021524 2%

dh

3
_ a _ 2y (ke) 90 _ aa
s = 12q (t) B4 (P, — 4P,S ).(kT).aR = 0.42508. 2%

b _ 045889, 3%

ros = 124(3) % - 40 (12) 5o = 045080,

For square plate, § = 1.5,a/t =100, 0 = 60°

4 4
A = (ﬁ)ﬁ = 0.096823809.3%
kr/) D Do
_ (k)p, o @ _ — 06. %
o, = ( T) PoR oo = 7.0934E — 06. Dy
_ (ke)Ps oh ae® — 05,9
b, = ( T) T 1.91934E — 05.7-

w= (L), Plimttded® g ggg53 900
[

Eot3

= 2t ] () 1252 1] ) S8 = —ooassen 22
o= 1] () [p - 307 ] 5. () B2 = —assosea
o = 1235 2)'(2). (B[ 251 | 2028 [t o1 | 224

B;S [P, + P, —2P,5% — P57 —

9*h\ _ _ qa’
Z]M) = 0.08043. £

B691

B692

B693

B694

B695

B696

B697

B698

B699

B700

B701

B702

B703

B704

B705

395



o = 12gS. (5)2 (E) (Bas - [PZ —2p,$2 -1 ] i+ B“ [P3 —2p,52 -1 ]

B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = —0.23186. %

Tre = 1208. (%)2 (). (Bsr . [P~ 2R52 -1 |.oh 2+ [p - 2ps? -1 ]%+
B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.21513. ::2

s = 12q (%)3 B4 (P, — 4P,52). (E—i) 2= 0.42454. 2%

Tos = 12q() 25 (P, — 4P;57). (2 ) % = 0.45949. 2%

For square plate, p = 1.5,a/t =5, 0 = 75°

A, = (:—:)qD—f - 0.58807961.%

0 = ()P 2 = 0003893428, 9=

b, = ("—j)% o qu: - 0.00529704.‘*1)1:

w = (’;—:)h.—lz[l";X:t‘;yx]q“4 = 0.02750. 2%

w=12[1 - pyny] (3) [R -2 R 57— 1] 5. () 22 = —066753. 2%

v = 12[1 — iy tya] (%)2 [P, — 1pys? - 1]. . ()2 = —0.17555.;‘;32

og = 12¢5. (5)2 (ﬁ) (Buy. [P —2Rps7—1].20 +iz [P, —2ps2 -1 ]ZLQ}Z‘
% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = —0.04140. ::tz

oq = 125. (5)2 (ﬁ).(B21 [P, —2p,s7 -1 ]. ﬁ+@ [P —2ps2 -1 ];’%‘2‘
% [Pz +P; —2P,52 —ZP,S2 — 2] a‘;ahQ) = —0.44927. ;‘:tz B718
Trq = 125. (%)2 (2). (Bar [P —3Pos? -1 . W+% [P —2ps2 -1 ]Z%}H
BES [Pz +P; —2P,52 —2P,57 — 2] a‘;ahQ) = 0.23217. ;‘:tz

tos = 12 (%) Bus (P, — 4P,52). () .22

= 0.58255.2%
Eqt

0

9%h

ot

202

B706

B707

B708

B709

B710

B711

B712

B713

B714

B715

B716

B717

B718
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tos = 12q( ) Bss (b _ 4p,57). (ks) % - 0_31703.:—:‘t

For square plate, = 1.5,a/t= 10,06 = 75°

A =(12)% = 028242388455

b= ()P 2 = 0000644704, 2=

o, = ()25 95 = 00020041829

w= (:—j)hw = 0.01321. 2%

u = 12[1 = pyyiyy] (%)2 P -imsz-1].s() S8
v =121 — gy (%)2 [P —3Ps?-1].2. (1) 5o b =

ou = 1205 5) (4). (b [ 21 | 20

BZ
2 [P, + Py - 3P, ——Pgsz—z] aiahQ) =

3
= —1.77113. 2=
Eot

2
—0.02885. 2

~0.55258. 3%
Eot

9%h

[P -ips2—1 |20+

0Q?

9%h

oq = 12gS. (5)2 (E).(B21 [P, —5Ps2—1 ] = P =3Rs?—1 |22+

2 [P, + Py —1Ps2 - 2ps% - 2. a‘;a“Q) -

Trq = 1245 (%)2 (ﬁ).(B31 . [P —2P,s% -1 ] o +% .

B33 _ 2 2__ 2_ 0“h
; [P2+P3 2P,S? —2PB,S z]aRaQ

3 k
s = 12q (%) B, (P, —4P252).(ﬁ).£ = 0.38586.2%

0

B55 _ 2 ah _ ﬂ
Tgs = 12q() Bss (p, — 4P,52). ( ) = 047980. %
For square plate, = 1.5,a/t=20,06 = 75°
kg\ qa* qa*
A = (—)— = 0.17490984.9%
kr/ Dy Do
oh qad . qa3
0, = (i )PZﬁ A = 0000117057, &=

[P3 —2ps2—1 ]

) = 0.16244. 3%

~0.31500. 3%
Eot

4%h
0Q?

ot

B719

B720

B721

B722

B723

B724

B725

B726

B727

B728

B729

B730

B731

B732

397



— (ke)\Ps oh ga® qa?
9, —(kT) 520 Do = 0:000647009.--

_ E 12[1_ny|»1~yx]qa4 _ qa*
w= ({2)h SEREeBT = 0,00818. 15

u = 12[1 = iy iy (%)2 [PZ ~2p, 52— 1] .S. (,’i—i) %g—j

o= 1201 - ([~ 257 1] 2. (4) 22 2

3
= —4.83799. —

—2.31725.—
Eot2

qa?

or = 12g8. (%)2 (@).(B11 [P,—ips2—1]. Thyle, [P =Sps2—1 |

BZ
22 [Py + Py —IPS2 - 2Pis? - 2. ) = ~0.02293. ;‘j;
g = 12gS. (2)2 (ﬁ) . (B21 [PZ —3p,s? -1 ] = 3;; [P3 —2ps?—1 ]
% [Pz + Py —2P,5% = IP;S% - 2] a‘;ahQ) = —0.25465. g:tz

Trq = 1245 (%)2 (E).(B31 . [P —2Ps? -1 ] - +% .

B33

B 0ROQ
3 kg) oh
Trs =129 (2) Baa(P, —413252).(@.ﬁ = 0.28023. 3%

Tos = 12q() Bss (p, _ 4p,52), ( ) b _ 0.61958.:—;

For square plate, = 1.5,a/t=30,06 = 75°

Ar = (kT)?;) = 0.14934239.“‘]%

b, _(8) 3 fj —  4.67554E — 05. qD;‘f
0, =(2)2.2 % = 00003064225
W%Iﬁ:)h% = 0.00698. 2%

U = 12[1 = gy (%)2 [p,-2p,57-1].s. (:—T) %;

o= 1201 ] €)1 - 1] £ (2) 2.

_4%p¢2_%pc2_ 0%h \ _ aa®
P+ P —3p52 —2ps2—2|.2) = 013057, o

= —9.48529.

—5.33510.
Eot2

[P3 —2ps2—1 ]

d%h

—t

0Q?

d%h

—t

0Q?

9%h

ot

202

qa?®

qa?

Eot2

B733

B734

B735

B736

B737

B738

B739

B740

B741

B742

B743

B744

B745

B746

B747
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op = 124S. (5)2 (2). (Bur [P~ 3Rs2 -1 |2+ +22 [p, - 2ps? -1 ]%‘ +
% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = ~0.02139. %

oq = 1205.(2)’ (2).(Bar [P —2ms? -1 | S+ 22 [p - Sms? -1 | .20+
% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) ~0.23912. g:tz

Trq = 12qS.(t) (). (Bar [P —2po52 -1 |.oh 522 [P —2ps2 -1 ]Z%Jr
B;3 [PZ +P; —2P,52 —ZP,S2 — 2] e ahQ) = 0.12233. g:;

s = 12q (%)3 B, (P, — 413252).(‘1:—?).% = 025185. 3%

Tgs = 12q() 25 (p, — 4P,52). (2 ) ;’2 = 0.66022. 3%

For square plate, p = 1,a/t = 40, 0 = 75°

A, = (:—j)qg - 0.139710129.‘*1);‘?

0= ()P & = 25153805 &

0, = (2)%. 5 qD;‘f - 0.000176531.%3

w=(5)n W = 0.00653. 2%

u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (,’i—i) %g—j = —15.89379. g:‘;

v = 12[1 — iy tya] (%)2 [P, — 2pys? —1]. . (). 2 = —9.57594.;‘:‘;

og = 124S. (5)2 (&) (Bur [P~ 2Rs2 -1 ], %+@ [P —2ps2 -1 ]Zi;;+
% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = ~0.02079. %

6o = 1205 (5)2 (2). (Bar . [P~ P52 -1 |20+ +22 [y - 2ps? -1 ]%‘ﬁ
% [Pz + Py —2P,5% - IP;S% - 2] a‘;ahQ) = —0.23316. g:tz

B748

B749

B750

B751

B752

B753

B754

B755

B756

B757

B758

B759

B760
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0 = 1205 (5 (). (1 [r =251 | Z 2

B3

B dRAQ
3 kg\ 6h

trs =129 (%) Baa(P, —413252).(@.ﬁ = 0.24086. 3%
B oh

Tos = 12q() 25 (P, — 4P;57). (2 ) 25 = 0.67618. %

For square plate,  =1,a/t= 50,0 = 75°

4
A, = ( )q“ = 0.135114804.3%
kr/ Dy Do
_ (kg oh qa _ _ qa®
0= (2 )zaR b = 157442605 %

_ (ks\Ps oh ga’ qa’
¢y - (kT) B 9Q Dg 0.000114273. Dy

w= (L) p, PEminlett g 69637, 9

kT Eot3 Eot3

u = 12[1 = pyyiyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—:

_4pc2_%pc2_ 0%h ) _ aa®
P+ P —3ps2 - 2ps2 - 2. )_0.11917.Eotz

= —24.10282.
Eot?

.[P3 —2ps2 -1 ]

92h
'ﬁ-l_

qa?®

v = 12[1 = iy iy (%)2 [P —3Ps?—1].2. (1) 52 = —15.03337. ;‘“tz
or = 12¢S. (%)2 (ﬁ) (Bur [P —3P5% -1 ] T+ % [P -ips2—1 |.2
2 [py + P = 2p87 — P57 - 2] a‘;ahQ) - —0.02051. ::22
g = 12gS. (2)2 (ﬁ) . (B21 [PZ —3p,s? -1 ] = 3;; [P3 —2ps? -1 ]
% [Pz +P; —2P,52 —ZP,S7 — 2] a‘;ahQ) = ~0.23030. ;‘:tz

Trq = 1245 (%)2 (kT) (1331 [P —2P,52 -1 ] W+% .

B3z

B 0ROQ
3 kg) oh
Trs =129 (2) Baa(P, —413252).(@.ﬁ = 023557.3%

tos = 12q() % (py — apss?). (1) 50 = 0.68392. 5%

For square plate, § = 1.5,a/t= 60,0 = 75°

_*pc2_%pc2_ 9%h ) _ aa”
[P2+P3 2P,5% - IP;S 2] )_0.11765.Eotz

[P3 — 2P,s?

_1]

TRt

d%h

—t

0Q?

d%h
302 +

B761

B762

B763

B764

B765

B766

B767

B768

B769

B770

B771

B772

B773

B774

400



0.132580206. 3%
Do

3 3
)PZ.@ B 1.07973E — 05. 3
Do Do

o, = ()25 95 = 798549E - 05.%-

w= (k—j)hw = 0.00620. g:;

u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (,’i—i) %g—j
=l 1] £ () 2.2 -

o
B?i [PZ +P; —2P,5? —ZP,S? — 2] a‘;ahQ) = —0.02035. g:z
o = 12g5. (5)2 (ﬁ) (Bar [P —3Pu8% -1 ] = +@ [Pi-ips2—1 .
e R e e e | o) = ~0.22872. ;‘:tz
Trq = 1245. (%)2 (kT) (Bay. [P —3Ps2—1 ] S+ % P -Sps2-1 .

333 _4 2 _ 2 2 _ 0h _ qa
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.11681. %
3
_ a _ 2y (ke) oh _ aa
s = 12q (t) B,.(P, — 4P,S ).(kT).aR = 023264. 3%
B oh
Tgs = 12q() 255 (P, — 4P,52). (2 ) S5 = 068822, %

For square plate, § = 1.5,a/t=70,0 = 75°

A =(R2)9C = 0131038496, 95
kT Do DO

3 oh qa3 _ _ qa3

0= (2 ) SR e = 7.87168E—06. 5=

kg P3 ah qa _ _ qa3

o, = (= )B oA = 588929E-05.%-
_ (ks 12[1-pyypyxaat qa*
w=(E)h S = 0.00613. 55

dh qa

= 12[1 = ey (%)2 [PZ _g B, 5% - 1] S (:_i) "9R "E,

—21.70555.
Eotz

—34.12379.
Eot?

qa?®

qa?®

—45.96091.

= 1245, (%)2 (ﬁ) . (B11 [Pz —2p,$2 -1 ] Sl B“ [P3 —2pS2 -1 ]

92%h

qa?®

0

B775

B776

B777

B778

B779

B780

B781

B782

B783

B784

B785

B786

B787

B787

B788

B789
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v =12[1 gy (2) [B —2Rs? -1, S (1) o2 = —29.59179.2%

o =205 (91 (). (o 12571 | 238 [, 251 ] 22
22 [+ —2p,52 - 2p,s2 - 2] L) = ~0.02026. 2%

oq = 1245. (2)2 (2).(Bar [P —2ms? -1 | S+ 22 [p - Sms? -1 |0+
% [p,+ P —2p,52 ~2p,s2 - 2.2t = ~022776. 2%

Trq = 12qS.(%) (2). (Bar [P —2pos2 -1 . m+%.[P3—§P352—1 ];?Jf

Bas _ipgz_tpg2_o| 2h) _ qa’

: P+ P —2ps2 - 2pss 2].0R6Q) = 0.11629. 2%
3 kg\ 6h

trs =129 (%) Baa(P, —413252).(@.ﬁ = 0.23085.2%

Tgs = 12q() 25 (p, — 4P,52). (2 ) % = 0.69085. 3%

For square plate, 3 = 1.5,a/t=80,0 = 75°

A= ()% = 0.130032372.9%

0= ()P = = 599621E - 06. i

¢, = (ﬁ—j)%% qu: —  45202E — os.qDLf

w= (f2)n Zoemnai® g o608, 22

w=12[1 — pohy] () [~ £ Bs2 1] 5. (2) 2.2 = —59.61600. 2%

v = 12[1 - ] (2) [P - 2Pis? - 1. S (1) o = -38.69180.2%

or = 12g8. (5)2 (2)-(Bu- [P —3Ps? -1 |2+ +22 [p, - 2ps? -1 ]% +
% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = ~0.02019. %

% =12q5-(2)2 (ﬁ)-(Bz1 [Po=3Rs? =1 |5+ 52 [P —ips? -1 [0+

= 2 _ =X 2 _ 0%h _ _ qa?
[PZ +P; —P,52 —2PS 2] aRaQ) = 0.22713. £

o]
N
w

=]

B790

B791

B792

B793

B794

B795

B796

B797

B798

B799

B800

B801

B802

B803

402



Tre = 1208. (5)2 (). (Bss . [P~ 2R52 -1 |.oh s+ [P —2ps? -1 ]%+
e [P+ P, —2p,5% — 252 2] a‘;ahQ) — 0.1159. :0;‘122

s = 12q (%)3 B, (P, — 413252).(1‘:—:)% = 02296835

Tos = 12q() 25 (P, — 4P;57). (2 ) % = 0.69257. 3%

For square plate,  =1,a/t=90,0 = 75°

A= () ‘};) - 0.129340052.“%

0 = (2)r 2. fj —  4.72113E — 06. qD;‘f

b, = (’;—j)%% % —  357763E— os.qDLf

w = (:—:)hw = 0.00605. 2%

u = 12[1 = pyyiyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—: = —75.08996. g:;

v = 12[1 = iy iy (%)2 [P —2ps2—1]. % (ﬁ) %g—: = —49.00544. ;‘“tz

or = 12g8. (%)2 (ﬁ).(B11 [P,—2ps2—1]. er% [P -ips2—1 |.2 6—Q2+

2 [py + P = 2p87 — P57 - 2] a‘;ahQ) - —0.02015. ::22

oq = 125. (2)2 (ﬁ) (Bar. [P 2Rps2—1].20 = [P —2ps2 -1 ]Z%}

e R e e S i | ) = ~0.22669. ;‘:tz

Trq = 1205. (%)2 (kT) (Boy [P —2Rps% -1 W+% [P —2ps2 -1 ]Z;}; +

B3z

B 0ROQ
3 kg) oh
Trs =129 (2) Baa(P, —413252).(@.ﬁ = 0.22887. %
Bss _ 2 oh  _ 9a
Tgs = 12q() (P, — 4P;52). (12 ) = 069375.2%

For square plate, § = 1.5,a/t= 100,08 = 75°

_*pc2_%pc2_ 9%h ) _ aa”
[P2+P3 2P,5% - IP;S 2] )_0.11573.Eotz

B804

B805

B806

B807

B808

B809

B810

B811

B812

B813

B814

B815

B816

B817

403



4
A1=(ﬁ)ﬂ = 0.128843569.3% B818
kr/ Do Do
= (ks)p, 20 92 _ — 06, &
b = () Pgp o= = 3814456 - 06. % B819
_ (ks\Ps oh ga® _ e 9@®
o, = (kT) 2 oA = 290143605 B820
- 4 4
w= (ﬁ)h% = 0.00602. 2% B821
T 0 0
_ a\2 4 2 kg o6h qa qa’
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (k—T) e = -9238325.0%  BB22
. a\? 4 2 S (kg oh gqa qa®
v =12[1 = iy (5) [P - 2Po82 - 1]. 2 (—) SeE = -60.53263. 5% B823
— a\? (ks 2 Bu 2 9%h
or = 125. (;) (—).(B11 [Pz——PZS -1 ] ot [P3—-P3S -1 ].6—Q2+
Bis 4 n dpoan 9%h\ _ _ qa?
; [P2+P3 2P,S? —2PB,S 2] aRaQ) = 0.02012. 2% B824
— a\? (ks 2 B2 2 d%h
o = 12qs.(—) (—).(B21 [Pz——PzS —1] 6R2+— [P3——P3S -1 ].a—Qz+
Bas T 9%h\ _ qa®
: [P2+P3 2P,S? —2PS 2] aRaQ) = 0.22638. 7 B825
2 2
— a _*p g2 _ 9%h | Bsz _%p 2 _ ah
Trq = 125.(%) (kT) (Bay.|P—2Ps2—1 .5 aR2+ = P =5ps2 -1 ]'an+
333 _4 2 _4 2 _ 0%h _ qa
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.11556. 3 B826
3
_ a _ 2y (ke) o0 _ aa
s = 12q (t) B,.(P, — 4P,S ).(kT).aR = 022829. 3% B827
Bss p. _ 2 oh  _ e
Tgs = 12q() (P, — 4P;52). (12 ) = 069460 1% B828
For square plate, = 1.5,a/t=>5,0 =90°
A = ( )q“ — 0626175259, B829
kr/ Dy Do
8 oh ga’ _ qa®
0= (2 ) SR e = 0002595887 § B830
kg\ P3 ah qa _ q;ls
o, = (= )B T = 0.005619383.% B831
(ks 12[1—pyy Hyx|qa® qa*
w= (32)h ST = 0,02928. 25 B832
_ a\?2 4 2 kg oh ga qa’
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (E) D = —0.86536. 7 B833

404



o= 1201 - ol (3 [~ 252 1] 2. (49) 22 2 =

or = 1295. (2)2 (i) (B [P —ips?—1].204 +o2 p - Ips? -1 |-+
22 [+ —2p,52 - 2p,s2 - 2] L) = ~0.00614. %

0q = 12a5.(2)’ (2)-(Bar- [ -3Rs? -1 |55+ 22 [ -2Rs? -1 |5+
2 [p 4B - iRt - iRs? 2] ) = ~0.02304. 2%
Tmzzlmﬁ(%)(h)(Bm F __%52_1] 5§+%%-F§—§%52—1 y%%+
22 [P, + Py —2P,52 —2P,52 2] L) = 0.07059. 2%

trs = 12q (%) Buu (P, —4p59). (). 55 = 038841, 2%

Tos = 12q() 25 (p; — 4Py52). (12 ) % = 0.33632.4

For square plate, = 1.5,a/t= 10,0 =90°

4
A= (2 )qa — 0335165887.9%
kr/ Dy Do
L aa®
by —( ) 298 by = 0000441252, T
_ (ks\Ps oh ga® qa’
¢y"(k;)ﬁ'aq Do = 0.002352303_DO
— 4 4
w = (E)h.w — 0.01567_ qa3
kr Eot Eot

u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (:_i) %g—j

o= 1201 - ([~ 252 1] 2. (1) 22 2

~0.18900. 3%
Ept

3
= —2.23110. =
Eot

0

3
—0.66621.2=

oR :12‘15-(5)2 (2).(Bu [P —2ps2 -1 |3+ 22 [p—2ps? -1 |50+
% [PZ + P __PZSZ —‘13352 - 2] al;ahQ) = —0.00401.%

% =12q5-(2)2 (ﬁ)-(Bz1 [Po=3Rs? =1 |5+ 52 [P —ips? -1 [0+

o]
N
w

dRAQ

=]

x 2 _ 4 2 _ 9%h _ _ qa?
AP+ P =3RSz -Ips2—2].r) = 0.01995. 2%

B834

B835

B836

B837

B838

B839

B840

B841

B842

B843

B844

B845

B846

B847

405



0 = 1205 (5 (). (1 [r =251 | Z 2

2
B;S [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = 0.04962. 7%
3
_ a _ 2y (ke) oh _ qa
Trs =12 (%) Byu(P, — 4P,S ).(kT). T = 026409. 2
B oh
Tos = 12q() 25 (P, — 4P;57). (2 ) 25 = 0563145

For square plate, § = 1.5,a/t = 20,0 = 90°

4
A, = ( )q“ = 0.201401377.9%
kr/ Do Do
_ (kg oh qa _ _ q;¢3
0= (2 ) R e = 7.26587E-05.

_ (ks\Ps oh ga’ qa’
¢y - (kT) B 90 Dy 0.000751566. o

w= (L) p, PEminlatt g 59945, 8

kT Eot3 Eot3

u = 12[1 = pyyiyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—:

o= 121 () [ 2051 3.(2) 252 =

= —5.66990
Eot2

.[P3 —2ps2 -1 ]

9%h

ot

202

qa?®

3
—2.65774. 2
Eot

or = 12¢S. (%)2 (ﬁ) (Bur [P —3P5% -1 ] T+ % [P —3ps2—1 |
% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = ~0.00261. ::22
g = 12gS. (2)2 (ﬁ) . (B21 [PZ —3p,s? -1 ] = 3;; [P3 —2ps? -1 ]
% [Pz +P; —2P,52 —ZP,S7 — 2] a‘;ahQ) = ~0.01955. ;‘:tz

Trq = 1245 (%)2 (kT) (1331 [P —2P,52 -1 ] W+% .

B3z

B 0ROQ
3 kg) oh
Trs =129 (2) Baa(P, —413252).(@.ﬁ = 017394.3%

tos = 12q() % (py - apss?). (1) 20 = 0.71970. 8%

For square plate, § = 1.5,a/t= 30,0 = 90°

_*pc2_%pc2_ 9%h ) _ 94
[P2+P3 2P,5% - IP;S 2] )_ 0.03708. £

[P3 — 2P,s?

_1]

92%h

—t

0Q?

d%h

—t

0Q?

d%h

+

'6Q2

B848

B849

B850

B851

B852

B853

B854

B855

B856

B857

B858

B859

B860

B861
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4
0.168740057.3%
Do
oh qad qa®
)PZ.— B 277621E — 05. 3%
OR "Dy Do
— (k&) Ps oh aa®
¢y_(kT)/3' Q D

(E&)h.liﬂiﬁﬁiiﬂﬂff - ().()()789_‘1"‘4
T

0.000353532, 3%
Do

W= Eot3 Eot3

u = 12[1 = pyybyy] (%)2 [P,-5pRs2-1].s. (,’i—i) %g—j — —10.80733. g:‘;

v = 12[1 = by (%)2 [P —3Ps?-1].2. () 52 = ~6.00181. 44

o =125 (3 () ([ 21 ] 22488 [t | 2
2 [p+ P —ips? - RSt -2 = ~0.00224. 2%

oo =1205 (' (2). (o [t -1 | 22058 o=t o1 | 22
e R e e e | o) = ~0.01953. ;‘:tz

Tre = 1245. (%)2 (kT) (B31 [P __PZSZ -1 ] m+% -[P3 —§P352 -1 ].Z%+

333 _4 2 _ 2 2 _ 0h _ qa
; [P2+P3 2P,S? —2PS 2] aRaQ) = 0.03381. 7%
3
_ a _ 2y (ke) oh _ aa
s = 12q (t) B,.(P, — 4P,S ).(kT). &= 0149545
B oh
Tgs = 12q() 255 (P, — 4P,52). (2 ) g5 = 0761725

For square plate, § = 1.5,a/t=40,6 = 90°

A, = ()q“ — 0.156443403.9%
k) Dy D,

e

b, = () P og @ _ 146358E - 05. 1

kg P3 ah qa
¢y_'( )
W=

2'3R "D, Dg

= 0.000203075.9%

B BQ Do Do
= (i2)n Lltmioiyar® g gp739, 32
kr ) Eot3 ) " Eot3

dh qa

= 1201 (3 [~ s 1] s () 20

kT

—17.88379.

qa?®
0

B862

B863

B864

B865

B866

B867

B868

B869

B870

B871

B872

B873

B874

B875

B876

B877

407



. a\?2 4 S (k oh qa qa3
v =12[1 - iy (5) [P = 2Ps82 - 1]. 2 (—8) e = -10.68839. % B878
or = 12g8. (5)2 (ﬁ).(B11 [P, —5Ps2—1 ] » +% [P —Sps2—1 ]Z%}
B %h\ qa?
2 P, + P —2P,52 —1ps% - 2. aRaQ) = —~0.00210. 25 B879
2
oq = 1205 (2) (1) (Bas [P - 3P257 -1 |25 +22 [Py —2ps? -1 |- 22+
B 0%h _ qa?
% [PZ +P; —2P,52 —ZP,S? — 2] aRaQ) = ~0.01953. 25 B880
2
Trq = 1208. (%) (kT) (Bay. [P, —2Ps2—1 . er% P -3ps2 -1 ]%+
% P+ P —2ps?2 —2ps2 2| %) = 0.03256. ;‘jtz B881
Trs = 12q (%)3 B, (P, — 413252).(1‘:—:).% = 0.14015. % B882
Tos =124 ) 25 (p, — 4P,52). (2 ) % = 0.77786. 3% B883
For square plate, § = 1.5,a/t = 50,0 =90°
Ay = (52)% = 0150583295 B884
1/ Do Dy
oh qa3 . qa3
0, = (i 8) SR e = 9.06543E - 06. 5= B885
_ (kg\P3 oh qa® . qa3
o, = (ﬁ)f% % = 0000131262.%- B886
w= (L) p, PEmindatt g 59704, 8 B887
kr) Eot3 ) "Eot3
_ a\2 4 k oh qa qa®
u = 12[1 = iy iy (;) [PZ ~2p, 82— 1] .S. (k—j) D = -2694679.8%  B8Ss
v = 12[1 = pyyhiyy (%)2 [P3 —2p,82 - 1] % (ﬁ) %;‘—2 = —16.71547.;:1; B889
2
or =1205.(%) (£2).(Bua [P~ 2Pu52 — 1 |2+ +22 [p, - 2ps? -1 ]%‘ +
B 0“h\ _ qa?
2 [P, + P —2P,52 —1ps% - 2. aRaQ) = —~0.00203. 25 B890

% =12q5-(2)2 (ﬁ)-(Bz1 [Po=3Rs? =1 |5+ 52 [P —ips? -1 [0+

= 2 _ 2 _ 0°h _ _ qa
[PZ +P; —P,52 —2PS 2] aRaQ) = 0.01953. 2 B891

o]
N
w

=]

408



Tre = 1208. (5)2 (). (Bss . [P~ 2R52 -1 |.oh s+ [P —2ps? -1 ]%+
e [P+ P, —2p,5% — 252 2] a‘;ahQ) — 0.0319. :0;‘122

s = 12q (%)3 B, (P, — 413252).(1‘:—:)% = 013564, 3%

Tos = 12q() 25 (P, — 4P;57). (2 ) % = 0.78561. =

For square plate, § = 1.5,a/t = 60,06 = 90°

A= () ‘};) - 0.14735319.“‘]%

0= () Pop - fj —  6.1796E — 06. qD;‘f

o, = (2)2. 2% = 916518055

B

u = 12[1 = pyyiyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—: = —38.00970. g:;

v = 12[1 = iy iy (%)2 [P —2ps2—1]. % (ﬁ) %g—: = —24.08249.3%

or = 1245. (%)2 (2).(Bur . [P~ 2Rs2 -1 ], er% [P.-2ps?—1 |22+
% [PZ +P; —2P,5%? —ZP,S2 — 2] a‘;ahQ) = —0.00200. g:;

oq = 125. (2)2 (ﬁ) (Bar. [P 2Rps2—1].20 = [P —2ps2 -1 ]Z%}
e R e e S i | ) = ~0.01953. ;‘:tz

Trq = 1245 (%)2 (kT) (1331 [P —2P,52 -1 ] W+% .

B3z

B 0ROQ 0
3 kg) oh
Trs =129 (2) Baa(P, —413252).(@.ﬁ = 013315. %

tos = 12q() %2 (py — aps5?). (1) 20 = 0.78989. 2%

For square plate, § = 1.5,a/t=70,0 = 90°

[P2+P3——P252——P352—2] o h) = 0.03163.%

[P3 —2ps? -1 ]

d%h
0Q?

—t

B892

B893

B894

B895

B896

B897

B898

B899

B900

B901

B902

B903

B904

B905

409



0.145389356. 3%
Do

0= (2)Pgr = = 4488258 - 06. I

o, = ()25 95 = 675586E—05.%-

w= (f2)n Zoemndi® g gg6go, 42

w=12[1 - pyn] (3) [R -2 Rs?-1] 5. (&) &2
v = 12[1 — iy (2) [~ 2us? — 1] 2 (&) 2 22

or = 125. (%)2 (ﬁ) . (B11 [Pz —2Ps? -1 ] ot ‘j;;

2 [P, + P —2P,52 —1Ps% - 2. a‘;ahQ) =

oo = 12qS. (5)2 (ﬁ) (Bar [P —2P,57 -1 ] o +@

= [P+ P —2P,52 —1Pss% - 2. a‘;ahQ) =

Trq = 1208. (%)2 () (Bsa [P —2Rps? -1 |. er%

qa?®

qa?®

—51.07738.
Eot?

—32.78925.
Eotz

[P3 —2pS2 -1 ]

~0.00197, 3%
Eq 2
[P3 —2Pp,$?

qa

1]z

—0.01953.
Eot2

92%h

=t

P =5ps2—1 |

BES [Pz +P; —2P,52 —2P,52 — 2] a‘;ahQ) = 0.03143. ;‘:tz
3
_ a _ 2y (ke) oh _ aa
ths =124 (3) Baa(P —4P,57).((2) 5% = 0.13162. 1%
B oh
Tgs = 12q() Bss (p, — 4P,52). ( ) S5 = 079250, %

For square plate, § = 1.5,a/t=80,0 = 90°

A= (R2)9C = 01441081395
kT Do DO

3 oh qa3 _ _ qa3

0= (2 ) SR e = 341038E-06. 5=

kg\ Pz oh ga® . _ qa®

o, = (= )B % = 518359E-05.%-
_ (ks 12[1—pyy Hyx|qa® . qa*
w= (32)h ST = 0,00674. 2

dh qa

= 12[1 = ey (%)2 [PZ _g B, 5% - 1] S (:_i) "9R "E,

—66.15193.

0

202

8%h
202

d%h

—t

0Q?

qa?®

B906

B907

B908

B909

B910

B911

B912

B913

B914

B915

B916

B917

B918

B919

B920

B921

410



v = 12[1 = iy iy (%)2 [P —3pos2—1]. % (@) %g—: = —42.83566.3%32 B922
op = 124S. (5)2 (2). (Bur [P~ 2Rs2 -1 |22 252 [p—2ps2 -1 ]Z%}

s [P+ P, —2p,5% —2p52 2] a‘;a“Q) - —0.00196. g:; B923
oo = 124 (5)2 (2) . (Bar [P = 3Pos? -1 |25 = [P, —2ps2 -1 ]Z%‘h

% [PZ +P; —2P,52 —ZP,S? — 2] a‘;ahQ) = —0.01953. g:tz B924
Trq = 125. (%) (2). (Bar [P —2pos2 -1 . er% [P-trs2-1 | 204

% P+ P —2ps?2 —2ps2 2| %) = 0.03130. ;‘jtz B925
Trs = 12q (%)3 B, (P, — 413252).(1‘:—:).% = 0.13063. 2% B926
Tos =124 ) 25 (p, — 4P,52). (2 ) % = 0.79421. 3% B927
For square plate, p = 1.5,a/t = 90, 0 = 90°

A = (kT) ‘;“0 = 0.143226689.‘% B928
0 = () P ‘};’: —  2.68051E — 06. qDLf B929
b, = (i—:)%% qu: —  410173E— 05.qu: B930
w= (:—:)hw = 0.00670. 2% B931
u = 12[1 = iy iy (%)2 [PZ ~2p, 82— 1] .S. (:_i) %g—j = —83.23435. ;‘:; B932
v = 12[1 = pyyhiyy (%)2 [P3 —2p,82 - 1] % (ﬁ) %;‘—2 = —54.22168.;:1; B933
op = 124S. (5)2 (2). (Bur [P~ 3Rs2 -1 |2+ +22 [p, - 2ps? -1 ]%‘ +

% [P, + P —2P,52 —1ps% - 2. a‘;ahQ) = —0.00195. % B934

% =12q5-(2)2 (ﬁ)-(Bz1 [Po=3Rs? =1 |5+ 52 [P —ips? -1 [0+

= 2 _ 2 _ 0°h _ _ qa
[PZ +P; —P,52 —2PS 2] aRaQ) = 0.01953. 2 B935

o]
N
w

=]

411



Tre = 1208. (5)2 (). (Bss . [P~ 2R52 -1 |.oh s+ [P —2ps? -1 ]%+
e [P+ P, —2p,5% — 252 2] a‘;ahQ) - 0.03121.:0;‘122

s = 12q (%)3 B, (P, — 413252).(1‘:—:)% = 0.12995.3%

Tos = 12q() 25 (P, — 4P;57). (2 ) % = 0.79538. 2%

For square plate, § = 1.5,a/t= 100,08 =90°

A= () ‘};) - 0.142594675.“]);‘;4

0= () Pop - fj —  2.16301E — 06. qD;‘f

b, = (’;—j)%% % —  332592F— os.qDLf

e () Mt gy

u = 12[1 = pyyiyy] (%)2 [p,-%p,s2-1].s. (:—j) %g—: = —102.3252. g:;

v = 12[1 — iy biys] (%)2 [P —2ps2—1]. > ("—) %§ = —66.94729.3%32

or = 1245. (%)2 (2).(Bur . [P~ 2Rs2 -1 ], er% [P.-2ps?—1 |22+
22 [Py + Py —IRS2 - 2Ps? - 2. o) = ~0.00194. g:;

oq = 125. (2)2 (ﬁ) (Bar. [P 2Rps2—1].20 = [P —2ps2 -1 ]Z%}
e R e e S i | ) = ~0.01953. ;‘:tz

Trq = 1245 (%)2 (kT) (1331 [P —2P,52 -1 ] W+% .

B3z

B 0RIQ

Trs = 129 (a) B44(P, — 4P,52). (k—s) R T 0'12946'1(3]—;

tes = 12q() %5 (; — 4P;52). (k—g) 50 = 079623.0%

_*pc2_%pc2_ 9%h ) _ 94
[P2+P3 2P,5% - IP;S 2] )_ 0.03114. £

[P3 —2ps? -1 ]

d%h
0Q?

—t

B936

B937

B938

B939

B940

B941

B942

B943

B944

B945

B946

B947

B948

B949

412



