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PREFACE

A refined finite element method for the analysis of bridge decks as shell-
type structures is presented. The method can be applied successfully for the
analysis of several types of bridges. This report describes the method and its
application for the analysis of highway bridges. Two typical bridges are ana-
lyzed, and the results obtained are compared with other existing methods of
analysis.
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ABSTRACT

A finite element method is presented for the analysis of bridge decks
treated as shell-type structures. The method can be used successfully for the
analysis of a wide variety of highway bridges such as slab-type bridges, beam
slab bridges, box girder bridges, and curved bridges.

The deck is discretized as an assemblage of flat triangular elements.
Four different elements are available for use in the analysis. Two of these
are in the forms of a new, refined triangular element and a new, refined non-
planar quadrilateral element, and the other two elements are a triangular ele-
ment and a quadrilateral element with less refinement of stiffness evaluation.
The refined elements are suitable for use in coarse meshes to analyze decks
with simple geometry while the other two elements may be used in fine meshes
for the analysis of decks with complex geometry.

A six-degree-of-freedom nodal point displacement system is used in the
analysis. Such a system is enough for complete representation of the shell
problem and at the same time ' permits mesh refinement for representation of
structures with complex geometries.

Orthotropic material properties as well as elastic supports are considered.
The method offers considerable flexibility in expressing practical cases of
loads and support conditions together with simplicity of the input data.

A continuous five girder bridge and a continuous box girder bridge were

analyzed, and the results are compared with four existing solutions.

KEY WORDS: finite element, bridge decks, shell-type structures, geometric
idealization, element, nodal point, mesh, orthotropic material, curved

bridges, elastic supports.

ix



This page replaces an intentionally blank page in the original.
-- CTR Library Digitization Team



SUMMARY

A finite element method is presented for the analysis of bridge decks.
This is a general method which can be used successfully for the analysis of a
wide variety of highway bridges as well as other highway constructions such as
culverts and retaining walls.

Orthotropic material properties as well as elastic supports are considered.
The method offers considerable flexibility in expressing practical cases of
loads and support conditions together with simplicity of the input data. The
method has been tested and gave excellent results in the analysis of typical

straight and curved bridges.
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IMPLEMENTATION STATEMENT

An extremely useful method for the analysis of bridge decks is reported
herein. The method features considerable generality and simplicity in the in-
put, thus enabling highway engineers to perform accurate analyses with mini-
mum approximations for modern bridges. Complicated geometries can be easily
represented as well as elastic supports and orthotropic material properties.

The program offers considerable economy in analyzing bridges for various
load cases if all the load cases are solved in the same computer run. It
includes various output options and is constructed in such a way to facilitate

future developments.
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CHAPTER 1. INTRODUCTION

In recent years, an increasing importance has been given to the design
and construction of bridge decks. This is due primarily to (1) the increase
in magnitude of the moving loads, (2) the need for an economical use of
construction materials, and (3) the complicated geometries of modern bridges
and their longer spans. To meet these requirements, materials of higher
strength are being used, and accurate methods of analysis must be developed.

Several methods are available for the analysis of bridge decks. 1In each
method some simplifying assumptions usually exist in order to facilitate anal-
ysis. The accuracy of the solution obtained by a given method depends on the
accuracy of representation of the structure and the extent of the approximations
involved in the method.

Early methods of analysis required a considerable amount of approximation
in representing the structure. A typical example of such approximation is the
division of a bridge deck composed of a slab and a system of girders into one
or more levels of secondary structures supported by main structures. Another
example is the discrete-element modeling of slab type and beam-slab type
bridge decks (Refs 1, 2, and 3). While such simple methods furnish a good and
fast solution for some types of simple bridge decks, it is difficult to apply
such methods to modern bridges with complicated geometries.

For such modern bridges, the recent trend is to treat the whole deck as
a shell-type structure. This procedure makes it feasible to represent most of
the details of the bridge, such as single and double curvature, variable girder
depth, girder-slab interaction, boundary details, and variations of material
properties. A finite element method for the analysis of shell-type structures
was recently presented by the authors (Ref 4). This method can be used
successfully for the analysis of a wide variety of bridge decks, and it is the

primary subject of the following distussion.



Finite Element Analysis of Shell-Type Structures

Shell-type structures are those which have small thickness compared to
the other dimensions of the structure or those composed of a group of such
relatively thin parts. Within this category are a variety of important build-
ing and industrial constructions such as thin curved shells, folded plate struc-
tures, silos, bunkers, aqueducts, culverts, liquid tanks, docks, and several
kinds of bridges. For these structures, the shell behavior assumption can be
considered as a good approximation for the actual behavior of the structure.

In other words, the structure or its component parts can be treated as two-
dimensional surfaces rather than as three-dimensional solids. Consequently,
the case of plane stress can be assumed in which the stresses in the direction
normal to the middle surfaces of the shell are considered of negligible effect.
Also, Kirchhoff's assumption that straight lines normal to the middle surface
of the shell remain straight and normal to that surface during deformation

can be considered valid for these structures.

Many procedures for the analysis of shell structures are available.

Their capabilities range from limitations to particular kinds of structures,
such as the mathematical analysis of cylindrical shells and spherical domes,

to generality of handling any structure with any geometry, material properties,
or loading variations. Usually, the more general method of solution is
desirable; however, the special purpose solutions provide ease in application
and interpretation of the results.

Recently, the rapid development of the finite element method of structural
analysis and the fantastic progress in the speed and memory size of digital
computers have made the general purpose solutions a practical approach to the

analysis of shell-type structures.

The Finite Element Method

The finite element method is a general approach to structural analysis.
Its generality makes it the most suitable one for analysis of structures with
arbitrary properties or geometries. Practical application of this method for
the analysis of shell type structures or similar structural problems requires

the use of a digital computer of suitable size and speed., The finite element



method is a numerical procedure for the approximate solution of problems in
continuum mechanics in which the actual structure is represented as an assem-
blage of finite elements interconnected at a finite number of nodal points.
In each element of the assemblage, the displacement patterns are assumed to
vary in such a way as to approximate the actual displacements. The stiffness
of each element corresponding to the assumed degrees of freedom at the element
nodes is evaluated using the assumed displacement function. The degree of
accuracy of the resulting element stiffness, which usually has the most signif-
icant effect on the final solution, depends on the degree of reality in the
chosen displacement variation. The element stiffnesses are assembled in the
proper manner to form the structure stiffness matrix. After proper modifica-
tions for the boundary conditions have been made, the rows of the structure
stiffness matrix provide the coefficients relating the nodal point displace-
ments to the applied nodal point loads. Thus, for the given nodal point loads,
the displacements corresponding to the assumed degrees of freedom at the nodes
can be evaluated. The element strains and stresses can then be obtained using
the calculated nodal point displacements, the assumed displacemeht variations,
and the material elastic properties of the element. The theory and application
of the finite element method in structural and continuum mechanics is discussed
in detail in Ref 5, which also contains an extensive list of additional refer-
ences.

The earliest use of the finite element method for the computer analysis
of elastic continua was in problems of plane stress and plane strain (Refs 6
and 7). The method was then applied to the plate bending problem (Ref 8).
The success obtained with these two applications was a motivation for applying
the method to the analysis of thin shell problems. The earliest programs for
the analysis of thin shells using the finite element method utilized flat
elements in which the membrane and bending stiffnesses were evaluated indepen-
dently (Ref 9). Flat rectangles were used in analyzing cylindrical shells, and
flat triangles were proposed for approximating doubly curved surfaces (Ref 10).
Later, Johnsbn (Ref 11) used flat triangles in the analysis of thin shells,
After that, several achievements were obtained which materially improved and
added to the flexibility of the method. Refined elements were developed and

used in the analysis (Refs 12 and 13). Curved elements were developed as a



better way for representing curved surfaces (Refs 14, 15, and 16). Thick
shells were also analyzed using thick finite elements (Ref 17). Also, com-
pound elements were built by assembling groups of the simple 2lements, Refer-
ence 18 contains a more detailed discussion of the developmen:s of the method
and a comparison of the results that were obtained using some of the different
types of elements.

The two properties of the finite element method which make it a valuable
method of structural analysis are its generality and the arrangement of the
resulting equilibrium simultaneous equations. It can be easily seen that the
method is a systematic, uniform procedure for the analysis of structures re-
gardless of the types or shapes of the finite elements used in the structural
idealization. The procedures for analysis of space trusses using bar type
elements or space frames using beam type elements or a shell structure using
flat or curved plate elements are essentially the same. The only place where
a difference may exist is in the evaluation of the stiffness properties of the
constituting finite elements. The resulting total stiffness mnatrix generally
contains only a few non-zero terms; and, by a suitable arrangement of the
nodal point numbering of the structure, these non-zero terms can be located in
a narrow strip around the major diagonal of the stiffness matrix, The result-
ing symmetric banded stiffness matrix saves considerably in the time required
for solution of the simultaneous equations by making possible the use of

special efficient methods for solving such kinds of simultaneous equations.

Approximations in Finite Element Analysis of Shell-Type Structures

Finite element analysis of shell-type structures involves some approxima-
tions which can be divided according to their nature into two groups. The
first group comprises those approximations which exist in any thin shell or
thin plate analysis method while the second group includes those approximations
which exist specifically in the finite element method. The first group of
approximations arises from the assumption that the stresses normal to the
middle surfaces of the structure are of negligible effect, This justifies the
treatment of the structure or of its component parts as a two-dimensional

surface rather than as a three-dimensional solid. This simplifying assumption



is good only for very thin-walled structures. For structures of intermediate
or large thickness this approximation could be the main source of error. As
mentioned before, this is one of the approximations in the finite element
analysis of shell-type structures, but it is not a special feature of the
method. The second group of approximations can be considered as special fea-
tures of the finite element method and can be divided according to source into

the two main approximations described below.

The Geometric Approximation. The first step in the analysis of a struc-

ture using the finite element method is to idealize the structure as an
assemblage of finite elements. The finite elements should have a simple
geometry in order to make the evaluation of their stiffnesses feasible. Com-
mon examples of such elements are flat or curved triangles, flat or curved
rectangles, flat quadrilaterals, and nonplanar quadrilaterals composed of
planar triangles. The use of such simple elements to idealize structures of
arbitrary geometry usually results in a difference between the actual structure
and the idealization. A common example is the representation of curved bound-
aries by segments of straight lines. The effect of the geometric approximation
can be reduced by reducing the size of the elements. Furthermore, a wide
variety of shell-type structures, such as folded plate structures and most

kinds of bridges, can be easily idealized without any approximations.

The Displacement Field Approximation. 1In calculating a finite element

stiffness matrix, the variation of the displacements within the element must

be assumed. The degree of approximation in this assumption is usually the
most significant factor affecting the accuracy of the solution. Theoretically,
in order to represent a general variation of displacements exactly, a poly-
nomial of infinite degree is reqﬁired; but practically, only the first few
terms of such a polynomial are enough. The size of the element stiffness
matrix, the computational effort required for its evaluation, and the accuracy
of the results obtained all increase with an increase in the number of terms
considered from the general polynomial representation of the displacements. A
compromise must be reached here to achieve the required degree of accuracy

with an acceptable amount of computation.



A usual trend is to assign to the lateral displacement c¢f a flat element
a displacement function of higher order than that assumed for the in-plane dis-
placement function. This assumption may give rise to a kind of incompatibility
in solutions using such elements. This incompatibility exists at element
interfaces when they meet at a non-zero angle,.

The effect of displacement approximation in most of the finite elements
used in structural analysis (including the elements used here) decreases as
the element size decreases. Also, in most cases, the incompztibility due to
the difference in the displacement functions within flat elements is insignif-

icant, and its effect can be reduced by reducing the element size.

Finite Element Approaches

The analysis of shell-type structures by the finite element method can

be approached in two different ways:

(1) by using coarse meshes composed of refined finite elements, and
(2) by using fine meshes composed of relatively less refined finite
elements.

In the first approach the amount of input data is reduced, and consequently
the effect of data preparation and the probability of data error are relative-
ly smaller. The main disadvantage of this approach is its limited flexibility
in idealizing complex geometries such as the details of complex, doubly
curved surfaces. 1In such cases the use of fine meshes of refiined elements to
physically represent the complex geometry may result in an unacceptable in-
crease in the solution time. The main advantage of the second approach is its
flexibility in representing complex geometries. This requires more data than
the first approach. 1In structures with simple geometries this approach may
have no advantage, and the solution time required for a certain degree of
accuracy may not favor its use.

Within either of these two approaches the number of nodal point degrees
of freedom considered in the analysis may vary from five to twelve or more.
Generally, the minimum number of nodal degrees of freedom for shell analysis
purposes is six. Usually, these six degrees of freedom are chosen as three

translation components and three rotation components.



The five-degree-of-freedom nodal point system may give good representation
in many cases if it is used in such a way as to minimize the effect of the
omitted degree of freedom, as in the analysis presented in Ref 11. This
analysis considers the five degrees of freedom as three translation components
in the directions of the three global axes and two rotation components about
two axes in a plane tangential to the structure surface at the node considered.
This system is equivalent to specifying the bending rotation component about
the axis normal to the surface at each node to be zero. This constraint has
proved to have little effect in cases of intersecting surfaces, such as box
girder bridges; however, the tangent plane becomes undefined. In such cases,
improper choice of this plane may result in considerable error. The necessity
of defining the direction cosines of the two tangent axes as input data at
each point is inconvenient; and the method may not be applicable for cases in
which all three rotation components are of the same order of magnitude.

Reference 19 analyzes continuous box girder bridges using a six-degree-
of-freedom nodal point system and a rectangular element which gives good
results with relatively fine meshes. The main disadvantage of this method is
its limitation to rectangular geometries.

Reference 13 uses a nine-degree-of-freedom nodal point system for the
analysis of thin shell structures. This analysis uses a refined triangular
element and has considerable flexibility and generality. The main disadvan-
tage of this analysis results from the nine degrees of freedom and especially
from the fact that six of these nine degrees are associated with the triangle
membrane stiffness. In other words, more refinement was devoted to the
membrane stiffness (complete cubic variation) than was given to the bending
stiffness (constrained cubic variation), an arrangement which generally may

not be necessary in the analysis of plates and shells,

The Present Method of Analysis

The purpose of the present work was to develop a finite element method
for analysis of shell-type structures that would include most of the finite
element generalities and would keep the input as simple as possible for the

purpose of users' convenience. Both of the approaches described in the previous



section were included as alternative options in the solution. The six-degree-
of-freedom nodal point system is used in the solution because it is generally
considered to be the minimum complete representation of the problem. Some
limitations exist in the analysis. These limitations arise primarily from

the adopted trend of simplifying and minimizing the input data. Even with its
limitations, however, the method can be used for analyzing mcst of the shell-
type structures in practical use.

The present method of analysis of shell-type structures is a finite
element procedure using a six-degree-of-freedom nodal point cystem, The
method has the capability of analyzing problems of arbitrary geometry and
support conditions. Linearly elastic supports are included as well as ortho-
tropic and isotropic materials with arbitrary variations throughout the struc-
ture. The method has considerable capabilities and various output options.

The structure is represented as an assemblage of flat triangular elements,
The stiffness properties of each triangle are derived from assumed truncated
polynomials for the displacement variations. The method provides four differ-
ent kinds of finite elements in the form of two triangular elements and two
nonplanar quadrilaterals (as assemblages of four triangular elements). The
stiffness properties of the four elements and their nodal point systems are
different, thereby providing considerable flexibility in the choice of a suit-
able mesh to achieve the required accuracy with minimum computational effort.

The bending stiffness of all the elements is evaluated by using one or
more of the fully compatible triangular elements (HCT) after Hsieh, Clough,
and Tocher (Ref 20). Three types of plane stress elements are employed in

evaluating the membrane stiffnesses. They are

(1) the linear strain triangle (Ref 12),

(2) a linear strain triangle with the displacement along one side of
the triangle constrained to vary linearly (Ref 12), and

(3) the constant strain triangle (Ref 6).

The stiffness matrix of the complete assemblage is evaluated using the direct
stiffness procedure.
A direct solution procedure based on the Gaussian elimination method is

used to solve the equilibrium equations for the nodal point displacements.



The equations are solved using rectangular blocks to perform the required
operations. The number of the rows in a block is variable and thus provides
added generality and flexibility in the solution. All the load cases are
solved together, thus saving considerably in the solution time required for
problems with more than one load case.

The thickness and the material properties are assumed constant for each
finite element of the assemblage. The material is characterized as either
isotropic or orthotropic. Thus, structures with smooth variations in thick-
ness are approximated with abrupt steps in thickness. A similar approximation
must be made for complicated variations of material properties. These limita-
tions are not significant in most practical cases, and their effect can be
reduced by reducing the element size. Some other limitations concerning the
boundary conditions and the application of load are mentioned in Chapter 2.

The method was tested and gave good results when compared to the results
of existing methods of analysis. It can be efficiently applied for the anal-
ysis of a wide variety of shell-type structures, such as shells with single
and double curvatures, folded plate structures, bridges, liquid containers,
bunkers, and similar structures.

In this report, the application of the method to the analysis of highway
bridges is illustrated by analyzing two typical bridges in Chapter 3. The
results of the analysis are compared with previous solutions for the same
bridges, and the methods are discussed briefly. For purposes of comparison,
the analysis here was done for two straight bridges with existing solutions.
No curved bridge analysis was included here; however, a curved prestressed
railway bridge was recently analyzed in cooperation with the Texas Highway
Department (Research Project 3-5-71-155, "Static and Buckling Analysis of
Highway Bridges by Finite Element Procedures') using this method. Some other
curved structures were analyzed, and the results are included in Ref 4, which

contains more details of the method and of the computer program.
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CHAPTER 2, THE PRESENT METHOD OF ANALYSIS

The present method of analysis of shell-type structures is a direct
stiffness solution using the finite element method with a six-degree-of-freedom
nodal point system. Two main idealizations, or approximations, are present in
the analysis, namely the geometric idealization and the displacement field

idealization,

Geometric Idealization

The actual surface of the structure is discretized to an assemblage of
planar triangles. Four different finite elements are available for use in

the analysis as follows:

{1) The quadrilateral element with eight external nodes, Fig 1(a), may
be a nonplanar or a planar assemblage of four planar triangles. The
external nodes are the four corner nodes and the four mid-side nodes.
The coordinates of the center of this element are computed as the

average of the coordinates of its corner points. This center is the
common node of the four composing triangles.

(2) The quadrilateral element with four external nodes, Fig 1(b), of
which the geometry is the same as for the previous element but with-
out the mid-side nodes.

(3) The planar triangular element with six nodes, shown in Fig 1(c¢), which
has three mid-side nodes as well as the three corner nodes.

(4) The planar triangular element with three nodes which is shown in
Fig 1(d).

The geometric idealization of a typical shell surface using quadrilateral
and triangular elements is shown in Fig 1(e). Figure 1 also shows the two
main systems of coordinates used in the analysis. The coordinate systems are
described later in this chapter. The shape and the size of each element are
determined from the global coordinates of its corner nodes, which should lie
in the middle surface of the structure. 1In general, any one of the four elements
can be used for idealizing the structure. Combination of these elements may
be necessary in some cases to fit the geometry of the structure, It will be

seen later that for the same computational effort, the quadrilateral element

11
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with mid-side nodes gives better results than the triangular element with mid-
side nodes. Also, the simple quadrilateral element possesses similar superior-
ity over the simple triangle. Although it is possible to use any combination
of the four element types, it is usually most practical to (1) combine the
quadrilateral and the triangular elements having mid-side nodes or (2) combine
the two elements without mid-side nodes. The relative stiffness superiority

of the quadrilaterals in either of the two combinations usually necessitates
their use in regions of steep strain variations while the triangles may be

used in regions of smaller strain variations.

Displacement Field Idealization

The basic element in the displacement field idealization is the planar
triangle. The membrane and bending displacements of this basic triangle are
discretized to vary according to certain displacement functions. Three types
of membrane displacement discretizations and membrane stiffnesses are available

while one basic bending displacement discretization is used in all cases.

Membrane Stiffnesses of the Basic Triangular Elements. The triangular

elements used in evaluating the membrane stiffnesses and their displacement

10 az s « « « , etc.) are

shown in Fig 2. Two degrees of freedom in the form of two perpendicular in-

functions (expressed in generalized coordinates «

plane displacement components, u and v , are assumed at each nodal point.
The variation of these displacements is assumed to be quadratic in the case of
the linear strain triangle (Fig 2(a) and linear in the case of the constant
strain triangle (Fig 2(c). For the constrained linear strain triangle, the
displacements are assumed to have quadratic variations which gradually change

to linear variations toward the constrained side (side 1-2 in Fig 2(b)).

Bending Stiffnesses of the Basic Triangular Element. The fully compatible

triangular bending element 1s used in all cases as a basic element for evalu~-
ating the bending stiffness. This element has a total of nine degrees of

freedom in the form of the 1§tera1 translation and two perpendicular rotation
components at each corner of the triangle. 1In order to achieve full compati-

bility, the element is divided into three sub-elements, and three displacement
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Displacement functions:

2 2
{1’x3Y9x 3XY Y } 1« 1

i

u(x,y)

2 2
V(XSY) = {1sx’st sXY ¥ } i«

(a) Linear strain triangle (LST).

Displacement functions are
similar to LST with:

u, (u1 + uz)/2
vy (v1 + vz)/2
(b) Constrained linear strain triangle.
Y v, Displacement functions:
3 “*'u3 )
U(X3Y) = {LX,Y} 1“2 4
(%3
v
1
X X
1 - |
—— b - vi{x,y) = {l,x,y} 1%
1 2 u, X
o
{76

(¢) Constant strain triangle,

Fig 2. Triangular elements and displacement functions
for membrane stiffness.
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functions are assumed for the three sub-elements, as shown in Fig 3 where the

1 %o

. , etec, This subdivision results in twenty-seven displacement modes; but

displacement functions are expressed in generalized coordinates «

only nine of them, corresponding to the corner degrees of freedom, are inde-
pendent displacement modes. The internal compatibility requirements provide
the eighteen conditions needed for reducing the total twenty-seven displace-
ment modes to the independent nine modes. This discretization expresses a
cubic variation of the lateral deflection, w , within the element and a linear
variation of the three curvature components over each sub-element except at
the edge of the sub-element where the twisting curvature is constrained to be
uniform,

The derivation of the membrane stiffness and the bending stiffness of the

basic triangles is given in Ref 4, Appendix 1.

Construction of the Element Stiffnesses

The element stiffness of each of the four element types is constructed by
using one or more of the basic membrane triangles together with one or more of

the basic bending triangles.

The Triangular Element with Three Nodes. The membrane stiffness of this

element is that of a constant strain triangle, and its bending stiffness is
that of the basic bending triangle. Thus, this element has a total of fifteen

degrees of freedom, five at each node, as shown in Fig 4(a).

The Triangular Element with Six Nodes. The membrane stiffness of this

element is that of the linear strain triangle, and its bending stiffness is
the sum of four triangular bending elements, each triangle representing one
of the sub-triangles shown in Fig 4(b). It should be noted that these four
sub-triangles are coincident; therefore, for the constant thickness case
treated here, the bending stiffness of only one of these sub-triangles, for
example, sub-triangle 1, is to be evaluated. The bending stiffnesses of sub-
triangles 2 and 3 are identical to that of sub-triangle 1, and that of sub-
triangle 4 can be obtained by transforming the bending stiffness matrix of

sub-triangle 1 in its plane through an angle of 180°. This coincidence of
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(3)
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Displacement functions:
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Fig 3. Triangular element and displacement
functions for bending stiffness.
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(a) Triangular element with
3 nodes and 15 DOF.

Y4

(b) Triangular element with
6 nodes and 30 DOF.

(c)

"Fig 4. Triangular elements and quadrilateral elements
composed of four triangular elements each.
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the four sub-triangles makes it possible to obtain refined bending stiffness
with only slight extra computational effort beyond evaluating the bending
stiffness of one triangle. This is true only in the case of constant thickness.
In cases of variable thicknesses it may be necessary to compute four triangular
element stiffnesses in order to achieve similar bending stiffness refinement.

This element has 30 degrees of freedom.

The Quadrilateral Element with Four External Nodes. This element, Fig 4(c),

is composed of four triangles. The membrane stiffness of each composing

triangle is that of the constrained linear strain triangle, and its bending
stiffness is that of one triangular bending element. Therefore, the corner
nodes of each composing triangle have five degrees of freedom each while the

mid-side nodes each have only two in-plane translation degrees of freedom.

The Quadrilateral Element with Eight External Nodes. This element, Fig 4(d),

is composed of four triangular elements with six nodes similar to the element

described earlier and shown in Fig 4(b).

Coordinate Systems and Transformations

The Global Coordinate System. This is a right-hand Cartesian system,

Fig 1(e), which is independent of the mesh. The choice of the global coordi-
nate axes is generally arbitrary, although in some cases the geometry of the
structure, the loading, or the boundary conditions indicate the suitable choice.

The following information is described in this coordinate system:

(1) the input nodal point coordinates,
(2) the input nodal point loads,
(3) the input boundary conditions, and

(4) the computed nodal point displacements.

The Element Coordinate System. This is also a right-hand Cartesian system

which is associated with the element as shown in Fig 1. The element coordinate
axes are set for each element according to the order of input of the element
nodes in the element numbering.

For triangular elements, the order of numbering should follow the

alphabetical sequences shown in Figs 1(c) and 1(d). The first corner node is
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considered as the origin of the element coordinates, and the X axis coincides
with the first triangle side (side 1i-j). The Y axis is perpendicular to

the X axis in the plane of the triangle; and the 7 axis is normal to the
X-Y plane following the right-hand rule.

The numbering sequence for quadrilateral elements is shown in Figs 1(a)
and 1(b). The coordinates of the center of the element are computed as the
average of the coordinates of the four corner nodes; and this center is the
origin of the element coordinates. The X-Y plane is taken as the average
element plane. This average plane is defined by the two straight lines join-
ing the mid-side points of each pair of facing sides and intersecting at the
element center. The X axis is taken as the line through the mid-side nodes
of the fourth and the second sides (sides 1-i and j-k , respectively); the
Y axis is constructed perpendicular to the X axis in the average plane; and
the 2z axis is normal to the X-Y plane following the right-hand rule. 1In
the case of a planar quadrilateral, the average plane will be the same as the
plane of the element.

The following information is expressed in the element coordinates:

(1) the input orientation of the orthotropic material axes

(2) the computed element forces.

Local Coordinates for Quadrilateral Elements. Local coordinate axes are

established for each of the four composing triangles of the quadrilateral
element. These local coordinates are similar to the element coordinates of
the triangular elements, Figs 1(c) and 1(d). The establishment of these local
coordinates is done internally in the program for the purpose of computing

and transforming the triangle stiffness matrix and the equivalent nodal point
loads for the distributed loads. None of the input or output information is

expressed in these coordinates.

Triangular Coordinates. This local coordinate system is described in

Ref 4, Appendix 1. 1t is used to simplify the derivation of the stiffness

matrices of the triangular elements.

Coordinate Transformations. In the solution, several coordinate trans-

formations are carried out to express in a common coordinate system all the
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variables appearing in a single computation process. All the transformations
of this kind are carried out between two Cartesian coordinate systems. Another
transformation between the local Cartesian coordinate system and the local
triangular coordinate system is described in Ref 4, Appendix 1. The first
kind of transformation is summarized below. Detailed derivations may be
obtained from textbooks on the subject.

Let the two Cartesian systems of coordinates be denoted as the X-Y-Z
system and the X'-Y'-2' system. If the matrix T represents the direction
cosines of system X'-Y'-Z' with respect to system X-Y-Z , then the trans-

formation relations described below can be easily proved.

Linear Transformations.

R, R T, r
X X X X
R = T R and r = T r
oo - [ N
R Rz Tpt Ty
or
R' = T - R and r' = T .r (2.1

where R and r are force and displacement vectors, respectively, at a

certain point in the X-Y-Z system, and R' , r' are the corresponding vectors
in the X'-Y'-Z' system. It should be noted here that force means a general
force which may be moment and that displacement may actually be rotationm,

The inverse relations are
R = T . R and r = T° .« r' (2.2)

where the matrix TT is the transpose (or the inverse) of the matrix T,
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If all the force and displacement components at the nodal points of a
finite element are grouped in the same manner as the vectors above, then the
linear transformation relations for the element forces and displacements would

have the forms
Q' = T -Q and d' = T - d (2.3)

Q' ,Q,d , and d are, respectively, the vectors containing n subvectors
R' , R, r', and r at all the nodal points of the element. T 1is the trans-
formation matrix composed of n repetitions of the matrix T on the diagonal

strip as follows:

=l

=1

T = (2.4)

=]

Similarly, the inverse relations are

Q = T .4qQ and d = T -d' (2.5)
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Stiffness Transformation. If the element stiffness matrix is arranged to

correspond to similar degrees of freedom as the vectors d and d' in the

previous case, then the stiffness transformation relations wculd be
K' = T .K-.T and K = T -K' -T (2.6)

where KXK' and K are the element stiffness matrices in the X'-Y'-Z' system
. T .
and the X-Y-Z system, respectively, and T and T are the transformation

matrix defined by Eq 2.4 and its transpose, respectively.

Planar Transformation of Stresses. To transform plane stress components

at a point expressed in X-Y coordinates to the corresponding components in

X'-Y' coordinates, the transformation relation is

2 2

ol cos Y sin™ ¥ 2 sin Y cos ¥ o]

X X
A 2 .

o, = sin” ¥ cos” Y - 2 sin Y cos ¥ c

y y

T v 4 - sin ¥ cos ¥ sin Y cos ¥ cos2 Y - sin” ¥ T

X'y Xy

or

{st} = [u] {s} (2.7)

where o, oy , and Txy are the membrane stress components defined in
X

Fig 5(a), which shows their positive directions; Tt oy, , and Tx'y
the corresponding transformed stresses; and Y 1is the angle between the X

, are

axis and the X' axis measured from the former to the latter and positive in a

counterclockwise direction.
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A similar relation can be written for the transformation of the plate

bending moment components defined as shown in Fig 5(b).

M, M
X X

M, = [J1 ™

y

M, , M

X'y Xy

or
Ml = (3] (M) (2.8)

The inverse relations to those of (2.7) and (2.8) are
8} = [317h ('} amd M} = [3)70 () (2.9)

. -1 . . .
where the matrix [J] is the inverse of the matrix [J] and can be easily
obtained by substituting a negative value for Y in the previous expression

for [J] . Thus,

cos2 Y sin2 R4 -2 sin V cos ¥
- 2
{37 L. sin2 Y cos V¥ 2 sin ¥ cos ¥
sin Ycos ¥ - sin ¥ cos Y cos2 v - sin2 Y (2.10)

Planar Transformation of Moduli. For orthotropic material in the case of

plane stress, if the principal material axes are taken as axes X and Y ,

then any case of plane stress can be related to the corresponding strains in

the X-Y system as

(e} €

X X

o = c_} € 2.11
y |:P y ( )
Txy ny

where [CP1 is the moduli matrix in the principal axes X and Y .
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(a) Membrane stress components.
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(b) Plate bending moment components.

Fig 5. Definition of membrane stresses and

plate bending moments.
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The moduli matrix [C] in axes X' , Y' in the X-Y plane and making an
angle VY with the principal axes, as defined before in the case of stress

transformation, would be obtained from the relation
-1 -17T
c] = L[] [CP] [EJ] ] (2.12)
where the matrix [J]-l is as defined in Eq 2.10.

Representation of Material Properties and Loads

Material Properties. In computing the stiffness matrix and the stresses

of each element, the elastic properties of the element appear in the form of

the moduli matrix, [C] , in the stress-strain relation

fo 28 (S

X X

o— = [C] € (2.13)
y y
T — Yo —

Xy Xy

All the values in this relation are in element coordinates in the case of
triangular elements or in the local coordinates of each of the composing tri-
angles in the case of quadrilateral elements.

The moduli matrix, [C] , is obtained from the principal moduli matrix,
[CP] , by the transformation explained in Eq 2.12.

Let

C11 Ci2° Ci3
[CP] = Gy Gy Gy (2.14)
C C C

31 32 33
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It can then be proved (Ref 21) that for orthotropic materials,

E_ E
c,, = ——— c,, = ———Feu |
11 1 vxyvyx 22 1 vxyvyx
v E v E
C = C = ¥X X = Xy ¥
- - b}
12 21 1 vxvaX 1 vxyvyx
C33 = Gp,and Cjg = Chy = €3y = €55 = 0

where
E is the modulus of elasticity in the principal direction X ;
E is the modulus of elasticity in the principal direction Y ;

Vv is Poisson's ratio which results in strain in the Y direction
when stress is applied in the X direction;

Vo is Poisson's ratio which results in strain in the X direction
YX  when stress is applied in the Y direction; and

GO is the orthotropic shear modulus.

This orthotropic shear modulus is either measured as described in Ref 22 or is

assumed approximately as

EE
Xy
G, = (2.15)
0 Ey(l + vxy) +E (1+ “yx)
For isotropic materials,
- . B - - vE
Ci1 = Gy = 7 » S92 = Cn 7
1 -v 1 - v
C = ¢ = —L—— , and C = C = C = C = 0
33 2(1 + v) ° 13 23 31 32

where E and v are the modulus of elasticity and Poisson's ratio.
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The input values required to represent these two material cases are

described in detail in the guide for data input of Ref 4.

Applied Loads. The solution accepts two load types.

Concentrated loads at the mesh nodes are concentrated forces or moments
in the global coordinates at the mesh nodal points.
Distributed loads (element loads) are distributed on the surface of the
structure. Two types of distributed loads are accepted by the program.
(1) The element weight which is considered of constant intensity over
each element and acting in the negative direction of the global
Z coordinate. Therefore, whenever a problem includes this kind of
load, the global Z coordinate should take the gravity direction.

This may appear as a limitation; however, it is always possible to
represent the weight by equivalent nodal point loads.

(2) Element pressure of linear variation of intensity over each triangle

of the idealization and normal to it.

The equivalent nodal point loads for the element loads are computed as
described in Ref 4, Any number of load cases can be solved for the same struc-
ture. In each load case the concentrated loads can be varied while the element
loads are either retained or omitted as specified by the user. The description

of loads input is given in Ref 4, Appendix 3.

Construction of the Total Stiffness Matrix

The stiffness matrix of the assemblage is constructed from the stiffnesses
of the composing elements after these element stiffnesses are transformed into

a form suitable for assembling into the final six~degree-of-freedom system.

Triangular Elements. The membrane and bending stiffness matrices of the

composing triangles are assembled to correspond to five degrees of freedom at

each nodal point. The order of these degrees of freedom at node i 1is

u, , v, , w, , &_. ., &, (2.16)

The stiffness terms corresponding to these five degrees of freedom are in

the element coordinates. When transformed to the global system of coordinates,
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these five terms at each node yield six stiffness components corresponding to

the following global degrees of freedom:

§ ., b, 6., 8., 6., 8. (2.17)

Therefore, for the systematic use of the form 2.6 in transforming the
element stiffness matrix, the stiffness terms in element coordinates must be
assembled into a six degree nodal point stiffness matrix in which the values
corresponding to the sixth term:at each node are equal to zeros. The trans-
formation should then be performed, and the resulting stiffness terms would
correspond to the six global degrees of freedom of 2.17. The element stiffness
matrix transformed in this manner is then assembled in the structure stiffness
matrix according to the element location in the mesh as defired by its nodal

point numbers.

Quadrilateral Elements. The following steps are carried out in computing

and assembling the stiffness matrix of quadrilateral elements:

(1) The stiffness matrix of each of the four composing triangles is
first constructed in local coordinates, transformed to the global
coordinate system, then assembled in the proper locations of the
quadrilateral stiffness matrix. Similar operations are performed
to evaluate the equivalent nodal force loads for the distributed
loads on each triangle.

(2) The stiffness terms and the loads corresponding to the degrees of
freedom of the internal points are condensed by an inverse Gaussian
elimination procedure described below. The resulting condensed
stiffness and loads correspond to the degrees of freedom of the
external nodes and are the element's contributions to the equilib-
rium equations of the assemblage.

(3) The condensed stiffness and loads are assembled in the structure
stiffness matrix and loads according to the external nodal point
numbering.

Condensation of the Quadrilateral Stiffmness Matrix. The connectivity of

the internal nodes of each quadrilateral element is local to that element.

Therefore, according to the law of superposition, the effect of these internal
nodes may be included in the stiffness and loads of the external nodes. By

this process, known as condensation, the equilibrium equations of the internal
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nodes are excluded from the total system of simultaneous equations of the
assemblage. The condensation process is illustrated by the following partition-

ing of the matrix form of the equilibrium relation of the quadrilateral element:

K K r R
e o e e
= (2.18)

K T, R
i i i

K r R

Q Q Q

where KQ , rQ , and RQ are the stiffness matrix, the displacement vector,

and the load vector, respectively, of the quadrilateral element and correspond
to all its degrees of freedom; Ke s Lo s and Re are similar matrices
corresponding to the external degrees of freedom only; and K0 is that part
of the stiffness matrix which relates the external degrees of freedom to the
internal degrees of freedom in the equilibrium equations of the external
degrees of freedom,

k] {rad + [] {ed - & (2.19)

If all the coefficients of the matrix [Ko] are zeros, the relation 2,19

reduces to

[Ke:l {re} = {Re} | (2.20)
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From Eq 2.20, it is clear that the matrix [Ke] represents the condensed

stiffness matrix and that the load vector {Re} represents the condensed
load vector,

The process of converting all the coefficients of the matrix rK ] to
zeros is carried out by the inverse Gaussian elimination method. A; this
elimination is performed, the load vector is simultaneously reduced so that
the condensed stiffness matrix, [Ke] , and the condensed load vector, Re ,
are obtained upon completion of the elimination operation. The matrix
[KiJ is thus transformed to the trapezoidal form indicated with all the
coefficients above the major diagonal equal to zero. After the external dis-
placements are calculated from the solution of the equilibriim equations of
the assemblage, the matrix rKi] is used to calculate the internal displace-

ments, {ri , by a direct forward substitution in the relation

[Ki] {rQ} = Ri (2.21)

in which {Ri} should be in its converted form after condensation.

Inclusion of the Elastic Spring Supports. The elastic spring support

stiffnesses are expressed as the force (or moment) required to produce a unit
displacement in a particular global direction at a particular nodal point and
can be included directly in the structure stiffness matrix. This is done by
adding the spring stiffness to the diagonal term of the stiffness matrix which
corresponds to the appropriate degree of freedom at the nodal point where the

spring is.

Modifying the Stiffness Matrix for the Boundary Conditions., The struc-

ture stiffness matrix and the load vector must be modified to represent the

desired boundary conditions in the equilibrium relation

K . T = R (2.22)

where K, r , and R are the stiffness matrix, the displacement vector, and

the load vector, respectively, of the total structure.
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The boundary conditions are either in the form of elastic spring supports
or in the form of specified displacement values in the global directions. The
method for including elastic spring supports in the structure stiffness matrix
has been described in the preceding section. To specify the value of a dis-
placement (or rotation) component, the stiffness matrix diagonal which corre-
sponds to the degree of freedom concerned is set equal to unity; all the other
stiffness terms in the row are set equal to zero; and the corresponding load
value is set equal to the specified displacement value. The displacement
value is thus specified, but the symmetry of the stiffness matrix has been
destroyed. To maintain symmetry, it is necessary to set equal to zero the
stiffness terms above and below the diagonal in the column corresponding to
the certain degree of freedom. In order to do this without changing the equi-
librium relation, each term on this column must be multiplied by the specified
displacement value and the result subtracted from the corresponding load value

before the stiffness term is set equal to zero.

Omitting the Dependent Equations. It is important to notice that this

method is an analysis of a six-degree-of-freedom system using five-degree-of-
freedom finite elements. At nodes where the elements intersect at a non-zero
angle, there are six degrees of freedom, and no precautions are required. At
nodes where the adjacent elements lie in the same plane or at mid-side nodes

on the edges, there will be an extra dependent equation (expressing rotation
equilibrium) corresponding to each of these nodes. In such cases it is impor-
tant to omit or neutralize this extra equation in order to have a true solution.
Failure to do so would stop the solution of the equations; or if a solution is
obtained, it will be a false solution. The omitted equation should satisfy

the following two conditions:

(1) It should not correspond to the rotation about any axis parallel to
the plane at the nodal point.

(2) The omission should be overridden by any suitable boundary condition
at the point that satisfies the independency condition at the nodal
point.

If no such boundary condition exists, the best choice for reducing mumerical
errors is to omit or neutralize the equation corresponding to the rotation

about the global axis which is most nearly normal to the plane at the node.
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The process of omitting the dependent equations for a single node is
illustrated below. It can be seen that this process is valid for any linearly
elastic system,

Consider the bending stiffness matrix, [K] , at the node corresponding
to the rotation components about two arbitrary local axes, X and Y , which

is expressed as follows:

x|

(2.23)

wl® ol
x

«
o
|

Rewriting the above expression in terms of three rotation degrees of freedom
and setting the terms which correspond to the rotationm about the local normal

axis, Z , equal to zero, we have

ke o 0
k§ X y X
_ K ©
o= e K _ 0 = (2.24)
Xy vy 0 0
0 0 0

The transformation matrix, T , expressing the relation between any
displacement vector, {r} , in the local coordinate system ( X-Y-2 ) and
the corresponding vector, {r} , in the global coordinate system ( X ~ Y - 2 )

(Eq 2.1) can be written as follows:

1 m n
X X X
C S
T = 1y my ny = 1 1
S, G
1 m n
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The stiffness matrix [K] in the global axes is then obtained as

T T -

C1 32 K 0 C1 S1

K =

T T

S1 C, 0 0 S2 02
T - T =

C C: KS
1 K C1 1 1 kxy k(xy)z

= = (2.25)

T = T =

S1 K C1 Sl K S1 kz(xy) kz

Similarly, the corresponding moments, ﬁq} , and the rotations, f@} , in

local coordinates can be written as

M-

X Mo
M = M = Xy

y

0 0

and

0

X a _
? = 6 = Xy

y

0 0

The moments, U%} , 1n global coordinates are

T T
T - ¢ S, M3
{M} = T . M = '

s"lE c, 0

cT M _ M
1 x5 Xy

= = (2.26)

ST M- — ST M_ _

1 xvy 1 x7y
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Consider the following relation:

|:Kx y:l {9*} = {Mx y} (2.27)

In this relation, [Kx y] is as defined in Eq 2.25 and Mx y} is as defined
* 4
in Eq 2.26. We can therefore solve for {6 } .

Substituting for [Kx y] and {Mx y} in Eq 2.27, we have

[ T[] [e e} = [e7] e 5}

Premul tiplying both sides by [Cf]-l we get

AEIE) - b
214} - [ st - 55

Writing the rotations {6} in global coordinates, as

ex
e*
8 = 5] = ,
y
0 0

9 = T.0 = = (2.29)
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By this procedure we get the global rotations, {6*} , that are related
to the local rotations, {9§ ?} , by Eq 2.28. When transformed to local
coordinates as described above, these global rotations give the correct local
rotations, {e§ §} , which are required to compute the bending moments at the
node. The value of the rotation about the Z axis as obtained in Eq 2.29 is not
correct, but it does not affect the computation of the bending moment. The
correct value of this component could be computed from the in-plane translations
at the node and at adjacent nodes. It is important to notice the following

energy equivalence:
S o G IR G ICIR T
RN IR O S CNIR Cof R CS o CH,

*
It should be clear that the global rotations, {9 } , obtained are not the
total global rotation components at such a node. The correct three global

components of rotation could be computed as follows:

*
(1) Transform the rotations {9 } as in Eq 2.28 to compute the correct

local rotation components, 6§ v
(2) Compute the local rotation component about the axis normal to the
surface Z from the in-plane translation components at the node and

at the adjacent nodes.

(3) Transform the three local rotation components which are obtained to

the global system in the usual manner.

The procedure outlined above results in the omission of the equation
corresponding to the rotation about the global Z axis. As mentioned before,
the program omits the equation corresponding to the global axis which is most
nearly normal to the plane at the node. In the output of the nodal point dis-
placements, the symbol * * * replaces the rotation about the axis for which

the equation was omitted.

The Structure Stiffness Matrix and Solution of Equations

The structure stiffness matrix, as constructed in the preceding section,
is generally (1) symmetric, (2) positive definite, and (3) banded. These

three properties are very helpful when considered in the solution of the
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simultaneous equations of equilibrium of Eq 2.22., Special, efficient equation
solvers exist for solving such equations. In these equation solvers, the re-
quired solution time is approximately proportional to the number of equations
and to the square of the band width; therefore, it is always desirable to have
the band width at a minimum. This can be achieved by a suitable choice of the

mesh numbering system.

Mesh Numbering and Band Width. The band width of the stiructure stiffness

matrix is the width of the zone that includes all the stiffness terms on each
side of the diagonal. This is the shaded zone in Fig 6(a). Because of the
symmetry of the stiffness matrix, only one half of this banded zone (including
the diagonal) is necessary for solution of the simultaneous equations of 2.22,
The upper half is used in the solution described below, and this half-width,
(including the diagonal) will be referred to as the band width. This band
width m is shown in Fig 6(a) and can be calculated for a certain mesh from

its element nodal point numbering as

m = 6 Xx (D+1) (2.30)

where D = the absolute maximum difference in the nodal point numbers of any

element in the assemblage. For example, the element shown in Fig 6(b) gives

28 - 12 = 16

=}
n

Therefore,

3
I

6 (16 + 1) = 102

The maximum value of m for all the elements of the assemblage is the
band width of the structure stiffness matrix.

The mesh numbering should be chosen in such a way as to result in minimum
band width and therefore minimum solution time for the equilibrium equations.
Although no restrictions concerning the mesh layout exist, the recommendations
included later in this chapter are generally helpful in achieving an economical

solution.
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Fig 6. Structure stiffness matrix, typical element
numbering, and solution blocks.
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Solution of the Simultaneous Equations of Equilibrium. A direct solution

method based on the Gaussian elimination procedure is used to solve the simul-
taneous equations of equilibrium. In the solution, the upper half of the banded
stiffness matrix is used. This half is divided into blocks each of whieh con-
tains a certain number of rows of the stiffness matrix. The number of rows,

i , in each block is determined by the core storage available for the equation
solution as well as by the band width, m , and by the number of load cases
analyzed. These blocks are handled in the rectangular form shown by Fig 6(c)

in which the two-dimensional array containing a particular block at a particular
stage in the solution process has the diagonal of the stiffness matrix as its
first column and the load vectors of all the load cases as its last columns.

All the blocks are of the same size except the last block which may have fewer
rows. More details of the equation solution are included in Ref 4, The solu-
tion of the simultaneous equations yields the global nodal point displacements

of the structure for each load case,.

Element Forces

After the nodal point displacements are computed, the stresses of each
element at some of its nodal points are calculated, if required, for all the
load cases. The element stress computation for each load case can be summa-

rized as follows:

(1) The nodal point displacements at the nodes of triangular elements or
of composing triangles of quadrilateral elements are transformed to
element coordinates for triangular elements or to local coordinates
for quadrilateral elements.

(2) The membrane and the bending stresses for each basic triangle are
computed according to the displacement function assigned to it (Ref 4,
Appendix 1). If more than one basic triangle is used in constructing
the stiffness matrix of the triangular element or of the composing
triangle of a quadrilateral element, the stresses at the common nodes
are averaged. This step gives the element stresses in the case of
triangular elements or the composing triangle stresses in the case
of quadrilateral elements.

(3) For quadrilateral elements, the stresses of each composing triangle
are computed as in (2) and then transformed to element coordinates.
The stresses of the four composing triangles are added and averaged
at the common nodal points.
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The stresses are output in the form of forces or moments per unit length
at the element nodes. A local numbering is used in the tabulated output of
these stresses to refer to the element nodes. This local numbering is shown

in Fig 7 for the four element types used in the analysis.

Solution of Problems, Remarks, and Limitations

The steps of coding a problem for analysis by this method are summarized
below. Any limitation of the solution which has not been mentioned before is
described at the step when it arises.

The mesh divisions used should be chosen to approximate the geometry of
the structure and the types of elements represented by these divisions should
be selected to give the most favorable representation of the expected deforma-
tions as described earlier in this chapter. The nodal points as well as the
elements are numbered, and a global system of coordinates should be chosen.
Certain points must be observed in the mesh numbering and in the choice of the

global coordinates.

Mesh Numbering. The nodal point numbering should start with the number 1

and increase in a continuous manner. Element numbering should be done similar-
ly. Only the external nodes of quadrilateral elements are to be numbered. No
limitations exist concerning mesh numbering; however, to reduce the solution
time required, two guidelines can be followed:
(1) The direction of element numbering should follow the direction of
nodal point numbering. This considerably reduces the time required

to assemble the structure stiffness matrix in the rectangular blocks
described above.

(2) The band width should be kept at a minimum.

These two rules are observed in the example problems in Chapter 3. Some
flexibility in applying these rules may be desirable when the mesh generation
described in Ref 4, Appendix 3 ceases to be fully applicable as these rules
are applied. 1In such a case, the man-hours that can be saved by using mesh
generation may be more valuable than the computer time that can be saved by

following these two rules.
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Choosing the Global Coordinate System. In addition to the limiting rela-

tion between the global Z-direction and the structure weight as described
previously, one other important limitation may dictate the choice of the global
coordinate axes in some problems.

In order to simplify the input and minimize coding errors, all boundary
conditions are expressed in global coordinates. In most practical cases, this
limitation causes no difficulty in the coding or in the choice of the global
axes; however, in a few cases it may be impossible to represent the given
arbitrary boundary conditions. In some cases of complicated boundary condi-
tions, it may be possible to represent such boundaries simply by setting the
global coordinate axes such that one or all of them lie in the directions of
the specified boundary. The following special cases can be indirectly repre-
sented:

(1) Specifying any three independent translation (or rotation) components

at a point can be achieved by specifying their global components.

This situation often exists in practical cases as a fixed boundary
with arbitrary inclination to the axes.

(2) Specifying any two translation components at a point in a plane
parallel to one of three global planes is equivalent to specifying
their two global components in that plane. Specifying two rotation
components at a point achieves a similar result.

After the coordinate axes and the mesh numbering are chosen, the nodal
point coordinates can be calculated. Only the coordinates of the element
corner points must be necessarily input or generated. The rest of the problem
coding can be carried out as described in the guide for data input of Ref 4,
Appendix 3. There is one limitation which should be observed here.

No moment can be applied which is about an axis normal to the surface of
the structure at the point of application. Such a moment must be replaced by
equivalent in-plane concentrated loads at the adjacent points. Similarly,
specifying in-plane rotation can be done only by specifying in-plane displace-

ment components.
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CHAPTER 3. EXAMPLE PROBLEMS

In this chapter, the solutions of some example problems are presented to
illustrate the application of the finite-element analysis of shell-type struc-
tures (Ref 4) to the analysis of highway bridges. The input data of all these
problems is shown in the Appendix, which also includes complete output for one
problem.

The results of the present method of analysis are compared with the follow-

ing previously available solutions which used different methods of analysis:

(1) the folded-plate method (Ref 19),
(2) the finite-segment method (Ref 19),
(3) the finite element method (Ref 19),

(4) the discrete-element method of analysis of slabs and bridge decks
(Refs 1, 2, and 3), and

(5) the theory of bending of shallow beams including shear deformation.

In these comparisons, the solutions are identified by the method names listed
above. If more than one solution is shown using the same method of analysis,
the solutions will be identified by the name of the method together with a

mesh number. It should be clear here that the word mesh stands for a certain

selection of element types and geometries for idealizing the analyzed structure.

Example 1, Cantilever Beam

The cantilever beam shown in Fig 8(a) is used to compare the results that
can be obtained by the present method to the theoretical results obtained from
beam theory. The problem was solved using four different meshes, each of which
utilizes one of the four elements available in the method. The four meshes
are shown in Figs 8(b), 8(c), 8(d), and 8(e), respectively. It should be
noted that the aspect ratios and the number of the constituting plate bending
elements (HCT's) for the two meshes of quadrilaterals are the same. This is
also the case for the two meshes of triangles.

The results are tabulated in Fig 8, together with the half band width of

the stiffness matrix, the number of simultaneous equations solved, and the
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Example 1, Cantilever beam.
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solution time for each mesh. The following points should be noted about the

results:

(1) The stiffness properties of the quadrilateral element with eight
nodes and the triangular element with six nodes are superior to the
stiffness of the other two types of elements. This is clear from
comparing the tip deflections given by mesh 1 and mesh 3 to the tip
deflections obtained in the beam theory solution.

(2) The membrane stiffness properties of the triangular element with
three nodes and the quadrilateral element with four nodes are defi-
cient in comparison to the membrane stiffness properties of the other
two elements. This results from the assumption of linear displace-
ments along the sides of the quadrilateral element or over the whole
area of the triangular element. This deficiency in the membrane
stiffness properties is also reflected in the membrane axial stresses
obtained and is especially severe in the case of the triangular ele-
ment.

(3) The solution time required for mesh 1 is less than that for mesh 2.
Also, the solution time for mesh 3 is less than that for mesh 4 de-
spite the fact that the latter has a smaller band width. This is
due to the fact that other factors in addition to the equation solu-
tion may considerably affect the total solution time of a certain
problem., It is clear here that the other significant factor is the
number of elements. Evaluating the element stiffnesses and assembling
them into the total stiffmess matrix takes a considerable amount of
the solution time.

All four elements are suitable for plate bending representation, with the
two elements which have mid-side nodes being more suitable for coarse meshes.
The elements with mid-side nodes offer the best tool for representation of in-
plane deformation while the triangular element with three nodes provides the
least accurate representation. The quadrilateral element with four nodes usu-
ally gives good representation of the in-plane deformation if it is used
(a) in a relatively fine mesh and (b) with aspect ratios not far from the range
of 1.0 to 2.0. For economical analysis of highway bridge decks, the use of the
elements with mid-side nodes may be limited to regions such as main girders
which undergo considerable in~plane strain variations while the other two
elements may be used in regions of lesser in-plane deformations such as slabs
or slab-type decks. If the quadrilateral element with four nodes is used to

idealize bending members such as main girders, there should be at least two

layers of elements on the beam depth.
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Example 2. Beam-Slab Type Bridge

A highway bridge deck similar to those currently being designed by Texas
Highway Department is analyzed in this example. The deck is shown in Fig 9
and consists of a concrete slab resting on a system of longitudinal main beams
which are continuous over two intermediate supports and have transverse dia-
phragms between them. The structure is analyzed for the maximum positive mo-
ment in the center spans of the main beams from HS20 truck loadings (Ref 23).
The same bridge was analyzed in Ref 3 by the discrete-element method.

The discrete-element method of analysis of slabs and bridge decks is de-
scribed in Refs 1, 2, and 3. 1In this method the actual structure is replaced
by a mechanical model which has the form of a grid. The stiffness of the grid,
both in bending and torsion, represents the actual structure's stiffness. The
mechanical model is then analyzed for the given loading. Use of a relatively
fine grid for the analysis of the model usually provides good accuracy. The
main reason for error is generally uncertainty in representing the structure
stiffness or geometry.

Slab stiffnesses can be accurately represented by the discrete elements,
and good results are obtained. The usual practice is to represent the stiff-
ness of beam-slab combinations as an assumed T-section or L-section composed
of the beam and a certain width of the slab. This assumption was used here
in the discrete-element analysis where the slab width considered was 7.25 ft

for the interior girders and (3.625 + 3.125) ft for the exterior girders.

Analysis by the discrete-element method. The geometry of the structure

shown in Fig 9 was modified slightly for use with the SLAB 49 program (Ref 3).
The changes in dimensions were required to fit the actual geometry to suitable
increment lengths in both directions. The schematic plan of the structure as
modeled is shown in Fig 10(a) which is taken from Ref 3.

The structural system, loaded with two HS20 trucks (Ref 23) as shown in
Fig 10(b), was analyzed for the maximum positive moment in the center spans of
the main beams. The wheel loads were apportioned to adjacent stations, as
depicted in Fig 10(b) because the wheel spacing and the lane boundaries did
not exactly fit the stationing and the increment lengths chosen for the anal-
ysis. The wheel loads were increased by an impact factor of 27.0 percent

computed from the length of the loaded span under consideration (Ref 23).
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In addition to the bending stiffnesses which were computad and input for
the slab and the diaphragms, a composite-beam stiffness was described zor the
main beams and the overlying slab. After the concrete deck has hardened, the
beams and the slab act compositely within an appropriate effective width when
subjected to positive bending. The effective slab width for composite action
for this structure was assumed equal to the beam spacing of 7.25 ft. The
composite stiffness was defined at locations within the approximate positive
moment areas as shown in Fig 10(b).

The discrete-element analysis using these dimensions and stiffness values
is identified as solution 1 in all the comparisons which follow. Another dis-

crete-element analysis which will be described later was performed with a

different assumed stiffness for the structure in the regions of negative moment.

This second discrete-element analysis is identified as solution 2.

Analysis by the Present Method. In the analysis by the present finite

element method, a geometric approximation was used to represent the steel main
girders and the cross diaphragms. This approximation was necessary because

the number of elements, the number of nodal points, and the band width of the
structure stiffness matrix all increase unreasonably if the details of the
flanges are represented exactly. Furthermore, the aspect ratios of such ele-
ments on the flanges would be unacceptable even for relatively fine divisions
in the longitudinal direction. For these reasons the main girders and the
diaphragms were replaced in the analysis by equivalent rectangular sections.
The deck was analyzed twice using different properties for the equivalent rec-
tangular sections. In the first analysis, identified as solution 1, the equiv-
alence was chosen only with respect to the bending stiffness as such beams are
usually acting mainly to support.bending forces. Therefore, for the main
girders with a given moment of inertia of 5886.9 in4 and a given girder depth
of 32.86 in, the depth of the equivalent rectangular section may be chosen as
the depth of the girder plus half the slab depth, or 32.86 in + 3.5 in =
36.36 in. Thus, the equivalent rectangular section thickness, t , is equal to
12 X 5886.9

> = 1.471 in.
(36.36)



51

To facilitate the mesh layout, the depth of the equivalent rectangular
section for the diaphragms was chosen as one half that of the main girders.
Thus, the diaphragm depth was equal to 18.18 in, and the thicknesses were

calculated as above so that

Ia
il

0.625 in for the interior diaphragms,

and

rt
i

0.510 in for the end diaphragms.

It should be noted that the axial stiffness and the torsional stiffness
of the equivalent rectangular sections are different from the corresponding
stiffnesses of the actual beams. The second analysis, identified as solution
2, considered equivalence of the torsional stiffness as well as bending stiff-
nesses and will be described later. The concrete slab is considered isotropic
with E = 3 x 106 psi and v = 0.15 in the zone of expected positive
longitudinal bending moment.: In the zone of expected negative bending moment,
the slab is assumed to have a reduced modulus of elasticity in the longitudinal
directions as a result of the transverse tension cracks. An 80% reduction is
assumed. A complete justification cannot be given for including the remain-
ing 20% of the composite slab longitudinal stiffness. It seems logical to
assume by engineering judgment that some of the cracked slab must contribute
to the stiffness.

As will be seen later, this 20% longitudinal composite stiffness in the
negative moment areas has a significant effect on the results. An orthotropic
slab was thus considered with E = 3 X 106 psi and v = 0.15 1in the
transverse direction, and with E = 6 X 10S psi and v = 0.03 in the
longitudinal direction.

In the finite element analysis, the zone of positive bending moment was
assumed to be the middle 38.0 ft of the slab while in the discrete-element
analysis, it was taken as the middle 40.0 ft. No change is needed in the plan

dimensions of the deck or in the spacing of the diaphragms. Because the deck
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is symmetric about two planes, only one quadrant was considered for analysis.
Figure 11 shows the quadrant which was analyzed and the details of the mesh used.
The loading case considered was replaced by four load cases with known boundary
conditions at the planes of symmetry of the deck. Figure 12(a) shows the HS20
truck loading positions relative to the mesh used. All the loads are increased
by an impact factor of 27% as in the discrete-element analysis. The four
equivalent load cases are (1) symmetric about both planes of symmetry of the
deck (Fig 12(b)); (2) symmetric about the longitudinal plane and anti-symmetric
about the transverse plane (Fig 12(c¢)); (3) symmetric about the transverse
plane and anti-symmetric about the longitudinal plane (Fig 12(d)); and (4) anti~
symmetric about both planes (Fig 12(e)). ‘

An explanation of the equivalent load replacements follows. Any load
case, P , on a structure symmetric about a given plane can be replaced by a

symmetric load case, Ps , and an anti-symmetric load case, P , where
a

P = L (p+p)
s 2
and
_ 1 _ pi
Pa- 2(P PY)

and where P' 1is another load obtained by inverting the positions of loading
P with respect to the plane of symmetry of the structure. P' can be thought
of as the image of P with respect to the plane of symmetry.

Consideration of one of the two planes of symmetry of the structure re-
sulted in the replacement of the‘original load case by two lcad cases as de-
scribed above. On consideration of the other plane of symmetry, each of the
first two load cases was replaced by two more load cases with the result of
four load cases in which the boundary conditions are known along the two planes
of symmetry of the structure.

In each load case the concentrated loads are not at the nodal points.
Proportional loads were used at the nodal points adjacent to each load. This

approximation is expected to have a very negligible effect on the overall
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bridge deflections and the longitudinal stresses. However, it may have a
significant effect on the transverse bending moments of the concrete slab.
Practically, this is not significant since this loading case is not expected to
be the one which produces the maximum transverse slab moment. Such maximum
moment which may govern the design of the slab usually occurs locally under
the heaviest single wheel load when it is located at the middle of the spacing
between the main girders.

A computer listing of the input data for the four load cases is included
in the Appendix under problem numbers 301, 302, 303, and 304. The results on
the portions of the deck which were not considered in the analysis were obtained
from the results given on the analyzed quadrant by using the conditions of
symmetry and anti-symmetry tabulated in the summary. This procedure is out-
lined below.

From the results obtained for the quadrant analyzed under one of the
four applied load cases, the corresponding results on an adjacent quadrant can
be obtained by applying the boundary condition at the plane separating the two
quadrants and by noting that

(1) for symmetric load cases, deflections, normal stresses, and bending

moments are symmetric while shearing forces are anti-symmetric, and

(2) for anti-symmetric load cases, deflections, normal stresses, and

bending moments are anti-symmetric while shearing forces are symmet-
ric.
By this procedure the results on oné half of the structure are obtained.

The results on the remaining half of the structure can be obtained from

the known results on the first half by again considering the symmetric and

anti-symmetric conditions at the plane separating the two halves.

Discussion of the Results. The deflections at the central transverse

section of the middle span are shown in Fig 13, and the deflections along the
top of girder No. 2 are shown in Fig 14. A comparison of the deflections of the
discrete-element analysis (solution 1) with those of the analysis by the pre-
sent method (solution 1) indicates that, in general, the magnitudes of the
deflections obtained by the discrete-element method are greater than the cor-

responding values obtained by the present method of analysis. The twisting
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deformations are also greater in the discrete-element analysis than in the
finite element analysis. These differences may be due to

(1) completely neglecting the longitudinal slab stiffness in the zones
of negative bending moment in the discrete-element analysis (solution

1,

(2) neglecting the torsional stiffness of the longitudinal beams and of
the diaphragms in the discrete-element analysis,

(3) 1including excessive torsional stiffness in the equivalent rectangular
sections in the finite element analysis (solution 1), or

(4) the basic difference between the discrete-element model and the
idealized finite element structure as well as the differences in the
techniques and assumptions in each case.

To evaluate the effect of the first of these factors, the deck was re-
analyzed by the discrete-element method with a composite section stiffness in
the zones of negative bending moment as well as in the zone of positive bending
moment. The slab modulus of elasticity in the negative moment zones was assumed
to be reduced by 807 as in the finite element analysis so that a 20% effective
composite slab was considered in these zones. This analysis is identified as
the discrete-element solution 2, and it results in the deflections shown in
Figs 13 and 14. The results are very close to those computed by the finite
element analysis (solution 1) in the vicinity of the loading, but the twisting
deformations are still greater than those obtained by the finite element method.

To evaluate the effect of the second or third factors, the deck was re-
analyzed by the present method using equivalent rectangular sections for the
main beams and the diaphragms with equivalent torsional stiffness as well as
the bending stiffness. This analysis is identified as the finite element
analysis (solution 2) and uses orthotropic materials with a modulus of rigidity
Go to give the required torsional stiffness in the equivalent rectangular sec-
tions. The modulus of elasticity and Poisson's ratio in the longitudinal di-
rection (X-direction) of the beam are the same as for soluticn 1. The modulus
of elasticity and Poisson's ratio in the Y-direction are calculated from the

relations

EE
Xy
G = and v E = v FE
o Ex + Ey(l + 2vxy) VX X xXy'y
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in which all the terms are as previously defined in Chapter 2. The required

value of Go is computed from the relation

in which G 1is the modulus of rigidity of the actual material and Ke and
Ka are the torsional constants for the equivalent rectangular section and for
the actual section, respectively.

An approximate value for Ke and Ka can be computed for each section

as

1 3
L) b

in which b and t are the length and the thickness, respectively, of the
composing parts of the cross section.

The values used in the analysis for the original material were

4.32 (10)7 1b/ft?

E =
v = 0.3

E 9 2
G E?I_I_;j 1.662 (10)° 1b/ft

For the main girders,

K = 5.6 in3

a
K = 38.6 in3

e

Therefore,
9 _ 8 2

Go = 5.6 Xx 1.662 (10)” / 38.6 = 2.413 (10) 1b/ft
Ey = 2.650 (10)8 1b/ft2

v = 0.0184
yx
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for the diaphragms,

Therefore,

K = 1.43 in3

K = 1.00 in3

G = 1.115 (10)° 1b/£t>
9 2
E, = 1.900 (10)7 1b/ft
N = 0.1319
yxX

A computer listing of the input data for the finite element analysis (solution

2) is included in the Appendix under problem numbers 301-A, 302-A, 303-A, and

304-A.

As shown in Figs 13 and 14, the results of solution 2 by the finite ele-

ment method indicate greater twisting deformations and vertical deflections in

the central span than those observed in solution 1. 1In the cuter spans the

two solutions give approximately the same deflections. From the deflections

shown in Figs 13 and 14, the following points can be made:

(1)

(2)

The discrete-element analysis (solution 2) gives slightly different
twisting deformations from those of solution 2 by the present method
and considerably different vertical deflections in the central span.
The difference in the twisting deformations is consistent with the
omission of the torsional stiffness of the beams in the discrete-
element analysis. The differences in the vertical deflections may

be the result of the basic differences in the two methods which were
described earlier. In addition to the increased twisting deforma-
tions observed in solution 2 by the present method, a significant in-
crease in the vertical deflections under the loads is observed even
though the bending stiffness of the composing members is the same for
both solutions. This indicates that the torsional stiffnesses of the
beams affect not only the twisting deformations of the deck but also
its overall stiffness.

The two finite element solutions give approximately the same deflec-
tions in the outer spans, which indicates that the effect of twisting
deformations is rapidly being damped out, possibly due to the effect
of the diaphragms. This is emphasized by the fact that the stresses
given by the two solutions at the interior supports and at the outer
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spans are only slightly different. Another contributory factor is
the shear deformations of the main beams in the central span where
relatively heavy shearing forces exist. This factor may be partially
the cause of the larger vertical deflections given by solution 2 in
the loaded zonme.

The average slab longitudinal stresses at the central section obtained by
the four solutions are shown in Fig 15. There is good agreement between the
four solutions in the vicinity of the load; however, at the unloaded exterior
beam, stresses of much smaller magnitude are given by the discrete-element
solutions than by the finite element solutions. This difference could be
attributed to the twisting deformations. The average slab longitudinal stresses
of the two finite element solutions show very small differences (the maximum
difference is 3% of the largest value).

The longitudinal slab bending moment at the central section is shown in
Fig 16. The two discrete-element solutions and solution 1 by the present
method give results that differ within a small range. The differences between
these three solutions are less visible here than in the cases of deflections
and average longitudinal axial stresses., Solution 2 by the present method
gives considerably higher values for the bending moments than those given by
solution 1 by the same method. At the section of maximum bending moment, an
increase of 36% is shown. However, the increase of the maximum total longi-
tudinal slab stress (including slab bending effect) at the same section is

only 16%. This is due to the small variation of the average slab stress.

Example 3. Box Girder Bridge

A box girder bridge continuous over two spans was analyzed by Scordelis
(Ref 19) using three different methods for the analysis of such structures.
The same box girder is analyzed here to compare the results with those obtained
in Ref 19. The three methods described and used in the analysis of Ref 19

are summarized here.

The Folded-Plate Method. This method is based on the elasticity analysis

of folded plates and is described in detail in Refs 25 and 26 and summarized in
Ref 19. It is a combination of a displacement (stiffness) and a force (flexi-

bility) method and is limited to box girders or folded plates which are simply
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supported at their extreme ends. All the plates are assumed to be rectangular
and to have the same length and support conditions. Transverse diaphragms with
infinite in-plane stiffness and complete out-of-plane flexibility are assumed
at all the supports. Each plate is assumed to be of constant thickness and of
the same isotropic, homogeneous material throughout its length.

This method may be considered the best solution for this kind of problem.
However, its application is limited to rectangular configurations and special

boundary conditions. There are also thickness and material limitationms.

The Finite-Segment Method. This method is described in Ref 19 and is

based on the ordinary theory of folded plates. In the solution, each plate
element is divided longitudinally into a finite number of rectangular segments.
Compatibility and equilibrium conditions are satisfied at points along the four
edges of each segment. Thus, the accuracy of the results increases as the
number of segments increases. This method has all the limitations of the folded-

plate method except the condition of simply supported extreme ends.

The Finite Element Method. The finite element method used is described

in Ref 19. 1It uses a rectangular element with six degrees of freedom at each
corner. These degrees of freedom are three translational anc three rotation-
al degrees. The solution has good capabilities and flexibility of support
conditions. It is limited, however, to rectangular assemblages with the as-
sumption that, within each element, the thickness is constant and the material
is isotropic and homogeneous.

The box girder bridge is shown in Fig 17(a). It is symmetric about the
vertical plane through the middle support, and the loads are also symmetric
about this plane. Transversely, the bridge consists of three cells, as shown
in Fig 17(b), and the loads are concentrated on the outer right girder. In
the solutions by Scordelis, each load of 1000 pounds was assumed to be distrib-
uted over a length of 1.0 ft in the longitudinal direction. Because of its
symmetry, only one-half of the bridge was considered for amalysis. Fig 17(c)
shows the half which was analyzed and the boundary conditions. Longitudinally,
six equal divisions were used, while transversely, each plate was taken as one
division. Thus, the total number of elements used is 60. The details of this

mesh, designated as mesh 1, are shown in Fig 18. Another finer mesh, designated
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as mesh 2, was used in the vicinity of the load to study the stresses with more
precision. The details of mesh 2 are shown in Fig 19. This local study of
stress was conducted by using the displacements determined by mesh 1 on the
boundaries of mesh 2 and applying them as boundary conditions for the portion
of the bridge shown in Fig 19(a). The displacements of some of the boundary
points of mesh 2 were interpolated from the output displacements of mesh 1.

The analysis of Ref 19 used two meshes for the finite element method and
two meshes for the finite-segment method. In the finite element method, mesh
1 used ten elements transversely (one on each plate) and 14 divisions longitu-
dinally, thus using a total of 140 elements on the analyzed half of the bridge.
Mesh 2 was longitudinally the same as mesh 1 but transversely more refined in
the loaded cell, where two elements were used on the outer right girder and
three elements on both the top slab and the bottom slab. Thus, the total num-
ber of elements of mesh 2 was 210. In the finite-segment method, two meshes
were used, transversely similar to the finite element meshes but using 13 di-
visions longitudinally instead of 14. Therefore, 130 segments and 195 seg-
ments were used for mesh 1 and 2, respectively.

In order to represent the load distribution over a 1.0-ft length, the
element widths on both sides of the midspan section were taken equal to 0.5 ft
in the finite element solutions. In the finite-segment solutions, the width
of the central segments was taken equal to 1,0 ft. In the present analysis,
this distribution over a 1.0-ft length was ignored, and the load was treated
as a concentrated force. The data for both meshes are included in the Appendix,

together with a complete output for mesh 1.

Comparison of Results

Some of the results given by Ref 19 are presented here, together with the
corresponding values obtained by the present analysis. The folded-plate meth-
od, the best available solution, is taken as the basis for comparison. The
results of the other two methods of Ref 19 are listed to show their accuracy

relative to that of the present method.

Deflections. The vertical deflections obtained by the present method,

mesh 1, along the top of the four girders are plotted in Fig 20. All the
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results are tabulated at the same locations used in Ref 19. It is to be noted
that these locations do not match the nodal points of mesh 1 zxcept at mid-
span. Thus, the values at locations between the nodal points of mesh 1 are
obtained by interpolation. The interpolation process is easy and accurate,
since the displacements in the plane of the girders for the element used should
have parabolic variation. The deflection shapes of all the girders are similar
to those of a beam fixed at one end and hinged at the other. A comparison of
the tabulated values reveals that, in general, the present method gives the
closest agreement with the folded-plate method. It can be noted that the local
mesh gives better agreement with the folded-plate method in the central part

of the mesh. As expected, this improvement in the deflections of the local

mesh does not exist near the boundaries.

Stresses. The longitudinal distributions of the longitudinal axial stres-
ses at the top of girder R2, at the right edge of the top slab, and at the
right edge of the bottom slab are shown in Figs 21, 22, and 23, respectively.
The plotted values are those of the present method, and the results of the
other three methods are tabulated for comparison. A procedure of averaging
and extrapolation similar to that used by Ref 19 was used in plotting these
curves. In the present method, this was done simply by drawing a parabola
between three points representing stress values obtained from the two elements
adjacent to the location in question. The two end values on such a parabola
are the stresses at the mid-side nodes of the adjacent elements, and the mid-
dle value is the average of the values of the two elements at the common node.
After such a parabola was drawn, the values at the locations in question were
measured. Such parabolas were extended towards the support sides to extrap-
olate the values at the supports and near them. The values at the central
section are the averages of the extrapolated values from both sides. Finally,
the values obtained at the required locations were plotted, and the curves
shown were drawn through them. The easiest way to do such interpolation and
extrapolation is the graphical procedure which was used here, although better
ways may exist to reduce such results. Complicated methods of reduction of

results may prove to be of limited advantage.
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A comparison of results of stresses reveals that mesh 1 of the present
method gives good agreement with the folded-plate method except under the load
and at the central support where concentrated forces exist. The local mesh

under the load results in a significant improvement in the accuracy of stresses.

Transverse Bending Moments. The transverse bending moment diagrams ob-

tained by the present method at midspan are shown in Figs 24, 25, and 26. The
moments were obtained by averaging the values obtained from the adjacent ele-
ments at the common points. It should be noted that only the folded-plate meth-
od satisfies the condition of moment equilibrium at the joints. Here, the
present method gives fair agreement with the folded-plate method. The improve-

ment in accuracy by using a local fine mesh is also notable.

General Remarks. The excellent results for the displacements which were

obtained by the present method using a coarse mesh for the severe loading con-
dition demonstrates the superiority in displacement calculations of the quad-
rilateral element with eight nodes. This is also expected to be the case if
the triangular element with six nodes were used. This property provides some
flexibility in the solution of large problems where very fine meshes are not
desirable. In other words, a coarse mesh can be used to give fairly good
values of displacements in the whole structure; then, local study of stresses
at the positions of special importance to the designer can be carried out using
finer meshes, as demonstrated in this example.

The case of a single concentrated load without distributed loads is a
theoretical assumption in the case of most shell-type structures. Practically,
distributed loads constitute a major percentage of the total loads on such
structures. It is also known that the accuracy of the stresses obtained by
the finite element solutions for distributed loads is better than that of the
solutions for concentrated loads, especially near the heavily concentrated
loads. Therefore, even the fact that the stress results of mesh 1 are only
fair is, practically, not a serious problem. The problem may still exist in
cases of shells or similar structures supported by a few slender supports.

For such cases, local refinement of the mesh at such supports either within
the solution of the whole structure or separately is required to obtain accurate

stress evaluation.
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CHAPTER 4. SUMMARY AND CONCLUSIONS

The present method provides the generalities and capabilities of the
finite element for the analysis of bridge decks. In the analysis of such
structures by the finite element method, there are two approaches. The first
approach uses coarse meshes composed of elements with refined stiffness evalu-
ation. This approach has the advantage of reducing the amount of input data
and consequently, the effort of preparing and checking such data. The second
approach uses fine meshes composed of elements with relatively less refined
stiffness evaluation and has the advantage of flexibility in geometric ideal-
ization which enables the representation of complicated geometry without un-
reasonable increase in the solution time. If such complicated geometries are
idealized with refined elements, the increase in solution time counteracts the
advantage gained by using such refined elements. Both approaches are avail-
able in the present method. The refined elements are the quadrilateral and
the triangular elements with mid-side nodes while the less refined elements
are the quadrilateral and the triangular elements without mid-side nodes.
Therefore, for economical use of the program, the refined elements can be used
with coarse meshes to idealize bridge decks with simple geometries, such as
box girder bridges, slab type bridges, and beam-slab type bridges, while the
other elements may be used with fine meshes to idealize complicated geometries,
such as bridges with single or double curvature. Combinations of the refined
and the less refined elements may also be used, as shown in Example 2 of
Chapter 3.

The refined elements have superior membrane stiffness properties. This
property makes them most suitable for representing parts of bridge decks such
as the girders which mainly support in-plane loadings.

The computer program provides various capabilities for treating load
cases and various output options. The user has the option either to stop the
solution after computing nodal point displacements or to let it continue and
compute the element forces (stresses). This is helpful in cases where a

coarse mesh that gives satisfactory accuracy in displacement computation would
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not have the desirable accuracy in stress computation. In such cases, use of
this option can avoid the time required for computing the stresses of the
coarse mesh, and a local, more precise study of the stresses at particular
locations may be made as illustrated by Example 3 in Chapter 3. However, it
may be possible to have the local mesh refinement within the solution of the
whole structure without major increase in the total number of the mesh nodal
points.

The present method of analysis considerably reduces and simplifies the
required input data by expressing most of such data in the global coordinate
system. With the simplified data input, the data preparatior time and the
chances of error are minimized. However, as a result of the global represen-
tation of the data, it may be impossible to represent the boundary conditions
of certain complicated cases of support conditions. Although realistic rep-
resentations of most boundary cases in practice can be made either directly or
indirectly, this is the most serious limitation of the solution.

The present use of the six-degree-of-freedom nodal point system is essen-
tial in general solutions. The five-degree-of-freedom analysis (Ref 11) may
give good results, especially in cases of smoothly curved shells; but in gen-
eral, it is an insufficient representation of the shell problem and must be
used with full understanding of its limitations. This is particularly impor-
tant at plate intersections, such as the slab-girder junctions of bridges,
where the constraint of one rotation component in the five-degree analysié may
cause considerable error. The problem arising from the use of five-degree-of-
freedom elements in a six-degree-of-freedom system was solved by omitting the
dependent equations. The new procedure described for such omission is a gen-
eral one and can be used in similar problems in structural analysis.

The present method gives good results when compared to existing methods
of analysis of bridge decks. In addition, it has more general features than
any of the other methods discussed.

Scordelis' finite element method (Ref 19) offers a good solution for
bridge decks with rectangular configuration. The accuracy of this method of
analysis may be slightly better than the analysis using the less~refined quad-
rilateral element of the present method. The two other methods of Ref 19 are

limited to box girder type bridges.
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The discrete~element method of analysis (Refs 1, 2, and 3) is a quick and
accurate solution for slab-type bridge decks. For beam and slab-type bridges,
the method still gives a good approximation if proper stiffness values are
assigned to the beams. In cases of decks with narrowly spaced main beams and
enough diaphragms to prevent excessive beam rotations, the common practice for
selecting the composite section stiffness may be an accurate representation.

In cases of widely spaced beams where considerable beam rotations exist, however,
such composite section stiffness may not be a proper representation. One of

the most serious limitations of the discrete-element analysis is the require-
ment of using a regular mesh which usually requires changes in the deck di-
mensions and in locations of supports and diaphragms.

In conclusion, it can be safely stated that the present method of analysis
of bridge decks as shell-type structures offers a relatively good general solu-
tion with considerable flexibility. It can be used successfully to analyze a

wide variety of bridges on rigid or elastic supports.
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ABDELRAOUF» MATLOCK REVISION DATE 6 MAY 1971
CODED BY ABDELRAQUF APRIL 16+ 1971

PROGRAM SHELL 6 =~ MASTER DECK -
SHELL 6 REPORY
EXAMPLE PROBLENS

PROB
1= A CANTILEVER BEAM, MESH (1)

TABLE 1~ GENERAL PROBLEM INFORMATION
NUM OF ELEMENTS s
NUM OF POINTS 28

NUM OF {0AD CASE

S
ELEMENT FORCES REQUIRED (1= YES ) 1

TABLE 2- MATERIAL ELASTIC PROPERTIES

NUMBER OF CARDS FOR THIS TABLE 1

MAT X DIRECTION Y DIRECTION SHEAR MODULUS
TYPE EX VAY EY vYX G
1 3.000E+03 2.500E~01 3+000EeQ2¥ 2+500E~01* 1.,200E+03%

{ ® ) ASSUMED VALUES

TABLE 3- NODAL POINT COORDINATES

NUMBER OF CARDS FOR Th1S TABLE 2

FROM THRU INCR STARTING POINT COORDINATES END POINT COORDINATES
X Y z X Y z

PT  PT
1 26 5 0. 0. 0. 0. 1000401 0,
3 28 S 0. 0. 24000£+00 0. 14000E+01 2.000E+00

TABLE 4 =~ ELEMENT PROPERTIES

NUMBER Of CARDS FOR THIS TABLE 2

FROM THRU INCR MAT ANGLE THICKNESS  ELEMENT NOOES
ELMT ELMT TYPE
1 1 1 Q. Se000E~0) 1 6 8 3 4 7 S 2
5 21 26 2B 23 24 27 25 22

TABLE S~ ELEMENT LOAOS
NONE

TABLE &= BOUNDARY CONDITIONS

NUMBER OF CARDS FOR THIS TABLE 3

FROM THRU INCR CaASE COND, #» BOUNDARY VALUES

PT PT » XYz X Y z
1 3 2 1 110 -0 -0 =0
2 -0 -9 i 111 “0s -0, -0
1 3 1 2 111 ot 2 -0. =0,

* CASE = 1 FOR SPECIFIED DISPLACEMENTS OR SPRING RESTRAINTS IN DIR, OF AXES
CASE = 2 FOR SPECIFIED SLOPES OR ROTATIONAL RESTRAINTS ABOUT THE AXES

##  CONDITION 0 FOR NO SPECIFICATION

CONDITION = 1 FOR SPEC. DISPLACEMENT OR SLOPE
CONDITION = 2 FOR ELASTIC RESTRAINTS

APPLIED LOADINGS

CONCENTRATED FORCES OR MOMENTS - GLOBAL COORDINATES

LLOAD CASE 1
NUMBER OF CARDS FOR THIs TABLE 2
ELEMENT LOADS TO BE ADOED t1=YES ) -8

FROM THRU INCR FORCES IN DIRECTIONS MOMENTS ABOUT AXES
PT PT x ¥ X Y

26 28 1 4.680E+00 0.

T.27SE+01 Q. O Qe
27 27 ~0 4.680E+00 0,

Te275E+01 0. (28 Ce
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PROGRAM SHELL & = MASTER DECK -

SHELL 6 REPORT

CODEOQ BY ABDE!
EXAMPLE PROBLEMS

PROB
1~ B CANTILEVER BEAM, MESH (2}
TABLE 1- GENERAL PROBLEM INFORMATION

NUM OF ELEMENTS
NUM OF POINTS
NUM OF LOAD CASES

ELEMENT FORCES REQUIRED (1= YES )

TABLE 2- MATERIAL ELASTIC PROPERTIES

NUMBER OF CARDS FOR THIS TABLE 1

MAT X DIRECTION
TYPE EX VXY EY
1 3.000€403  2.500£-01 3.000

( * ) ASSUMED VALUES

TABLE 3- NODAL POINT COORDINATES
NUMBER OF CARDS FOR THIS TABLE k]

FROM THRU INCR STARTING POINT COORDINATES
X Y z

PT  PT
131 3 0. 0. 0
2 32 3 0. 0. 1.000€
3 33 3 0. 0. 2.000E

TABLE 4 = ELEMENT PROPERTIES
NUMBER OF CARDS FDR THIS TABLE 4

FROM THRU INCR _MAT ANGLE THICKNESS
ELMT ELMT TYPE
1 2 1 0. S.000E-01
19
2 2 1 0. 5.000E-01
20

TABLE 5- ELEMENT LOADS
NONE

TABLE 6- BOUNDARY CONDITIONS

ABDELRAQUFy MATLOCK

REVISION DATE 6 MAY 1971

LRAOUF APRIL 16+ 1971

FROM THRU INCR

PT  PT
1 3 2
2 -0 -0
1 3 1
® CASE = | FOR
CASE = 2 FOR

2n

33 *s  CONDITION =
1 CONDITION =
1 CONDITION =

NUMBER OF CARDS FOR THIS TABLE 3

CASE  COND. *+ BOUNDARY VALUES
. Xy 2 Y
1 110 -0 -0. -0«
1 111 -0, -0. =0
2 111 ~0. -0. -0

SPECIFIED DISPLACEMENTS OR SPRING RESTRAINTS IN DIR. OF AXES
SPECIFIED SLOPES OR ROTATIONAL RESTRAINTS ABOUT THE AXES

0 FOR NO SPECIFICATION
1 FOR SPEC. DISPLACEMENT OR SLOPE
2 FOR ELASTIC RESTRAINTS

APPLIED LOADINGS

CONCENTRATED FORCES OR MOMENTS =~ GLOBAL COORDINATES

Y OIRECTION SHEAR MOOULLUS

vYX G
LOAO CASE 1
E«03*® 2+500E-01* 1.200€+03*
NUMBER OF CARDS FOR THIS TABLE 2
ELEMENT LOADS TO BE ADDED {1 = YES ) -0
FROM THRU INCR FORCES IN OIRECTIONS MOMENTS ABOUT AXES
PT PT X \{ X \{ 4
31 a3 1 44680E+00 0. 74275E+01 0. Q. 0.
END POINT COORDINATES 32 32 “0 4.6E7E400 O, 74275E401 0. 0. 0.
X Y 4
Q. 1«000E+0 0.
+«00 0. 1+000E+01 1.000E400
*00 0. 1.000E«01 2.000£E400

ELEMENT NODES

1 4 5 2
28 31 32 29

2 5 6 3
29 32 33 30
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PROGRAM SHELL 6 = MASTER DECK -
SHELL 6 REPORT
EXAMPLE PROBLEMS

CODEO BY ABDELRAOUF APRIL 16, 1971

PROB
i- C CANTILEVER BEAM, MESH (3)

TABLE 1- GENERAL PROBLEM INFORMATION

NUM OF ELEMENTS 10
NUM OF POINTS 33
NUM OF LOAD CASES 1
ELEMENT FORCES REQUIRED (1 =YES ) 1

TABLE 2- MATERIAL ELASTIC PROPERTIES

NUMBER OF CARDS FOR THIS TABLE 1

MAT X DIRECTION Y DIRECTION SHEAR MODULUS
TYPE EX (2.3 ¢ EY vYX 6
1 3.000E+03 24500E~01 3,000E+03* 2.500E-01* 1.200E+03¢

( * ) ASSUMED VALUES

TABLE 3- NODAL POINT COORDINATES
NUMBER OF CARDS FOR THIS TABLE 2
FROM THRU INCR

STARTING POINT COORDINATES END POINT COORDINATES
X Y 4 Y 4

PT PT X
1 3l 6 0. 0. 0. 0. 1.000€E+01 0.
3 313 6 0. 0. 24000E+00 0. 14000E+01 2.000E+00

TABLE ¢ = ELEMENT PROPERTIES

NUMBER OF CARDS FOR THIS TABLE L

FROM THRU INCR MAT ANGLE THICKNESS ELEMENT NODES
ELMT ELMT TYPE
1 2 1 0. S$.000£-01 1 7 3 4 5 2
e 25 31 27 28 29 26
2 2 1 0. 5,000E~01 7 9 3 8 6 S
10 31 33 27 32 30 29

TABLE S- ELEMENT LOADS

NONE

TABLE 6= BOUNDARY CONDITIONS
NUMBER OF CARDS FOR THIS TABLE 3

ABDELRAOUFy MATLOCK REVISION DATE 6 MAY 1971

Jo=-

FROM THRU INCR CASE COND. ®* BOUNDARY VALUES
A

PT PT - xXv2z X
1 3 2 1 110 ~0. -0. =0
2 -0 =0 1 111 =0. =0. =0
1 3 1 2 111 =0. -0. =0

# CASE = 1 FOR SPECIF1ED OISPLACEMENTS OR SPRING RESTRAINTS IN DIR. OF AXES
CASE = 2 FOR SPECIFIED SLOPES OR ROTATIONAL RESTRAINTS ABOUT THE AXES

#¢ CONDITION 0 FOR NO SPECIFICATION

COND1TION = 1 FOR SPEC. DISPLACEMENT OR SLOPE
CONDITION = 2 FOR ELASTIC RESTRAINTS

APPLIED LOADINGS

CONCENTRATED FORCES OR MOMENTS - GLOBAL COORDINATES

LOAD CASE 1

NUMBER OF CARDS FOR THIS TABLE 2

ELEMENT LOADS TO BE ADDED (1 =YES) -0

FROM THRU INCR FORCES IN OIRECTIONS MOMENTS ABOUT AXES

PT PT X Y X Y z
31 33 1 4.680E+00 0. 7+275E+01 0. 0. 0.
32 32 -0 4.680E+00 O, T+27SE+01 0. 0. 0.
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PROGRAM SHELL 6 = MASTER DECK - ABDELRAOUF s MATLOCK REVISION DATE 6 MAY 1971
SHELL 6 REPORT CODED BY ABDELRAOUF APRIL 16+ 1971 TABLE ¢- BOUNDARY CONDITIONS
EXAMPLE PROBLEMS
NUMBER OF CARDS FOR THIS TABLE k]

FROM THRU INCR CASE  COND. *# BOUNDARY VALUES
PROB PT PT b Xy 2 X Y z
1-D CANTILEVER BEAM, MESH (&)
1 3 2 1 110 0. -0, ~0.
TABLE 3~ GENERAL PROBLEM INFORMATION 2 =0 =0 1 111 =0. -0. =0.
’ 1 3 1 2 111 0. -0, ~0.
NUM OF ELEMENTS 40
NUM OF POINTS 33 ®# CASE = 1 FOR SPECIFIED DISPLACEMENTS OR SPRING RESTRAINTS IN DIR. OF AXES
NUM OF LOAD CASES 1 CASE = 2 FOR SPECIFIED SLOPES OR ROTATIONAL RESTRAINTS ABOUT THE AXES
ELEMENT FORCES REQUIRED (1= YES ) 1
#s  CONDITION = 0 FOR NO SPECIF1CATION
CONDITION = 1 FOR SPEC. DISPLACEMENT OR SLOPE
TABLE 2- MATERIAL ELASTIC PROPERTIES CONDITION = 2 FOR ELASTIC RESTRAINTS
NUMBER OF CARDS FOR THIS TABLE 1
MAT X DIRECTION Y DIRECTION SHEAR MODULUS APPLIED LOADINGS
TYPE EX VXY EY vYX 6
CONCENTRATEO FORCES OR MOMENTS = GLOBAL COORDINATES
1 3.000E+03 2.S00E-01 3.000E+03*  2,S00E~01* 1.200E+03%
( ® ) ASSUMED VALUES LOAD CASE 1

NUMBER OF CARDS FOR TH1S TABLE 2
TABLE 3= NODAL POINT COORDINATES

ELEMENT LOADS TO 8E ADDED (1 =YES ) =0
NUMBER OF CARDS FOR THIS TABLE 3
FROM THRU INCH  FOQRCES IN DIRECTIONS MOMENTS ABOUT AXES
FROM THRU INCR STARTING POINT COORDINATES END POINT COORDINATES PT  PT X Y z X Y z
PT PT ’ X Y z X Y z
31 33 1 4.680E+00 0. 7.27SE«01 0. 0. 0.

1 31 3 0. 0. 0. 0e 1.000E¢01 0. 32 32 -0 4.6B0E+00 O, 7.27SE+01 0. 0e 0.

2 3 3 0. 0. 1.000E+00 0. 1.000E+01 1.000E«00

3 33 3 0. 0. 2.000E+00 0. 1.000E+01 2.000E+00

TABLE 4 - ELEMENT PROPERTIES

NUMBER OF CARDS FOR THIS TABLE 8

FROM THRU INCR MAT ANGLE THICKNESS ELEMENT NODES
ELMT ELNMT TYPE
1 4 1 Oe S«000E~01 1 4 2
37 28 31 29
2 4 I 0. S5.000£~-01 4 S 2
3B 31 32 29
3 4 1 0. S5.000E-01 2 5 6
39 29 32 33
4 4 1 [ ) S.000E-01 3 2 [}
40 30 29 33

TABLE S- ELEMENT LOADS
NONE
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FROGAAM SHELL ¢

PRO®
301}

~ MASTER DECK =
SWELL & REPORT

TABLE 1= GENERAL PROBLEMN INFORMATION

AUK OF ELEMENTS

AUk OF PCINTS
KUM OF LCAC CASES
ECEMENT FORCES REQUIREC

MAY 284 1971

a2

24)
1

{1 % ¥ES )

TABLE 2« MATERIAL ELASTIC PRUPERTIES

NuMBER CF CAROS FCR Te15 TaBLE

MAT
TYPE

1

2
3

* DIRECTION

(% ) ASSUMED vALUES

EX (734
4,320E009  3,000t=01
4,320E408  },500tm01
4,320E+08  },5008.01

TABLE 3= nCOAL POINT CCORDINATES

NUREEH CF CARDS FCH Trld TaBLE

FROM TwRL INCR

BT BY
[ S—1
23 &)
85 2%
147 187
209 22§
a1

5 15
25 33
27 At
45 53
41 55
s 1%
8T 17
ar ¢t
8y 97
107 11%
109 117
121 137
120 13§
149 157
151 5%
169 177
11y 7

LR R R AL R A R YR I TN

STartING
X

.
.
.
*»
L]
JdeSEe0vu
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2 125£400
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3.125€400
3,125€00
3, 125€.00
3, 125€«00
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3, 1258400
3,125€400
3, 125E.00
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3,125€400
3 125E«00
3 125E000
3, 125E+00

Wi wDooo O

PCInT COORDINATES

¥

(-1
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J.171Ee0)
$,237€.01
T.387€.01
“.

oo

By125Ee00
8.12%Ce0p
Le625E¢0)
1625E91
20438E90)
2+438E+p)
3617380p1
3s1v1E0])
3.908E00)
3,904E.01
4,63%01
4,630}
5,237€e0]
5.237€e0)
4e037E0p)
Geg3TEepy

1

ABDELRAGUF, MATLDCK REVISION DATE & MaY 197)
CCDED By ABUELRAQUF

3 « SPAN CONTINUCUS HIGHWAY SRIDGEs HE20 TWUCK LOADINGS (LBefFT UNITS)

LOADING SYMME THICAL ABOUT THE Twg AXES OF SYMMETRY O TME uRIPGE

3
Y ORECTION SHEAR wODULUS

€Y vYNX L)
4,320€009%  J,000E~01® 1.662E¢ 090
4,320E.08¢ ) SO0Ew0le 1,878E0 080
&, 640Ee0T 3,000Cw02e ©.885T7EeQTe
.1

£ND POINT CUORDINATES

4 X Y 1
3,030E°00 -0, -0, 0
3,030€000 O, Z,03Eep)  3,0307000
3,030E«00 o, 6,4376e0) 3,030Fe00
3,030E400 o, 6,a37ts0] 3,030€400
3,030€400 o, T,938€001  3,030Fe00
$,630€000 ],T762E40) O, 3,030F¢00
v, 1,762Es01 0, 0.
Je030E*00 1,762E¢0] 8,)25%E00 3403INESND
Vs . 1.76284aF 8,)12%Ce00 g+
3e030E«00 1,T0RE+01 1,629Ee0) 3.030Fe0¢C
e 1.702EeQ] 1e62%%0] oo
Je030Een0 1.762E001 2.438be0l  3,03CFe00
Ve 1.762E+01 2.,438Ee01 g,
3.030E+00 1.762Ee01 3,171ken) »3,030Fe00
Ve 1.782E001  3,171ke01 0.
3.030E400 1,762E+01 3,908E+8] 3.030Fene
¥, 1. 762E.01 3 sosteol g,
3,030E¢00 1,762Be01 4,x37Ls01 3,030Ee00
v, 1. 762€+0) &,437€401 0,
3,030E+00 1,762E¢01 5,23TEen) 4, 03CFe0p
4, 1,782€01  5.237kepl ¢,
Se030E¢60 |, TE2Es0L 6.n37Eenl  3.0)0fe00
Ve 1.752E«0] 6.037Le¢1 oo

1¢9
191
211
213
23}
233
&

1

L3
8
&9
(1]
13a
131
128
192
192
1

19§
201
415
221
239
F1)]
11
ie
1s
7
T4
T¢
§38
i3t
138
197
198
290

[ RV RV RV RV NV T RV T INT I S Y Y )

FHOM TRRU TNCH

ELMTY ELrT

-0
-
-0
-0
=g
-0
Py
-l
-0
-n
-t
-0
-0
-0
-0
-8
-8
-0
-
-
-$
-g
-0
-2
-
-0
-0
-0
-0
-0
-d
-
Yy

3 125€.00
3 1256400
3 125E400
3 12%€ 00
3, 125€400
3,128E%0v
&, 150E 0
6,750E00
3,125E+00
b, 1S50Ee00
6, 750E«00
3,128€00
6. 7506400
&, 75E+00
3,125E+00
6, 750£400
6,750€+0
3, 125E«00

wuMBER CF CARDS FCH

MAT
TyPE

=0
-0,
-0,
-8,
-8,
-0,
-0,
0,
*0e
0
-0«
=0
0.
-0
M
b
0.
0.
-0
0.
-G,
-0,
=0,
-0,
=0
=0
“ge
e
*0e
e
Qe
L2300
w04
0,
«0,

e Y ot W s o o Pt ot Gt o Uk et st B s Gt Bt Pt Pkt W d G Bt Gt B O h Yo

€,837E,01
6,837€401
T.,38TEe01
T7,387€.01
7.938Ee 91
7.938E 01
0s

Os

[T

2e438E00]
2+438E4p1
2+438Ee0)
4.637E00]
4.637E401
4:637649)
5+837€01)
GeB1YEp)
6«83TE0p)

TABLE & = ELEMEAT PROPERT LS

TelS TABLE

3,030€400

V.

3,030€e00
0,

4.030E-00
Ve

3.030F+00
12515€«00
Le€1SE«00
3e030E+00
1,515E+00
1+515€e00
Je030Eeo0
1.%515F«00
1.51%E+00
3.030Ee00
1eE15E+00
i-518E200

o2

ANGLE Tr)]CKNESS

4,250Ew02
&, 220E.02
4,2%0E-02
4,29¢€w02
&, 2106-02
5,2iuvkap2
%5,2i0Ea02
$,2L0€.02
$.240E-02
S.210Ewp2
Se21(Ewp2
5.210Em02
Se2i0E=92
5.210Ew02
%,2410E=02
5.2006~02
1e2¢6Ewq}
to248E-0}
1.2¢6Eap]
1.,2€6€01
1.2¢6€wn]
1,2¢8E-01
1.2¢8kug)
1.2¢6E.4)
1e2¢8Eg}
1o2¢0Ewgy
1+220Ewp)
1s2¢8€~g]
Je2cote=g]
1.286Eap)
1+226E=g]
1.2¢6Ew01
1.2¢9Ew0l
1o2¢6Eap)
1,2¢%Ea90)

1,7026.01
1,762E.01
1,762E401
1,7626001
1. 7626401
14762E401
1.400E40)
1.400E90)
1.,T62E+01
1,400E+0])
1.,400E+0]
1.762E+0]
1.400E90])
1.800E40)
1.762E+01
1.400E¢0)
1.400E¢0)
1.762E¢0]

6,R3ITE4 0]
6.837E00l
7,187E.01
T,787k+p}
T.,938E+01
T.938E+01
Oe

[

2.43BEeg1
2,438E01
2.438E4p)
4,837 g}
4,a3keg)
&, 5378001
6,R3TE w01
6,837bep)
6.R3TEenN]

FLEMENT NOUES

3
6
8
11
&5
66
Ty
73
127
130
132
135
189
192
194
197
3 18 e
2% 3B aé
45 S8 ot
65 d0 RB
87 100 108
107 120 128
127 142 150
149 162 179
169 182 199
189 208 232
211 22¢ 232
8 20 23
29 40 S0
49 60 T}
To ¥2 92
91 102 112
111 122 133
132 las 1Ss
153 164 |7

3,030E.00
0.
3,030E400

Ne

3,030E«00
[ X3

3.030E+00
1+515F 00
14515600
3.030E¢00
14515€00
1+515€«00
J030E 00
1e515E¢00
1+8515Fe00
3,030F <00
1+9159€000
1+515€¢0¢

€6



&4 -8 1 =0, 14226Ewp) 175 196 196 173 184 195 183 17a 8 10 1 1 ¢ 61 <0, 0, -0,
Te -0 1 =0, 1.226Ewg] 196 217 215 194 206 216 205 195 13 15 i i 101 =0 =0 -0,
80 -0 1 <0, 1,2¢6Ewg]  2)7 237 235 215 226 236 225 216 21 22 i i 1 oo -0, -G =0
10 -0 1 =0e 6.130E=02 15 35 33 13 22 3¢ 21 14 33 s 1 1 100 -0, -0 -G,
14 -g 1 =0 Ge130Ewp2 35 55 53 33 42 54 61 34 4y & 1 1 100 =0s wle =0,
22 -0 1 =0, 6s130Ewp2 58 TT 15 53 62 78 61 S 53 5% 1 1 100 0 0 -0,
k1 -0 1 «0e 6e130E~p2 77 9T 55 75 86 96 8} Ts 6} &2 1 1 100 -0, =0e -0a
k1 -0 1 *0e 6¢130E=p2 97 117 11% 95 104 116 103 9 s 17 1 1 100 -0 -0 wde
L -0 1 =0. 64130E«p2 117 139 137 115 12% 138 123 116 83 8¢ i 1 100 -0 0o =04
Se -0 1 ~0e 6,130€=02 139 159 157 137 146 158 145 138 %5 87 1 1 100 =0, «Oe -0,
60 -0 1 =0, 6.130E=02 159 179 177 157 166 178 165 188 103 108 1 i 100 =04 -0, 0,
66 -0 1 <0, 6.130802 179 201 199 177 186 200 18% 178 11s 117 1 1 109 -0, O 0,
16 -0 1 «0. 6,130Ba02 201 221 219 199 208 220 207 200 123 g2 i 1oo -0, “0s -0,
az -0 1 =0, 6,130E=02 221 241 239 219 228 240 227 220 131 139 1 1 100 0, -0, -0,
5 -0 3  9.000€e01 5,833E-q) 3025 23 1 11 26 16 2 145 144 1 1 101 -0, -0 -0,
7 -0 3 9,0008.01 5,833E-p1 8 29 25 3 19 28 11 & 161 144 1 1 601 -0, 04 -0,
s <0 3 9.0008.01 $,843E.0} 13 033 29 8 21 3R 19 11 15 18 ! 1oo -0, By -0,
1 -0 3 Y.000Ee0] 5.833E~01 25 4% 43 23 31 46 38 2 165 186 1 1 100 -0 e -0,
12 0 3 %.000fe01 5.833E=~y1 29 49 65 25 39 &8 37 24 Y 11 1 1 1a0 04 s 0e
15 =0 3 9.000Be01 S5.833Ewp; 33 53 9 29 &1 S2 19 3 185 188 1 1 100 «0s “de -0,
134 L] 3 9.000€e0) S5.8I3Ewg) 45 65 63 43 5T B4 SO s 199 201 1 1 100 -0s -0 e
19 =0 3 9.000Ee0l  5.833Lep) ¢ Yo 6% 48 59 68 87 .8 207 208 1 1 100 by =04 0y
21 -0 3 9.0008¢0] S54B33Fwy) 83 T8 10 49 61 T3 %9 Ay 219 221 1 1 100 -l “le -ty
27 -0 3 9.000Ee0] 5.833E=g) 65 87 85 63 19 86 TB & 221 22 1 1 109 =04 “0s -0,
29 -0 3 9.000€401 5.833Ewg) To 91 67 &3 81 90 19 8 229 238 1 1 610 0 s 04
k) -0 3 9.000fe0) 5.8)3E-q) TS 9% 9L To 83 9 @ M 239 2¢) 1 1 110 0, s «Dy
kK] -0 3 Yeo00keql 5.833f«p) 87 197 10% 8% 99 106 98 ae 13 18 1 2 011 8, e -0,
s -0 3 5.000840) S.833-g) 91 111 107 87 101 110 99 90 n 1 2 011} by “ly -0,
37 -0 3 9.000Ee0]  5.8)3eg) 9% 115 111 91 103 116 101 9 b I L} 1 2 011 -0 b -0,
k1) -0 3 9.000€¢0)  Se833eql 107 127 125 105 119 126 {18 106 4] a2 1 2 811 0 0y =0y
(3 -0 3 9.000Ee01  S5.B33E-g] 11} 132 127 107 121 130 119 110 sy S8 1 2 011 0o -0 0o
43 -0 3 9.0008e01 S.833Ewp) 118 137 132 14) 123 138 121 11e 6] 62 1 2 011 -0, -0e -ty
9 -0 3 9.000Ee01  5.833E-0l 127 149 167 128 141 1e8 140 12¢ s 1M 1 2 011 -0, s 0,
51 -0 3 9.000€e01  5.833E-9) 132 153 149 127 163 152 jel1 130 83 86 1 2 011 «0, w0 -0,
53 -0 3 9.000£40]  S5.833Fegl 137 157 153 132 1e5 156 143 138 % &7 1 2 011 -0 “0e 0.
55 -0 3 9.000E«01  5.B33Eep) 149 169 167 14T 161 168 160 148 103 1o0¢ 1 2 c11 e wleo -l
57 -0 3 9.0008e01  S5.833-p1 153 173 169 149 163 172 16l 182 1s 17 1 2 011 -0y 0o -0
59 =0 3 9.0006+01 5.833eg} 157 177 17 153 16% 176 163 186 123 12 1 2 011 0o “fo “0¢
61 “0 3 9.0008e0] S.BIIEg)l 169 189 1AT 167 181 188 180 les 137 139 ' 2 011 ~0e 0, «0,
63 «6 3 9.000E¢01  5.8)3€«01 173 19« 189 169 183 192 18] 172 165 146 1 2 sl 0 0 -0,
68 =0 3 9.000f.01 S,833E.gl 177 199 19s 173 155 197 163 17e 181 15¢ 1 2 ¢11 -0, -0 “0s
11 -t 2 «0. 5.833E«01 189 2)) 209 187 203 2106 202 188 163 lee 1 2 011 0y e -0,
73 -0 2 «0. S.833E=01 194 218 211 189 205 Z1s 20) 192 177 119 1 2 011 -0, P 0,
75 g 2 =0 8.833E-01 199 219 215 19¢ 207 218 205 197 168 18¢ 1 2 611 N w0 0,
77 - 2 =0. Se833€ey] 211 231 229 209 223 236 222 210 199 201 1 2 o1 =0, Do =0,
9 - 2 =g 5.833E«q] 213 235 231 211 225 23e 223 2] Zo7 208 1 2 011 0, «0e -8,
81 -l 2 =0, S,833E.01 219 239 235 21% 227 238 22% 21rv 219 22) 1 2 [ JE Y -0, N -9,
2y 2 3 2 el wly -l -0,
229 2 1 2 161 -0, 0 0,
T48LE 5~ ELEFENT LOADS 239 M 1 2 131 N P -0
NONE * CASE » ] FOR IPECIFILD CISPLACENENTS CR SPRInG AESTRAINTS [w O1R, OF aARES
CASE % 2 FOR SPECIFILO SLOPES OR ROTaTIONAL RESTRAINTS snour Tng aXgs
TABLE 4w SOURDARY TORDITIONS o6 conplTiOn - 0 FOO AO SRECIFICATION
CONGITION & )} FOR SPEC, UIYPLACEMENT OR SLOPE
NUMBER OF CARDS FCR TWi$ YaBLg 51 CONDITION = 2 FOR ELASTIC RESTRAINTS
FROM YHRU INCR CASE  COND, os BOUNDARY VALUES
A | » Xy z2 x 13 z

APPLIED LOADINGS
3 s 1 H ¢ 01 -0y 8y -0,

w6



1L.0AD

ELEMENT LOADS TO BE ADGED

CONCENTRATED FORCES OR MOMENTS = GLOBAL COORDINATES

-CASE

1

NUMBER CF CARDS FCR.TwIS Tastg 11

FROM THRL INCR

(1
181

PT

-0
g
-8
-Q
-0
-0
-8
~¢
-0
~8
-t

FORCES IN OLRECTIONS
x 4

=0
=0

{1 = ves ) ]

4

&, ITOESQ)
«9ei00Fs03
=5e880E00)
“ied20g003
‘3!‘70!‘03
l.860F003
«d, 680E¢03
i, 7400003
wh, TagEe0ld
«8,400E403
wloV60ES03

MOMENTS ABOUY
X

-0,
«0s
-l
=0y
=0,
«0,
-0,
-0,
-0,
-0,
0.

AXES
Y

-0
wle
.°'
b 2
=0
‘°0
-l
‘°0
-0
=0s
0

g6



PROGRAM SHELL &

PROB
o2

TABLE 1= GENERAL PROBLEM INFORMATION

NuM OF ELEMENTS

- HASTER DECK =

SHELL & REPORT
3 = SPAN CUNTINUOUS »IGuWAY aR0GE. 4520 TRUCK LQanINGs  (LR«FT 0 1Tey

ABDELRAOUF, MaATLOCK
COnrD 9v ABNELRACUF

BEVILIAN NaTF & “aY 1991
MAY 24, 1G7]

SYMMETRY 400UY THE LONBTTUDINAL AXISs ANTISYMMFTRY YoawSVESSALLY

NUM OF POINTS
NUM OF LOAD CASES
ELEMENT FORCES REQUIRED

8
24

{1 » YES 3

TABLE 2= MaTERYAL ELASTIC PROPFRTIES

{»

NUMAER OF CARDS FOR THIS TASLE

X DIRECTION
£x vayY
%, 320€09 3,600Ea01
S320€408 1.500€e91]
4,320E008 1,330E=01

ASSUMED VALUES

TABLE 3= NODAL POINT COORDINATES

NUMABER OF CARDS FOR TWIS ra@ €

FROM THRY IMCR

PY

1
23
a%

147
209

T

-0
63
125
187

LR E R FEE L LRI ES LS

STARTING POY
X

o.

3,125€+00
3,125 00
3, 129€000
1,125€e00
3. 125€«00
3,12%C«00
3,185E«00
3,125€600
3,125Ee00
3,185€900
3,125€+00
3,125€400
3,1259E4 00
3,125E+00
3,12%E 09
3,125%€¢00
3,1€5E+00
3,12359€.00

Y

LS

Be125F400
3e171Ee01L
$.2378.01
Te38T7E00L
Je

O .
84125C460
8,125¢.90
1e425€en]
le6?58e01
Ze4IBE 01
2a479EL0)
Jo1T1ESOL
SeiTifedi
3eB24£00)
3,994 01
44063T7¢601
S 4TE 0]
S.2178 4}
Se217€20)
8.0%7F601
62 077£401

3

¥ iR
(24

4,320Een98

4,325E08e
B,640E0nY

L}

NT COORDINATES

4

1. 038000 -
2, 0300000
3.0308F+00
A 030E: 09
Y0300 00
A, 030080

6.
Y,0380¢00
L
3,0358«00
n.
Y,830E80
0.
A, 0306000
e
1,030Fe0n
.
1,030Fe0n
ﬂ.
V.030Fenn
T

Y, 030F 00
e

2
1
1
1
ECY1I0W SHEAR MODULUS
vrx 8
3.000€wn) s 1,662E40%%
1e5002~n1 8 1.87T8%ep0e
3.000E=0p0 6. 83TEagTe
ExnD POINT CONROINATES
x v ?
O iy L4
0. 2.83REe01 3,037 en0
o, 4,5978e81  3.0VFenD
0, ALRITESDL 3,017 Fen0
0. T2FME0] I, 0%0FenD
17626601 o, 3,030¢000
1.762e-01 8, O
1.762c+01 R,125F+00 3,03%Fead
1.7626001 8,1287¢00 Q.
1. 7620601  1,47%8+01 3,019Fend
1.762F40] 1 a>5EeCl O
127628201  2.438E¢01  1.E30Fend
1, 7620401 2.4%8€e01 0.
1.T02F0]  1,171531 3, 0%07¢a0
1,TO2E401 34iTiFS81 S
1,762Fen]l  3,904F001  Y,030F 04
1.762E+01 3,906Fe01 0.
1.T62E401  44837E01  34030Feng
1.762Fen1 4, 437Fe1 9,
1.782ca0] €,2176e1) YN AR e AN
1.,T62F 0] &.237F 001 04
1. 762Fen]  5.nITEe ]l 3,03nF¢nH
1,762F 0] 4,717Fe1 O,

153
Is1
211
213
231
233
L1
T
.
1}
a9
-1
130
13}
128
192
193
1%¢

2an

WBPARRBARI D NP PP 0N

Jeizofenn
I, 1200000
i, 1¢vExT0
3,1e5Cenp
3, 1c5%Ee00
3, 1¢%Ea00
&, T5uEann
&,750Ee00
3,1dEen0
s.T00Ea0n
4,75LE.00
3,1¢5E.00
&, THCEe0n
H,151Ee0n
3,185C40n
6, 750Ee0n
6, TH0ELON
3,129 408

L RIIFLIY 2,.030Fenn
5.83TFan] A,
Fet97F il 1,030Fe0n
T.337g,01  »

‘o
Te@43Fanl  3,.030Fe0n
T.9385,01 0,

U 1,038 00
0. Y518F0 00
Ce VL S15Fenn

248318E,n] A, 023nFe0n
248IBEWNT 1, S1S5Fe 00
2,479F.01 ) ,51%8000
44878 .01  2,03NKe00
4a4ITELAL 1,515Ee00
4,6370491  V,518Ee00
6,837 411 3,030Ee00
6.8170.01 1 51500
€.8ITE LA 1515800

TASLE & - LLEMENT PRUPERTIES

NuMREx OF Ca995 FAR THiS 19 ¢ ¥4

Faom Tnau INCa

ELMY ELnT

-y
-n
-0
.
-~
-3
-f
-0
-t
-9
-
-2
=1
-
-8
-0
-0
-n
-n
-t
-0
-9
-t
-0
-0
-g
-f
LY}
=0
an
-n
-n
-0
-h
-1

“r T
TYPE

=0e
=0s
-0,
-0,
=04
-0,
-0,
-J.
-0,
-3,
-0,
=0,
-0,
-8,
=0,
B,
=0,
0,
-0,
0.
-3,
-0,
-0,
-0,
-l,
iy
-0,
L3
-0,
-3,
-ll,
-0,
-0,
-h o,
“ie

e e S il L

ANGLE TrlrxnERS

S FCAE=nD
4,280E=n2
ko 285EwN2
8,250EmND
L IR S LT
542V 0EmND
S, 2VNFmt?
LEYAGLELF
Be2V0E=n2
S,2V0Fwn?
S, 2108wn?
SeXtnfwar
S42Ewn?
§,210€-"2
Se210Ewa2
8. 215Ewn2
1.2768wa]
1.224Een]
1.2%4Emn]
1.278Feny
1,274Fwn]
1.2%4Ewny
1,225Feny
1.2768wn)
1.276Ewn}
[Py
1.278Fan)
1,278E=n}
14278E=ny
1.278F et}
1, 294F =5t
1.228E=n]
1e274E=01
1.224€6=01
1+ 278E=n]

17625401
1.762¢e01]
1.762rsn}
1.762¢ et}
1,262¢401
1,762F+01
1,400r+0}
1,400Fe0]
1.762F 001
1.,400Fe 01
1.,800840)
1,762F+01
1.400g40)
1 400Fe0])
1,782Fe0]
1,400ven)
1,400Fs01
1.762€4n1

£4R1TEeNY
A RITF#uY
T21RTESD]
[PETEI D]
FL9RE 0]
7,93AE 01

NS LIZT )
2,4IF 01
2 4IRET]
6 ,A3TEeN]
@M TESN]
A ANTF ;]
B ANTESN]
A RITES D]
LG ERA R

ELFuENT upngg

*
14

12
2.1
&q
4]
Ta
128
1
113
13s
199
193
19%
195

107
127
1439
189
129

LY
83

231
29
a9
79
9

n

132

183

173

1nY
i34
149
188

18%

1

29
A9
Yo
L 2]
1
132
153

18
1]
=
an
100
12n
142
162
182
PN
?9
&«
L1
¥4
In2
122
144
16

3.01MFenn
0.

3.,03%Feng
D

3e030F 200
O

3.130Fend
1.51RFen6
1+515Eenn
3,03rFen0
1.,515F e
1.518E+00
3,N30Fen0
1.518Fenn
1.515Fenn
A NINEenn
1.515F«nn
1.518Fenn

31 pa
LR Y Y
18 68
%9  an

119 jpn

181 149
121 10

223 »12
19 L
33
99 %4
21 1

171 ap

121 w2

143 133

183 1854

96



-0
-0
-0
=0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-n
-0
=0
-
=0
-n
-0
-0
-n
-0
-0
-fl
-0
-
-0
-0
-0
-0
-0
-0
-0
-0
-3
«n
-9
=0

NAMANRARNAGULRULULULULLL L WOL Gt b Wwe W W W w W= oo m oo b e e e e e e e

=,

-0,

-0,

-0,

-0,

-0

-0,

-0,

-0,

=0

=0,

0

=0,

=0
9,000E401
9,000E+01
9,000€401
9,000Ee0)
9,000Es0}
9,000€e01
9,000E40)
9,000Ee01
9,000E40]
9,000€+0)
9,000Ee01
9,000Ee¢0)
9,000E40]
9,000Es0)
9,020E«01]
9,000E40)
9,000€401
9,000€401
9,000€+01
9,000€0]
9,000€e0)
9,000€40)
9,000Ee01
9,000€¢01
9,000E+01
9,000Es0)
9,000€091

=0,

-0,

-,

-0,

=04

-0,

TABLE S~ ELEMENT L0aALS

NONE

TABLE 6= BOUNDARY CONUITIONS

NUMRER OF CARDS FOR THIS Tam(e

FROM THRU INCR

(34

pT

cast
*

1

COND, oo
XY

001

1+226E=ny
1.226F=01
14 226E~0]
6.130E=N2
he110E=n2
LYSRLILTY]
6v)110€E=n2
be110€=02
6.1%0E-02
6.110E=02
6.130E=02
6.1V0E=02
6,1%0€=n2
6.1%0€=02
S, RVIE=n
$,8%3)=-0
$,813¢=0
S,813¢=0
$.833E=0
B.873E=0
5,8V3E=0
5. 3E=0
5,813€=8
5,810
5.833E=0
5,873 -0
$,8Y¥E=0
S.8Y)=n
5.87)E=0
8,8%3€-0]

5,873Ee0] °

S.BYIE=01
S,013Fan
5,8713=0
5.813C=0
S, AVIE=n
5.873€=0)
S,A13E=n
S,AVIE=n
8,373F=-9
S.89)E=n
S.AVIE=9
S, AVIren
5,493 -91
S.8%)E=n]
$.8%3E=n)
S.833¢=0]

55

175

196
217

15
55
17
97

1

139

159

179

177
1R
194
199
211
218
219

196
217
231
35
55
17
97
17
139
159
179
201
221
261
25
29

5
49
53
%
10

87

91

95
107
111
118
127
132
137
109
153
157
169
173
177
189
194
199
m
1%
219
231
235
239

187
1re
19
209
211
2ts
229
23)
235

173
194
21%

to3

149
183

149
173
1a7
189
194
209
211
218

RAUNNARY vay YES

-,

\ 4

10
103
119
121
123
181
147
14%
161
16)
148
1n1
1823
188
203
208
207
223
229
2”2

11e
126
13¢
138
148
152
156
168
172
176
18n
192
197
210
21s
21A
230
23e
23

13
205
278
21
L3}
61
83
103
123
148
168
188
207
227
16
17
19

7
39

L34

S9

TA

79

8]

L]

99
101
118
t1le
121
160
181
143
160
161
163
18n
101
183
202
203
208
222
22)
298

178
195
216

KXY
Sa
74
96
114
138
168
178
200
?2n

1

28
32
o
'y
Y4
.13
o8
7
I3
90
Qb
106

11¢
126
130
135
140

186
L
172
176
188
192
197
210
214
214

12 15
21 22
Lk ] 35
41 42
53 S5
51 (Y4
15 77
833 L1}
95 97
107 10s
1ns n7
123 124
137 139
145  leab
161 14s
157 189
165 186
177 179
196 186
199 291
207 208
2le9 221
221 228
229 238
239 24
229 231
z2%y 233
237 238
232 23
240 -0
13 15
21 22
bk} 35
[} .2
53 85
(3} o2
i 77
ay s
9 97
103 104
11 117
123 124
137 1Y
145  lab
157 199
148 166
177 179
198 1ee
199 201
207 20R
219 22)
221 228
239 2s)
CaSE » |

- B Bt ot it i B e P e e e = e Bt s bt 0 et Bt K B 0 v PP P\ P oor o s e B P v =P Bmb Bt e b b =P b B B o o e e e e

FoR

CASE = 2 FOR

CONDITIUN ®
CONDITION o
CONDITION »

-0
-0,
-0,
=04
=0,
-0,
“0e
-0,
-0,
-0.
-0,

Bt e e e 1t 1t 2t e e Bt e Bt Bt e Pt B B e B P e QOB OO CCOOC OO0 0NOORO OO L CE L
- e B e 0t 0t 2 s e ot S0 B 1m0 4t B o P e S0 B e e PP s e e " D 3D T DD I OOR L OAIDIOODDID D D —

COQO00O0O00AVOOCNOOCOVOVDOCOIOD OO I O v +or b ot br e S0 D Pr b Br o 0= Br Bl Bor s Be 0t 3w 0 oD

NN RN A A RRNRA A AN R AR R 5 e 0 o 5 e b b 5 e B e w60 B Gt Bt B B B B et Br Bt b e B e - e e

SOELLIFIED OISPLACFYENTE NR SPRING RESTRATTS Iy nle,

-n
-
-f
-n

-n

-n,
-0,
-0,
-0,
«0,
-n,
-n,
-0,
-0,
=0
-0,
-0,
-0,
-0,
=0,
-0,
-Ca
=0,
-0,
-0,
-0,
-0,
an,
-0,
-0,
-0,
-0,
-0,
-0,
-0,
-0,
-C,
=0
-f,
-0,
-0,
-0,
-,
-n,
=0,
-0,
-0,
-0,
-0,
-0,
-0,
-0,

~n,

-~y
-n,
-f,
-fa
-0,
-0
-0,
-n,
-0
=0,
-0,
-f,
-,
~n,
“Na
=0
-0,
=0
-N.
-0
-n,
-0,
-r,
-n,
-f,
-n,
“0.
-
-fgy
=0e
«0,
L
-y
-a,
=0,
-h,
-0,
-n,
=%
-0,
-0,
-0
afy
-fh,
-n,
-f,
-,
-f,
=N,
-0
-n,
-0,
-f,

Yo

NnF AXFS

SPELIFIED SLOPES AD RNTATIANAL RESTRALINTS AanyT TwE AXES

n FO= N0 SPECIFICATION

| FUR SPEC, DISOLACENFNT On SUNPE

2 FuR ELASTIC AESTRATINTS

L6



APPLIED LOADINGS

CONCENTRATED FORCES OR MOMENTS « ALOAARL CNOQNINATES

LOAD CASE 1

HUMBER OF CARDS FOR THIS TamyF L3
ELEMENT (0OADS TO af ADDED tY = YES ) L]

FROM THRI: InCR FORCES IN DIPECTIONS “OMENTS Aany? axES
(4] Pt A Y ? a ¥
s -t -0 =0, wls 2. 5800003 =0, L =0
183 -0 “0 =0, ~0s 5,520E¢0Y =0, EL e
188 -t -0 =g, =0, %, 35080 i, oo ~0.
1689 -t -0 -0, Qe 2,5008007 0, -0y =0
196 -0 wl) -g, -0, 1.,8400e0Y &0, -8y -0

169 -0 -t -0, «Ce 1.120€40N w0, =0a 0,

86



PROGRAM SHELL ¢

' PROB
303

AUM OF ELEPENTS

- MASTEN CECK =

SHELL & REPORT

3 - SPAN CONTINUOUS HIGHWAT BRIDGE, MS20 TRUCK LOADINGS

CODED Ry ABUELRAOUF MAY 28, 1971

ABDELRAQUF, MaT_LOCK REVISION DATE 6 MAY 197]

(LB=FT UNITS)

SYMMETHY aBOLT THE TRANSVERSE AXIS aANp ANTISYMMETRY (ONGITUDINALLY
TABLE 1= GENERAL PROBLEX INFORMATION

AUM OF PCINTS
NUM CF LCAC CASES
ELEMENT FORCES REQUIREC

a2
241

(1 = ves ) 1

TABLE 2= MATERIAL ELASTIC PRCPERTIES

MAT
TYPE

1
2
3

NUMBER CF CARDS FCR THIS TABLE

X DIRECTION

EX

4,320E409 3,0
4.320£408 1.5
4,320€008 1.9

{ & ) aSSUMEC vALUES

TABLE 1= nODAL

FROM

NU~BER CF

THRL
et

0
63

InCR

SOOSOBNIPIOIIVVNIIIIVY

123

00£=01
00t-01
00E=0])

3

Y DIRECTloM
EY vYx

4,320Ee000 3,000E-0l®
4,320E¢080 1.,%00€~01e
8,640C€007 3,000€-02¢

SHEAR wmOOULUS

1.662E¢09e
1.876E08e
6.887€Ce 0T

FOINT CCORDINATES
CARUS FCR Tk1S TABLE a1
STARTING PCINT COORDINATES END POINT COORDINATES
S Y Y 4 X Y 4
0, 0. 3.030E00 -0, -0, 8.
0. 84129000 34030E¢00 0, 2,438E40]1 3.030Fe00
0. Je1T1Eep)  3.030€00 o0, 4,637kep]  3,030E°00
[ Se237Eep]  34030E*00 0. 6.037Ee0]  3.030E400
'R Te387tep] 3.030E400 o, T.938Ee01 3,030€900
3,125€¢00 0 3.030€000 1,702€001 O, 34030€+00
3,125€¢00 0. Ve 1.782E¢01 0, 0o
3,125€000 8.125E+00 J4030Ee00 1.762Ee01 8,129 00 3.030€+00
1,125€000 8.125Ee00 v, 1.762€+00 8.12%€+00 o,
J,125E400 1.625Ee0] 3.030€¢00 1,762E001 1,625Ee01 3,030E+00
3,125€909 1.625E«0] Q. 1.762€00]1 1.825te01 o
J,125€009 24638Ee0] 34030000 1.7%2Ee0) 2,438kep) 1,030F+00
1,128€00C 20438Eeg) we 1.702€6901 24438901 oo
3.125€900 I2171Eegl 3+030F+00 1.762€+01 3.)71€+91 3.030E+00
3,125€+00 3.171Eegl Qe 1.762E000  3,171Ee01 0.
3,125€400 3.906Ee01 3.030Fe00 1.762Ee01 J.904Ee0]l 1.030Fe00
3,12%5€900 3.904E¢0) 0 1.,762€01 J,q04Ee0] 0.
3,125E400 4.637€eg] JIe0J0Fe00 1,7526401 4,437€eg)l 3.030E+00
1,125€400 4.637Ee0] . 1.762€401 4,637E¢0] g.
I 125€400 5,237€401 I.030E000 1,7626¢0) 5,237€+01 3,030F¢00
3,125E400 5,237€e0] o, 1,762€001 5,237E¢01 o,
3, 125€400 6,037E.01 3,030E400 1.762E401 6,037€e0) 3,030€+00
3 125E400 6,03TEep) @, 1,762€001 8,037Ee0) o,

189
191
2il
213
23]
233
[}

7

.
1]
69
66
130
131
128
192
193
190

198
14

[LRVNT RV RU XU NU NV NUJU NV NV 2 ¢ 2 T, XV,)

3, 12500
3,125E0v
3,125E+0v
3,125E+00
3,125€.00
3,125€400
6_T50E«00
6_750Ee00
3,125€ 00
6,7S0E400
6,750E+00
3,125€400
&, 750E-00
€ 750E400
3,125€E400
8 TS0E«00
6,75n0€00
3,125€+00

6.8376e01 3.030E°00
6.837Een]l .
71.387€e0) 3,030Ee00
Te38T7Ee0]1 V.
T7.938€601 J3.,030E«00

7.938Ee01 U,
o, 3.030€400
0. 1,515€400
0, 1.515€00

2.438€40]) 3,030F400
2.43BEe0] 1.815E+00
24438Ee0] 1.515E¢00
4,637€e0] 3,C30E400
4,637€.01 1,515Ee00
4,637€601 1,515E400
6.83TEe0! 3,030Ee00
&,837Ee0) (,515Ee00
6.837€+01 L.51S5Ee00

TABLE & = ELEMENT PROPERTIES

nUsBER CF CARDS FCR TH[S TABLE 092

FAQM THARU IACR

ELMT EL*Y

-0
-0
-0
-0
)
-0
-0
-0
-0
=0
-2
-n
-n
-0
-0
-0
-0
-0
=0
-9
-0
-0
=0
-1
-t
-9
-0
-3
-0
-0
-0
-0
-0
-0
-0

HAT
TyPE

-0,
-0
=0,
-0,
-0,
-0,
-0,
-0,
-0,
0.
0
0.
0.
0.
0.
«0.
-0,
-0,
=-0.
-0.
-0,
=0e
“0e
=0
04
*0e
=0
“0e
-0,
-0,
-0,
-0,
-0,
-0,
-0,

O s e s B G G Bt o Gt Bt Bt Bt e Bt et Gb G Bt Bt et Bt Bt Bt Bt Bt Bt B b Bt Bt s Gt Gt

ANGLE THICKAESS

4,250€-02
4,2506€-02
4,250E=-02
4,250€.92
§,2i0€E-02
s,210k-02
5. 210E-02
5.,210€-02
$,2i08-02
5.210E=02
5.,2106=92
$,210E-02
5.,210E=-02
5,2i10E-02
S.210E=02
5,210€-n2
1.2¢6E<0)
1.2¢6E-0y
1e2¢6E=g]
1o2c6€=9])
1,2¢6E<p)
1.226€-01
1e226E=pn)
1.226E-01
1.226€=0)
1.2¢6E=9)
1.226€-0]
1e2¢6E=01
1.226E~01
14226E-g]
1,226€<01
1.2¢6€-0]
1,2¢6€.01
1.2¢6€=01
1.2¢6€.02

1,762€01
1,762€01
1,762E.01
1.762€E+01
1,762E401
1,762€401
1,600€e01
1,600E401
1,762€401
1,400€401
1,400E+0]
1.762€401
1,400€401
1,400€E+01
1,762E401
1.600E00]
1,400Ee01
1,762E+01

6,R3TEe0]
6,83TEeQ]
7.387€e01
7.387E«p1
7.938E40]
7.938E.01
o,

0,

0,

2,438E001
2.438E40]
2,438E+01
4,637E001
4,637E001
4,637E001]
6.837E001
6,837E401)
6,837E00]

ELEMENT NODES

93 113 111

185 175 1713

k]
[
8
11
65
68
T0
73
127
130
132
135
189
192
19
197
3 18 26
25 38 e
45 58 66
65 80 88
87 100 108
107 120 128
127 142 150
149 162 170
169 182 190
189 206 212
211 226 232
8 20 230
29 40 S50
49 60 T1
7o 82 92
9] 102 112
111 122 1)
132 144 )56
153 164 174

3.030Ee00
Oe
3,030€e00
Qe
3.030E00

0.
3,030E400
1.515€400
1.515€000
3,030E400
1+515€00
1.515E¢00
3,030E400
1,515€400
1.515E400
3,030€400
1.515E400
1.515€¢00

119 109

66



-0, 1.2¢6E=-90] 175 196 194 173 166 195 183 17 e 1u 1

64 -0 1 I v el -0, -0, -0,
T4 -0 1 =0, 1.2¢6E=01 196 217 215 194 206 216 205 195 161 s 1 1 00 1 -0, -0 -0,
80 - 1 =0. 1.2¢6E=p] 217 237 235 215 226 236 225 216 13 83 2¢ 1 001 -0, -0, -0,
10 -0 1 =0 6.130€=02 15 35 33 13 22 34 21 1 75 115 20 i 001 -0, -0, -0,
16 -0 1 =0 6.130E=02 35 S5 53 33 42 56 &1 3e 1371717 26 1 001 -0, -0 -0,
22 -0 1 =0e 6.130€E=02 55 77 15 53 62 76 61 Se ive 21y 20 1 001 -0, -0, -0,
k] -0 1 =0. 60130€-02 7T 97 95 75 84 96 81 Te 1S 55 20 1 001 -0, «0, -0,
k1] -0 1 =0e 6.130€=52 9T 117 115 95 10& 116 103 96 77 11T 20 1 001 =0e -0, -0,
44 -0 1 =0 6.130E=92 117 139 137 115 124 138 123 11¢ 13¢ 179 20 1 001 =0, -0, -0,
Se -0 1 =0. 6.130€=92 139 159 157 137 146 158 145 138 201 221 20 1 001 -0, -0, -0,
60 -0 1 =0 6.130E=p2 159 179 177 157 166 178 165 158 21 ¢l 20 1 001 -0, -0, -0,
66 -0 1 =0 6,130€=02 179 201 199 177 186 200 185 178 8) 123 29 1 001 -0, -0, -0,
Té -0 1 =0, 6.130€-92 201 221 219 199 208 220 207 200 1e5 185 29 1 001 -0, «f, -0,
82 =0 1 <0e 6.130€=02 221 2¢) 239 219 228 240 227 220 207 221 20 1 001 -0, -0, -0,
[ -0 3 9.000E¢0] 5.833E=p) 3 025 23 1 17 26 16 2 22 ez 29 1 001 -0, -0, -0,
7 -0 k] +000E00)  5,833E-01 8 29 25 3 19 28 17 ¢ Be 126 25 1 001 -0, - -0,
9 -0 3 9,000€.01 5,833E.0) 13 3 29 8 21 32 19 11 les 186 29 1 001 -0, -0, -0,
11 -0 3 9,000€e01 5,833Ea0) 25 &S 43 23 IT a4 36 24 208 228 20 1 001 -0, -, -0,
13 -0 3 9,0006¢01 5,833E-q1 29 49 45 25 39 &8 37 28 16  Se 29 1 101 -0, -0 -0,
15 -0 3 9,000E.01 5,833Ea0) 33 S3 49 29 41 S2 39 32 76 116 29 1 101 =0 -0 -0,
17 -0 3 9,000fe01 5,833E.01 e 65 63 43 57 64 S6 4e 138 178 20 1 101 -0, -0 -0,
19 -0 3 9,000Es01 5,833E.91 49 To 68 45 59 68 ST 40 200 220 20 1 101 =0, -r. 0,
21 -0 ) 9.,0008e01 8,833E-0) 83 78 Tg 49 61 73 89 82 239 241 2 1 011 -0, -n, -0,
27 -0 3 9.000Ee01  5,833E-g) 65 87 B85 63 79 86 78 s 229 218 1 1 01l o -0, -0, -0,
29 0 3 9,000E601 5,833E-901 70 91 8T &8 81 90 79 a8 260 -0 -0 1 111 -0, 06 -0,
N -0 3 g.ooo..ol 5.8;35-01 15 9% 91 To :g 9 81 ™ 229 241 1 2 101 -0, -0, -0,
33 - ofe s 833€. 7 107 105 & 98 8
s -g g ?:ggo-og} 518335-:} :1 “1 %oY 53 101 H: 99 0: ® CASE ¥ 1 FOW SPECIFIEU CISPLACEMENTS CR SPRInG RESTRAINTS fw OIR, OF AXES
7 -0 3 9,000te01 5,833E.0) 95 115 111 91 103 116 J01 9 CASE * 2 FoR SPECIFLIED SLUPES or ROVATICNAL RFSTHATNTS ARQUT THE AXEg
39 -0 3 9.0006e0] S.833E=01 107 127 125 105 119 126 118 106
41 -0 3 9,000fe01 5,833E-4l 111 132 127 167 121 130 {n 110 ®® CONCITIOA = 0 FOR A0 SPECIFICATION
43 -0 3 9,000€e01 5,833E-01 115 137 132 111 123 13% )21 1]le COnBlTICN , 1 FOR SPEC. C1SPLACE~ENT OR SLOPE
49 -0 3 9,000€401 5,833E-p)l 127 149 147 125 141 148 140 126 CONCITION @ 2 FOR ELASTIC RESTRAINTS
S1 -8 3 9,000€.01 5,833E-01 132 153 169 127 143 152 Je] 130
LE] -0 3 9,000E.01 5,843E.91 137 157 153 132 1+5 156 1e3 135
LT3 -0 3 9,000Ee01 5,833Ea0) 149 169 167 147 10] 168 160 148
7 -0 3 9,000€e01 5.8J3E-01 153 173 169 149 163 172 |81 152 APPLIEU LOACTNGS
59 - 3 9ego0te 5.833€~ 7 177 173 153 165 |76 163 %6
61 -rcw k] 9-330@-3} 5.5332-3: ;ﬂ }ev :n }n :ex {ss }lo 11.3 CONCEATRATEL FURCES OR ~OWENTe = GLCBAL CCARDINATES
6) -c 3 9%.000te0) 5,833E=p) 173 194 189 166 183 1v2 18] 172
[13 -t 3 9.000fe0] S5.833€E-g] 177 199 19¢ 173 185 197 183 1Te
;; -0 2 <0» s.s};:-n 189 211 209 1:1 gog 210 ao§ 1R8 LCaD caSE 1
-0 2 0. S.833E=0]) 94 215 211 186 205 2te 203 192 e
15 -0 2 -0, 5.53::-31 ioo 219 215 194 207 21€ 205 197 newetk CF CARUS FCR TelS TaBLE 8
17 -0 2 -0 5 8436 23] 229 209 223 230 222 1) .
19 -0 2 o, 5133:(-3} ;}% 23; 231 211 223 236 223 216 ELE~ENT LCACS TC #E apCEV (1= vES ) 0
- -0, - 9 5 8 L]
8) 0 2 -0 5.8J3E-01 219 239 235 215 227 238 225 21 FRQW T~RL INCR  FORCES In CLRECTIONS “OMENTS ROUT AXES
PT -r x Y 2 X Y b4
TABLE s= ELEMENT LOAOS
. 18} -G -0 =u, =0 «4,270E¢03 =0, -0, -0
NONE 183 -t -0 =0, =0 =2.,§1nFenld 5. -0. -n.
1e9 -0 -0 =0, -0s ®le420Ee0d -0, =0, “0e
19 -3 =0 =0, =0 =1.980E¢03 -0, -0, “0e
TABLE »= BCUNDARY CONDITIONS 231 -3 -0 =0, Qe =Je€80EeD) =0, «0e -te
23e -t -0 =0, =0 =leTagEepld =g, -0e -0
NUMBER CF CARDS FCR Te]S TasLe 27 235  =C  «0 -0, -0e 4, T40E+0) -0, 0o “te
238 ¢ -0 =0, =% =14,400€403 =0, -0, 0
FROM THRU INCR CASE COND,s ®o B80NDARY VALUES
PT et . XY x Y 4

3 5 1 1 001 -0, -h, -0,

NoT



PROGHAM SHELL 6

PROY
306

- ¥YASTER LECK =~
SHELL & REMOKT

TARLL 1 GENERAL PRCULEM INFORMATION

NUM OF ELEMENTS
NUM OF POINTS
NUM UF LOAD CASES

ELEMENT FORCES REQUIREU

ABDELRAOUF s MATLOCK
COGED BY AoULELRACUF
3 =~ SPAN CONMYINUOUS W1GhwaY BRIVDGEs KMS2p TRUCK LN4CINGS

ANTISYMMETRY ARCUT TWE Twpn ANES

82
24]

(1 = vgs) 1

TABLE 2= mATERIAL ELASTIC PROPERTIES

NUMBER OF CARDS FOR TwIS TaBLE

LY % DIRECIloM

TYPe Ex VEY
i %,320€409 3.000€=01
2 e,320E4p8 LleS00E=01
3 #+320E008 1 ,500E"01

{»

a8SuUP{L vaLUES

TABLE 3= NODAL POINT COORDINATES

FROM THRU INCR STARTING
eY BT X
1 - -y 9,
23 63 20 Qe
8% 12% <t O,
147 187 <o 0.
209 229 2¢ 0.
3 13 S 3,125F4un
5 1% 5 3,125e+00
25 33 4 3,125€E+0n
2! » & 3,125€-90
A %3 & 2,125E%00
'y 5% & 3,125€*¢0
a5 18 S J.125E%00
4 Lad 5 J.125€%00
a7 8% & 3,12%E+y0
a9 37 « 3,125E%0¢
167 119 & 3.125E*ug
109 117 & 3,125E%00
127 137 € 3,12%8 40
129 129 5 3.125F¢ue
149 157 & J.12SE*up
181 159 & J.125E% 00
169 177 s 31258400
1711 119 & J.125E°ho

NUMBER OF CARDS FOR TmIS TadLE

3

Y DINECTION

£Y

4,320€+06e
€. 3208+ 00
BabapErQY

L2}

POINT CONRDINATES
i

¥

d.
8.12%€-09
J.0THEe)
S.237€0y
1,387 91
O

'0

8.125Ee0n
B,12%E+ 00
1e02%8E 5y
140250y
2e038E% gy
en38E ey
3el71Ee0)
EFS R 12401
kLTS LT
3.904E+0)
“eB3TES
%.63702y)
$.237€%0)
5.237E0y
&2037Ee 4y
Sa 03760y

S48

REVISION AL & Ay 1671
MAY 2B
(LF=FY UnytTS!

SWEAR POOULUS

241 G
3,000E~01" le€6ZE 000
1.8300E~01" 1+t TEEs B
d.000E-02¢ 6+ESTEepYS

ENn BntaT ConeLlralES

34930E400 =nu
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37 -y 3 9.0006%01  S,A33E=1 98 115 111 95 103 314 101 9 3 3 ) ¢ 011 e -0 o
3 -0 #  S.006E+3  S.833-01 107 127 125 105 119 126 118 106 AL &2 i € 011 =0s ~0¢ g
41 - 3 9.000E*0F 52833601 111 132 127 107 121 130 119 119 sS4 55 i € 011 e ~0e ~0e
43 -y 3 9.000F%01  5»823E«01 115 137 132 111 123 135 121 11e 6 62 1 [ 01 04 b 1 “0e
[ -y J Y.0Q0F*0L  Se33IE~01 |27 149 14T 125 1el 8B 145 12¢ ™» 77 1 ¢ 01 bl =0y ~e
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53 -u 3 Y.000E*0)  5.833Eed1 137 157 193 132 148 156 143 138 9 97 } ¢ 01 4 -ie -0y ~0.
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61 -0 3 9.0008v0) S.833-01 169 189 187 167 181 188 180 led 131 139 1 2 011 5o 0 ~0e
63 - 3 9.000E%0:  5.833E=01 173 194 189 169 162 ivZ 18] 172 14> 146 i < a1 -3 “0s -0
9 -y 3 9.GueE*0)  Be833E=01 177 199 194 171 185 197 18] 174 157 159 1 2 014 'S ~0s 0.
i -y 2 =y 5.,833¢-01 189 211 204 le7 203 210 202 108 16% 166 i 2 01 0. =0« “0e
3 -y e =g S:AIM=04 194 215 211 189 20% 214 203 192 1Ty 119 i ¢ "I ! - -0y "0
™ -y & =i 9e833E~01 199 219 215 194 207 216 209 197 18> 186 i € 011l U -0 “0e
7 -0 2 =i, Se833=01 211 23] 229 209 22) 230 222 2198 199 2ol i < Uyt e =0s Qe
o d -y 2 =y 54833Ew01 215 235 231 211 223 234 22) 2)4 207 208 i € o1 Ve -0y 0.
61 2 =0 $.833E~01 219 <39 235 215 z27 238 225 218 2ly 221 1 £ 011l =0 ~0s “gs
- 227 228 i 3 011 -0, Qs -0
22y 238 1 2 101 -y -0e -0
TABLE 5= ELEHENT LOADS 23y 2e1 i ¢ 111 e Dy 0
RUNE ® CASE w | Fuw 5pECIFIED DISPLACEHMENTS OR SPHInG nESTRAINTS In DIRe OF AXES
CASE = 2 FUR SPELIFILU SLOPES UM KUTATIONAL RESTRAINIS AsOUT THE AXES
TABLE 6= BOUNUARY COMDITIONS ®¢  CONDITION ® 9 FUR NO SPECIF LCATIUN
- - CONDITION ® ]} PUR SPEC, OISPLACEMENT O SLOPE
NUMBER OF CARLD FOR THIS TABLE 53 CONDITION B 2 FOR E£LASTIC RESTHAINTS
FROM THRU INCLR  CASE  COnD, o QOyNDARY YALUES
PY PY hd Ly L Y

APPLLIED LOALLNOGLS
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CONCENTRATED FORCES OR MOMENTS = GLORAL COORUINATES

LOAD CASE
NUMBER OF CARUS FOR THIS TABLE 11

ELEMENT LOADS Ty BE ADDED

FROM T
(4]

183
163
16
169
194
19%
2n
234
23%
238
239

i

WU JNCK
PT
-y =0
-p .g
- ~u
.‘ -0
-' -;
-0 =
-f —9
bt -y
-y =0
-g -y
gy -y

FUHCES IN DIRECTIUNS
X ¥

i
-G
U
=G
~ge
bt 2
L 2
-0
0,
e
bt

-0y
bt 1
had 1
“Ge
bt 13
b
-0
-0
-0,
*Ba
0.

{1 = YES } °

P4

=4.270E¢03
=5.200E.03
5. 85605003
=1.420E*8}
=3,070E*03
*1.860E¢03
=3,480E283
=1.740E003
4 T4DESDD
“gy400Eeb3
“1s760EG3

MOMENTS ABOUT AXES
' ¥

-0y
-Q:
-.2
-Q:
~8s
-ﬁ:
-0
-fs
b3
-.:

bt 2]
“os
“0e
-y
“ae
=gy
“ge
i
-0f
hd 1

-0,

L Th

G01



“PROGNA® SHELL 6 = MASTER LECK =
SMELL & REPOR]
3 = SPan CONTINUQUS nIGHAAY BRIDBE, HMS20 TRUCK LOABINGS

PROW
302%A

COVED BY ABDELRAQUF

TABLEL 1= GENERAL PRO4LEM InFORWMATIUN

NUM UF ELEMENTS
NUM OF POINTS

NUM OF LOAD CASES
ELEMENT FURCES REWUIRED

¢ 1 = YES )

TABLE 2= MATER[AL cudSTIC PROPERTIES

NUMBER OF CARUS FOR Tuls TABLE

Lt
TYPe

H
[
3
S

X ULRECTION

( ® ) ASSUMEU VaLur$

tx VRY
o, 3e3eeyY I, 0U0E~OL
wodegEeyt Le5ygE=0}
&,3208008 1.S0UE=0]
Aedenees¥ 3, 49CE-O]

TABLE 3= noual euInT COORDINATES

NUMBER OF Casw§ FOr Tmis TABLE

FROM THAU INCR

LA |
|
23 6
85 125
147 187
209 229
3 1n
5 15
25 1
[ ]
45 52
&Y 55
& 7%
81 177
LI
8% 57
1y s
09 117
127 137
129 13
149 137
1% 159
169 117

-y
20
20
2l
29

P PRPE S PV rIIEN

SLARTING POlnT CUURDINATES
A

Oe
e
de
O

[ X%

3.125Eey0
3.125E+00
3e029Ee00
3.125E00
3.:25E00
30135£’L0
3el2SEnug
3.42%E 400
3ea25E b0

“or e

Se R 0P
3125600
3. 1€5E+00
3. 4€bt b0
3, 5258040
3e125€+60
JadedEoip
3.125t’69

Y

Ge
B,125te00
3,171E441
B,237E00)
T43ATE0)
00

O»

B,125E+00
812500
1,875Eey]
1.825Ee01
Z+438E 0]
24%38Es0)
3,171Ee4}
JeiTikwwi
I 00k}
3,906E 9]
#,0376eu}
4,8378.0]
5,237Eeyl
5,237Eey)
&,037E«0]

ABOELRAOUFs MATLOCK REVISION DATE & mAY 1971
NOVEMBLR 9 1971
ILB=FT UNITS)

SYMMETHY ABOUT THE LONGITUDINAL AXIS» ANIISYMMETRY [RANSYERSALLY

8z
241
1
1
[}
¥ DIRECTION SHEAR NODIRUS
EY VYR '
1.900E+¢9 1.319F=-01% lel18Eepun
4320E4 (8 1+500E-0)® 1.878E«gbe
8. 640E %07 3.000E=02% 6, B5TE40Te
26500408 1.B40E~02¢ 2.413E«0BY
a1
END e0lwT COORDINATES
2 3 Y 4
23,0206 04 =0 =0e -l
340308000 0 2e4J0keyl  D.CI0Ee0V
3,030te006 Q¢ 4e6ITEeD)  3.030E408
3.030Ee0v 02 6eBITEC Y]  3.030EeCy
3.030Ee0¢ 0o Te9IBEeuY I, 0ICE+OV
3.,030E+00 1:2762E+0) 0. 3,030F By
LS 12762€%0) 0§ [N
2.0308egs  1:762E%0]  B129Eei0  3.03CEeD)
Ge bal62bep) 8¢128E000 0.
3.030te09 ls7e2eep)  J.6¢5E001  I,03CEv00
0 1:762€¢0)  1-625E+01  G.
Je030keut  1e762Eep) 24438901 34030Ee00
Ge i:7e2t o1 Z.edbEeyl 0.
3.020Ee09  JeTo2t3) 3:171Ee0l 3,03CFe0v
9. i2708E 01 3eiTiRr08 b
36206000 1:T762E90)  3.904EeQ]  3,0306+00
G 1s762E¢01  3.9uafen]l o,
.0Tbbevy  1e762E001 o876yl 3.03CF 40y
' 1:T626+61 #+637E2u1 9.
A,030E90y  1eTORE€Q] S.237E231 J.03CFe0D
0o 1:762E00]  S.237EeQ) 0,
3,0308000 1e762kep] #.037E401  3.030Es3v

1
189
19}
211
213
23
F2 k]

]

1

-
o8
o9
66
130
13
128
192
193
190

Zut

VUOUUCRCERATBRNE s »enye

3,125ke40
3:1256 00
3,1258¢8¢
3. 1ebbeue
3.1<:§0§0
3.0e5E% G0
3.125E4 00
6,15vEs0
6. 156E%(0
IS Y STRYY
b.75vE¢ 0y
6. 750E (0
3.1e5E 00
6. T90E 00
b. 156t +0y
s.i25Le60
6. 15¢E+(0
6,150k +b0
3.i25e ey

6,037Ee4]
6483TCeu]
6.837E+u]
TIETEwy])
Te3BTEG]
7.938E+01
7.938800)
[

0o

O,

2,938E 5. )
2,438 ]
2,438k,
a,0370 0]
“,037Esui
€, 037key])
6,8378ey1
6,837k sv)
&,837k0v)

TABLE & « ELEMENT PROVERTIES

NUMBER OF CAwRUS FOR TS Table

FRON THRU INCR

ELMT EimT

-y
-9
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-4
At
-t
-y
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-y
=
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bl %
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-
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-y
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-
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d
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bt X3

-

R IR JF S 2R BN B0 W 3P 3 S R B 2F AF B I R o o B S ol o e o S

G. 14762E00)
3s020€00u  12T62Eep]
fe T leT82teg)
3.630keuy  1.T762E*0)
0. 1 T62E*0]
3.030b«00  1eT62E*0)
Cu lsTo2€epy

3,030 Eevy 1 aG0Eep)
1,815kl 1o400E+0)
14515t ety leT62E Q)
4, 03E«0w  1e4y0Een)
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71387840}
1:367€eu]
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Te938Eeg)
0o

[

e

2 AIHESQ]
2+633k*y]
2aa30Ee0)
ae637EeV]
4#2837Ee0)
aehIT7E+0)
he8ITESC)
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6+837E001

RZ
ANBLE THIcKnESS  ELEMENT wODES
LR 410 R ry L] 7 LY 3
SeZS(E~u2 1 9 L L
1253602 ¥ 12 I €
e PRUE LT ic 1e 13 11
De2)0Emug b6 o% bR 6%
De21GE~0E 0¥ 11 76 &8
2«2 pE~-ue ¥ s 13 710
He210E~LE s 6 15 73
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DeZibEeld 131 433 3132 130
S.21eE=-02 133 136 i35 i32
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2s210E-02 199 196 197 194
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L+276E=01 1 31 29 & 20 3
1+226E-01 31 51 4% 29 &0 S
1e220E=01 S1 12 Yo A% 60 1)
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1.226E-04 136 1S5 153 132 1a6 15e

¢,
Jey3CEe0y
.

3.036E000

o

3.030F 008
O

3.030E000
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NUMBER OF CARUS FOR THIS TABLE 6
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PROSRAN SMELL & = HASTER OECK = ABDELRANUF, MATLOCK REVISIAN DATE & umAY 197)

SHELL & REPORT  COOED BY ABDELRAOUF NOVEMBER 9, 197)
3 « SPAN CONTINUQUS WIOHWAY BRIDBE, HS20 TRUCK LNADTNGS (LBeFT UYITS)

PROD
303=A SYMMETRY ABOUT TME TRANSVERSE AXIS AND ANTISYMMETRY LONGITUOINALLY

TABLE 1« OGENERAL PROSLEN INFORMATION

NUM OF P EMENTS a2
NUM OF POINTS 2]
NUM OF LoAD CASES 1
ELEMENT FORCES REQUIRED 11 = YES 1

TABLE 2« MATERIAL ELASTIC PROPERTIES
NUMBER OF CAROS FOR Tuls tagLe -

MAT X OIRECTION ¥ DIRECTION SHEAR MOOULUS
18104 £x vy (14 VYR 6
1 4,3208+99  3,000E=01 1.900F:09 1e319Ee01e 1.118€+09s
2 4,320€+08 1.508€E=01 4,320F+ 8% 1¢500Ew01® 1.878F«q 8o
3 4,320€08 1.508g=01 B.640F 87 3,000F028 £.857Fe078
L 4,320€409  3,000E~01 2,650F+68 1:840E=42e 2.%13re08s
{ & } ASSUMED VALUES .

TABLE 3« NODAL POINT COORDINATES
NUMBER OF CARDS FOR THIS TABLE &I

FROM THRU INCR STARTING POINT COOROINATES EMD POINT CONRDINATES

P PT x v ? x v ?
1 =6 0 0 [ 3,030Ee00 «0, -0, -4,
2% 63 20 O, 8,125¢.,00 3,0308e00 O, 2,438€01  3,030p900
as 128 20 0, 3,171g401  3,0%0F400 O, 4,637F501 3, 030xe00
14T 18T 20 O, §,237ge01 3,030F000 O, 6.837E+01 3, 030gen0
209 229 20 0, T.3878+01 3,030£.00 O, T,938E01 3,030p000
3 1 S 3,128£+00 O, 3,0908400 1,782re01 O, 3,030p000
s 15 5 3,125g.00 O, o, 1.768g01 0, 9,
25 13 & I, 125Ee00 0,1257.00 3,030£400 1,762E401 8,128£e00 3, 030r7e00
27 s 4 3,125£<00 B,i125r.60 0, 1,762pe01 8,128£+00 o,
48 83 & 3,125Ee00 1,62%5re0) 3,030r«00  ),762E401 1,628€401 3,030pe00
IS | 4 3,125Fe00 1,62%F.01 o, 1,762E01  1,828Fe0) O,
s 78 & 3,12SE«00 2,438g001 3,030re00 1,7626401 2,438F001 3,0305+00
&Y 77 S 3,125E400 2.43%8p.01 O, . 14762€e01 2,438Ee01 O,
aT 98 4 3,125E400 3,171E40)1 3,030E000 1,762€401 3,171F«01 3,030p»00
89 97 4 3,125€¢00 I, 171E001 O, 1,762F001  3,171E401 O,
107 119 4 D I25E.00  3,90ape0]1 3, 030Ee00 J,762Ee01 3,904Fe01 3,030f¢00
109 117 & 341256400 3. 904pe0] O, 1.T62E001  1,904F+01 0,
127 1 S 24125€000 4,037ren)l I, 090E000 1.T62Fe01 4,63TEe0) 3, 030P00
129 13 8§ 312800 A, 63Tpe0) O, 1.7T62E001  &,837Ee01 O,
189 197 4 De125E000 S,23T7E401 I, 030E400 1,762E«01 B,297E+01 3,030700
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1.762E401  6,A3TE01
ELEENT NADES
4 7 L 3
T % & »
e 12 11 8
12 1+ 13 1y
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27 AT 4% 28 38 A
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67 69 AT 88 90 88
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109 129 127 107 120 128
129 151 14% 127 142 180
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51 T2 10 49 o0 71
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93 113 111 91 102 112
113 134 132 111 122 13
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141 128
1s1 180
181 190
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39,30
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LT ] -0 4 =p. 1e226E«5]1 155 175 173 153 184 174 14} 15é 3 ] 1 1 001 by -0, 0,
res s [ 1+2264€-01 175 196 154 173 184 195 143 174 [ Y 1 1 001 0, -0, =0,
74 -0 4 w0, 1,226€-01 196 217 215 194 206 216 205 198 181 1aé 1 1 001 “0e -0, “0e
80 -0 4 =0, 14226g-n1 217 237 235 218 226 236 22% 216 13 =3 20 1 691l -0 -0, -0,
1% -t 4 0, 8,1%0¢F.02 15 3% 33 13 22 34 21 14 % 118 20 1 001 -0, =0, =0,
14 =0 b .0, 6,1308.02 35 55 83 33 42 54 4] 3 137 117 20 1 001 “0s -0, “0,
n w0 4 0, 6.130€.02 58 IT 15 53 62 76 61 wé 199 219 20 1 001 04 =0, -0
2 -0 4 a0, 64s130ga02 TY 97 95 7% a4 96 Y 18 15 8% 2¢ 1 001 04 0. -0
38 -0 4 a0, 6,1%00202 97 117 115 95 104 116 193 g& ™ 1 20 1 201 b “0, -0,
4 «0 4 a0, 60130£202 117 139 137 115 124 138 123 118 139 17% 20 1 8ol -0 -0, TN
54 -0 4 0, 6:130E02 139 159 187 137 146 158 148 1238 201 221 20 ! g0t =0 “0. 0
&0 «0 4 0, 6,130E=02 159 179 177 157 {ss 178 1as 1g8 21 sl 20 1 60l B =0, -0,
& ] 4 .0, 641308402 179 201 199 17y 186 200 188 178 83 123 20 1 801 “0e 0 0
% =0 4 .0, 621306202 201 221 219 199 208 220 207 200 145 185 20 1 [ IR} B “0s -0
%2 -0 4 &0, S:130E.02 281 24) 230 219 228 240 22y 220 207 227 20 1 [N I -0 0. “0.
s o0 3 9,000Fe8]  S5.833£.01 3 2% 23 1 1Y 26 15 2 22 &2 20 )3 00! =0« -0 0«
k4 -0 3 3,000gen]  5.83%.01 8 29 2% 3 19 28 17 s 8s 126 20 i 01l Qs "6 0.
9 -0 3 9,000£+01 5.8%3r.9] 13 32 29 8 2¢ 32 1% 3l 146 186 20 1 601l 0+ 0 “0s
11 8 3 9,000ees0) 5,833fe01 25 4% 43 23 37 Wb 36 36 208 2»8 20 1 001 be «0 -0,
13 -0 3 9,000Ee01  8.833Fw0! 29 49 45 2% 39 48 T 28 14 s& 26 1 101 Qe -0 0,
15 -0 3 9,0006e01 5,833¢.01 33 533 49 29 41 52 39 32 76 116 20 1 101 0 LTH -0,
17 -0 3 9,000£+01  5y833£.01 A5 65 63 A) ST 64 856 46 138 1718 20 1 w101 -0, -0, -0,
19 -0 3 9,000£401 8,0833E-01 49 T0 6% 43 Se 48 37 .8 200 220 20 1 101 wls -0, -0,
21 -0 39,0000 S5,673g.01 53 7% 710 49 61 73 S¢ &2 239 241 2 1 011 -0s -0y =0,
F34 0 3 9,000£°01 %,833F.01 6% 87 a% 61 T 8& 18 g4 229 218 1 1 010 0 0. LT
2¢ -t 3 9,000£001 S5,833F.01 T0 91 87 65 Bl 90 79 a8 240 =0 «p 1 111 e “Ge 0o
" .0 3 9,000Ee01  $.8337.01 75 5 9l 70 63 94 a1 Y3 229 24l H 2 161 0. =0, .0,
3 -0 3 5,0006+¢01 5+B33E-01 87 107 105 a5 99 106 a3 g
3 =0 3 $,800g.0) 5, 833,01 91 111 1oy 87 101 110 96 0 ® CASE = )| FOR SPECIFLED DISPLACESENTS on Soatng RESTRAINYS IN GIR. OF AXES
37 L4 3 9,0008e0]  5¢M3I3.nl 9% 113 111 91 103 114 18] oé CASE w 2 POR SPECIFIED SLOPES OR ROTATiANAL RESTRAINTS aROUT TWE AXES
30 0 3 9,000re0l  S,8%3p.01 107 127 128 108 119 126 118 106
41 -0 3 9,000e+01  5,6%3g.a1 111 132 127 jOv 3121 130 119 110 *%  CONDITION = 0 POR WO SPECIFICATION
43 ] 3 9,000ge01  5,833¢.01 115 137 132 111 123 135 121 114 CONDITION = ) FOR SPEC, DISPLACEMENTY na S npE
1%} -0 3 9,000ge01  S5.8336.01 127 149 14Y 12% 141 leg 140 128 CONDITION w 2 POR ELASTIC RESTRAINTS
51 -0 3 9,000E°01  S,833Ea01 132 153 149 127 142 152 141 130
53 -0 3 9,000Fs01 S 8YIFL01 137 157 183 132 145 156 143 138
58 -0 3 9,000£401  S,833E.01 149 149 167 147 161 168 160 146
57 e : 9,000E%0]1  $,8¥3F.n1 153 113 169 149 163 172 14l 182 APOLIED LOADINGS
' -0 9,000E001  %,833€=01 157 177 173 153 148 176 1s) lué
sl .0 3 9.000Ee0) 5,033F.01 169 189 1a? 147 181 188 180 ls8 CONCENTRATEQ FORCES O MOMENTS = GLORAL COORDINATES
63 g 3 9,000E¢01  S.8Y3.01 173 194 189 169 183 192 1Al 172
5 -0 3 9,000€s0 5,833F.01 17y 199 194 173 1a% 157 183 170
i - 2 0, . S.8138.01 189 21; 209 187 203 :12 2n2 1‘: LOAD casE 1
73 0 2 =0, S.833E.01 194 215 211 189 20% 214 253 1
7 0 2 -0 S.a3e-nl 195 219 218 194 207 218 208 197 NUMBER OF CARDS FOR TWIs TABLE 8
17 0 =0, 8337401 211 231 229 209 223 230 222 2%
79 0 2 -0, S.8%3F.01 218 235 231 211 228 234 223 214 ELENENT {0ADS TO 8Z AbDED 1= YES [
- - 3 2
st -0z -0 S+8336-01 219 239 235 215 227 238 228 218 FROM THRU INCR  FORCES IN DIRECTIONS NOMENTS 80UT AXES
PT P x Y ] X Y 4
TABLE Se ELEMENT LNADS
LE 5= ELEMENT L 181 =0 =0 =0» -0, =4,275E00% =0, .0, =,
NONE 183 =p -0 =0s 0, ~5,910E403 «0, =0, =0,
189 <0 =0 0. «0, 1,4200+0) »0, by -0,
. 198 a0« =0, -0, «1,980F¢03 »0, -0, -0,
TASLE &« SOUNDARY CONDITIONS 23 .0 =L =0, -0, =3,650E+03 »0, =0, -0,
234 -f -0 =0, -0, wl 7400003 =, -0, -0,
NUMRER OF CARDS FOR THIS tapLr »Y 23% -ty w3 w04 i, =&, T40F¢03 =0, wld, -8,
238 -0 0 -0, -0, -], 4002503 w0, 0, -8,
FROM THRU INCR CASE  COND, se ROUNBARY VALUES
PY PT . xv2 x ¥ 7

011



“PROGHAM SHELL ©

PROY
I04en

SHELL 6 REPORY

3 = SpAi CONTINUOUS HIGHWAY ARIDGE. MS2D TRUCK LOAPINGS

» MASTER DECK =

COVEU 8Y AGDELRAOUF

ANTISYMMEIAY ABCGUT Tuf TwO AXES
TABLE 1~ GENERAL PRUGLEM INFORMMATION

NUM OF ELEMENTS

NUW OF POINTS

NUM UF LUAD CASES
ELEMGNT FORCES REWUIRED

t 1 (65 )

TABLE 2= WATERIAL cLASTIC PROPERTIES

NUMBER OF CaRUS FOR THIS TABLE

MAT
TYPE

E S W

& ULRECTION
(33

VXY

e 3L3E0 Y S.uQ0€~01)

4,320Eey8 1.9

voE=0l

S dCpESIB 1e200E~0)

wadgubeuy 3.0

(® ) ASSUMED vatuce>

TablLe 3= NOJAL

FROM

NUMBER ¥ Canus FOR T

THRY
oY

-9
53
125
187

INCH STARTING POLNT CUGHUTNATES
A Y

-4 G
20 v
20 L.
20 o
24 u.

S 3.325Ce00
3. 4256490
3.185E+00
3eicBESYQ
3eis€2E040
3eiedEelo
JedehErU0
svieSEedo
S« 123k 30
3edcBLevy
3.izoEedo
3,125 ¢00
JeicEou)
3. 1eSE000
3.1e5E000
3el2ug ey
FeALSEQO0

P T IR S UY T R v

UCE=D]

»ULH] COVRUIHEIES

“1% Yap, e

Ue
U i25E 00y
3eATIEe0)
5,23 e0]
7T.387E04y
Q'

Ua

8,129E+u0
#,125E+vg
1.8625E+y)
1.62SE+0}
2.438E+0)
2.%38E00)
3.171Ee9)
3 171600
3,904Ee0]
3,904Eeu)
a,037E09])
8,637E00]
Sel31ECD]
§,237Eeu)
6.U3TESD]

NOVEMHBER 9+ 3971

ABDELRAOUFs MATLOCK REVISION DATE & MaY 1971

(LB=FT UNITS)

a2
241
i
1
4
¥y OIRECTION SHEAR mODULYS
€Y vy G
1.90UE+Y9 1319E-v)% Lol 1SE<00n
Ao320E008%  1,500E-01% 1.6T8Ee 08
B 6R0E+0T 3:0008=92¢ B.B57E2 0TS
2.650E008 1.Reog=0,% 2e413E 508"
41
ENU OLn! COURUINAYES
7 & A\ H
3.030E000 -0, -0 -0,
3.030E*00 02 2+430€401  3.030E40v
3. 030E0y 0. 4e63TE0)  J.030€¢00
3.C30E+90 Ve c«837€0ul  3,030E¢0¢
A, 0306000 G2 T+9JGEo U]l I, 0I0EeCy
3.030Eeuy  14762E%41 (o 3.030E0 40
Ae 1:762E001 e LY
3.030E000 1:762E°01 R4125€+00 3.030€+00
0o 1e762Ee0g)  #4125E+00 3.
3.030Ee0u  1:7626%0)  1.6<5E%01  3.030f00¢
O 13T62E+g] 1.8625E0]1 0o,
2.030E¢00 17620901 24438901 3,030£000
0. 12762E201 2Z.o3ufegl 0.
3+030Eeuv  1r762E%9] 3.171Es0l  3.030Ee00
Ne LeTs2teo) Je1fifeyl 4,
30030Eeuy  L+762E°0L  3+904Eeyl  3,030F¢us
e LeTo2E+0} 3Fegusbeul 0.
3.030kedv  LaT62t 0yl AsbITESULl  I,030E«0¢
'Y Le762E+yy  A4b3TEeD) .
34930E00v  12762E%0) Se237Ee0)  3.030Ee00
0. deT62re0) Ba237Cev) 0.
34030€¢00 14762E%01  #037Eru] 3. 0D0EeUe

171
199
191
F13)
213
23)
233
]

7

4
68
69
&6
130
133
128
192
193
190

179
ive
dul
219
221
239
FL3
¥l
iz
14
13
T4
76
13%
138
138
i%7
198
éuo

[LERT AT RTRC RN At N R IR 3 SNV AREA

3,425E000
dsiintevy
. heBLeun
3eie9E030
e heHES Q0
3. 15€e00
3. 1e5Eeip
&.T50E+00
6.150E 000
3.385€+00
[ 39 5N 2]
se TR0 LY
3xiZacedy
By louEwug
buldivebo
Jesloroeygy
6.T50Ee00
Do TOuE+0D
3, 423E000

6,037€e01 o,
beB83TEeul  3.9530Ee00
6,837E+31 0.
TeIRTE+UL  3.030Eeuvw
T.387Eeu) o,
T.938Eeul  3.030Ee0v
7.938E491 o,
e 3,230Le00
O 1.515Le 80

O 1515E¢00
24*38E0ul  T.L3I0EeVE
2.t3dEoui 1 ,518kegu
2.438E00]1  1,81%Eswu
&, 6376001  3.030Fe0y
A O3TE40] 1,.51BEevL
4,03TE*41  1,515Ee9¥
6,837E2u1 23,0308 00
6,037E201  1L.515Esuu
G,837E°vl  1.5)5EeLv

TABLE & « ELEmMciY PRUPERTIES

NUMBER OF CAdws FOM TeIS Tabit ag

FAgR TrRU IniH

ELMy ELNT

#al
TYPE

-y
v
s
=G
bt
*“va
v
3.
e
-y
-y e
“ve
-0
b,
-V
“Us
-?_
=",
-0
-@_
-,
-5,
et 2
=0
-G
bl 2
Ve
bt 2]
“ye
“ve
“V
s
=l

W

[N IR IR P S IR AT X B2 AR IR R Nk ol ot o

AtGLE TrICHRESS

me25gFmy
%0253k =02
»2250E=02
&.250F=02
SesynEwil
S5ed1vE~02
Se210E=-02
DeZ)0E~02
542} YEwQE
De210E=02
Se2)0Ew02
SeldjuEwue
Se2)0E~08
Se2)0E=02
Do PV HED2
Se21CEwGL
1a270Ew01
1e226E=01
Le226E=01L
1+226E=02
legpttw=il
1+220E-01
1e226Ew0i
1+226E=04
je220t=il
LyEaeEwnl
1+220€=01
1e226E=31
le220E~9l
1+220E=0}
14226Ew0]
Le226E-01)
1e220E-01
1e276E-0]

1,762€¢0) &,0378+01
liTw2Ee0l 6.837€¢g)
LeT82E00]1 #eBITECu]
1sT62Ee0)  7.38T€ep)
1eT82E00] 74387Eey)
Li7e2Ee01 7.936Ee0)
LeT62E*01  7.93BEevl
1e400E%01 0
15400E€0] 3.
1T62E+01 0-
15400E-0) Poksstevl
beegpbegy  2.438Eey)
127620201 2.438Eey]
Le#QOEOG] 4 637Ee0]
1ew00E%01  A.n37Evu]
127628701 #eb3ITESV]
124008007  6+BITEe0)
LewQLegy 625378090}
le762E¢01 6.A37Ee0]
ELEMENT ODES
~ H S 3
7 9 8 6
¥ 12 11 -1
12 1s 13 i
t6 09 8B AS
¥ 7L Tp o8
71 1« T3 710
T« T8 15 713
12s 131 13n 127
131 133 532 130
132 )36 135 132
136 138 137 135
1%0 193 192 1my
193 195 194 192
195 198 197 194
196 260 19¢ 197
5 21 2s 3 18 26
2T &7 4S5 25 38 46
«1 47 65 45 S8 6b
67 89 BT &5 80 88
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Se -v LY l.22eE=Cl 155 175 4173 1%3 loé L7% led |54 3 5 1 i Yu o “Ja -ds -0
(1] -u . =, L1e220E=014 175 196 1% 173 ibé 195 1nd 174 s 14 1 . Vol - -0s -0
Ts -y 4 =9, 12226E=-01 196 217 215 148 g6 216 25 95 el lea 1 s v ol -l =V Qe
8¢ - L I 1Y 1e225%E=01 217 237 235 ¢)> 2eb ¢3% 2¢5 216 13 LX) v . G 6 A -ve -0 -0
10 -0 4 e, 6.130E-02 195 3% 33 13 22 3% 21 1a > 11% <., i ol )y -04 ~0e
10 -V b =y 6el30E=(R 35 5% 83 33 42 56 1 28 13r 177 24 N ¢ ol -ve -y 0.
2¢ -0 4 eu. 6ol CE~(2 S 77 75 8§) o2 10 o) 5« 199 219 v & v -, =0 =0
¥ =0 s =0 6:130E-02 77T 97 3 715 84 96 83 76 1> 55 2y i 0ol -, =0s =0
» -y * =0 61 3LE~0c 97 117 115 9% 106 116 103 94 1l 2. 4 g0l -3, -0, -0
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? -y & 9.,090€%1  5.833c~-cl 8 29 28 3 19 26 17 & 86 126 20 1 uo =0 -0 =0e
9 -y 3 9.600F°0l 54833601 13 33 29 8 21 32 19 1n leo  1lHE 2v 1 0ol -Je -0 Qe
11 -y 3 9.000F*01  S«833E-C) 25 45 43 23 37 4% 36 26 208 228 2u i 001 =3, =0 =0
13 -0 3 9.000F*01  Sed33E«0l 29 49 5 25 39 e 37T 28 le S« 20 i 101 -0, -0 0.
15 - 3 9.0u0E*0l  9.833E-yl 33 53 49 29 1 52 39 3 76 lle 2y s iol =0, =02 *0s
17 -y 3 P.u00F°ul  54B33E«01 45 65 63 4) ST 66 56 aa l3s 176 2 ' 1ol -Je -0 ~0s
19 -y 3 9.000E°01 9.833E=C1 49 70 85 45 S9 68 57 4n 209 220 &v Iy 1ol =0, -0 =0
21 -y 3 9.000E°C]l  5e833€=0l 53 75 7o &9 61 73 59 52 23y 24) 2 . 00} ~0. 0. =0
27 -y 3 9.000F*01  5¢933E=01 6% 87 65 83 19 86 18 6s 22y 231 i ’ 004 =0, Qs 0
2v =v 3 +GU0E®0]l  5:833E-ul 70 91 67 43 o) 90 19 68 235 235 i 1 00l “de =0 =0e
3 -y 3 Y.0uDE®Cl  Ses33E~0l 75 96 9] 70 63 o4 ¥yl T3 237 238 1 i 6ol =, ~0: “0e
3s v L] Y.000E%UL Se833E=-01 87 107 108 RS 99 106 Q6 86 24y -0 - s 111 % -0 0.
35 -9 3 9.0.0E%0]l  S.R3E-0] 91 111 lur 87 1ol 11D 99 99 23¢ 236 4 i o1l =0. =0e =0e
37 -y 3 9.uu0E*y]l  Se833F=0! 95 115 111 91 103 114 10} 9
3v =V J YadooE*Ql Se%33E-01 107 127 12% 105 119 126 118 196 ® CaSE » | FOR SPLCIFLED DISPLACEMENTS OR SPRING HeSTRAINTS LN UIR., OF AXES
LY =v 3 9.500E*Ql  Se833E-01 111 132 127 107 121 130 119 110 CaSE = 2 FOM SPECIFIED SLOPES OR HOTAYTIONAL RESTRAINTS ABNUT THE AXES
o3 v 3 Y.C00E®0:  Se833E-01 115 137 132 111 123 135 121 11e
49 v 3 Yeadyuuferl 2e433IE=0] 127 149 147 12% lel 148 140 126 e CONDITION ®» 0 FUR NO SPECIFICATLUN
LY -y E] YeuL0E%01 SeHIIE=0L 132 152 149 127 1a3 152 141 130 LONUITIUN B | FUR SPEC, DISPLACEMENT OR SLOPE
53 -0 3 9.0u0E®0l  5¢833E-01 137 137 153 132 145 156 a3 138 CONDITION ® 2 FUR ELASTIC RESTRAINTS
LT -y 3 9.900E*0l  5.833E-01 149 169 167 147 lo]l 166 160 1e8
s7 -0 3 9.000E%01  S¢833€-01 153 173 169 149 163 172 6] 1852
. Sy -y 3 J.uugE*0Ll  5¢833E-01 15T LTT U173 153 165 176 163 158
61 -V 3 9.060E%0) 9.833€-01 169 189 187 le? 181 l8b )80 168 . APPLIED LOAUINGS
63 -0 3 9.000E*)L  Le333€=01 173 194 189 169 183 192 181 172
65 “o 4 9.000E%01  S.833E-0) 177 199 194 173 185 197 183 176 CONCENTRATED FORCES OR MOMENTS o SLOBAL COORUINATES
7 =0 2 -0, 9.833€-01 149 211 209 iAT 203 210 202 188 '
73 -y ¢ =va 34833€=91 194 215 21] 189 205 214 203 192
7> =y € =ue 5¢AI3E=01 199 219 ¢15 19+ 207 218 208 197 LUAD CASE 1
17 =y ¢ =G 5¢B33€~01 211 231 229 20v 223 230 222 210
Ty = 2 =g SeA3IE=01 215 238 23] 211 22% 234 223 214 NUMBER OF CARDS FOR THIS TaABLE .
81 -y 2 =0e SeA33E-01 219 239 235 215 227 238 22% 218 .
i ELEMENT LOALS TO B€ AUDED (1= veEs ) 0
TABLE Se ELcMbNT (ULAUS FROM Triy LNCR FUHCES IN DIRECTIONS MUMENTS ABOUT AXES
PT PV I3 Y z X Y b3
NONE
18] =0 eV =G -0, 24560€003 =0, -0 -0,
183 =0 =9 =0 -0, 3.850£403 = -0 -0
TABLE 6= BOUNUARY SONDITIONS 189 =0 = 0. “0e 8+500E¢02 =02 0. =0
196 =0 =0 =y, LT 1190803 =0, -0 0

NUMBER OF CARUS FOM TH1S TABLE 29

FROM THRU INCR  CASE ConD, o® BUUNDARTY VALUES
PT PIT . RvYd X Y 2

[Aa!



PROGRAM SHELL 6 ~ MASTER DECK -

SHELL 6 REPDRT

ABOELRAOUFy MATLOCK REVISION DATE 6 MAY 1971

CODEQ BY ABOELRAOUF APRIL 4s 1971
EXAMPLE PROBLENS
PROB
201 BOX GIRDER BRIDGE. (LB = FT UNITS )
TABLE 1~ GENERAL PROBLEM INFORMATION
NUN OF ELEMENTS 6n
NUM OF POINTS 174
NUM OF (OAD CASES 1
ELEMENT FORCES REQUIRED t1=YeS) 1
TABLE 2~ MATERIAL ELASTIC PROPERTIES
NUMBER OF CARDS FOR TH1S TAGLE i
MAT X OIRECTION Y DIRECTION SHEAR WODULUS
TYPE EX vXY £y YYX G
1 4«320E%08 1.500E~01 4+320E«0p* 1.,500€E~01" 1.87TBE+~Q8*
{ ® )} ASSUMED VALUES
TABLE 3~ NODAL PQOINT COORDINATES '
NUMBER OF CARDS FOR THI1S TABLE 8
FROM THRU INCR STARTING PDINT COORDINATES END POINT COORDINATES
PT [} X Y 4 X Y z
1 187 26 0. 0w O» Oe 6+000E401 0o
3 159 26 0. O 3+000E400 O 64000E+01 3.000E4+00
6 1862 26 9.333E+00 0. [ B S.333E+400 6+000E+01 Q.
8 164 26 9.333E+00 0. 3+000E+00 9+333E400 6+000E401 34000£400
11 167 26 1.867E+Q] 0. Qe 1.86TE+01  62000E201 Qe
13 169 26 1+867E+0)  Ow 3.000E+00 1+867E401 6.000E+01  3.000E~00
16 172 26 2.+800E+0] 0. [ 2+B00€+01  6+000E401 0.
18 x74 26 2+B0DE+01 0. 3+000€+00 2.800E«01 &64000E+0]1 3.000E400

TABLE & = ELEMENT PROPERTIES
NUMBER OF CARDS FOR THIS TABLE 20

FROM THRU INCR MAT ANGLE THICKNESS  ELEMENT NODES
ELMT ELMT © O OTYPE
H 10 1 =0 4.583E~0] 1 6 32 27
51 131 136 162 157
2 10 1 -0, 4,583E-01 6 11 37 32
52 136 141 167 162
3 10 1 ~0. 4.583E-0]1 11 16 42 37
S3 141 146 172 167
4 10 1 =0. 6.66TE=0] 1 21 29 3
S4 131 157 159 133

4 21 30 19
134 15) 160 149
g 23 15 21
139 153 165 151
14 25 4«9 22
144 )5S 170 153

149 158 150 132

5 10 1 =0. 6.667E-01 6 32 34 8
S5 136 162 164 1238
6 10 1 -0, 6,667E~0] 11 37 39 13
56 141 167 169 143
7 1o 1 =0, 6,66TE~0] 16 &2 44 18
57 146 172 174 148
8 10 1 =0. Se41TE~D] 3 8 2 29
1] 133 138 164 159
9 10 1 0. Seh1TE~D] 8 13 19 34
S9 138 143 169 164
10 10 1 =0. Sak)ITE~]] 13 18 44 239
60 143 148 174 169

TABLE S~ ELEMENT LOAOS
NONE

TABLE &- BOUNDARY CONDITIONS
NUMBER OF CARDS FOR Tnls TABLE 4

FROM THRU INCR CASE  COND, *% BOUNDARY VALUES
PT  PT . XYz Y

1 18 1 1 111 Qs Qe “0«
1 18 1 2 111 =0, -0. -0
157 174 1 1 101 =0~ -0. “0s
187 174 1 2 a1 0 ~0e -0. -0«

® CASE = 1 FOR SPECIFIED DISPLACERMENTS OR SPRING RESTRAINTS IN DIR. OF AXES
CASE = 2 FOR SPECIFIED SLOPES OR ROTATIONAL RESTRAINTS ABOUT THE AXES

#% CONOITION = 0 FOR NO SPECIFICATION
CONDITION = ] FOR SPEC, DISPLACEMENT OR SLOPE
CONDITION = 2 FOR ELASTIC RESTRAINTS

APPLIED LOADINGS
CONCENTRATED FORCES OR MOMENTS ~ GLOBAL COORDINATES

LOAD CASE 1
NUMBER OF CARDS FOR Twis TABLE 1

ELEMENT LOADS TO BE AOOED {1 = YES ) ]

FROM THRU INCR FORCES IN DIRECTIONS MOMENTS ABOUT
PY PY X Y 4 X
96 -0 -0 =0, =-0. =1.000£°03 =0, -0

AXES

~0e

€11



PROGRAM SHELL 6

PROB CONT

201

SHELL

- MASTER DECK =

QRT

6 REPQR
EXAMPLE PROBLENS

LOAD CASE 1

NODE

D DB N

TVISPLACEMENTS IN DIRECTIONS
¥

D
80X GIRDER BRIDGE.

COMPUTED OR SPECIFIED NODAL PQINT DISPLACEMENTS
¢ GLOBAL COORDINATES 1}

ABDELRAOUF ,

CODED BY ABDELRAOUF

(LB = FT UNITS !}

X F 4

0. [ 1% e

[ O» O

O O Qe

e Qe [ D

O« O [: 2%

[ (2% Oe

[+ 2 0» [: %

s Qe e

Ga 0. [ 1

[ Qe Oe

Ry Te Oe

[ 2 [ [ %

Ge 0. Ge

O» Qs [N

Qe a» O

[ 0 Ge

Oe 0. i)

[ B 0. O
~7e342E=07 ~1¢201E=06 <=2+436E-06
Se913E~07 1.039E=06 =2+.429E~06
«Be79]E~0T ~1e4STE~06 =3+53BE-06
7173E-07 1e284E~06 =3.529E-06
“162T1E~06 ~3+009E-06 <T7.399E~06
1.060E-06 24663E-06 =7.382E-06
«1o07SE=06 ~6e423E-06 ~1+S77E-05
B+839E-D7 S5e71BE-06 =1.5T4E~05
~1«115E=06 ~1.807E~06 ~7+688E~06
«1e066E=07 ~1.231E=07 ~T7.675E~06
8.586E~07 1.553E~06 ~7.6B6E~06
~14118E~06 =12596E-06 =9.100E~06
B+603E-07 1-390E=06 =9.050E-06
=] e 28TE~06 ~Z,365E=06 =1.0B1E~05
«1«311E=07 ~1e370E=07 =1-079E~05
9+787E~07 2+083E~06 ~1081E~p5
=1 TE=DO ~2oB22E-0b ~1e6ZOE~G3
16161€-06  2+493E-06 ~1.593E~05
w]e?44E~06 <4+921€~06 =~Z+257E~05
=224 T9E-DT  *2.T41E~OT =2.254E~0S
1+398E~06 4e3STE=06 =2+25TE~0S
=] +819E=06 =6.170E~06 =3.536E~0S
1.460E~06 Se4THE=08 =3+534E-05
~1+682E=06 ~1+060E-05 ~4+809E~05
“2eSSSE=0T ~SeT44E=07 <4 +802E~05
1+332E-06 9412606 ~4+B10E~05

ROTATIONS
X

0.

.
=8.642E-07
~8.656E~07
=~1.224E-06
-1 4224E~06
~24553E~06
~24552E~06
=S 346E-06
«5e34BE~06
=14193E~06
"o

~1.193E~06
~1.423E~06
- +40SE=06
~1.680E~06
a2 d
~1.6TTE=06
~Ze3TaE-0
~2.517E~06
~3,523E~06
e
~3.522E~06
~5.543E~06
-5 5S5E=06
~72469E=06
*e

“T+460E~06

APRIL 4+ 1971

ABOUT AXES
¥

O«
O

(1

4e30SE~0T
3.806E-07
©e91TE~07
“e216E-07
Teu23E~07
T«015E~07
64629E-07
6.772E~07
6+STSE~07
6.812E-07
S9TSE-0T
1.490E=07
1e674E~07
TebasE-07
7+.388E-07
7+395E-07
i+ 488E=-05
1-423E-06
1+190E~p6
8.838E-07
1.384E-06
3.768E=06
3.633E~06
1.111E~06
B4665E-07
1.323E-06

MATLOCK REVISION DATE & MAY 1971

0
1.673E-07
~1+308E-07
1.913E-07
=14498E-07
24685€-07
=24095E~07
2.6472E-07
~1+895€-07
-2+063E-08
2.9726-09
2.253E-08
-0 e
* 48
~3.420E=08
S.S00E-03
3.085E-08

(223
-6<357E-08
1.355E-08

4.638E-08
ave

aw
~1.076E-08
1+343E-08
24324E~08

I

~9.838E~07
6e724E~07
~1.103E-06
7.708E-07
~1+500E~06
1.107E-06
~1.743E-06
1.313E~06
~6e233E-07
=1.8B60E~07
248T70E~0T
«~643T0E~07
2+973E~07
=7e253E-07
=2.783E~07
3.680E~07
=T «409E~07
3.759E-07
~1+046E~06
~5303E~-07
6e306E-07
~1+073E~06
69542E~07
=1«617E~04
=5+934E=07
1+126E~086
~1e741E~07
«~12SETE=0Q7
w1 ¢ 954E~07
=1e4T6E~07
=Le065E~07
=224 THE~0?
=4 101E-07
4.908BE~03
1.086E-07
~2.18SE-07
“4o3QTE=Q7?
14094E~07
~4+¢337E~07
Se293E~08
“3+564E~07
~3.927E=07
2396E-07
~Se631E~07
1+527E-07
-8e279E=07
~54076E~07
6+420E-07
~3«391E~07
1.303E=-08
B 983E~07
-4 H26E~07
Ca638E-57
-5 «572E~07
1.861E-07
i s 94E~0T
1+680E-07
“5.007E~07
«34378E~07
=6.829E-08
1.833€~07
“1+908€E~07

=1+833E-06
1.562E-06
~2+613E~06
2300E~-06
~5.464E=06
4.83BE=06
~1.220E~05
1.082E~05
~1+.656E-06
-1.197€-07
1.412E-06
=1.712E~06
1+492E-06
~2ebb1E~06
~1+429E~07
2+169E-06
~3.025E~06
2e6T5E06
~5+098E~06
=2+BISE~p7?
4«S17E~06
~&+«888E~06
6«110E~06
=1+2456E~05
~6HeS68E~07
1+106E~05
~1«224E-06
1.052E~06
~1«821E~06
1+60BE-06
«3.565E-06
3+160E«06
“Ge2R1E~06
8+200E~06
~6+658E~07
~3+558E-08
§«923E-07
=6e2BOE~0T
5«625E~07
~G.290E~07
“4+.861E~08
8+289E-07
~9.T13E~07
8.6BTE=QT
~1+S11E~06
~B+014E~08
1e346E~06
=1+51BE-06
1.363E-06
~2+181E~06
«1.102E-07
1.955E~06
5.735E-38
«2+054E~08
1+948E=07
«}+58SE-07
Be866E~07
=7+70TE~07
S«301E~06
~4+661E-06
B.746E~07
B.5TuE~08

“~1+384E~05
~1+384E-05
~1.878BE~0S
~1+978E~05
~4+142E~05
“ls 142E-05
~8e941E~05
~84939E~05
~1+977E~05
~1e9T7E~05
~19TTE~0S
=~2+400E~0S
=2+376E~05
~2e884E~0S
=2 o BBSE~0S
~2+885E~05
~h«IISE~0S
=4 e30BE~DS
=6+ 043E~05
~6 e 04GE~0S
~Ge04LE~DS
*3.708E~05
~9+726E-05
~1+337E~04
~1+339E~04
~1+339E~04
«2+469E-05
~2e4T0E~0S
~3e642E~05
“3+643E-05
=7+590E~05
~7+591E~05
=1+7S0E-04
=1+748E-04
«2+805E-05
=2+806E~0S
=2+806E-05
=3+433E-05
=3s394E-05
~44+146E~05
~hel47E-05
~Lel14TE-0S
“6+269E-05
=64+133E-05
~B+531E~05
«“B.534E~05
~8+534E-0S
=1424E~04
~1+432E-04
=1«$9%E~04
~2+00SE-04
~2+018E-04
~ZeS28L-03
~2e523E~05
=4¢301E-05
=44302€-05
-8.670E~05
=8+672E~-05
«1+898E-04
~1+896E~04
=2+807€E~0S
=2+BOGE~0S

~14255E-06
~1.253E~06
=1 +874E~06
=1.874E~06
~3+929E~06
«2.934E~06
=~B,738E~06
~8.799E-06
~1.121E-06
nee

~1.118E~06
~1.392E-06
~1.369E-06
~1+720E~06
‘e
~1.716E-06
-2.627E-06
“2+545E~06
-3.SHSE~06
L2 2
~3.582€-06
~6.251E-06
-6.227E-06
-8.758E~06
*2a®

~8.646E-06
~B.ST4E-07
-8.S69E-07
~1.304E~06
~1.3026-06
-2.650E~06
-2.659E-06
-7.216E~06
~T.492E-06
-4,831E-07
*h s
~4.815E-07
~5.676E~07
-5.603E-07
~6,83TE=07
>
~64835E-07
-8.880E~07
-8.8T4E-07
~1.115E-06
“es
-1.115E=06
~1.303E~06
-1.311E~06
~1+506E~06
aee
~1.509E-06
~5.554E-85
~9.953E+09
6.374E~08
6.17TE-08
6, 102E~07
6.183E~07
44401E-D6
4 +6THE~06
S.151E=07
*se

Se662E-07
5.497E=07
7.378E-07
84455E=-07
1.217E-06
1.787E-06
1.253E-06
1.761E-06
3.477E-07
2+610E-07
3.950E-07
1.268E~06
1+176E-06
6+085E-07
1.230E~07
84743E-07
4.852E-06
404T1E=06
1.209E-06
~1:742E-07
2.227E-06
1.182E-05
1«126E-05
1.356E~06
3. 744E-DT
2+289E-06
Te4T3E~08
1.857E-07
3. T24E=07
7.897E~07
B.BTBE~Q7
2.383E~06
T.297E~07
2.044E~06
~8.669E~08
=24905E~07
6+ 740E~08
2.218E-06
2.025E~06
247T3E~07
~54860E~07
TeT67E~07
7+116E~06
644T2E~06
Be622E-07
=1+491E=06
2.617E=06
1.884E~05
1.808E-05
50632E~07
~1+240E~06
2+504E=06
-ieTEEL-GT
~84798E~09
2+000E~07
Te26TE=07
T+BBBE~D7
2+400E-06
Te12TE~07
2«088E=06
«1+1B6E~07
«3e178E~07

-4 0BE~0B
S.901E-08
~4.718E-08
6.802E~08
-5.701€E~-08
FeI4HSE=pE
24365E-08
1.860E~gR
~1.002E-07
1.686E~06
54398E~08
LA
ke
~1+096E-07
4e990E-09

9.781E~08
see

ane
~1+619E~-07
1e754E~08
1+333E~07
ans
e
~1+606E~D7
1«37BE~08
13STE-07
~7+31BE~08
7.623E~08
~8«103E~08
8. T4SE~08
=1+340E~07
1+476E~07
~1+948E~07
2+061E~07
~heT2TE~08
«1 o4 TGE~0S

4« 044E-DB
L

(233
«3«978E-0B
~1+731E-11

3.218E-08
“ee

ane
~2+87SE-08
4+T25E~10
2¢1T71E=08
3]
LYY
~3+903E~09
Te456€E~10
7+156E=09
~5e283E-%
Belu8E~10
1.162E-08
~1+816E-08
Behd2E~08
“3+296E~08
1,861E-07
~1.820E-07
2+151E~08
~5+080E~08

VAR



is8

“4,545E-07

1:429E-07
-4y 206E=-0T7
~1+B6TE=-08
=3.2T0E-07
~2+843E~07
~64218E~0B
~2o4T2E~07
“Sel70E-07
~6+532E~07

$+428E~07
~6e542E-07

3.036E~07
«1s485E~06
~6+391E~0T

F522E-07

1.034E-07
=3+258E-07
=1e143E~Q7
~1.383E~07
~6+T7I4E~07

3+512E~07
~1.485E-06

1.06%9E~06
=1:34BE~08
~1+100E~07
=1 +534E~0T
~6+59TE-DB
~) o 062E=0T
“2¢28)E-07
~1+911E=-07

3.429E~08
“3.T66E~07

1.662E~07
~7.604E=-07
«1.369E-07

Se015E~07
~1.002E~06

Tel7TE=Q7
=1e3460E~06
~3+230E-07

1.012E~06
~1.916E~08
=6eb4lE~0B
=1434TE~07

3.626E-08
whs]21E=0T7
2.-785E-07
~65¢931E~07
S5+252E-07
O

O

0.

0.

Oe

0.

0.

O

0.

O

O

Qe

“7.024E~07
1+080E~06
~9+109E~07
1.387E~06
9.189€E-08
~1+202E=06
2+055E-06
=1s+796E=06
3+258E-06
1.926E-07
~2.867E~06
54205€E-06
~4+STSE~06
9+4S8E-Q&
S+230E-07
~Be34IE~05
1+697E~06
=1+407E~06
2+498E~06
~2+179E~06
Se152E~06
~4+538E~06
1+114E~05
~9.802E~06
2443TE~06
1+921E~07
~2eQ4FE~06
2+6T4E~06
=2+298E~0¢6
3437€E-06
24131E~07
=3.006E~06
40606E~06
=4 s 046E=06
6e«603E~06
J.889E~D7
“5+817E=-06
8+839E-06
“~T+TT4E=-06
1+222E-05
Te346E~0QT
~1+074E=QS
2+894E-06
~2+445E~06
3999E~08
~3+500€=06
T-39¢E~0¢
~6»S514E~06
1+265E~05
“1«111€~08
Je110E~08
2+343E-07
~2¢636E=08
3+32SE~06
~2+88TE~06
4+238E-06
2+602E-07
~3:T11E~06
5+549E~05
~&+8TTE~06
7+714E=06
4+559€E=07

~2+807E-05
~3.395E-05
=3+359E-05
~%+079E-05
~4.080E~05
~&0T9E-05
~5+966E~05
~S+877E05
=84019E~0S
~8+023E~05
“8+021E-05
“) e 205E~04
~1«208E~04
~)1e611E~D4
~1+614E~04
~1s614E=04
»2 4 16E-05
«2+417E~05
~3+665E-05
=3.466E=05
=6+644E-05
-6 +64SE-05
=1+252E-04
~14252E~04
=1« 17BE~0S
~1+779E=0S
=1« T78E~05
=2¢117E~05
«2e097€-05
~2eS2Z1E~05
~2+522E~05
«2+521E~05
«3.5T0E~05
~3+53S5E=05
~4+732€~-0S
&+ 73SE~05
~&e733E~0S
=6 +SFE~05
~6.610E~09
~8.501E~05
~8.505€~05
=8+503E~05
=9.622€-06
=D b2bEnDt
=} +325€~08
“1+325E~0S
=2 o 4S4E~0S
~2+455E-05
~4 e 296E~0S
~42296E-05
G

Ss=136E~07
6o T4 1E~D?
6.612E-07
8.512E-07
o

844T3IE-07
1.458E~06
1.380E~06
2.097E-06
E2 2]

24092E-06
4e434E-06
4.398E-06
6.583E-06
*aw

6.455E-06
1.048E-08
1.047E-06
1.588E~06
1.589E«06
3.354E~06
3.3I59E~06
T4684E~06
T4 744E-06
1.513E-06
*hn

1.510E-06
1.811E-06
1.788E-06
. 2.1908~06
*en

2.186E-08
3.169E~06
3.120E~06
4+286E-06
(224

4+282E~06
6. 2640E~06
6+252E-06
8.191E-06
“En

B.181E-06
1.816E~06
1.817E-06
2.568E-06
2+STOE-06
4. TBBE~06
4« TILE~0S
Be543E~06
8.551E~06
1.9640E~06
»un

1.936E~06
2«273E~06
2+248E-06
2+T11E~06
sna

2.T0TE~06
3.771E-06
3 TI4E~06
4+997E=0¢
e

2.867E-08
2.]14E~06
1.933E-06
2.902E-07
~4,792E~07
7.594E~07
6.327E=-08
5.822E=05
1.018E~06
~6+738E=07
2+259E-08
1.319E~0%
1.,253E~05
1.332E~06
2.119E-07
2.385E-06
~7.017E=-08
4.609E~08
2+83BE-07
6.612E-07
Be962E-07
1.780E-05
1.178E~06
1.862E~06
64 166E~09
“1.009E=~07
7.928E~08
1.187E~06
1:091E~06
2+B4TE-DT
“1.144E~07
S+353E-07
3.468E~06
3.228E~-06
7.845€E~07
2.018E~08
1.335E~06
5,957E~06
5¢663E-06
9.992E~07
Se284E-07
1e423Ewps
9.891€E~0%
4e654E=08
1.527E~07
2. T95E-07
3.984E«07
6.645E-07
4.987€-07
6.957E~07

-2.803E-08
ks
£ 2 22
3.5I4E~08
“64%34E~0F
~34802E~08
“en
12
$4042E-08
-1.806E-08
~7+682E-08
E2 24
nES
1.301E~07
~1.303E-08
-1.117E-07
24049E-08
~3.340E~08
24519E~08
~4+290E~08
2.914E-08
-6+ 285E-08
~24928E-08
~1.110E~08
1.431E-08
~B+240E-09
~24534E~08
£ 223

“ne
~3+278E~09
=1e237E~08
b 4 9IE~09

e

“nn
~3.985E~08
~1.938E~08

4«24 TE~08
ann

"“nn
“Te342E~08
~J+68T7E~QR

7+258E~08
~2+961E~09
«1s678E=08
~2+156E-08
~Te163E-0S
~-T.486E~08

2+4661E~08
~1«4SO0E~07
9.092E-08
=4«828E-06G
~9.518E-09
~9.193E-09
sue

113
~3«632E~08
~1+425E~00

2.493E=08

e
nas

~3.715E~-08

=1.982E~08

169
178
171
172
173
174

~6e794E-06
9.857E~06
“B+H66E~DE
1+285E=05
7.810E-07
=1«128E=0S

4.995E-06
6.768E-06
6.787E-06
B4543E-06
e

E.551E~06

[
0.
0.

0.
O

Ge349E~0R

nes

E223
~1+324E=07
=1+B00E-08

1.236E=07

611



PROGRAM SHELL o

PROB CONTD
201
LOAD CASE
ELMT NODE
i
1
2
3
&
s
6
7
8
9
1o
11
1z
13
-
1
2
3
L
5
6
7
8
9
10
1
12
13
3
1
2
3
4
5
[
7
8
9
10
11
12
13
4

-

- MASTER DECR -~
SHELL & REPORT

EXAMPLE PROBLEMS

AOX GIRDER BRIDGE.

ABDELRAOUF, MATLUCK REVISION DATE & MAY 1971

CODED By ABDELRAOUF

LB ~ FT UNITS )

APRIL 4 1971

COMPUTED FORCES QR MOMENTS PER UNIT LENGTH
¢ ELEMENT COORDINATES

FORCES IN DIRECTIONS

3

~4 43TE+ 00
=8, TISE«00
=1,188E+01
6.S18E-p2
~7.352E+00
-1.009E¢01
=6.021E+00
=1+508E+00
~84357€+00
=1.051E+01
=1.118E+0)
«5.196E+00
=1.138E+01

=3, 956E 00
«1,358E401
=2+032E+01
=1.154E+01
~1.268E+0)
=1e433E*0]
~1610E*0)
~1.228E+01
«1.606E+0])
«1.Be6Esp])
=2.101E+01
~1+674E+01
=24 284E40)

=2+ 054E+01
=1+940E+0)
~2.501E+00
~1e27HE=0)
=2+BT6E+01
J.077E-0)
~1.146Ee0)
=14831E+01
=2392E+01
~2.29TE0]
~1.186£+0)
«1.737E+01
“2e26E0)

~T7+986E40]

Y

=5.132€+01
-6 250E+0)
«2.660E£+0)
=14304E+01)
-4 «Q01E+ 0}
=4 ,8235E+0!
-2+ 009E+01
=3:601E+01
~hs 126E+01
~4.6B0E+0)
=2.908E+01
~2.235E=01
~3+138E+01

~5.256€+01
~1a2B3E02
«5,795E+01
~2.23BE+01
“8,454E+01
~9.958E+01
=3.839E+01
=4 4,867E+01
«5,888E40)
“9.217E+0)
~5.T25E+01
“3eF0SE~0]
“5.588E00)

=1,266E+02
~2+669E002
»1+252€¢02
-4, T799E+01
~1.716E¢02
~2.097€902
~8.526E+01
~1.002E002
1. 235E¢02
=1 .950E+02
-1 248E+02
~8.485€+0)
=he224E+02

=5.018E~02

SHEARING
FORCE

~1032E+ 01
~2+314E001
~2+AB0E+0]

1.010E+01
“1.651E001
~2.870E+01
=Te322E+00

1.290€E400
=1,158E+0}
=1 778E+01)
=1+ B6&KEO}
=~1.357E+00
=1.262E+01

=1.620E+0)
=3.785E+0])
~5.462E+01
2+499E+00
=~2s664E40)
whe o QI4ESO)
~2sh4IED]
~6.067E+00
-2,089E901
*1,14TE+0)
~hoDI4ESD]
~1e)56E%01
~2.546E+0]

«2.134E¢0)
»hoTISED)
~le16BE«02
4a213E=0]
“3.465E40]
~B.812E+0)
G 60E+0]
~7.552E+00
~3.216E+01
=4 h4hE D)
T 969E+D1
-2, 168€+01
-4 4 2THEA O

~1a4B0E«0]

HOMENTS IN DIRECYIONS
X ¥

-2e223E~02
=2.822E~01
-9« 130E~G1)
T.805E~0)
=) et42E~01
«72217E-01
8. 156E~02
64213E-01
7.22XE-02
*34003E-01
~5e462E=-01
3.557E-01
~leOBLE=0]

-2:112E-02
~5.941€E-01
8.928E-02
~6.102E~01
~2+539E~01
=5,348E~01
~2+115E-01

3. 246E~0)
«1.BOTE~02
~4,3BTE-01
=1.631E~01
~3a374E~0)
=2+ 108E-0}

=J4623E-02
=14081E+00

2.671E+00
=2+8B62E+00
~5.,918€~-01

2.567E=01
~1.78TE~0]
=1.820E-0)
-2.239€-01
~5.945E-01

1.018E+00
“1e4s9E+00
=Jab2lE-01

~1.11TE+00

-9.989E-01
«1.07SE+00
=4, 308E~01
-6 4888 -0c
~9.266E-01
-5,371€~01
-2.132E-01
-2.238L~D1
~6,272E-01
=B.200E-01
=3.679E~-01
=1.734E~=01
=4,514E-01

~1.402E+00
«2.425E00
~ioS2GE=01
-6.939E~01
=1.637E+00
“5.445E~01
il B4BE-]]
=3.132E-01
-9,S82E-01
=~1,630£+00
=6, I88E~01
“4,081E=-01
“7.972F-01

-2.770E+00
-5,644E400
«2.695E=01
=1.805E+00
~3.T60E+00
~1.742€+00
-9,283£-01
=7.909 -1
“2.DutE N0
~3.433E+00
~1.108E+00
-9 ,256E~01
~1.626E400

=1+009€+00

TWISTING
MOMENT

=1.562€-01
~1+9836~01
=1.837€-01
~1.0T4E~01

4.772E~02
~2.7186€~01
-1.133e-01
=1.921E-01
=9.511€-03
=4.935E=02
=1+137€-0}
=142376=01)
~4e031E~02

=1.428E~-01
-2.605€<01
4o 111E~0]
~3.018€-01

3.535E-02
=4, 266E~01
=71.069E-01
~2.036E=0}
~2,070E~01
=3,245€=01
~5.525F=01
=5:693F~01
“5.2236~01

~1:396F =01
-2.089F-01)
“Te1426=01
~b,t612F=0)
=t lafF=03
—4 R6F-0)
“1.6Ba4t 000
-2 GUHE =01
e lWH ~0])
~14558E«0)
~1.210E+00
=1,333E «00
“1+339€ <00

S.T90E~0)

WPy DX PP W

o

N e D DU PR

———

W e O O S K e

[Rrpenp——

WD G D O S N

AT W

~2s462E701
2elalE(]
G.BISES DL
~5.210L+01
~1.570E500
walTBEC Q)
~5,372E+00
=4.181E-01
~leh)9E*01
8.970E-00
3.261E+01)
«3+,643E+00

~9,390£+01
wh o 2BTE+0)
3.859€+0)
8.234E90)
~6.819€401
~24103E+00
6.007E0)
~Se614E¢00
=4 .905E0)
~2eI54E 01
L.734Ee0)
3.921Ee0)
~4s0S8E+00

~1.933Es0?
-9.128E+01
Be2bhE=0])
1.703E+02
=leR]19E-qp
i« 23BEC0D
1.256E+02
=1e119E+01
=1.009E+02
-4 2 QESE 0]
3.T4H1ESDL
8.122E-01
=~8.126E+00

~hy LORESD2
“2e01TE 02
1.813E+02
3.647E002
«3053E02
~Y HTIBE + 00
2s711E%02
=2 256E+01
~delhaEeD2
“1.097E 02
Ba2hbbe0)
1.T4)E+00
=1 209E+01

N, aWSE00
V. 0R84E+00
le2l6E+01
“1.703E-01}
Te5B6E#00
1:045E+01)
6+09SE+00

~5.TT0E*00
H.1091 400
~1.1%06+00
~ I 0H3E-0)
~4 s QTGE~03
3. 320E~01
-8,058E~01
16094601
~2.7276400
JelT6E+00
~hoBITE~OL
2+456E-01

“1662E+00
e 858E400
Se862E400
Se36SE~0)
~4a981E~D)
~2+S80E-01
4. T4TE=0)
“8.422E-01
~6+151€E~01
~? o &694E ¢+ 00
Jel0IED0
4.201E-01
3.B80E-01

~3.689E 400
~1+226E00]
1.200601
1.515E00
=395 0£~01
“6+BT4E-01
$.251E-01
~1+679E+00
«1.3808+00
«S+62BE 00
64364E800
1.,087€+00
8. J0BE-D1

=Trb64E200
=2+ 60BE+D}
2-367E+01
J+ 3685800
“2.307E-01
~2+409€+00
JaSl4E-0O2
=3.3B4E*00
“24998E200
~1.2176401
1e240E-01
2.217E+00
1.400€-00

54253E+0)
6.509E+01
2«TT0E<0]
1+269E+01
S5+057E+01
S:031E+0)
2.056E901

~1+636E401
~1. 776801
~1.S17E01
~7+BOLL0D
~Z o BSEDY
~8.9461E+00
~2:751E901
~T.13%E+00
«T.T50E+00
wBeeS1E200
~T2319E+00
6e9T6E-0]

LEPS 71 AT}
~3,382E+01
~3u527E01
~34,177€E~01
«245654E01
~44172E+01
~2.659E+01
~3.864BE+01
~2.476E+01
=2.572E+01
=2abaiEr0]
~2v490E*01
~1.782E+01

~t6s TO9E*01
«7l61ECD)
~T.4S2E*0]
~b.T63E+01)
~5.513E+0}
~B,746E+D}
~5.7721E01)
~d.l106E01
=5.361E¢01
~5.541E+01
~5.687E+01
~S.38BE+0}
~3e96TESO]

~lekibfe02
=1.4356+02
~1e494E+02
~1.6538+02
-1.167E02
“l.763E202
~1.185E+02
=1.731E¢02
“1.139E¢02
~leloat 02
=1 154E402
~l.1a4E+02
“d.246E01

9. 741E400
2.308k401)
22469E20)
*14150E4+01
1.618E+01
2.565€¢01
6,535E+00

S5+667€E~01
~52 095t =31
9.107€-01
3.556E-01
Tet3SE~03
~3.,783E-01
ko TalE =02
~3.111E~-01
. 376€=01
~3.145E-0)
1,865€-01
~1l.686f-02

=1,354E+00
S.364E-01
—4e145E-01
11256400
Se347E~0)
4+368E-02
“~5.6T7BE=~0]
«“3.260E~02
“3.457E=01
4H.0B87E-01)
«3.748E~0)
1+769€-01
-2.786E-02

=2.004£+00
24697€E-01
1. 746E~01
1.722E+00
6. 7916-01
2.3Q6E-01
=6+S5T4E~DL
~7.8620E-02
=5.505€~01
4e TOGE-D L
~2+965E~01
3385E-01
“le619E-02

~1e650E+00
2.597E-0}
1496950}
1.404E+00
3.158E-01
2e2T6E-0)
~2+T10E-01}
“1225€~01
~5.26TE~01
Je81E~D1}
=1 .239E~01
3.808E~01
Se IS6E~03

4o 692E~02
=4 ub2E=01
“1e349€200

1.116E°00
=2.393E~01
=9.8T9E~0)
=1+706E-01

1.4906f « 00
-1.BbbEe00
B, EQOE-0O1
~1.058E+~01
=1.973F-01
-2.827¢-01
~-1.9076-02
~2e563E-01
4.319E-01
-8.183F~01
1,409k ~02
~1l.207€~01

=1.054E200
lo41SE+00
~1.,610£+00
8.8576~01
6abs96E-02
“9,4264E=-02
~5.299E~01
~2.133£=02
-1.161€-01
5.2644E-01
-8.9126-01
~2e223E-01
“1.71236-01

~1«BSSEL00
~9.608E~-01
2s07JE*00
1557600
~%.B27€~01
6.068E-01
9.103E~01
-2.785€-02
~ha040£-01
~3.040€-01
T.252E~01
1.6166-01
A TeTE~02

~1.665F 500
~1 215800
2.503E+00
1.674F+00
~12426E+00
5.859E ~01
1+707F200
~2+s4TBE-02
~teSO0GE~01L
»5e29IE~0)
1424BE 00
6.500E~01
1. 702E-0}

=1 SGIE+ 00
~1,814at«00
“6.954E-01
~1+1506~01)
=14536E+00
~B.462E-01
=32452E=01

1.278F-01
1.3861¢ 01
e 122F =01
T.406E-01
~6.h82t~0¢
&.951F =01
~3.0708-02
1.161800
516201
4 ,996F~u1
1.110E 00
1.025E+00

6.900E~01
E IRy ¥4
1.920€=01
5.950E~01
Bot8TE=0]
“14513€E~01
8.308E-01
~4.323E~02
12422E400
4.582€+0)
4. TH0E~0)
1+4357F00
1.173F+00

1+024E+00
B 6T1E~02
4e62TE=01
Q.6266~01
1233€+00
“4sllbE-01
1.389€+00
~7.378F-02
2.009F+00
4+339€~01
5.822e~01
1.992F «00
1.646E+00

8.598F=01
2.813-01
5.901F~01)
ByTunb -}
1-1304 <00
~1.053F=-01
1-308F «00
-5 5G9F -02
1-613€6s00
6,1126-01
T+82TE-01
La64TF 200
1.4592F+00

~2.221€-01
-¢.T82e-01
~2+992E~01
=1.687€~-0}
6. T69E~D2
=4+336E=01
~1.897€=01

i
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10

11

12

o s
WN=OODONCNE W

Ve NN & WN -

l1e444E*00
8.,583E+00
1.089E+01
1.148E+01
S+293E+00
1.173E+01

1.031E+01
1.429E+01
2409SE+01
1.177€E+01
14324E+01
1.500E+01
1.652E+01
1.257E+01
1.763E+01
1+950E+01
2.17TE+01
1.730E+01
2.377E+01

2.148E+01
2.047E+01
24385E+00
1.313E+01
2.701E+01
~2.529E~-01
1.173E+01
1.897E«0]
2.505€+01
2.416E+01
1.228E+01
1.805E+01
2.541E+01

-1.179E+00
~1.081E+0}
=3.740E+00
2.873E+00
~5.602E+00
-6.725E+00
~-24531E=-0]
~24800E-0]1
~1.471E+00
-6.239E+00
~2.99TE 00
2.608€-0]
-2.008E+00

=14313E+01
=14823E+01
=1.277E+01

6.394E+00
~145S0E+01
=1.393E+0]
=3.198E+00
=5+108E+00
-1.088E+01
~1.333E+01
=1.086E+01
=1.378E+00
=8+792E+00

3.656E+01
4e230E+01
4«853E+01
3.008E+01
2.262E+01
34226E+01

6,511€+01
1.342E+02
6.069E+01
2.317E+01
8.826E+01
1.042€E+02
4.009€+01
Se063E+01
64136€+01
9.633E+01
54985SE+01
4e066E+0]
S«831E+01

1.324E+02
2.,810€E+02
1.307E+02
S.016E+0]
1.801€+02
2.202€+02
8.921€E+01
1.048E+02
1.293E+02
2.050E+02
1.305E+02
B.88TE+01
1.282E+02

~9,281E+00
=24037€01
1.234E+01
1427BE+01
=1.730E+01
~2.913E+00
1.273E+01
29SSE+00
=6.100E+00
=1.182E+01
4.615E+00
S.003E+00
=3.016E+00

-2.425E+01
=44111E+01
2.,907E+01
1.766E+01
~3.437E+01
=S5.601E+00
2.402E+01
=2.671E+00
~1.477€+01
=2.354E+01
1.162E+01
6.249E+00
*5.567E+00

=2.358E+00
1.102E+01
1.747E+01
1.826E+01
3.879€E-01
1.207E+0)

1.581E+01
3.840E+01
S5.584E+01
=44263E+00
2.667E+01
S5.000€+01
2.407E+01
5.045E+00
2.060€+01
3e164E+01
44050E+01
1.069€+01
2.527E+01

2.115E+01
4eB44E*O]
1.211E+02
=2.030E+00
3.513E+01
9.131E+01
5.573€+01
6.493E+00
3.241E+0)
4¢539E+01
B8.214E+01
2.124E+01
4e343E+01

1,028E+01
=2.244E+01
=1+4237€+01
1.297€E+01
~6¢112E+00
=1.713E+01
T7e929E=01
1.090E+01
4.092E+00
=1,234E+01
=7.352E+00
S5.385E+00
=2.217E+00

44512E+00
=5.243E+01
~4e245E+01

1.137€+01
=2.325€+01
~4,823E+0]
=1.379E+01

6.272E+00
=7+282E+00
~3.582E+01
=3.093E+01
~3.,954E+00
=1.924E+01

8.635€-01
7.742E-02
~4e396E-01
-8.040E-01
4eB36E-01
=1,786E-01

~5.805E-02
=9.806E=01
=1.684E-01
=8.890E-01
-4.121E-01
=8.449E-01
=4.837€E-01
3+77BE-01
~9.030E-02
=6.6%0E-01
=4+003E-01
=5.719€~-01
=4 e234E=01

=6.737€-02
~1.791E+°00

3.817E+00
=4e136E+00
=9.663E-01

3.580€E-01
=3.041E-01
=3+.70BE~01
=4+158E-01
-9.627E~01

1.425E+00
~2+180E+00
~5.763E-01

T.526E~01
-8.300€E-0]
8.,5SSE-01
=1.030E+00
=8.789E-02
~Be424E~-02
=6+645E=02
=2.833E-02
24466E-0]
~3.605E-01
2.9S7E-01
=4+.502E-01
=6.960E-02

-B.491E~01
4+361E-01
4.TSBE+00

=5.169E+00

~24150E-01

2.452E+00
=1+620E-01
~2.806E+00

«9.677E=-01
S+B85E-01
2+295E+00

=2+6B1E+00

=1.917E=-01

~4.112E-01
~1,040E+00
-1+33B8E+00
=5.728E-01
-2.970E-01
=7.350E-01

=2.260E+00
=-4,023E+00
-8,998E-01
~1.,036E+00
=2,661€+00
=1.510E+00
=7.761E-01
=5.76%€-01
=1.589E+00
~2.642E+00
-9.968E-01
=6.736E~01
=1.299E+00

~4.523E+00
~9.265€+00
-5.818E~01
-2.704E+00
~6.149€+00
-2.909E00
=1.521E+00
=1.391€+00
=3.417E*00
=5.646E+00
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=3 765E~01
1.062E~01
S.026E~0)
3.173E-03
=l 614E~0]
~1leB0LE=DI
JeablE=01
24460E~01
G2 54%4E~02

=G+ 496E~01
=14620E+00
2.196F+00
1,20BE+00
~1es663E*00
3.107E=01
1+910E<00
1.061E-0]
~6,486E-01
~7+519€~01
1.27BE+00
L«019E+00
Z2.294E~01

~2.585€E+0¢
~6515E+00
GetBlE=OO

F936E~D2
2.154E-01

1. 195E~81
8.2176-01
2.251F Q0
~7.624E~01
3.5430~01
1.958E00
T.T47E-01}
-8.159¢-01
S5.574£~02
B.546€-0])
1.448E+00
Lel11E-G3
SeF1TE~0]

4.529E=01
2.029E-01
1.004E+01
-2.166E+00
5.161E-01
S.011£+00
3.225E400
~2.266E 400
5.925E=02
1.602E+00
5.074E +00
1.471E-01
1.582E+00

=1,452g+00
=2.738E+00
3.804E4+00
1.894E00
~1.919E+00
5.390E-01
2.723E+00
2.096E~01
~8,68BE-01
~1.234E+00
2.197E-00
1.497€+00
4.002E-01

~7.093E+00
~1.115€4+81
1.466E401)
9.257€00
~Be429€200
1.770E+00
1.139€+01
1.047E+00
~4+331€+00
=5.,517E+00
H.817E+00
6.904E+00
1.473E+00

~2.064E+0]
~3.,124E401
“e372£401

~1.429€-01
~3.376E~01

4. L T79E~02
G 45BE-02
~2.266F~0}
-1eBasE~0]
~%e3L12E~0]
1« 010E=01
~T+262E-01
1+450E=01
=7+ 288E-01
~t«9u6E~01
~3e135E~01
~Js260E~01
~8.0)VE~01

~3.)134E~02
“e40BE-O2
“4.,929E«01}
4 .328E-01
»14223E00
Ze214E-0)
«1.697E400

1e894E~01
~2e353E 00
~2.373E400
=1.516E+00
~1252E00
2. T42E400

=5.737e=01
-3.0756~01
~24552E-01
~4sT61E~0])
~4»372E-01
=~3.7326-01
«3.522E-01
=5 .669E-01
=62 120E-01
~3.877E~0}
-3.519E~01
“5.613E~0)
~4.648E~0])

~5.963F-01
~¢e831E-01
*1s656E~01
~3.762€=01
=4 13SE=01
=6.275E-01
~2+.280E~01
—4e322E-01
~8.541E-01
~3.733E-0]
~2+965E~01
~7+407E~01
~54293E=01

~9,363E~01
~2«190E~01
T.664E-02
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=T2221E401
1.037E+02
T.674E+00
=9,197E+0}
3. 734E+00
44,300E401
&.700E+0)
~5.359E+01)
=3.333E+01)
S5.756E+00

1.243€+02
4.T60E+02
=44334E¢02
«1.027E+02
2.926E402
2,729€E+9}
=2.64TE+Q2
B8.941€+00
6.692E+0]
2.42TE+02
~24146E+¢D2
=4.,918E+01}
6.876E+00

~7.524E~p1

6.481E~0)
=3.756E+00
=4,396E+00
«7.810E~03
~2.819E+90
=3.901E¢00
~1.528E¢Q0
=2+649E¢00
~2.017€+900
=-4.03)9E+00
~4.292E+00
~4,434E¢00

~4.128E+00

T+904E+00
~7.429E+00
«)+BTCE+()

2+.396E+00
-3.121E+00
~1.249E¢0]
-3,186E+00
~8.590E+00
=2+139E+00
~1.028E+0}
~1.578E+0)
-1,309E+0}

=64 106E+00
1.714E+p1)
1.395E+0)
=5.323€+0]
3.719E+00
1,877E+01
=2+401E+0])
«2.372E+0)
=1+«189E+01

~1.J49E0)
24600E900
~Z2+028E+00
~d o ILEE+00
~Q.,549€~01
S.9S1E+00
2944E-01
~2.235E+00
=64 T90E +00
=24 023E~01

4.890E+01
=6.498E+01
=2.154E+02
=7.335E+00
=2+209€+01
~1,815€+02
=1,595€+01
~14936E+01
5.300E4+01)
~5.090E+00
=7.917€+01
2+603E+01)
S.«T10E+0])

-1.135€+0)
~2+005E+0)
~44104E+0]
~2.469E4+01)
=-1.358E+01
=3.179E+01
~32236E+01
~14940E+0)
~1.651E+01
~2+062E+01
=3.116E+01
=2.322E¢01
=2.147E+01

~1.506E¢01
=44 963E+01
~9.236E+01)
—4,237E¢01]
=2.793E+01
=T, 46TE+01
=6,409E+01
~3.274E+01
=2.843€+01
=4sS14E+01
“6.654E01
~4.212€+01
~4,126€+01

~3.631E+01
~T.432E+01
=3.210E¢02
«3,238E¢0]
=5.793€«01
~2.107E+02
=12 TT6E+02
=7 TISE+O]
~74345€¢01]

~5.515E01
=3.547E+0)
~3.810E+01
~3e66SE+0]
~6.132€+01
=44 04 0E+DL
=2.F4TE0Q)
~3+00SE+01
=4 ,128E+01
~2.771E+01

~1eT97E+02
~1.840E+02
=~2.230E¢02
~14743E¢02
~14408E*02
=2.4T2E02
~1e463E02
~2426TE02
~1.346E+02
~1e405E 02
~1,600E+02
~14219E+02
~9,327E+01

=14322E+01
8.153E+00
T2017E+G0
~7,881E+00
=2.379E+00
7.485E400
~3.955E=01
=1.004E+0)
=7.609E+00
3+119€E+00
24624E+00
~4,86TE+00
~1,884E+00

“14207E¢C]
3e110E¢01L
1,738E«0)

~7+BIFE«00
9.956E+00
ZebbbE0]
3.46%9E+00

~9.293E+00
=2.943E¢00
1.86TE+01
1.199E+01
=6 4#26E~0)
6.388E400

=1,412E+01
1.275€+02
44S08E+01
=1.279E¢Q1
S5.072E¢01
9.913€+01
8.403E¢00
~16255E+01
8,287E«00

3.675E+00
~4.138E+00
1.092€+00
S.728E+00
4t T6E-01
~1,720E+00
=2+064E+00
3.855E+00
J.121E400
8.137E+0)

~1etsIES Q0
~3.T92E«00
62 032E+00
2+554E+00
~3e239E+00
14431E400
4.651E+00
4eB3IIE~0]
“1e142E+00
~1.681E*O0
342B6E+00
24318E+00
6.814E~0)

=1e532€+00
1.051E+00
3.129€+00
~3.B40E« 00
~2+6558€~0)
2e199E+00
~3.286E~0)
~2.807E+00
~1.260E+00
Te174E~0)
1.527E+00
-2+ 196E400
“3.05)E~0]

~7.331E+00
5.916€¢00
9.360E+ 00
=10 140E+0]
~74843E-01
7.826E+00
-8.595E~01
~9.504E+00
~5,044E 00
345026400
4.828E+00
~6469TE+00
~B,579E~01

~1.975€+01
1.966E+0]
3.782E+0)
=3.382E+0]
3.583E=01
2.761E+81
1.528¢8~01
=2.696E+01
=1+265E+01

2.877€+01
-2.385€+01
6.153E+00
3.452E+0]
3.977€+00
-1.209€E+01
~1.522€+01
2.691E+0)
2.)152E+01
Se294E+00

~1.522E+01
~2.474E¢01)
3.860E+01
2.276E+01
~1eT40E¢0]
6.309E+00
2.727E+01
3.547TE+00
~8,219€+00
~14120€+01
2,261E+01
1.,658E+01
4.920E400

4.651E-01
24.382E~01
14304E+00
«2.018E~01
2.813E~01
9.279E~01
SeSLEE~0)
~ls084E~0)
2.182E~01
4.550E-01
8,203E~0)
1.992E~0]
44188E-01

2.077€-01
1.30)E+00
2.961E+00
~8,358E~0)
5.279E~01
2.595E+00
1.084E+00
~9.508E-01
1.208E~01
1.171E+00
1.995E+00
F+606E~02
8.440E-01

8.141E-01
9. 442E-01
1.78lE+0]
=2, 7T73E+00
B.914E=0])
6.035E+00
5.722E+00
=2.973E+00
2.381E-01

~2.539€~01
~6.119E=-01
~1.341E+00
~2.9815E~02
~2.696E-01
~1.783E+00
~4.925E-01
~2.413E-01
=1,421E+00
=9.073E-01

~1.218E+00
=3.190€-01

3.640E-01
~6.723E~01)
~1.051E+00
~1.113E¢00
~2+565E-01
=4 oH3aE=01
~2.081E+00
~9.789€-01
~4 ¢S5S5E~01
=1e743E00
=1.336E+00

8,863E~02
~44,SITE~02
~1,09SE~01
~1.725€E~02
“3.387€~01
5.889E~02
“3.705E=01
1.,993E~01
=3.904E~01
44 198E~01
~2+506E-0)
~2«177E~01]
~4e939E~0]

~6,536E~02
=3:372E~0)
~4.269E~01
~2.755€~01
~7.815E=01
~2+284E~01
~9.305€~0])

1.084E~01
~1.048E+00
~).0B6E+00
~5.295E~01
~4,932E-01
~1.14%E+00

-4 ,550E~01
-2.251E~01
~1+036E+00
~7.1656-01
=2+087£+00
~2.175€-01
=22367E+00
-B.873E-02
~3.687E+00
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=42 354E-01
~5«563E+00
~3.898E+01
-2+138E+01

3+928BE+00
3.314E¢00
=7<194E~01
3.524E00
3.667€+00
24650E400
1.430E+00
2.300E+00
4.501€+00
44276E+00
2.232E+00
44273E+00
S«130E+00

1.759E+01
5.854E+00
~1e005E+01
9¢321E¢00
1.2a0E+01
1.441E+00
~Ba.162E~01
1.069€4+01
1.514E401
9.450E+00
1.317E«90
1.082€+01
1+268E+0]

5.112E+01
=1 4STE+Q]
~1.986E+01
B,SBTE00
2.257E+01
~1.662E+01]
=44 329E+00
2.366E4+0]
3.709E+01
%ehi3E 400
~2e29TE+00
1.173E+01
1.516E+0}

4. 114E+01
4, TEBTESD])
-4, 061E+01
~3.444E+01]
4ekbBE0L
36126400
~3.741€+01
3.310E+00
2.234E+0)
2.571E+0)
~1+8STE+01
~14549E401
3.501E+00

&e388E+Q]

~9.187E+01
-2.143E%02
~1.006E+02
=1.,091E+02

2e627E201]
4.195E¢01
4e73GE+01
3.190E+01}
3.232E+01
4e626E+01
3.810€+01
3.084E+01
3.006E+01
3e761E¢01
4.034E+01
3.288E+01
3¢357E¢01

44147E+01
9.156E+01
9.053E+01
44549E+01
6e192E+01
Fe463E+01
6.504E¢01
4eT4TEQL
S.056E+01
T+496E+0)
T2449E¢0]
S.261E+0)
$.90SE+01

8.992E+01
3.1126402
1.213E+02
B.177E+01
1.702E+02
2.279E+02
1.080E+02
9.797E¢G]
1.105E+02
2.204E+02
1+265E402
1.074E402
1.314E+02

2.230E+00
6e634E~0]
~8.958E~01
~2+4568E+00
GalT4E~D1
“14319E~0)
~8.240E<01
~14323E~01
1.087E+00
3.0185€-01
~4+603E-01
~1e244E+00
~4.000E=-02

J.TO9E+ 00

T+B26E+01
3.724E4+01
9e133E+00
3.005E+0]

7.054E+09
~2.546E+00
3.325€E~01
1.299€+00
1.T19E+00
-1.358E4+00
14244E+00
4,035E+00
4.182E+00
~8.24S5E-01
T.278E-01
1.217E+00
1.216E+00

6.050E+00
—6.672E400
1:047E+01
44BGTE+00
-1.226€+00
24143E+00
8.686E+00
5.056E+00
4,639E+00
~1.764E+00
6.611E+00
3.820E+00
2.989€+00

3.254E+00
G+ 646E+ 00
8.844E+01
€.563E+00
~1,007E+00
6,240E+01)
4.21SE+0}
4.358E+00
1.254E+01
1.477E+01
5,395E+01
1.3986+0)
2.064E+01

=7.856E+00
=3+289E900
~34260E+00
~8.118E+00
~hoSBTE*Q0
~4,227E+00
~4.678E+0¢0
~9.031E+00
~5.603E+00
=3.378E«00
=30 364E+00
=5eT34E+00
=3 .408E+Q0

=1.193€+0)

14344E+0)
1.988E+01
~1.831E40)
4e600E-01

~2+918BE+00
2.TT8E+00
2.636E400
-2+ 788E+00
=~7.910e~02
2.800E+00
~Ba350E~02
=2.950E400
~1+7S1E+0Q
15976900
1.549E+00
~1a710E+00
-8.285€E-02

-8.791E+00
8.618E+00
7.461E+00

~7.730E+400

~1.067E~01
8.186E+00

-1.420E-01

~8,355E+00

-5.123E+00
4.905€+00
4.483E+00

~4.T12E+00

-1.219E-01

~2,381E+01
2.611E+01
1.570E+01
=1.591E+01
1.180E-01
2.060E%01
24269E-0]
~2.010E4Q)
=1.312E+01
1.405E+01
1.037€+01
=9<995E+00
2.726E-01

~4,576E~01
~3.851E-01
5«595E-01
6.191E~01
=5.3264E=-01
B.354E~02
Te135E~Q1
Be286E~-02
~2+482E=01
~2+208E~01
44077E~01
49 269E~01
9+390E-02

*1+BOHE+Q0

2.040E+00
4.208E+00
9.910E~01
2.310E+00

4,307€E~02
T7.T64E~01
8.059€-01
1.532E~01
3.902E~0)
9.7T26E~01
4a421E-01
~1.556E-01
1.733€~01
6.398E-01
6.575E-01
2.192€-01
4,188E-0]

~4.698E~01
2.041E400
1.783E+00
~ips6B1E~02
8.140E~01
24397E+00
7.411E=01
~8.329E-01
1.078E~01
1.560E+00
1.353E+00
1.937€E-01
8,035E~01

=1.920€+00
9.824E+00
1.,203E¢00
54136E~01
3.272E+00
S.458E+00
1.021E400
-2.162E+00
2.884E~01
S.202E+00
2.152E+00
3.3%2E-01
1.857E+00

~2.970E+00
-2.901E+00
4.005E+00
L.114E400
«2.660E+400
5.497€-01
3,856E+00
S.b662E~01
-1.480E+00
~1,438E¢0D
2.609€«0¢
2.669E+00
S.921€E-01

=1.159E+01

~3.612E400
~2+95%E+00
=2, 265€+00
~40456E+00

8.858E~02
6.963E~02
~5.,961E-02
~S.4T4E~02
8.733E~-02
“5.592£-03
~3.058E-02
9.551E£~03
~5¢325€~02
~5.552E-02
le04lE~0)
1.148E-01
3.645E-02

1e792E~01
1.688£-01
~1e263E~01
~8.833E~02
3.6926-01
~3.131E~02
2.723E~02
~1«503E~02
~3.576E~02
-5.885E~-02
3.857E~0Q1
4.291E~01
2+920E~0})

4,053€=-01
4.126E-01
=14648E~01
~3.508E-02
1.379E+00
—2+062E-01
8.225E-01
~3.806E-02
9.252E-01
1.169E+00
2.064E+00
2.061€+00
2.276E400

~2,2066-01
1.355€-01
1.015E~01
“1.934E~01
~2.368E~02
5.968E-02
-2.892E~02
~1.705E-01
=1.792E~01
1.391€E-01
1.257€-01
=14724E-01
~1.337€-02

~1+79BE=01
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7.013E+01
-6.168E+01
~5.618E+01
6.688E+01
44192E400
~5,871E+01
3.806E+00
3.401E+01
3.713E+01
-2.885E+01
~2.610E+01
4.050E+00

1.394E¢02
1.367€+02
~1.213E+02
=1.236E+02
1.377E+02
T7.562E+00
=1.220€E02
7.843E+00
T«369E01
7.233€E+01
=5.689E+01
=5+803E+01
T<759E+00

4.913E+02
1.873€+02
=1.563E+02
~4.481E02
3.318E+02
1.377E+01
-2.989E¢02
2.748E+01)
2.516E+02
9.964E+01
=7.471E+01
=2.207£+02
9e364E00

~3.905E+00
=3.957E+00

3.742E-01
=3.505€+00
=3.970E«00
~3.145E+00
=1.587E+00
=2.290E+00
=4 .633E+00
=4 .T40E+00
~2.551E¢00
~4.409E+00
~5.418E+00

=1 .836E*¢1]
=7.374E+00
9.,748E4+00
=9.552E+00
«1,255€E+01
=2.343E+00
5.402E-01

1.949E+00
~24354E+00
-4,104E+00
1.135E +00
~24363E~01
~1,468E+00
-2.299E-01
1.810E+00
9.282E-01
-1.187E+00
~2.060E+00
-5.460E-02

T.232€4+00
5.783E+00
~T.031E+00
=1.064E+01
24552E+00
=9,145E~01
~4.291E+00
=2,002€+00
3.464E+00
2.T49E+00
=3.569€«00
=5.382E+00
=2+049E-01

-5.815€+01
440356401
1+490E+00
=2223€+02
=2.228E+01
=14922E+01
=1.566E¢01]
~1leBl4Es02
~1.661E+00
4eB71E¢0]
3.042€+01
=B.259E+01
S.709E+01

=2.577E+01
=4.347E401
=4,930E+01
~3.195E+01
=3.282€+01
=4,800E+01
=3.903€+01
=3.,064E+01
=3.015€E+01
~3,872€+01
=4.164E+01
=3.324E+01
=3,426E4+01

=94563E+01
=9.470E+01
~4,717€+01
=6.447€401
~9,894E+01
~6,779E+01

=3.633E400
=3.57)E+00
~1.225€+01
~6.863E+00
-44432E+00
-6.979E+00
~1.311E+01
-8.788E+00
=4.761E+00
~4.T7T31E+00
~8.950E 00
=5.769E+00

=-1.575E+01
6.277E+00
6.763E+00
-1.590E+01
=4.934E¢00
6.992E+00
=4.850E¢00
-1.582€+01
-1.023€E+01
4.810€E-01
T.239€~01
~1.031€£+01
~5.017E+00

1.419€+02
1.362E+02
1.290E+Q2
1.793E+02
1. 048E+02
1.753E+02
1,089E+02
1.974E+02
1.055E€+02
9.887E+01]
9.528E¢01
1.242E+02
6.533E+01

=7.418E+00
3.024E+00
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3.313E900 =1.647€E00 9,610E0) 1.552€-01 1.670E¢00 =-7.167€-01 12 4e0T4E=02 7.393€+00 4.938E°00 -~1.448€E-01 9.047€-02 2.885¢ -0l
-6.884E+0]) 6.240E=01 B8.809E0) 2.265€00 1.375E+0) =~6.STQE=-01 13 3.114E-03 1.269€+01 1.089E¢01 =3.027E-02 1.574€~01 3.928E-01
1.033E¢01 =1.5974E+01 l.116E02 Te44BE-0] 3.616E+00 1353600 52

1.257€+00 3.,00S€-01 1,498E01 =3.795¢00 =-5.721E-01 J3.356k~01
-1.308€+01 3e979€01 4.857t+01 3.490E+00 1.209€00 4.795F-01
-4.215€E-0) 2¢24TE+00 5.474E0] 1.806E-01 =-2.9123E-01 4.222€-01
8+629€E=02 1.183E+00 1.991E¢01 =-1.471E-01 4.806t-01 2.699fF-01
~5.889€+00 3.602E+01 J.086E°01 =-9.530E-02 J.490E-01 1.036E+00

S.507€+0) -1.718E+01 8461SE+0]1 =S5.4S)E-01 -6.,095E00 1.254E-01 1
?
k]
4
S
6 =-6,004E00 2.110E+01 5.184E01 1.782E00 S.221€E~01 24045€-01
7
8
9
0
1

2.816E401 6.316E+00 8e230€E¢0] =-6.]117E-01 =~4.311E+00 2eb4lE-01
=1.984E+01 24645E°00 8.227E°01 1.151€E+00 B.464E€E°00 J.B60F-02
—4e223E°01) 7.673€+00 9.183€E+01 1.529€¢00 1.221E+01 ~-1.623E-0]
4.648E°00 5.927€+00 7.583€+01 J3.655€~0) 2.557€°00 =-9.,252f-02

~4.S0TE*Q00 ~3.397€¢01 =3.401E=0) -~3.65TE+00 1.829E-02 1.108E-01
2.418E900 ~4.6590E°0) <=5.475E+00 2.969E+00 1.357E+00 1.975€-01
44237E+QQ0 =3.309E¢0) <~1.602€¢0) 1.S7T6E*00 6.619€=01 1.944€-01
=1.816E+00 -2.578E+0] 1.266E+00 <=1.953E+00 S.384E-01 24635€~02
=1.S7TBE*00 =-3.,897€+0]) =2,439€«00 =~3.221€~0) 6.830€E-01 4e224E=01

Se329€E~-02 3.553€E-01 Je695E¢01 -1.497€-02 4.894E-02 84657E-01
=3.174E=01 1.580€01 1.8S5SE¢0) ~-1.904€E+00 ~1.233€E-0) Je166E-02
=1.086E+00 2.427€+01 2+496E¢0) =~1.92B8E+00 4.288E-02 T.950E-01
=84203E00 2+896E+01 4.182E01 1.726E+00 Se381E-01 8370E-01
«1.601€+00 1.012€-01 4o485E0] 3.699E~01 1.099€E-01 84998E-01
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~1+398E+00
~3.105E+00

=34306E+00
=84413E+00
44817E-02
2+251E=91
~G+4B6E*Q0
=~2+36TE+(0
=2+104E~02
=2.S72E+00
=3.986E+00
-6 ,456E+00
=1.582E¢00
=1.577E+00
~3.938E+00

3.057E+01
8.304E00
~7.94SE+00
~2+605E+0]
1.940E¢01
1.288E-01
~1.693E+01
2+279E+00
1.591E+01
4 TT77E+00
=3.372E+00
=1e243E401
1.22%E+00

3.796E401
8.294E+00
=T+911E+00
“3e294E 01
2.309E+01
1.364E~01
=2+036E+01
24548E00
1.967E01
4+83BEs00
~3.290E+00
~1.580E+01
1.3SSE+00

$+383E+01
1.027E401
~3.823E+00
-4 +658E+01
3.201E+01
1.539E~01
~2+816E+01
3.702E+00
2478BE+(Q)
6.097E+00
-3 962E 0D
“2e234E%01
¥ 1.911E+00

2+863E4¢01
T+304E¢00
-6+ 923E400

S+ 765E+00
1.824E+01

4,254E+01
2.672E+01
14034E=01
2.948E+00
2.874E+01
1.210E+01
~1.403E=01
24161E+01
3.146E40]
2.326E+01
9.793E+00
1.150E+01
1.993E+01

-22025E+00
3+327E+00
~34293E400
1.895E+400
1.307E~01
1.931E~02
~1.727E~01
~7+284E=02
=1.022E+00
1.664E+00
=1+634E¢00
9+492E~01
24322E-03

-2+ BDSES00
44320E400
“442T1E+00
2.510E+00
24345E-01
2.047E~02
~34359E~01
~14642E~01
~1,423E%00
2+153E+00
-2 131E+00
1+246E+00
~1462BE=02

~5a416E+00
6173E+00
=6+ 03BE+0G0
4+ TBBE+QC
1.32SE~01
24308E-02
«2+.705E~01
=3, 7B6E~01
~2:706E+00
3.109E+00
~2:290E«n0
2+402E¢00
3«112E~02

~8.4HBE+00
3.310E+00
~2.553E+00

2+737E0]
34494E+01

3.65BE+01
Te914E01
74 394E+01
3.957E+01
Se766E+01
T+521E401
SaT44E401
3.892E+01
4« TIGE*Q]
6,879E+01
6.610E+01
4+877E01)
5.820E¢0]

4.4B3IE+00
S.363E400
6.185E+00
5. 157E+00
1.832E+00
8.94SE+00
Z.477E400
74533E+00
1+400E400
1.804E+00
2.214E+00
1.737E+00
~1.T19E+0p

B.823E+00
1.061E+01
1.151E+01
Ge614E400
5.531E+00
14534E+0)
6.253E+00
1.344E+01
4+« T63E*00
S5.619E+00
6.070E+00
S.158E+00
6+648E-0]

2.17SE01
2.310E+01
24433E401
2.306E+01
1.624E+01
3.002E¢01
1.731E¢01
2.867E+01
1.538E+01
1.603E+01
1.485E+01
1.603E+01
8.98BE+00

7.967TE«01
7+623E401
7.69SE+01

wiea l4TE=01
«6.08B8E~02

~64164E400
6+ 10SE+00
1.922E-01
~2.2526~01
~TeT44E-03
2.959E+00
24035E-03
-2.977E+00
=3.110E+00
3.072E+00
6.046E=01
-6,105E-01
~8,635E~03

=1.254E-01
~1+177E~02
«2.S13E~03
2.274E~01
-%.321E-02
=14332E~02
1+352E-01
Se&634E-02
~34453E-02
~3.828E-02
S+ 172E~02
14072E-01
2¢119E-02

=6e437E=-01
b4e423E~03
=3.77TE~02
9.61BE~01
~3456BE=01
«3.995E~02
4«970E-01
1.815E=01
=2+037E~01
~1e221E~01
1.755E~01
42340E~01
T+061E=-02

~1.248E00
=-5.866E~03
=9+ 143E~02
1+970E00
-6+ 757E~01
«32496E=02
B 66SE~01
4+056E~Q]
=3+ 740E-01
~2.378E-01
3.265E-01
8.785E-01
1e447E~0)

~5+60B8E-0]
=1.012E~01
“1+996E=02

1.157E-01
2.020E-01

-1.085g+00
1.868E+00
~8,103E-01
7.238E~01
3.328E-01
6,029E~01
2.595€-02
~2.256E-01
~h o4 T1E~Q2
6.199€E~01
~1.219E~03
1.564E-D1
1.861E-01

~1.292E00
~1.377E-01
1.938£-01
1.762E+00
-5,728E-01
1.801E=02
8.414E-01
2.516E~01
~5.122E-01
~2.121E~01
3.640E-01
8.946E=01
1.335E=01

wh oB1l4E 00
- 4302601
6.313E-01
6+433E¢00
=24 24TE+Q0
6+303E=02
3,170E+00
8.546E~01
~1.981E+00
~Tob44E-01
1.292E+00
3.292E400
44598E~01

-3 +349E400
-7.89SE~01
1.206E+00
1.28BE+01
~4 «22BE*00
1+299E~01
&2196E+00
1.B78E+00
~3.7T1TE*00
=1.384E+00
2:4BEE«00
6.546E+00
9.BUBE~-]

~5,875E+00
’:6.311E'01
9.214E=01

8.562E-01
1.136E+00

T.155g~01
T.614E-01
5.553E£-01
S5+110E~01
1.902E400
2.336E-01
1.3S3E+00
1.487E-01
1.431E+00
1.460E+00
1.463E00
1.427E00
1.941E+00

7. 74BE=02
1.711E-D2
“3.567E-02
2.416E~02
1.904E~02
1.201E~02
~3.926E~02
1.752E~01
7.609E~02
Te432E~02
4.4 72E-02
4e693E-02
3.798E~02

~6e225¢=02
~1.709€~01
~3.526E~01
~24395E~01
~1+562E-01
~1+864E~01
“3+555E~01
1.988E~01
5+009E~02
6+S09E~02
=3+ 73SE~02
~5¢035E~02
~4eITTE~02

«3.527E~01
=5+¢333E-01
~9.146E~01
~74S9E~01
~5.156E~01
~54830E-01
~Ge541E-01

1+321E-01
=1.122E~01
~9+239E~02
=3:0QQ9€~01
~3+380E~01
=3.108E=01

=6.112E-01
=7+ 64SE=0]
~1+049E+00
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~2+3T2E+ 01
1.801E+D1
1.026E=-01

=1.557E+01
2.756E+00
1.488E+01
4e218E+00

~2+824E+00
=1.122E+01
1.201E+00

=2ehbSESQ0
4¢385E00
3.713E-01
T+221E=02
Te616E-01
2.266E+00
~9.863E~02
~5.502E-01
~1+148E4+00
2e24TE+00
B8+338E-02
—4+421E~02
=2+584E=02

-1.206E°00
1.343E+01
4e374E=0]

-7.595E-02
6.08BE+00
6.1B5E+00

-5.509E~02
3.702E-01
1.187E+00
B4454E$0D
1+668E+00
1.463E+00
3.239E+00

3.723E+00
8.S19E+00
“6.462E=-02
=2+367E~01
6. TSOE+0D
2.358E+00
2.123E-02
24T72E200
4296E 00
6£.609E+00
1.635E+00
l.634E00
4e102E+00

5.863E+00
=7«127E-0C1
1.539E~02
5.600E-01
~1+730E+00
-3.980E+00
1.976E+00
~9.868E-01
3.165E+00
54541E-01

=2+387E+01
~2+883E+01
~2+026E+00
~2+211E+00
=2+629E+01
=le616E01
=6+575E~-01
=1+382E+01
-1.855E+01
~2.095E«01
=7+S12E+00
~7.680E+00
~1.311E+01

~3.128E+01
=44138E+01
~2+338E+00
=1+250E+00
=3, 750E+01
=2+193E+01
=3.673E~01
~1.645E401
=2.527E+01
~3.014E+01
~1.055E+01
~1,018E+01
~1.900€E+01

=42421E401
-2.729E+01
=14936E~01
=3.07SE400
~44010E+01
=14237E0]

1+415E-01
~2+244E01
=3« 265E+01
~2390E+01
~1+4018E+01
=1.192E¢01
~2+064E+01

TIME FOR

ELAPSED

8s166E+01
7+502E+01
7.871E+01
7.582E+01
8.396E+01
T.538E+01
7+376E401
Te412E401
T«637E+0]
T+119E+01

1.536E+00
~1.994E+01
~24531E+01

1.738E+00
~B.54BE *00
-2.269E+01
-1.1S7E+01

1.236E+00
=44 290E+00
~1.526E+01
~1472E+01
~4.366E+00
~1.053E+01

~1e417ED]
~4o91BE*01
~5.549E+01
~1923E+01
«3.074E+01
~5.251E+01
~3.697E+01
~1.785E+01
=2+453E+01
~44211E401
~4¢521E+01
“2+701E+01
=3.491E+01

~3.616E+01
~84037E+0]
~Te469E+01
=3.915E+01
~5.810E401
~7«605E+01
~5+766E401
~3.853E+01
~44730E0]
~6e95TE*0]
“6+664E*0]
~4.,871E+01
“5.852E401

TH1S PROBLEM

™ TIME =

1.185E+00  B.607E+00
44 J64E=D]  ~2.4BSE+D0
~8.959E~02  9.3B5E-02
6.500E~01  3.973E+00
3.439E~01  1.436E+00
“14372E=01 ~2.166E+00
~14968E~01 ~8.541E=01
2.299E~01  1.662E00
Su47BE=01  4.314E+00
1.054E=01  7.357E~01
~14827E+00 =2, T8TE-D2
1.4399E¢00  B.31SE~01
846G6E~02 ~5,320E=02
~G5046TE-02  2.92BE-01
~14839E~01  4.308E~01
7.058E-01  3.960E-01
~20291E=02  6.089E-02
“94119€=01  1.025E-01
~G . Th4E=D]  2.456E-01
6e0BE~01 &e921E~01
1.285E=01  1.300E-01
~21186=0]1  1.380E~01
~14060E~01  2.507E-01
~5,12BE%00 <-6.656E-01
4+299E+00  1.657E400
2¢324E~01 ~3.319E~01
~2.015E~01  6.617E-01
~3.416E-01  5.550E-01
2.219€400  7.483E-01
-3.80BE~02  8.533E-02
~2.591E400 ~1.163E-01
-2.669E400 1.391E-01
2.063E°00  8.021E-01
4.343E-01  1.793E-01
~5.940E=01  1.747E-01
-1.924E-01  3.236E-01
~BaS27E+00 =1,372E+00
8.600E400 2.781E+00
2.702E=01 ~1,135E+00
~3.049E-01 1,017E+00
6.167E~02  S.843E-01
4416BE+00  8.536E-01
S.071E=03  3.543E~02
“4.120E000 -2.546E~01
~4,286E900  3.332£-02
42351E400  $.553E~01
B.677E-01  7.670E~03
=B.313E-01  2.462E=01
2.666E-02  3.091E-01
= 8 MINUTES
8 MINUTES

=9.386E~01
~Be126E=01
“T«967E-01
=1.150E+00
~2,013E~-01
~5.7B7E~01
=5.441E~01
=7.060E~01
~7«551E-01
=7+501E-01

led4lE~01
3.491E-01
3.549E-01
1.263E-01
5.187E-01
2.655E~01
4.66TE~0]
6.821E-02
4.030E-01
4eT6HE=0]
5.091E=-01
44361E~01
S.£80E~01

5.B73E~01
9.702E~01
8.902E~01
5e222E-01
1.579E+00
6.286E~01
1.385E+00
le924E~01
14238E400
1,372E+00
14462E+00
1.333E+00
1.725E+00

1.340E+00
1.363E¢00
1.0S0E+00
1.032E+00
24972E+00
64178E-01
2+186E+00
5+387E-01
24322E400
24352E400
2+4335E+00
2+4307E+00
3.023E+00

1.993 SECOMNDS

184733 SECONDS

el



| P

PROGRAM SHELL 6 <« MASTER DECK =~ ABDELRAQUF, MATLOCK REVISIDN DATE 6 MAY 1971
SHELL 6 REPORT CODED BY ABDELRAOUF APRIL 164 1971 TABLE S- ELEMENT LOADS
EXAMPLE PROBLEMS NONE
N

PROB TABLE 6- BOUNDARY CONDITIONS
202 STUDY OF THE STRESSES IN THE VICINITY OF THE LOAD, PROBLEM 201.
NUMBER OF CARDS FOR TH1S TABLE 72
TABLE 1~ GENERAL PROBLEM INFORMATION

FROM THRU INCR CASE  COND. ## BOUNDARY VALUES
NUM OF ELEMENTS 20 PT  PT . XYz X Y
NUM OF POINTS 79
NUM OF LOAD CASES 1 1 -0 -0 1 111 =1.046E-06 =5,098E-06 =6+043E-05
ELEMENT FORCES REQUIRED {1 = YES ) 1 1 -0 -0 2 111 -3.586E-06 1.209E-06 -1.619E~07
2 -0 -0 1 111 ~4¢912E=07 -4,397E-06 ~6.892E-05
2 =0 =0 2 111 -3.194E~06  1.062E-06 -1583E-07
TABLE 2- MATERIAL ELASTIC PROPERTVIES 3 -0 -0 1 111 =1.064E=07 <-3,565E~06 =~7+590£-05
3 -0 -0 2 111 =2.651E-06 8,878E-07 =1.340£E-07
F A 4 -0 -0 1 111 1.083E~07 =2.603E-06 =B+136E£-05
NUMBER OF CARDS FOR TH1S TABLE ! L) -0 -0 2 111 =1.958E~06 8.880E-07 -9.190E~08
MAT X DIRECTION Y DIRECTION SHEAR MODULUS S -0 -0 1 111 1.529E-07 =-1.511E-06 -B8+53)1E-05
TYPE EX VXY EY ALY G S -0 -0 2 111 ~1.115E-06 B8.622E-07 <+2.876E-08
6 -0 -0 1 111 3-3902'07 -3-0862-07 ‘8.6992'05
- - . - 44320E+08% 1.500E~01*% 1.878E+0B* 6 -0 -0 2 111 ~2+225E=07 7.876E-07 4¢223E-08
! 4s320€008  1.500€-01 +320E20 7 -0 =0 1 111 1.681E-07 B.B66E-07 =-B.670E-05
( * ) ASSUMED VALUES 7 =0 =0 2 111 6.103E=07  7.887E=07 B.442E-08
8 -0 -0 1 111 ~44150E=-09 2.076E-06 ~B+443E-05
8 -0 -0 2 111 1.384E=06 B8.655E-07  9.148E-08
TABLE 3- NODAL POINT COORDINATES 9 -0 =0 1 111 -5,168E=07  3.258€-06 =-8.019E-05
9 -0 -0 2 111 2.097E-06 1.018£-06 9.043E-08
NUMBER OF CARDS FOR THIS TABLE 6 10 -0 -0 1 111 =9.950E~07 =5.519E-06 =~7.876E-05
10 =~0 =0 2 110 ~4.919E-06  9.,146E-06 ~0.
FROM THRU INCR STARTING POINT COORDINATES END POINT COORDINATES 14 -0 =0 1 111 -5.288E-07 3.943E-06 =1.004E~04
PT PT X Y Y4 X Y z 14 -0 -0 2 110 3.289€E=-06 1.021€=05 =0+
15 =0 =0 1 111 -1.073E-06 -6.888E-06 -9.708E-05
1 9 2 0. 0. 0. O 2+000E+01 O. 15 -0 -0 2 110 ~6.251E-06 1.182€-05 =0«
15 23 2 4.667E+00 0. 0. 4e66TE+00 24000E+01 0. 23 -0 -0 1 111 ~64941E~07 5.205E-06 =-1.205E-0¢
29 37 2 9.333E+00 O« O G¢333E+00 2.000E+01 0. 23 -0 -0 2 110 4at34E-06 1.319E-05 =0.
43 s] 2 9e333E¢00 0. 3.000E+00 94333400 2+000E+01 3.000F+00 24 =0 =0 1 111 ~1.280E-06 -9,200E-06 ~1.154E-04
57 65 2 4.66T7E+00 0. 3.000E+00 4+66TE«00 2+000E+0]1 3.000E+00 24 -0 =0 2 110 ~7.505E=06 9.220E~06 =0+
71 79 2 0. 0. 3.000E+00 O. 24000E+01 3.000E+00 28 -0 -0 1l 111 -1.013E~06 T.043E-06 =-1.408E-04
28 -0 -0 2 110 S5.532E-06 1.036E~05 =~0.
29 -0 -0 1 111 -1.617E-06 =-1.246E-05 ~1.337E-04
TABLE 4 = ELEMENT PROPERTIES 29 -0 -0 2 111 ~B8.758E~06 1e356E-06 ~-1+606E-07
37 -0 -0 1 111 =1.485E-06 9.458E-06 -1.611E~04
37 -0 =0 2 111 6.583E~06 1.332E-06 1.301£-07
NUMBER OF CARDS FOR THIS TABLE 10 38 -0 -0 1 111 ~5.934E~07 -6.568E~07 ~-1.339E-04
FROM THRU INCR MAT ANGLE THICKNESS ELEMENT NODES 38 -0 =0 2 011 =0 3. T464E-07 1.378E=08
ELMT ELMT TYPE 42 =0 -0 1 111 ~64391E-07  5.230E-07 =-1.614E-04
42 =0 -0 2 011 -0. 2.119E-07 ~1.303E-08
1 1 1 =0e 4+583E-01 1 15 17 3 10 €& 11 2 43 =0 =0 1 111 1.126E-06  1.106E-05 =-1339E-04
4 7 21 23 9 13 22 14 8 43 -0 -9 2 111 =8.646E-06 2.289E~06 1357€E-07
5 1 1 =0. 4,583E-01 1s 29 31 17 24 30 25 16 S1 -0 -0 1 111 9.921E~07 -8.343E-06 ~-1.614E-04
8 21 35 37 23 21 36 28 22 S1 -0 -0 2 111 6+466E-06 2.385E~-06 ~-1.117E-07
9 1 1 =0, 6.667E-01 29 31 45 43 30 39 44 38 52 -0 -0 1 111 8.341E-07 B8.164E-06 <=1.156E-04
12 35 37 51 49 36 4«2 50 4l 52 -0 -0 2 110 =7+4465E-06  9.024E-06 =0
13 1l 1 =0. S.417€=-01 57 43 45 59 52 44 S3 S8 56 -0 -0 1 111 SeB1BE~07 =6,202E=06 ~-1+411E-04
16 63 49 S1 65 S5 S0 S6 64 56 =0 =0 2 110 5+462E-06  1,007E=05 =0«
17 1 1 -0. S.4176-01 71 57 59 73 66 SB 67 72 57 =0 =0 1 111 6.542E=07  6.110E=06 =9.726E=05
20 77 63 65 79 69 &4 76 78 57 -0 -0 2 110 =6.227E~06 l.126E-05 =0.

€Cl



65 -0 -0
65 -0 -0
&6 -0 -9
66 -0 -0
70 -0 -0
10 -0 ~0
71 -0 -0
71 -0 -0
72 ~0 -0
72 -9 -0
73 -0 -0
73 -~ -9
Te =0 =0
T =0 ~p
15 -0 -6
5 -0 -0
76 -0 -0
16 -0 ~0
T =0 =0
77 -0 -0
18 -0 -0
8 -0 b
19 ~0 =0
79 -0 -0

1 3.035E=07  ~4,57SE-06 ~).208E-04
¢ 4¢39BE~06  1,253E~05 ~0.

1 SeB64E~0T  4,893E~06 ~7.885E-05
0 ~44933E~06  B8,992E~06 ~D+

1 1+570E-07 =3,463E~06 ~1.005E-04
0 3.275E~06 1,001E-05 -0.

1 64306E~07  4,5]17E«06 ~6.045E~05
1 +3+582E=06  2.227E~06  14333E~07
1 1.143E=07  3.896E«06 <-6+054E-05
1 =3+198E~06  2,295€~06  1.560E-07
1 =20475€=07  3.160E-06 ~7.5%1E~DS
1 ~2+659E-06  2,383E-06  1+4THE-QT
1 ~%+S49E-07  2,310E~06 =B.)3IBE~QS5
i =1965E~06  2.490E~06  1.022E~07
1 =~S.078E~07  1.346E-06 ~B.534E-0S
1 =1+115€=06  2,616E=06 2.172E-08
] “5.839E=07  2.851E-07 ~B4T702E~05
1 =2.159E~07  2.499E-06 ~5.200E~08
1 “5.009E~07 =T.707E~07 ~B+672E=05
1 64183E~07  2.400E~06 ~9+295E-08
1 ~2.587E+07 ~1.821E~06 ~B.445E=0S
1 1+388E=06  2,320E~06 =1.012E~07
1 1427€707 <2.867E=06 =B.021E=0S
1 2.092E~06  2.259E-06 ~T+682E~08

AN P B b NG e ) e ) ams NG B 1) e T a0 e P e D) e
ot it (B Bt s ot o ot B B P B s B B o o Bt
B Ll ol T e e R R g e ]

% CASE » ) FOR SPECIFIED DISPLACEMENTS QR SPRING RESTRAINTS IN DIR. OF AXES
CASE = 2 FOR SPECIFIED SLOPES OR ROTATIONAL RESTRAINTS ABOUT THE AXES

¢ CONDITION = 0 FOR NO SPECIFICATION

CONDITION = 1 FOR SPEC. DISPLACEMENT OR SLOPE
CONDITION = 2 FOR ELASTIC RESTRAINTS *

APPLIED LOADINGS
CONCENTRATED FORCES 0R MOMENTS - GLOBAL COORDINATES

LOAD CASE 1
NUNBER OF CARDS FOR THIS TABLE 1
ELEMENT LOADS TO BE ADDED {1 = YES ) ]

FROM THRU INCR  FORCES 1IN DIRECTIONS MOMENTS ABOUT AXES
PT (41 X ¥ 4 3 Y z

“? -0 -0 ~0» ~0e ~1«000E¢03 ~0. “0+ =0a

7Tl
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