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ABSTRACT

A triangular finite element has been developed for solving
folded plate structures. The element is formed by the combination of
an in-plane and a plate bending high precision triangular element. It
bas 36 degrees of freedom corresponding to the generalized nodal dis-
platements, u, du/ax, auv/ay, v, av/ax, av/ay, w, aw/ax, aw/ay,
2w/23x2, 32w/3xay and 32w/3y?. The in-plane displacements u and v
are represented by a cubic polynomizal whereas the lateral displacement

W is represented by a quintic polynomial,

A computer program has been written to analyse prismatic
folded plate structures with any number of plates, elements and nodal
points. The structure can have various boundary conditions as well as
different material properties. A uniform line load distributed a.long.
the ridge is considered although with only minor modifications, the

Program can accomodate various types of loadings.

Some difficulties arise when assembling inclined el.ements
meeting along the ridge where the in-plane and the lateral displacements
are coupled. This is due to the difference in order between the polynomials
representing the in-plane and the lateral displacements respectively. To
overcome these difficulties, a new method of linking elements is presented.
In this method, a new global rotation matrix is developed in which the
corresponding terms to the second derivative of the in-plane displacements —
which are not considered as degrees of freedom - are set equal to zero,

As 2 result the second derivative of the lateral displacement, which is
no longer controlled by the second derivative of the in-plane displacement,
takes very large values, To compensate for the removed control, a2 new

load vector, called the 'reduced consistent load vector' is developed. In




this vector, the terms that correspond to the second derivatives of the

lateral displacement are omitted,

The element developed in this thesis is used to solve a simply
supported folded plate structure subjected to 2 uniform vertical line load
distributed along its ridge. The variation of the effect of the in-plane
action and the slab action with the slope angle gis studied by varying o
between zero and 30 degrees. The first value which represents the
limiting case of the flat plate shows the accuracy of the plate bending
finite element. The 30° angle is a commonly occuring value and it is
felt that it represents a critical value with regard to the error of the

method presented here.

Three different load vectors are used to obtain the finite
element results: a lumped load, a fully consistent load and the reduced
consistent load vector. The reliability of these results is examined by
comparing them with those calzulated by the direct stiffness method
based on the elasticity theory. This method is presented in some detail

in this dissertation.

The mid-span vertical deflection of the ridge and the strain
energy of the structure are determined for different values of the slope
angle &, namely Gequal to 02, 109, 20° and 30°. For Requal to zero
and 30°, the longitudinal moment, the transverse moment and the
longitudinal stress are 2lso calculated. Tt is found that the fully
- consistent load vector yields excellent values for the flat plate case
but does not give good moment values for the folded plate case. The
longitudinal stresses which govern in the folded plate case are deter-
mined with an ercor of 1%, using the reduced consistent load vector.
The moments predicted by this same vector are in eTTror by 10%,
However this latter error is not considered significant, since the -

moments have little importance in the folded Plate structure design.




Whereas full compautibility is maintained for the flat plate

case, horizontal discontinuity is created along the ridge for the folded

plate case. This does not prevent the results from converging rapidly

toward the exact values,
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CHAPTER I
INTRODUCTION

1. 1. Definition

The folded plate structure is a prismoidal shell composed of

a series of plates rigidly connected along their common edges, called

'Ridges', and supported on two end diaphragms. These structures are

extensively used to provide economical means of covering large areas

without intermediate supports. As compared to cylindrical shelis,

prismatic folded plate structures require simpler formwork and are

less likely to buckle; but due to their greater bending moments, they

2re heavier and less suitable to cover very large spans. Folded plates

are mainly used for roof structures, but they are also frequently used

as components for bins, floors, bridges, airplanes, missiles and

foundations [20]%. Typical folded plute structures are shown in Fig. 1.1

Folded plates may be made of reinforced concrete, prestressed

concrete, or timber combined with plywood sheeting and steel.

1. 2. OBject and Scope

The object of this thesis is to investigate the use of two high
precision triangular in-plane and plate bending finite elements in the

analysis of folded plate structures. The main characteristics of these

elements, as well as the different methods used for the solution of

folded plates, are discussed briefly in this dissertation. A pew rotation

matrix and a special consistent load vector have been developed to

overcome the difficulties created by the difference in order between

the polynomials used to describe the in-plane and the normal displacements.

* Numerals in parentheses refer to corresponding items in the list of
References (Appendix I).
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The results are compared with an exact solution to judge the
reliability of the finite element solution,

and to evaluate the additional
error due to the incompatibility along the ridges.

The exact solution is

also discussed in some detail in this thesis,

A computer program was developed to handle prismatic

folded plate structures with arbitrary boundary conditions and number
of plates.

This program is tested by analysing a simply supported

prismatic folded plate with different slopes, and all the results are

compared with the results obtained by the exact solution,

1. 3 Historical Review

The first papers on the analysis of folded plate structures

were published in Germany in 1930 by G. Ehlers [12].

In his method,
the plate elements were assumed to be connected by hinged joints. He

also assumed these elements to act, in the longitudinal direction, as

beams supported at the end diaphragms; that is, the component of the

external load, parallel to the plane of the plate, causes this plate to

bend in its plane as a beam. The longitudinal stresses are therefore

linearly distributed along the transverse section of the plate, Unlike

ordinary beams the longitudinal edges of the plates are not free as

they are joined monolithically to the adjacent plates. In order to

satisfy this monolithic action, Ehlers assumed shear forces to act

between the plates. These forces of such magnitude as to prevent

relative shift along the edges of the plates. However, he neglected

the relative displacements of the joints, or rather the internal forces

and stresses resulting from these displacements. Craemer I rion,

and Gruber [16], [17]developed the analysis of folded plates by using

2 strip theory approach. They analysed a unit width strip in the trans-

verse direction [16], and considered the effect of the rigidity (the

monolithic action) and the relative displacements of the joints. They also




considered the actual stress distributions in the planes of the plates.

In 1947 Winter and Pei [26 ] introduced the folded plate

analysis in the United States. Theixr technique was similar to previous

methods in neglecting the effect of the relative displacements of the

joints. However, they realized the similarity between the simultaneocus

equations obtained by equating the stresses along the common joint

between two adjacent plates and the three moment equation for continuous

beams. This allowed them to use an iteration procedure similar to the

moment distribution method by establishing-for any folded plate structure-

a conjugate, continuous beam. The spans and moments of inertia of this

conjugate beam are made respectively equal to the width and first moment

of area of the section of the different plates. If the fixed end moments

applied at each end of the nth span are equal to the actual fixed end

moments divided by the width of the nth plate, the resulting support

moments, from the moment distribution, are equivalent to the normal

force at the respective joints, On the other hand, if these fixed end

moments are equal to the shearing forces divided by the width of the

nth plate, the resulting support moments are equal to the edge shear

forces at the corresponding joints.

I. Gaafar [14]appears to be one of the first researchers who

presented an experimental investigation of folded plate structures. He

substantiated his proposed method of analysis by studying the deforwmations

and joint displacements in small-scale models. In his method, the

analysis was first performed without considering the relative joint

displacements, using the procedure presented by Winter and Pei zeé].

Then, the correction due to the effect of the relative joint displacements

was added. This last step was easily accomplished by choosing the

relative transverse displacements between each pair of consecutive




Jjoints as unknowns and then calculating the corresponding (slab) end

moments in terms of these disr;lacements.

Consequently the shear
the normal forces and the longitudinal stresses were determined
in terms of these unknowns also.

forces,

The plate deflections due to this previous
step were added to those calculated in the original step. Therefore the

total plate deflections were expressed in terms of the applied load and
the relative transverse deflections,

These deflections were calculated
from the geometrical relations between the relative joint deflections

and the total deflections. It was found that there is only one set of the

relative displacement values which satisfies the algebraic relations

between the relative displacements and the tota.l displacements imposed

by the geometrical requirements of the cross sections of the plates and
the equilibrium conditions.

After calculating the values of the relative displacements, the

slab moments, shears and longitudinal stresses were easily obtained

since they were expressed in terms of these relative displacements.

These moment and force values were then added to the corresponding
values from the initial analysis.

In 1958, D. Yitzhaki [27] presented the "Method of Particular
Loading". This method is based on the resolution of the folded plate

structure into several compatible elementary structures assembled

together and satisfying the equilibrium and the geometrical conditions.

A matrix formulation of this method was presented by A, C.Scordelis 231

This made possible the use of the d1gzta.1 computer in the analysis of
folded plate structures.

The ASCE Task committee on folded plate construction [21]

summarized, in 1963, the work done on folded plates up to that time.

They recommended a modified version of Gaafar's method for the

/




the analysis is divided into two parts,

analysis of simply supported prismatic folded plates. In this method

The first is the elementary

analysis which consists of the transverse slab and the longitudinal

plate analysis. In the transverse slab analysis

» the surface loads are

considered as carried transversely by the plates acting as continuous

one-way slabs spanning between the supports at the joints. In the

longitudinal plate analysis, however, all loads carried transversely

to the joints are considered as transferred longitudinally to the end

supporting members by the plates acting as inclined simple beams.

The second is the correction analysis to determine the corrections

due to the relative joint displacements.

The final results are obtained

by the superposition of those obtained from the two steps.

The previous methods are generally referred to as the

"Ordinary method". The basic steps and assumptions of this method

will be discussed in the following sections.

Goldberg and Leve [15] prescnted a general method of

analysis using the theory of elasticity to define the plane stresses due

to in-plane loads and the classical plate theory for stresses due to

loads normal to the plane of the plates.

They expressed the dis-

placements, the forces and the applied loading in terms of Fourier

series, By chosing the displacements functions which satisfy the

boundary conditions along the diaphragms, the two-dimensional

problem was reduced to 2 one dimensional problem. This method is

called "The Exact Method" or "The Elasticity Method". It was

programmed and applied by De-Fries, Skene and Scordelis, A.C. 113

This method is considered as an exact solution for comparison with

the results obtained in this thesis. The method is presented in detail

in Chapter 4.
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The finite-clement method, which has Proven to -be one of the
most powerful tools in the solution of plane stress and plate bending
problems, has been used in the last few years to analyse folded plate
structures. The method is based on representing 2 continuous medium
by a gridwork of elements. The elements are commonly triangular or
rectangular in shape, and are considered to be joined together at their
vertices, or nodes as shown in Fig. 1-2. At these nodes equilibrium
and compatibility are satisfied. In 1966 Abu~-Chazaleh [1] developed a
rectangular element and used it to analyse a prismatic folded plate,

while the rectangular finite element developed by Zienkiewicz and Cheung
[28], was used by Rockey and Evans [22 J]. Another element was developed
by J.H. Argyris and D. W, Scharpf [2] and was used in the analysis of
folded plate structures. Their element used complete fifth order
polynomials for all three displacements. Hov_vever, they did not present
any numerical example to show the accuracy of the results that can be

obtained by using. this element.

Recently, Kam, S., Lo, and S. C. Scordelis (19 presented
their ""Finite segment method', in which the basic structural element
was a finite segment formed by dividing each plate longitudinally. This
method was based on the ordinary method but included the effect of
shearing stresses and transverse normal stresses in the calculation of
deflections. Y,K.Cheung [5]}has extended his "Finite strip method"
used in the analysis of elastic slabs to analyse folded plate structures.
This method is similar to the finite element method, however the
structure is divided into longitudinal strip instead of arbitrary elements.
A set of displacement functions satisfying the boundary conditions is

assumed to represent the different displacements within each strip.




FIG. 1.2 FINITE ELEMENT SUBDIVISION




CHAPTER =
DIFFERENT METHODS OF ANALYSIS

2.1 General

The rigidity of the folded plate structureis due to the resistance

of the plates to forces acting in their planes. This can be explained by

the small displacements of the joints. Consider a section through a typical

joint as shown in Fig. 2-1. The total deflection & due to the external

load is resolved, in the same manner as the load, into two components,

8 cos @ and 8 sin ¢, respectively perpendicular and parallel to slab C.

While this slab is flexible perpendicular to its plane, it is very stiff and

acts as a relatively deép beam parallel to that plane. Hence the

deflection § sin awould be very sma:ll. Since the perpendicular

deflection & cos a cannot occur without the parallel component § sin ¢,

it would be very small too. Consequently the total deflection is very
small,

From above, we can see that the structural action of the

folded plate can be divided into two parts: the transverse slab action,

and the in-plane plate action. Many different methods have been used

to analyse folded plate structures, using different concepts to deal with

the slab and plate actions® These methods may be grouped into three

main categories:

¥ The eiemcntary beam theory has been used to analyse folded plate

structures as if they were beams spanning between the two end

diaphragms. It has been shown [t11], [24], however, that the stresses

obtained by this method were considerably in error from the actual

stresses,




1. The ordinary method

2, The elasticity method

3. The finite element method,

2.2. The Ordinary Method

This method has been fully described in the literature 147,

@1], =31, 2473, r71 "As in most methods of analysis, the following
simplifying assumptions are made:

i. The material is considered homogeneous

obeying Hooke' s law,

» isotropic and

2, Longitudinal edge joints are completely monolithic and

continuous (rigidly connected).

3. The principle of superposition holds; thatis, the structure

may be analysed separately for the effect of the relative

displacements of the joints.

4. The supporting end diaphragms are rigid in their own

plane and completely flexible normal to that plane.

In the analysis, the external loads p applied between joints,

are resolved into two components, one Pn Perpendicular and the other

Pt parallel to the plates on which they act, as shown in Fig. 2-2, The

perpendicular components p, are resisted by the transverse slab-action,

in which the structure in the transverse direction is considered as a

continuous one way slab supported on rigid supports at the joints. The

reactions of these slabs at each joint are resolved into their components

parallel to the adjoining plates. These components together with the

tangential components of the external loads are resisted by the plate

~action.
Under these loads, the plates are considered to act as simple beams '

between the two end diaphragms (as explained in the previous chapter).

Shear forces are assumed, acting between the plates, to satisfy
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compatibility. The longitudinal stresses and the plate deflections are
then computed. Lastly, the internal forces and stresses are corrected

for forces and stresses due to the effect of the relative displacements

of the joints.

The last step can be performed separately [14] Alternatively,

the external loads can be divided initially between the slab system and

the plate s;rstem such as to produce the same displacements in both
systems at each joint [23], 271

2. 3. The Elasticity Method

The basic assumptions underlying this method are the same

assumptions previously mentioned. The classical thin plate theory

and the elasticity theory are used to determine the stresses and

displacements due to normal and in-plane loadings respectively. Four

displacements are assumed at each point of the joint: two components

of translation and a rotation, all lying in the plane normal to the joint,

and a translation in the direction of the joint. These joint displacements

are expanded into Fourier half-range series. The assumed functions

satisfy the boundary conditions in the longitudinal direction, The

problem, then can be considered as a one-dimensional problem,

‘Consequently, four distributed generalized forces are assumed at

each longitudinal edge, namely, 2 force in the plane of the plate and

normal to its edge, a shear in the direction of the thickness, a

longitudinal shear, and an edge mornent. Each of these forces is

linearly dependent upon the four components of displacement at both

edges of the plate, and may also be expanded into Fourier series. The

force-displacement relationships allow the forces to be written in terms

of the displacements. By writing the joint equilibrium equations, four

simultaneous equations are obtained at each joint., Therefore, 4n
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simultaneous equations are obtained for each harmonic of Fouriexr

expansion, where n is the number of joints with unknown forces and

displacements. The solution of these equations gives the reguired
displacements. This method with the derivation of the necessary
formulas is described in more detail in Chapter IV,

2; 4. The Finite Element Method

The finite element method is a numerical procedure which

employs a physical approach to reduce the continuous problem into a

model with a finite number of degrees of freedom. In this method the

bebaviour of the continuous structure is approximated by that of a model

composed of a finite number of discrete elements interconnected at a

finite number of nodal points or nodes. At these nodes, the basic

conditions of continuity and equilibrium are established,

The finite-element analysis is normally carried out by the

stiffness method of arnalysis. The deformed shape of the element is

limited to certain patterns by assuming displacement functions, which

will rep:esént approximately its possible deformed shape undexr the

loading being investigated ® . The forces at the nodes of the element

are calculated in terms of the displacements at these nodes. This

relationship between element forces and displacements is expressed

in terms of the element stiffness matrix. The basic step in the finite

element analysis is the evaluation of this element stiffness matrix,

Then, the stiffness matrix of the complete structure is obtained by

summing the stiffness matrices of individual elements., This matrix

is singular. Therefore it cannot be inverted to solve the force-

displacement relationships for the displacements due to

#This is the displacement method approach of the finite-element method.




given external loads.

This singularity is avoided by applying boundary
conditions to prevent the rigid body displacements.
equations can then be solved,

The resulting matrix

The use of the "ordinary method' and the "ela.si:icit:y method"
in the analysis of folded plate structures is limited to isotropic,

homogeneous materials and to simply supported structures only. The

length-width ratios of the plates should be more than two [14] or even

three [24], [27], when using the ordinary method to meet the assumption
of one-~way slab action.

The solution by the elasticity method requires considerable

computational effort, especially when the structure is subjected to loads

other than the most simple ones such as uniform loads or concentrated

load at midspan, where a large number of separate harmonics must be

used to represent the applied loads.

The finite-element method can be applied to folded plates

with orthotropic properties, different loading and boundary conditions;
it is therefore considered the most convenient method for the analysis
of folded plate structures.

The basic step in applying the finite-element method is the

selection of an appropriate finite element with satisfactory performance.

Several in-plane, plate bending and shell elements of different shapes,

with different displacement functions and consequently with different

number of degrees of freedom have been developed by many researchers
[13.33 #31, B3, [71, (81, [18], @51 [28], [291. Only some of these

elements are conforming elements, that is, the transverse displacements

and slopes are continuous between elements, This property leads to

monotonic convergence of the finite-element solution to the exact one,




as the number of elements is increased [13] The fully conforming

triangular elements developed in the National Research Council of

Canada [7], [8]bhave been tested on Plane stress, plate bending and

shell roof problems and have been proven to yield excellent results.

Such elements are used by the author here for the analysis of folded
plate structures.

The element used in this study is treated as a combination

of two elements, an in-plane element and a plate bending element. The

in~plane element possesses twenty degrees of freedom, namely u, v

and their derivatives at each node, plus u and v at the centroid. The

displacements are described by cubic polynomials with ten terms each.

This gives a total of twenty parameters consistent with the number of

degrees of freedom of the element. In the plate bending element, the

displacement function is taken as a quintic polynomial. Eighteen

degrees of freedom are used, w and its first and second derivatives

at each node. Three conditions ensuring cubic variations of normal

slope along the edges are used to reduce the number of independent
parameters to eighteen. In Fig. 2-3 a typical subdivision of finite
elements is shown. In this figure two types of nodal points can be

recognized; nodes between coplanar elements and nodes connecting

inclined elements meeting along the ridge. In assembling the coplanar

elements such as 6 and 7, the in-plane displacements and the normal

displacement are uncoupled, and hence no interaction exists between the in-

‘plane element and the plate bending element. These two elements are

compatible elements when used to solve in~plane and plate bending problems,

respectively. Complete compatibility is, therefore, maintained along the

edges of the elements. A lack of compatibility occurs when assembling

non~coplanar elements such as 8 and 9 which meet along the ridges.

Here the in-plane and normal displacements are coupled, as shown in
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Fig. 2-1. The lateral displacement of one plate has a component

parallel to the other. This displacement is represented by a quintic

polynomial and its component is hence also a fifth order displacement.

This parallel component should be added to the in-plane displacement

of the second plate. The in-plane displacement, however, is represented

by a cubic polynomial and does not match with this fifth ordexr
of the lateral displacement,

component

This causes the incompatibility along the
ridge.

It should be noted that these difficulties arise from the use of
high precision elements with bigher order derivatives as degrees of
freedom. They have not occurred in Previous works [1], [22], since

simpler non-conforming elements have been used.

In this thesis, these difficulties are investigated and a2 method
of assembly for these high precision elements is developed. A new
rotation matrix is formed in which the second derivatives of the in-plane
displacements u and v are assumed equal to zero. A special consistent
load vector has been developed with the corresponding terms of the

second derivatives of the normal displacement omitted.
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CHAPTER IIX

FINITE ELEMENT ANALYSIS OF FOLDED PLATE
STRUCTURES

3. 1. General

This chapter describes briefly the triangular finite element
used in this analysis,

As mentioned before, this element is treated as

composed of two separate in-plane and plate bending elements. A full

description of these elements can be found in references [7Jand [8].

The required rotation matrix for assembling non~coplanar elements,

and the consistent load vectors for linear loadings along the ridges
are derived Bere,

Boundary and continuity conditions are also discussed.

The procedure described in this chapter can be used for the
analysis of folded plate structures of variable thickness, material
properties and with any type of boundary conditions, provided that the

a2ssumptions of linear elasticity and small-deflection theory hold.

3. 2. The In-Plane Finite-Element

The in-plane displacements within this triangular element

are represented by two complete cubic polynomials in the form:

u=a2ay +azi+agn+ 3452 +agrn+ aé'rF + a7s3 + 385271"' ags‘fF + aj:o‘f? (3. 1. a)
and . ’ .

v=ajq+aE+agnt a14}52 +aygEn+ a16n2 + a17£3

+ayg8%n+ 2598 + agor’ (3.1.1B)

n (3.2.2)

229 (3.2.Db)




To define the twenty parameters in Equations (3. 1) oxr 3.2,

twenty generalized coordinates are chosen, namely u, v and their first

at each node plus u and v at the centroid
of tie element, as shown in Fig (3-1).

derivatives u,, u » Vv, and v
£ n

It can be easily shown that the
assumed functions ensure continuous displacements between adjacent

elements, and hence, the element is conforming. The generalized

coordinates can be written in the form:

Vi3 = [Tl (A} (3. 3)

where:

5T
{Vi?

= [21, wgy, Vrgr V1 VELs --. V3, Ue, Ve (3. 4)

{237 = By, 2z, ... az07 (3. 5)

[T]p is: is the in-plane transformation matrix defined
in Appendix II.

The transformati on matrix [T) has a non-zero determinant
and can be inverted to give:

fay = EI‘"]P {1t (3. 6)

Using the following strain energy expression:

Et i-v 2
U= m)__”’ s + "Z‘n* 2, UeVn *a (gt vE') Jdasgan (3.7

The element strain energy is found to be:

E
Ue =2ﬁ1_tv y 87T I3, (a3 (3. 8

where:

E : is Young's modulus, tis the plate tliickness, v is Poisson's

#Subscript p denotes in-plane element,
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ratio and D:]P is the stiffness matrix given by:

kg3 = mymy G(mj+m;-2, nj+nj) + aiq; Glpi+e;, q1+q3-2)

1
+ [n.,_n- G(m;+m., n3+n;-2) + P3Pj G(p1+pJ-2, q;+q3) ]

+ 2 5Py + vmjg; ) G(m +pi-1 R 1)
+F— Il,_pJ+ vrnqu] G(rni+pj-1 ni+qJ-1) _ ’ (3.9)_
in which:

G (m,n) = c(n+1)[am+1 - (-b)m+1] (_m::'**-;)" '(3- 10)

mi and n; are zero far 1 »10,
P; and q; are zero for i <11

and a, b, c are the geometrical properties of the triangular element
shown in Fig. (3-D.

By substituting Equation (3. 6) in Equation(3. 8), the following
expression is obtained:

Ve = 3rrmgy VI m1T o], oot ) (3. 11)
Defining [K1jp = [_‘I"‘ing [kjp (r~13j, Equation (3. 11) becomes:
Ue ='W(ft ) vy Xyl 47 (3. 12)

where: 1391 ]P is the stiffness matrix expressed in terms of the
generalized displacements. This matrix must be transformed
to the global coordinate system, shown in Fig. (3. 2) before
assembling the elements in the plane of each plate. This

transformation can be done by using the relation:

Vil= R, V) ‘ 3. 13)




{VZ}T= M1, u,gi. "-771, vj._ ceeug, v ]

and I:R:]p : is the 20 x 20 rotation matrix, defined in Appendix IT.

Substituting Equation (3. 13) into Equation (3. 12), the following
expression can be obtained:

Ve = 2(1%)_ v il mylp (V23 (3. 14)
where: A
Kzl, = m]i T.T"ilg (' EI‘"ilp RI (3. 15)

is the 20 x 20 stiffness matrix in the plate global coordinate system,

'I‘l_ae general equilibrium equation for an element can be
written in thg form:

K21, {Val = {Pz_?p (3. 16)

or in the partitioned form:

Ko | Koc v Po :
Il A R DR S (3. 17)
KOcT : Ko Ve P,

o g
c
and » VIT = [y, wuyey, Uyis Vi, -.-. V3, vy3]

From equation (3. 17), the following two equations can be

obtained:

Kol V3 + Koel{Ve? = Po3 ' (3. 183)
IZKOCJT Vi K Vel = (P (3. 18b)




F16.3.2 PLATE GLOBAL COORDINATE SYSTEM

Ws, Wgs, W, Wsees. Wigma, Wans

Wa, Wea . tinz, Wegz . Weaa . Wixmz

Wy, Wi, W, Wagr, Weas , Wnne

FIG. 3.3 GENERALIZED COORDINATES OF THE
PLATE BENDING ELEMENT



Since the displacements at the centroid of each element are
independent of the adjacent elements, they can be eliminated from i
Equations(3. 18), thus: . i

Ver= E2' Pl - K21 K T° 2 (3. 19)

Substituting into Equation (3. 18a):

BolVI+ Koel S 1 Po} - Kool K211 KoeITIVI = (o7 (3. 20)

or

([KOJ- Kocl &3 EKoc]T) vi= o1~ [KZiJ P (3.21)
By defining:

Elp= Kol - Kool KI1I KoedT (3. 222)
and Pl = Po} - Kol Kt Pe? (3.22.1b)
Equation (3. 2v1) can be written in the form:

®l, vi-= # (3.23)

where EK]p now, is the 18 x 18 element stiffness matrix in the plate

global coordinate system.

3. 2 Plate-Bending Element

The triangular plate bending element* has 18 degrees of

freedem, the normal displacement w, and its first and second derivatives

at each node, as shown in Fig. (3-3). The following complete quintic

polynomial in ¢ and nis chosen as a displacement function, in which the

term -541—]15 omitted to ensure a cubical variation of the normal slope

2long the element edge 1-2,

# This element is described in detail in reference 71




= 2 2
Tlgam) =P A P2et by 4By 4 by + b2 4 bye
2 . 2
*bgfn+ borrf + byor? + by et bi28’n+ by 3¢%n” + b, 03

4 5 s 2 .
+ D5 +bygE> + by 3 +b13§2713"“b19E1’14+b20ﬂ5--- (3. 29)

This equation can be written in the form:

2 s
w = §° by ¢F1 41 (3. 25)
i=1

i=

Another two conditions are set to provide cubic variation of
normal slopes along the remaining two edges 2-3 and 3-1. These
conditions reduce the number of independent parameters to 18, and

vield the following relations:
) 4. 4 2 .
5b%c byg + (3b2e3 - 2b%q) by + (2bct - 3b3c2)b18 + (5 - 4b c3)'b19
- 5bc% by = 0 (3. 26a)
Sa4cb,g + (322c3- 2a4c)b17 +(~2ac® - 3a3c2)b18 +(c5- 4a2c3)bi9

@

- 5ac%byg = 0 (3. 26b)

By using the expressions (3. 26) with the bending strain energy

expression 7 the following expression can be obtained:

-1 2 2 w2
Ue=3 Dj]'w te *Wimt2uwgew s2(1-gwE, dgdy... (3.27)
Following the same procedure used in section (3.2), a similar
equation to Equation {3. 15) is obtained: -
4
K} = RLT T, &k} (T,1RT, (3. 28)
where:

kij = rirj(ri-i) G(ri+rj_4, 83+s;) + Sisj(si—i)(sj—i) '
G(ry+r;, si+sj_q) + {2(1-\,)rir5 sisj + wrisj(ri_1)(s;_4)

+ Vrjsi(rj—l) (s;_1)31G (ri+rj_2, s; +sj_2) (3. 20)

# The subscript b denotes plate bending.



Glr,s) = cs+1{a T+l (_.b)z"+1} 2 2L (3. 30)

[ij is the bending rotation matrix defined in Appendix IT,

and [T,] is 2 20 x 18 matrix consisting of the first eighteen columns of

['I"'i].b » where [T]y is the bending transformation matrix defined in
Appendix II.

3. 4. Folded Plate Element

In a folded plate, the element is, generally, subjected to both

in-plane and bending forces. These forces are uncoupled, provided the

deformatinns are small, and hence the folded plate element can be

formed by a simple superposition of the in~plane and the bending finite

elements. Its stiffness matrix will be the combination of their

corresponding stiffness matrices. Since these matrices are derived in

the previous sections in terms of the plate global coordinate system, the

folded plate element equilibrium equation, relative to this system, can

therefore be written as:

{Fi} = [X4] {Wi} < (3.31)
36x1 36x1

where:

T .
fw1}” = ["-1”-’::1'uyi"’i"’xi'vy'i'wi'wxi'wyi’wxad " Vay1 e Vyyt e

cee Wyv3, Ww3]
{:E"i}T.is the corresponding force matrix and [Kf]is the

36 x 36 stiffness matrix relative to the plate global coordinate system.

This stiffneéss matrix [K{]is simply given by:




[—Kup ° . Kqop 0 K,3p 0
0 K b 0 Kb 0 Kq3b
‘ Kpyp 0 Ko,p ) Kp3p 0
X431 = .
0 Kp4b 0 Kppb 0 Kpsb
Kizyp ° K32p ° K33p o
0 Ks4b ) K3pb ) Kgsb ]

Ky4P» Kyop, KizP... K3pp and K33p are 6 x 6 submatrices
formed by subdividing the in-plame stiffness matrix, defined in Equation
(3. 22a), into nine 6 x 6 submatrices, Similarly, Kiib’ Kizb e K33b
are formed by subdividing the bending element stiffness matrix defined

in Equation (3. 28) into 6 x 6 submatrices.

3. 5. The Element Assemblage

The stiffness matrix of the whole structure is obtained merely
by adding together the appropriate components of the element stiffness
matrices. The matrix [Ki]defined in Equation (3. 32) can be used in
assembling the coplanar elements, However, the elements meeting
along the ridges are not coplanar, Before the requirements of
compatibility and equilibrium are considered and the process of assembly
performed, the forces and the displacements of the nodes lying on the
ridges must be expresscd.in 2 common coordinate system. This can be
easily done by a rotation matrix relating the displacements in the plate
global system to that of the common system. These two systems are
shown in Fig (3-4) and will be referred to simply as the plate and the
global system respectively. The global system is denoted by x’, v, z’

and the corresponding displacemecnts by u’, v’and w’ As it can be seen
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from Fig (3-4), the rotation is performed about the x axis, Hence, x is
equal to %/ and consequently u and its derivatives with respect to x are

equal to u’and its derivatives with respect to x’,respectiv'ely.

3.5.1. Continuit:yy Conditions:

For conformity, itis necessary to ensure the continuity of

the in-plane displacements u and v, the lateral displacement w and the

normal slope between adjoining elements.

Consider the element shown in Fig. 3-1. The in-plane

displacements u and v vary cubically along the edge 1-2 and are uniquely
defined by ug, Tgg, Up, vgo and vi, vgi, v2, viz. The normal dis-

placement also varies quintically along this edge and is uniquely defined
by wyq, WESLs W 1, T2, Wias Wer 2- Similarly, the normal slope which
varies cubically can be uniquely defined by w,ni , W R w,nz and w £n 2
The displacements and normal slope of the adjacent element along this

edge are uniquely defined by similar parameters. Therefore, to ensure,;"
continuity between these two elements, it is sufficient that u, uE, v, Ve

W, Wi, WT'I' wff and wsnbe made continuous at the nodes 1 and 2.

Before assembling glemcnts and applying the continuity
conditions, it is necessarymaajexpress all the degrees of fréedom and
consequently the constraint equations in terms of 2 commeon coordinate
system, that is, the plate coordinate system for coplanar elements and the
global system for inclined elements. Since the x-axis coincides with the
x‘~axis and the plates are assumed rigidly connected along the ridges,
the continuity equations of the u displacement and the normal slope can
be expressed in terms of the plate coordinate system. Hence, for the

elements meeting along the ridge, the constraint equations become:

ur = u¥y (3. 33a)

* The subscript I and II denote the consecutive plates I and II joining

along the ridge.




(3. 33b)

yI = Wyn (3. 330)

Xyl = Wyury (3. 339

vi = vy . (3.34a)
vi = vin (3. 34b)

g
H\

"

¢
=

(3. 34¢)

w

a\
§
£

(3. 34q)

w £ T = Wiy (3. 34e)

in the global coordinate system.

3. 5.2 Global Rotation Matrix )

"As mentioned before, this rotation matrix relates the

node displacements in the plate system to those of the global system.
However,

only the displacements involved in Equations (3. 34) have to

be rotated since equations (3, 33) are expressed in terms of the plate
coordinates,

The remaining degrees of freedom which do not appear
in Equations (3. 33) or Equations (3. 34) are not equal in consecutive

plates. Therefore no condition need

be imposed on the values of
these degrees of freedom and the assembly of the elements can be

performed without rotating them. Consider Fig. (3-5),

the relations
between the primed (global) and the unprimed (pPlate) displacements can
be written in the forms:

v = wv’cos a-~ w’sin o (3. 35a)
W = v’sin g + w’cos o (3. 35b)
Ve = v cos g - w’ sin o A(3. 35c¢)
Wx = visin g + w’ cos g (3. 359)
Wi = Vi sina + W4y COS o (3. 35¢e)
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It should be noted here, however, that in Equations(3, 35a)

and (3. 35b), the displacement v ’represented by a cubic polynomial is
added to w? which

» in turn, is represented by a quintic one. Thesge
two displacements do not match together, hence causing some dis-

continuity along the ridges and -the element is not a conforming element
any more. Further, in Equation (3. 35e),

the second derivative of the
v displacement is included but it is not considered as a degree of

freedom. Different methods can be used to overcome this difficulty:

A new in-plane element can be developed in which the second derivatives of

the in-plane displacements are considered as degrees of freedom, or the

second derivatives can be calculated in terms of the existing degrees of
freedom. Ilternatively,

the second derivatives of the in-plane displace~
ments can be assumed equal to zero.

This is the easiest way, and is

adopted in this dissertation. Thus, the second derivative of v, which |,

appears in Equation (3. 35¢) was neglected.

This is felt to be a reasonable
assumption since folded plate structures are usually subjected to a
uniformly distributed load (e. g.

own weight and snow loading), Thus,
. - the first term in equation (3. 35e¢) is negligible.

‘Accepting this as sumption

of neglecting the second derivative of v, and considering equation (3. 35),;

the 12 x 12 rotatioh matrix becomes:

R 1




and the global element stiffness matrix can be written in the form:

X1 - R1T x,1R] (3.37)

where [R] is the 36 x 36 rotation matrix given by:

Ry 0 o
R] = ° Rz2 ° (3. 39)
0 0 Rz

in which, R4, R55 and R33 are 12 by 12 submatrices. If any of the
nodes 1, 2 and 3 is lying or the ridge, its corresponding matrix

R11, R, or R33) is equal to R1] Otherwise it is equal to 2 12 by 12
unity matris,

The element equilibrium equation will be:

F1 = K] W} (3. 39)
36x1

where {F}and {W}are the global force and displacement

matrices.

By using the element stiffness matrices K4Jand K] for
coplanar and non-coplanar elements respectively, the stiffness matrix
of the total structure can be formulated by considering the compatibility
conditions at each nodal point, thus glving rise to the following equilibrium

equation for the complete structure:

Fr= &I 00 ' (3. 40)

where [K]is the stiffness matrix for the complete structure obtained by

appropriate addition of the component stiffness matrices.

At this stage, the stiffness matrix [K]is singular and
Equation (3./40) cannot be solved for the displacements {W} since rigid
body displacements have not yet been eliminated. This can be done by

considering the boundary conditions and prescribed displacements, and



thus the number of equations can be reduced. This is accomplished by

eliminating from the total stiffness matrix the row and column which

correspond to the appropriate degree of freecdom constrained. The

total stiffness matrix may then be compressed and hence its dimensions

reduced. However, this technique leads to considerable pProgramming
difficulties,

A simpler scheme to apply the boundary conditions and

prescribed.displacement is to delete all terms of the corresponding

row and column, except the diagonal term. This is set to one and the

value of the prescribed displacement is placed in the corresponding

position in the load vector. The different boundary conditions will be

discussed later in this dissertation, =

3. 6. L L.oad Vector

In the finite element analysis, two load vectors can be used

to represent the force matrices in the equilibrium equations. The lumped

load vector, obtained by replacing the actual forces acting on the structure

by statically equivalent concentrated forces acting at the nodes, and the

consistent load vector which produces the same virtual work done by the
applied load.

3. 6. 2. Consistent Load Vector

Similar to the stiffness matrix, the consistgnt load vector is

composed of an in-plane load and a bending load sub-matrix: . )
P.
£y = PL (3.41)
L b

xQ, (& Qv(s’ A and Qw(f .m) aFe the applied loads in the
u, v and w directions, respectively, the load matrices will be given by:

L= Ry 17 Ry, (3. 422)
P = Rl 1T eh (3. 421)




where the entries in the vectors {Q}p and {Q}b are

he 8

PLo o PLogl 4 440 < <20 (3. 432
v n n =

o gy 4 ist1

0
I

Qupi= Q. Tigfoa dy 1=ix20 (3. 43b)

More details about the consistent load vector can be found in
references [7] and [8].

In the special case of a uniformly distributed load of intensity
Qo along the ridges where the load and consequently the virtual work are

independent of y and have no components in the u direction, the displacement

functions can be written as:
V(x) = €1 + c2x + c3x + c4x3 (3. 44a)
W(x) = €5 * cgx + c—,xz + c8x3 + C9x4 + c1°x5 (3. 44b)

2nd hence, the generalized displacements of the element nodes i and 3
(Fig. 3-6), lying on the ridges, can be expressed in the ma.trix-form.:
Why= X3 3 (3. 45)
where ' .
W35 = V5, Vais Wb Wats Weyis - o Fae5 ]

€3 T=rley, c2, ... €40]




1

o 1

0 0 o 0 1

0 0 o 0 ) 1

o ) o ) 0 o 2

1 1 2 3 o o 0

o 1 21 32 o 0 0

0 0 0 1 2 B8 ¢ 5
o o 0 , 0 1 21 32 443 5.4
0 0 o 0 o ) 2 61 122 2013J

1, being the length of the edge ij.

By solving equation (3. 45) for fc} and substituting into
equation (3. 44), the displacement v(x) and W(xp €2 be expressed in
terms of the generalized displacements at the nodes i and 3

3 2 2 2 2 1.3
v(x) = 1-?—3: +th3 vi+x-Tx +?x iy
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Since there is no load component in the u direction, the

element virtual work can be calculated using the formula-

Ve = 03 :
J Vix) I O+ of‘ YWy DX (3.472)
= 13 1
oxr Ve = qvf Vx) F qu ¥ () dx (3.47b)
where q, and q., 2re the in-plane and normal components of Q,. These

components are shown in Fig. 3-6 and are given by:
v = Qe sina ’ (3. 482)
Aw= Qg cos a (3. 48b)
By substituting Equation (3. 46) into Equation (3. 47) and

performing the integration, the following relation is obtained:

Ve= WL P} (3.49)
where {P }is the 10 x { consistent load vector given by:
2 13
3T qu,qviz.qwz,qwm,qwizo.qu
2 2 13
- qvﬁ » Qi E » 9w ia 10 * Aw o0 120 (3. 50)

This matrix is inserted into the element force matrix in the
rows correspondxng to the generalized displacements appearing in
W}U' The remaining terms are set equal to zero. This element force
matrix is expressed in terms of the plate coordinate system and must
be rotated to the global system by premultiplying it by the inverse of
the global rotation matrix derived in section 3.5, 2. This force vector

will be referred to as '"The fully consistent load vector'',

As pointed out in section 2. 1, the plates are flexible perpendic-

ular to their planes and the lateral displacement can be very large if not

controlled by the in-plane displacement. The lattexr displacement, however,

is very small due to the high stiffness of the plate in its owm plane,







12

Consequently it follows that the lateral displacement is also kept small,
Similarly,

the derivatives of the lateral displacement are controlled by

the derivatives of the in-plane displacement. Since the control of the

second derivative is removed by neglecting the second term in equation

(3. 35¢), the second derivative of the lateral displacement will take

large values. As a result, the strain energy and the bending moments

which are functions of this second derivative will be very large. This

removed control of the in-plane displacement, the effect of the second

derivative of the lateral displacement should be neglected. This is due

to the fact that the in-plane and the lateral displacements are of the same

MO NrAAV LG
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will be shown by the numerical examples. To compensate for the l
i
|
1
i'

order (as mentioned in section 2. 1) and consequently the term V'xx sin ¢

in equation (3. 35e) is of the same order as w':c: cos ¢ for the common.

PN Srey

values of the slope angle .

A new load vector has been developed in which the generalized

load terms corresponding to Wi @re set to zero. This load vector will

be referred to as 'the reduced consistent load vector', It will be shown

by the illustrative emmpleé in Chapter V, that this load vector vields

better results for strain energy and moments than the fully consistent

load vector. .

4\



CHAPTER IV
THE EXACT SOLUTION

4.1. General

The convergence of the finite-element solution to the exact

results can be proved theoretically by the theorem of minimum potential

. energy when conforming elements are used. In this dissertation, the

element used in the analysis is fully conforming when employed to solve
in-plane or plate bending problems.

Nevertheless, some discontinuities
are created when the element is used to analyse folded plate structures,

as described in the previous chapter, and hence the conformity of the

element is lost. The reliability of the ana]:ysis therefore, must be

established by comparison with an exact solution. The "direct stiffness

analysis' [11], based on the "elasticity method" [15] provides such a

solution, and is discussed in some detail in the following sections.

As mentioned in the previous chapter, each plate in the

structure is considered separately and four displacements and four

forces are assumed at each edge of the plate. The force-displace‘nj;ent

relationships are established by using the plate theory and the two-

dimensional elasticity theory. These relations define the stiffness of the

individual plate. The stiffness of the total structure which defines the

stiffness or the equilibrium relation for the structure, is formed by the

summation of the stiffness of the plate elements,

To define the configuration of the structure, two right-hand

coordinate systems are used, as shown in Fig 4-1 and Fig 4-2. The

local system has y and z axes parallel and perpendicular to the plate,

Tespectively, whereas in the global system the Y and Z axes are

horizontal and vertical. The n-axis is common in both systems and
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is parallel to the longituaina.l direction of the plate. The forces and
displacements of each individual plate can be expressed in either the
local or global system.. Since the global system is independent of the
position of the individual plates, it is used with its corresponding forces

and displacements to define the structural behaviour of the whole structure.

4. 2 Analysis of the Plate Element

Three displacements are needed, in general, to represent

the behavior of the individual plates in the folded plate structures: two
in-plane displacements u and v, respectively parallel and perpendicular

to the longitudinal direction of the plate, and w, normal to the pla.ne. of

the plate. The elasticity method deals with simply supported folded

plate structures only. For such structures the bou.;-xda.ry conditions

along the end di.e.ph.ra.gms can be easily satisfied by cosine and sine

type displacement expressions, Moreover, by assuming the solution in
' the longitudinal direction in a2 Fourier series, form the problem can be
reduced to one dimensionzl problem. The displacements can be expressed

in terms of the Fourier series in the following form:

o0
Px,y) = =0 Pom (¥) cos mzx (4. 12)
o0
Yix,y) “F=o Vom(¥) sin t% (4. 1B)
Ve, y) “o Vom() sin = . 1)

Consequently the slope can be written in the form:

o0
Yo,y = 2—;" =T tom () sin BT (418

It can be seen that the assumed functions satisfy the boundary
conditions at the diaphragms, and the problem is reduced to one
dimensional problem in Whiclg. the terms uom(y) . vom(y) and wo.(y) have

to be found.




In the "elasticity method", where it is assumed that the loads

are applied at the joints, the analysis aims to define the relations

between the forces and displacements at the edges of the plates and to

evaluate these edge forces. Each plate is assumed to be, at its

longitudinal edges, subjected to four element displacements and forces-

two in-plane displacements in the u and v directions with their corresponding

forces T and N; and the lateral displacement parallel to w and the normal

slope with the corresponding force and moment Q and M, as shown in
Fig. 4-1.

The mth terms of the displacements defined in Equation (4. 1)

must satisfy the following plate homogeneous differential equation and

the in-plane equilibrium equations:#*

a4w 24w a4w _
ot T Cadayt gt T ° =

Lo
%% L ¥xy _ o (4. 2b)
a_x 3y

3
S +2E o : “. 20)

where:

poy 3u 3V
= x4 =22 4. 3a)]
[ 7 o vay ( )
Oy = T-% 3?+ Vax (4. 3b)
E 2w _av
Txy = 2(1+v) (ay *t3x (4. 39)

E : Young's modulus

v: Poisson's ratio

# The subscript m will be omitted for simplicity




Substituting Equations 4. 3 into Equations 4.2 gives the

following governing equations:

E 3%u, 2 (;rixfr 2 o + 14V mw dvg mmx
2(1+v) 552 " 1w CT o T IV L By s =0
'E.:” .1+'v n—i'rr 3‘16 ’ é 32*’0 w2 .&mx
T e 1 TIPTS5 - () vystan EE
2(14v) 1-v L 3y  1i-v 2

m?  _Pwo mm 2 24
I Wo TT: W, mIe
= _ 2 =T =4 =i
wo(;’) 5 (n';‘ gz osim T 0

To satisfy equations (4.4), Y5, Vo and w, must be of the form:
_ my m m m
u, = c4 cosh %+ cy sinhTTry+ C3‘L£ cosh -%'
m oy IXX
+ <oy -Lﬂsxnh —lL

_ m’ R m m m
Vo = c¢g cosh —LE+ <g smh—Lx+ <2 —% cosh %

+c8x—nLﬂsinh-“%
Wo = ¢g sinh 'EILE'+ <10 costhﬂ+ cy1 x%sinh&;-y
+c12r—nl‘—nycosh!%

The twelve constants €1 ... €45 can be found by considering the
following four cases: )
" 1. In-plane translations normal to the plate edges.
2. In-plane translations tangential to the plate edges.
3. Normal translations of the plate edges.
4. Rotations of the plate edges.

(4. 4a)

(4. 4b)

(4. 4c)

(4. 5a)

(4.5b)

(4. 5¢)

The solution of each of the previous cases is composed of the

sum of a2 symmetrical case and an anti-symmetrical case. This gives




eight boundary conditions that should be satisfied by the displacements
defined in Equations 4. 5,

The equilibrium equations 4, 2b and 4. 2c¢
provide four relations connecting ¢

{--- G4 to cs ... ¢g. These relations
plus the eight boundary conditions are sufficient to define the twelve

constants., The following expression is

» therefore, obtained for the u

displacement: .
. BRIV cinh mry . (B-p coth ) cosh BIY
w= L _1[_ L L L
2

B coshp - Beosh

i sech p + gsinh
myy T
[L

T~ + (B-p tanh p) sinhm—? J

sinh ni—z-l- (B~ coth p) cosh 7?’
p cschp - Bcosh p

NV Lass

LI ey

8

=y cosh RTY (B-p tanh p) sinh"—nfi

L
+ # sech u + Bsinh ]
S i B s comn B :
+ vi[ B sech p gsinh - ;

o

cosh m_g}"_ r coth p sinh rx_'xl%y

® cschp + gBeosh

Msm—ﬂ-ptanhp cosh—’rz
'VZ[ i sech p - gsinh g

L
BIY cosh -—2— p coth p sinh = :
+ = T cosRIY (4. 6)
i csch . + Bcosh p

_ 3=v . _ muB
B= 13y’ B="3L

B and L are the plate width and span respectively,

ﬁi’ Gy, ¥ and ¥2 : are the displacements amplitude at edges

i




1 and 2, respectively, for the mth term of Fourier eeries.,

Similar expressions can be obtained for v and w displacements,
The forces can be expressed in terms of the displacements by using the
following relationships:

N=hx O'Y (4. 7a)

T=hx Txy (4. 7b)

(4. 7¢)

3 2
3w ew
= -D 2- :
Q [-Tay + ( \J)a—z—x By] . . (4. 79)
where:

Ehn3 e .

D= o7e .2 --- the flexural rigidity of the plate.

12(1-v)

h : the plate thickness,

Finally, by using Equations 4. 3 and Equations 4. 7 the relations
between edge forces and displacements are obtained and can be written

in matrix form as follows:

1= IEL @3 (4. 8)
where: {f}t*=E\41 sin m-:;ic 3 Mp sin m;x’ Q; sin mfc
<. TATX max mwx
Q3 sin L'T1 cos—L;Tzcos L 3

1\1'1 sin mf‘ ;3 Ny sin m}r-'x ]

t ... IR .. mwx = mwx - .. Inmwx
a3 =[,1,1 sin =525 ¢, sin L ¢ Wy sin 77 W, sin

- muwx - ™IrX - - mrx - peship
'I.'Li (=23 T;uz cos —L';Vl sin » V2 cos ]

#Superscript t denotes transpose.
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2
[k]EL : the plate stiffness matrix corresponding to the mth

term and is defined in Appendix II.

4.3. Analysis of the Structure

As pointed out in the definition of the folded plate, the structure

is composed of 2 number of plates joined along their edges. Compatibility

and equilibrium must be satisfied between the plate elements., Before

considering these requirements, however, the plate edge forces and

displacements have to be expressed in terms of the commeon global

system of coordinates. This can be performed by using the following

relations:

a3 = [TIgL D} (4. 92)
1= [TEkL &} (4. 9b)

where, {d}and ff} are respectively, the displacement and force matrices

in the local coordinate system,

N et

Caan

ROy

{D¥* = Oyt, Dz1, Dxi, Dy, Dy2, DZ2, Dx2, D{2]; the global
displacement matrix,

g}t = [Fyl, Fz1, Fxi, ¥F{§1, Fy2, Fz2, Fx2, F{2), the global
force matrix,

and [T]EL is the transformation matrix and defined in Appendix II,
-4 t

Noting that [Ty, = [Tl and substituting Equations (4. 9) into

Equations (4. 8), the following relation will be obtained:

F} = Tlgr kIEL [Tl O3 (4. 10)

or ..
Fl=K]gr P} (4. 11)

where: Kilsgr = [T]%:L [XIg1, [TIgy is the plate stiffness matrix in

#Subscript EL denotes elasticity method, ’




the global coordinate system,

. : I
The overall stiffness matrix is easily formed by assembling ’.l
t

the individual global pPlate stiffness matrices. Since the boundary

functions, this matrix is not singular and can be inverted to solve the

i
‘ I
conditions have already been taken into consideration in the displacement K
i
t
{

force-displacement relations for the displacements. The external loading

is also expressed in terms of a Fourier series, and the previous

procedure has to be repeated for each harmonic of the series.

The internal forces and moments will be obtained by

substituting the corresponding displacements for each plate into

RS P hrey

Equation (4. 8), after transforming them to the local coordinate system

NNPYE NGNS e 8

by making use of Eguation (4. 9a). The longitudinal stresses and moments

2
i

are calculated by using the following expressions:

0= E Ly v N (4. 13)
2, 32w ‘ A
My = le[y'-l'-_D(i-\J) a?' N (4. 14) ;

where:

MY : the transverse moment
D : the flexural rigidity of the plate

v : Poisson's ratio

E : Young's modulus

N ! Normal force per unit length
h : plate thickness

2
and 27‘”: the second derivative of the normal displacement with
2 .
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CHAPTER V
RESULTS AND CONC LUSIONS

5. 1. Yllustrative Exampvles

To demonstrate the applicability of the finite element

described in Chapter III, a two-slab simply supported folded plate

structure has been analysed. This two-slab structure is a simple form
of the folded plates, nevertheless it has beer chosen because an '"exact"
solution by the elasticity method can be obtained. The results obtained
by the ""exact' method and by the finite element technique are presented
together below., ’

BYSIPTeTEY

The geometry and loading of the structure are shown in

Fig (5-1). The loading is a uniform, vertical line load along thé ridge

Sy

of the structure. This line load has been chosen for two reasons., First,
in general the in-plane stresses, as opposed to the bending stresses or
moments, are critical from the design point of view for folded plate
structures. The line load accentuates the in-plane action and consequently-.
the in-plane stresses. The second reason relates to the inherent erroxr
which results from the neglect of the second derivative of the in-plane
displacement v, as discussed in Chapt'er IOI. This error becomes more
significant as the in-plane loads become larger since large effect of the
second derivatives of the in-plane displacement are associated with large

in-plane loads caused by such a line load along the ridge.

Thus the line load on the ridge of the folded plate structure
represents a severe loading case both from the point of view of the
structure itself as well as from the method of analysis used in this

thesis.,
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It is obvious that the folded plate behavior changes from a

pure bending action to a2 pure in-plane action as the slope angle ¢ changes

from zero to 90°, Full details about these two extreme cases can be
found in references [7J2nd [8]. To show the behavior of the structure

and the variation of the error between these two cases, four different

values of the slope angle ¢ have been considered; namely, zero degrees,

10°, 20° and 30°. The first value is the limiting case of a flat plate

whereas the last is 2 common value for a folded plate structure.

The structure has been analysed by both the finite element

method and the elasticity method. The results from the elasticity

method were used for comparison with those obtained from the finjte

element method. In order to calculate the errors with at least two

3TN

significant figures, sixty five terms of Fourier series have been used

to approximate very accurately the exact solutions. At this stage,

R s T e Sy

seven figures became constant for the strain energy and four for the

deflection and the convergence was very slow. A series of different

mesh sizes were used in the anal- sis to show the convergence of the

finite element solution. These gridworks are shown in Fig. 5-2. Due

to symmetry, only one-quarter of the structure need to be considered.

PN B T R DA PN

5. 2. Discussion of Results

R ERLA,

A series of comparative analyses has been carried out by
using the three load vectors defined in sections (3. 6. 1) and (3. 6. 2). The

mid-span vertical deflection of the r.i.dge and the strain energy of the

ik Bih

structure have been calculated for various slope angles, a, between

zero and 30 degrees with particular attention has been paid to the two

limiting values.

The folded plate structure with o equal to zero corresponds

to the flat. plate. In analysing the flat plate case, errors due to the
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neglect of the second derivative of the in-plane displacement - as
discussed in Chapter III - do not arise, since there is no in-plane
action. So the general accuracy of the finite element method can
be studied.

The case of « equa..l to 30° is of interest. This angle
represents a limiting design value since very few folded plate
structures have larger slopes. Moreover, the relative errorstfor
the case @ equal to 90° are expected to be small since this case
represents the pure in-plane action and the element is a conforming
one. The studies of the conforming element for the flat plzte case
in this thesis and for the pure in-plane action in reference (8) have
shown small relative errors. Thus, the error curves shown in
figures (5. 12) and(5. 13) after attaining a maximum, drop to low
error values when & . equal to 90°. It is then reasonable to assume
that these maximum values are not much larger than the errors
corresponding to & equal to 30°.

Therefore the folded plate with & equals 30° is a critical
case for the finite element method, as well as commonly occurring
in .pra.cti cal folded plate design. -

The results and convergence studies are presented in figures
(5. 3) through (5. 26) and tables 1 to 6. These figures and tables show
how the central deflection of the ridge and the strain energy of the
structure vary with mesh size, angle of slope and the load vector.
For the two slope angles, o equal to zero and 30°, the variation of

the longitudinal moment, longitudinal stress ond transverse moment

is also shown.

*The relative error is defined as the error relative to the best elastic

theory solution.
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5.2.1. Vertical Deflection

- The values of the central deflection of the ridge are presented
in Table { for the flat plate case, and in Tables 2 and 3 and Figure (5. 3)
for the folded plate cases. It can be seen that these values are in good
agreement with the exact solution, even for the coarsest grid. Excellent
results are obtaincd from the fully consistent load vector, especially for
the flat plate case where the in-plane and bending actions are uncoupled

and the element is 2 conforming one.

Table 3 shows a rapid decrease in the vertical deflection as
the slope angle gincreases from 0° (the limiting flat plate case) to 30°.
This decrease in the vertical deflection is relatively large even for small

increases of the slope angle q, 2s it can be seen from the table. This is

S1AeiTiana

mainly due to the quick interference of the in-plane action associated with
the increase of the stiffness of the structure due to the large stiffness of

the plates in their planes.

The percentage error of the central deflection of the ridge is
plotted against the angle of slopes in Figure (5-12). This graph shows
an approximately constant exrror for the values obtained by the Iumped
load vector, and slightly decreasing error for the values corresponding to
the reduced comnsistent load vector. The increasing error of the values
calculated using the fully consistent load vector can be explained by the
increasing relative importance of the omitted term that corresponds to
the second derivative of the in-plane displacement, v, with the increase

of the angle of the slope a.

Figures (5-5) through (5-8) show the relative error plotted
against the number of elements per side (both scales logarithmic). The

error curve of the fully consistent load vector is quite flat for ¢ equal to




zexo. This is due to the excellence of the results which are very close

to the exact values for all gridworks considered (This can be seen from
Fig. 5-3).

As gincreases, the relative error increases and the curve

becomes less flat and parallel to the error curves corrésponding to the

lumped load and the reduced consistent load vectors.
are parallel to the N—2

These two curves

curve as shown in the previous figures. This

value of the.error curve was found in reference 6] for the simply

supported square plate under a central point load,

In Figure (5-9), the central deflection of the ridge is plotted

against the total number of degrees of freedom (calculated before

considering the boundary conditions) required by the different load

vectors. From this figure, it is obvious that the fully consistent load

L tIisanay

vector provides the best results for any number of degrees of freedom.

5.2.2. Strain Energy

The strain energy appears to converge from below to the

exact solution when using a conforming element, as shown in Table 1 and

4 for the flat plate case with a fully consistent load vector. As can be

seen from Figures 5-4 and 5-13, this load vector vields poor results for

the folded plate cases where the conformity of the element is lost along
the ridges.

These large values of the strain energy were expected, as

mentioned before, since the second derivative of the lateral deflection,

included in the strain energy formula, is not controlled by the second

derivative of the in-plane displacement, and hence it takes very large
values. Figures (5-5), (5-6), (5-7), (5-8) and (5-13) show that the error

of the strain energy values increases with the slope angle. Again, the

percentage error is constant for the lumped load vector, and decreases

slightly with afor the reduced consistent load vector,

For comparison, the strain energy is plotted against the total

number of degrees of freedom in Figure (5~10). 1Itis clear that the best
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results are predicted by the reduced consistent load vector, The
convergence of the strain energy calculated by the fully consistent
load vector is very significant between the values determined using
2 x 2 grid and 4 x 4 grid. While the relative error of the values obtained
by the reduced consistent load vector is proportional to N—2 for all

values of g, the proportionality is varying with g for the lumped and
fully consistent load vectors.

5. 2. 3. Horizontal Discontinuity

Horizontal and vertical discontinuities should be expected in
general, along the ridges where the in-plane and the lateral displacements
are coupled. As mentioned before, these two displacements do not match
together since they are represented by two functions of different ordex.
This causes the discontinuities between the nodes. In the problem
analysed in this thesis, the symmetry of the structure and the loading
system provide symmetric displacements, that is, continuous vertical

displacement, and symmetrical horizontal displacements,

To show the horizontal discontinuity between the elements
along the ridge, the horizontal deflection which should be zero due to
symmetry is plotted against the distance along the ridge in Figures (5-14)
through (5-16). Figure (5-15) shows that the fully consistent load vector
yields large horizontal deflections, almost five times the masximum.
vertical deflection, associated with the closing of the plates along the
ridge. 'i‘he reduced consistent load and the lumped load vectors yield
very small horizontal deflections of the order of 4/1000 of the masximum
vertical deflection. While the former causes the separation of the plates
along the ridge, the latter causes closure of the plates near the diaphragms

and separation at the central part of the ridge.

SALILAALY




5. 2. 4. Longitudinal Moments

For the flat plate case, the examination of Table 1 and Figures

(5~ 17), (5-18) and (5-19) shows the excellent agreement between the exact

values and the values predicted by the fully consistent load vector. The

maximum moment values calculated with the lumped and the reduced

consistent load vectors converge monotonically towards the exact value.

Since the stress boundary conditions have not been satisfied, the moments

at the supports are not zero, but they converge to zero as the number of

elements is increased. This is clearly shown in Figure (5-19).

The calculated moments for the folded plate case are presented

in Tables 2 and 5 and Figures (5-20) and (5-21). The best results are

given by the reduced consistent load vector. Again the moments at the

supports are not zero,

BRI E v RTeIey

The relative errors in the finite element solutions for the

maximum longitudinal moment along the ridge are plotted against N,

the number of elements per side, in Figure (5-26). The errors of the

fully consistent load vector are very large and are outside the range of

the graph. However, the values of the moments obtained by this load

vector are given numerically in Tables 2 and 5. Again the large values

of the moments are caused by the large values of the second derivative

of the lateral displacement which is no longer controlled by the second

derivative of the in-plane displacement.

The relative error of the longitudinal moment for the flat

plate case (e equal to zero) has been found by Cowper ct 2l [7]to be of

the order of 10™%. The same error has reached the value of 10 *or the

folded plate case (o equal to 30°) as shown in Figure (5-26). This

increase, however, is not considered to be significant since the longitudinal

moments have most importance in the flat plate case, where the relative




error is small. In the folded plate case, where the relative error is
relatively large,

the in-plane stresses become much more important

than the longitudinal moments. This can be seen in Tables { and 2.

It can be seen in Figures (5-17) through (5-21) that the curves
of the longitudinal moment along the ridge of the folded plate structure

have cusps corresponding to the nodal points. This is expected with the
use of refined finite element [7]

5.2.5. Transverse Moments

The values of the transverse moments are shown in Tables 1

and 2. As for the longitudinal moment, good results are obtained by

the fully consistent load vector for the flat plate case but poor ones for

the folded plate structures. Reasonable results are calculated with the

LA e Iaoaany

lumped and the reduced consistent load vectors, In general, the same

comments made in the previous section for the longitudinal moment

apply also to the transverse moment.

5. 2. 6. Longitudinal Stresses ¥

The in-plane longitudinal stresses are presented in Tables 2
and 6, and Figures (5-22) to (5-24). It can be seen from these tables
and graphs that,in general, the best longitudinal stress values along the

ridge are obtained using the reduced consistent load vector. However,

the fully consistent load vector generally yields quite good values, and

gives better values than the reduced consistent load vector for the

. stresses at the supports and mid-span. Again, the stresses at the

supports are not equal to zero but do converge rapidly to zero as the

finite element grid is refined.

As mentioned in section (5. 2. 4), the longitudinal stress does

not exist in the flat plate case, but its importance increases with the

#*The longitudinal stresses at mid-plane,




as shown in Tables 1, 2 and 6.

In Figure (5-11), the in-plane longitudinal stresses at the
cent.er of the ridge are plotted against the total number of degrees of .
freedom, and Figure (5-25) shows the relative error of these stresses.
From these two figures it appears that for a given number of elements
or degrees of freedom, the fully consistent load vector .yields the best

accuracy for the stresses at mid-span of the ridge.

5. 3. Conclusions

An arbitrary triangular element, formed by the combination
of an in-plane and a plate bending element has been presented. This
element has 36 degrees of freedom corresponding to the generalized

nodal displacements,

w B B Bv w o aw aw 22w 22w _ . 32w
'ax’ayl-'ax)a,y_y )ax’aylaleaxay aYT'

A method for linking the elements at the nodes along the ridges has also

been presented. Omlumped load and two consistent load vectors were
used with this element to predict strain energy, vertical displacement,
longitudinal moment and stress, and transverse moment along the ridge
of a2 simply supported folded plate structure with different slope angles.
The finite element results were compared with those obtained by the

elasticity, or the so-called exact method.

It was found that for the flat plate case, where the in-plane
and the slab actions are uncoupled, the fully consistent load vector yields

excellent results.

Because of the difference in order between the in-plane and

the lateral displacement functions, the conformity of the element was

slope angle and it becomes the governing factor in the folded plate cases,

L1 ETIANAEN
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lost. This causes some discontinuities along the ridge of the structure.

In general, the longitudinal moments and stresses, transverse
moments and vertical ridge deflections computed by using the reduced

consistent load vector are in good agreement with the exact values,

The fully consistent load vector yields vertical deflections
and longitudinal stresses with good accuracy but, longitudinal and

transverse moments with large error.

The errors of the central vertical deflection of the ridge and
the strain energy obtained by the lumped load vector, are almost
independent of the slope angle. However, these same errors determined

with the fully consistent load vector increase with increasing slope

1L ATLAAL

angle, and when determined with the reduced consistent load vectoxr

decrease with increasing slope angle.

The strain energy computed by the fully consistent load
vector converges from above to the exact solution for the folded plate

cases because of the loss of conformity of the element,

Generally, the convergence of the results toward the exact

values is quite rapid.

Finally, the reduced consistent load vector has been proven

to be the best load vector to be used for the analysis of folded plate
structures and yields, in general, good results even for the coarsest
gridwork. From the engineering point of view, the moments and stresses

are of most interest. The moments calculated with this load vector were




in error by 10%. However, this error is not so significant since the }

morments have little importance compared to the longitudinal stresses for

the folded plate structures. These stresses were obtained with an error

of about 0, 5%.

Thus, the element has been proved to yield good results when

using the reduced comnsistent load vector, and is a powerful and reliable

element to be used in the analysis of folded plate structures.
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APPENDIX II

TABLE 7

0 c2 o] [} 1] c3
c 0 0 o0 ¢ o
0 2¢ O© 0 0 3c2

9

a, b and ¢ are defined in Fig.

9 9 27 27

(3-9

27

a-b ¢ (2-b)? (a-ble &2 (a-b)3 (2-b)%c (a-b)c? 3
= 3 ‘

27

]




.

U503 L sl S B R R O e PO SN UIPITs. DI

DU

j

TABLE 8 )
IN-PLANE ROTATION MATRIX R,

’- cos 6 (¢} 0 sinf [o] 0

o cos2g sinfcos6. 0  sinfcosf sinZ6

0 ~-sinfcos@ cos2p 0 -sin29 sinBcosd
[RYJ
-sin @ (o) 0 cos@ 0 [o]

0 ~s5in@cosd -sinze o] cos20 sinfcoss

o] sin28 -sinfBcos@ . 2] -sinfcosO® cos2g

cos @ sin @
RB] = :

~8in @ cos 8

The angle 8 is shown in Figure (3-1)
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TABLE 10

BENDING ROTATION MATRIX

0 cos 6 sin 06 2] - 0 o]

o -sin® cos @ o o o
b .
®g1 = 2 2
o] o 0 cos“f 2 sinfcosH sin<g
0 [} 0 ~sinfcos8 cos26-sin2@ sinbcos
0 0 0 sin2@ -2sinfcosf cos2g

The angle 6 is shown in Figure 3-1.
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TABLE 11
PLATE TRANSFORMATION MATRIX (Elasticity Method)

qjm
]

~im
]

oA o

g [ =)

>l

I
]

Tlgy, =

2.}

where
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plate width

B

H.

Horizontal projection of the plate width

Vertical projection of the plate width

v




k1k

41 -

Klgy, =
where:

ey = kyp
kip=kyy =
kyz = ka4
K=k
ka3 = ks3p
kog = Ky

k
k k
k

TABLE 12
PLATE STIFFNESS MATRIX

1 712 k13 k14

21 ¥22 ¥o3 Fpy
Zeros

31 " 32 k33 k34

41 k42 k4:3 k44

k k

55 ¥56 K57 Fgg

kg5 66 X7 Xes

zeros . . A
ka5 X6 K77 Xog
k85 k86 k87 k88J
.Eh3 mr [ cosh p _ sinh u

12(1-v2) L psechiur+sinhpy peschp-coshp

. ER3 mr | cosh + sinh u.

12(1-v2) L |psechu+sinhp peschp-coshp

__Eh3 e [ cosh p _ sinh p - (1'.—\))

12(1-v?) .2 pcschp +coshp psechp-sinhy

_ Eh3 'm.z-rrz [ cosh + sinb

12(1-v28) 1% |ucschp+coshp psechy-sinhp

k14:

k13

Finry asavaen




ER3

k.,=k = = m31r3 sinb - cosh ¢
33 44 7 12(1-v3) L3 | peschu + coshp  psechp - sinh
K =k == Ehm3 m3x3 sinh p " cosh s o
34 43 T 12(1-v9) 13 i ¢schp + coshp  psechp - sinh p
x x - Eh mw | _ sinh 1o s cosh p. ]
5 66 2 I TSy "
(1+v) w esch =772 coshp psechp += 1+ sinh p
= X Eh mw sinh T8 + cosh p
56~ K5 = (1+9% L csch B By o+ 3¥gmn
R’ e 1+ coshp p sechp + 708 ®
1%5 T cosh 1% sin;a. T3 ,(1+v)]
(1+v) L pcsc‘hpu— coshp. 1 sechp.+ smhl.:.
- 4
kss - kgs - Ehz T cosh 1% " s:u:h3 [Ty :
(1+V) L ® cschp.- coshp. psechp + e sinh p 3
kg7 = K76 = Xsg .
kgg = *gg = ¥57
Eh m-n-r cosh p. sinh - B
k77 = Xgg 3- * 3
(1+V) L I_ wsechp - 1_*_\’ S—=sinhp peschp +—— Tty 22X 0osh B
k78 = k87 =~ Ehz mw cos3h\;).v. + sinh ;;
(1+v) L psechp - Tty —sinhp p.scshp.+ coshp
in which:

E: You.ng'é modulus
h : Plate thickness
v : Poisson's ratio
L : Plate span

_ mrB
B=2L
and B : Plate width
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APPENDIX II
THE COMPUTER PROGRAM

The computer program developed by the author and used
in this thesis to analyse the simply supported folded plate structure
described in Chapter 5, is written in Fortran IV for an IBM-360 model 65
computer system. The flow chart describing the general steps of the
program, the listing and a typical output are presented in this appendix.
This program can handle prismatic folded plate structures with
different properties and boundary conditions, under the effect of a line
load along the ridges. DBy changing the dimensions of the arrays
corresponding to the complete structure, the program can analyse
structures with any number of plates, nodes and clements. Slight
modifications are needed to use the same program to solve folded

plate structures subjected to any type of loading system.,

The flow chart and the listing with the comment
statements make this program self explanatory. However, the
restraints corresponding to the different boundary conditions and the
equations used to calculate the stresses are described later in this

appendix.
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FLOW CHART

/Rea.d no. of elements and nodal
points, Poisson's ratio, Young's
meodulus, thickness?*,

Intensity of the line load,
Coordinates of the nodes

/Read properties of each element,
Slope angle, Node number,

N (code defining the position of
the element relatively to the ridge)

Compute the non-dimensional
coordinates a2, b and ¢, and the
sine and cosine of the in-plane

angle.
]

Generate the bending element
stiffness matrix and place it in
the total element stiffness matrix,

# These values must be read for each element if they are variable,
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Generate the in-plane element
stiffness matrix and place it in
the total element stiffness matrix

Generate the global rotation
matrix

Compute the element stiffness
matrix in the global system

Assemble the structure stiffness
matrix

ALL
elements
onsidered

Yes

Generate the load vector

Apply boundary and symmetry

conditions

Invert the stiffness matrix

Multiply by the load vector to
find the displacement vector

T T AT A DU I TN T T A YA AT AT IO

1




Print out the displacements

vector

Compute the strain energy and

print it out

~ Read NMS no. of elements
within which the stresses have
to be calculated,

f

Kount = 1

¢~ Read element properties, node
numbers, N (defined before),
and slope angle

. dderan a

Compute the constants of the
displacement functions

Define LKL, total number of
points where the stresses,
moments and displacements have
to be calculated in this element

\{' .

L : LLL=1

- - 1 :
r Read coordinates of the point

1,.




Calculate, displacements, stresses
and moments at this point

‘ |

L Print out results j

Y

L LLL= LLL + 1 |

<LKL

> LKL

L Kount = Kount + 1 |

<NMS

KOUNT
>NMS




I. Boundary and symmetry conditions:

To satisfy the boundary and symmetry conditions for the
problem described in Chapter 5 and solved by using the previous éomputer

program, the following restraints on the displacements have to be applied:

a) Along the free edge:

No restraint.

b) Along the diaphragms:

v=0
vn=0

w= 0

= 0
Y
Wnn= 0
c) Along the longitudinal center line:
v’=0
vi%=0
=0
¥
Wen= 0

d) Along the transversal center line:

u=0

W£n=

II. Moments and stresses:
The moments and stresses are calculated by using the

following expressions:
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DATE = 71205 18/746/12

Caddeodexd #x ***************** ek ************************************ ***’»‘*****OOOOOO 1

c , . 000000 2¢|i:;!
.C : 0000003¢i
c . GHASSAN ATTAR-HASSAN . 0000004C;|
c 0000005¢ |-
c ) 00000060
[of =23 e 3l oy e e o Ao e ************************#******# ******’:********************000000 70
c : : 00000080
c. - DEPARTMENT OF CIVIL ENGINEERING €00000950
c 00000100
c UNIVERSITY OF OTTAWA ° . . 000060110
c . : . 00000120
c JUNE 1971 ) . ) 00000130
C : 00000140
c M.A.SC.THESIS - : 00000150
c . 00000160
C********"'****=°******************************‘Y‘**************************OOO00170
c . . 000001 80
c PROGRAM ANALYSING PRISMATIC FOLDED PLATE STRUCTURES,USING 00000190 '
c - THE FINITE-ELEMENT METHOD. 00000200 :
c . : 00000210
c THE REFINED IN-PLANE AND BENDING ELEMENTS, DEVELOPED 00000220
c ) IN-THE NATIONAL RESEARCH COUNCIL OF CANADA, ARE USED 00000230
C ) " TO FCRM THE TRIANGULAR ELEMENT USED IN THIS ANALYSIS. 00000240
c ' 00060250
c THIS ELEMENT HAS 36 DEGREES OF FREEDOM, NAMELY U, UX,UY, 00000269
[ V,VX.VY,N, HX,HY,HXX,HXY AND WYY, AT EACH NODE. - 00000270
c ‘ 00000280
c THIS PROGRAM CAN HANDLE ANY PRISMATIC FOLDED PLATE 00090290
c STRUCTURE WITH DIFFERENT ELEMENT PROPERTIES AND 00000300
C DIFFERENT BOUNDARY CONDITIONS,UNDER THE EFFECT OF A 00000310
c LINE LOAT UNIFORMLY DISTRIBUTEC ON THE RIDGES. 00000320
o 00000330
c THE PROGRAM CAN BE MODIFIED EASILY TO HANDLE ANY TYPE 00000340
c OF LCADING. . 00000350
c ) 00000360
c****s#********************* et 3 a0 sfesde e ofeale e % dAeA ke Ak kX O0000CI 7O
IMPLICIT REAL*B8(A-H,0-2) 0000038¢C
C****#*****************************t*"' £ ok *********************00000390'
c 00000400

CCVMMON SJ(20,20), SA(lBylS’753(212’1SC(1812)150‘2718)955(18118’9 0000C410
ESF(1812)15G(2012°"5H(20,20)15!(20120’1SK(20120)95M(20)QSN(20,750(00000420
220),5P(20)y$91(18118)yDISP(4B) . . 00000430

- trwen




LEVEL 19 MAIN

CIMENSICN WS (36,36)sR(12,12),KODE(48),FORCE(48),A1(48,48)
DIMENSICN RO(36+36)9RWS(36436) 9X{4),Y(4)

THE CCMMON AND DIMENSIONS STATMENTS HAVE TO BE CHANGED
EVERY TIME WE CHANGE THE NUMBER OF ELEMENTS AND NODES.

[aXeXaXsNsl3]

DATE = 71205 18746712

00000440
000090450
00000460

00000470 !
00000480 '
00000490
2 3% e o S ke e B2 e Ke ool ol sk 3 R e A Sk e e A 3 3 2k K vt e g 3ol e e e e e e el e Meske e e e 2o ok ok dek 2 o e e e ke ek ke e QO SO 0500

00000510

CATA KCDE/Cy»0sCs19092919091+09071909090929151925051405252+41,C,1,0,00000520

AO0OOOOOOANN0O Q000N A0NN

115305091 +0+09190929035135135190+051+1+0.,21,0/ 00000530

’ 00000540

THIS CATA STATMENT IS USED TO DEFINE THE BOQOUNDARY 00000550
CONDITIONS. IF THE PRESCRIBED CISPLACEMENTS IS EQUAL 0000C560

TO ZERCs THE CORRESPONDING TERM IN KODE IS SET EQUAL 00000570

TO CNE. 00000580

L. . 00000590
ot o o ok o S 3 et ofe e ok o o o 3 e 0 el e ko ke Hedeshe & st s e etesk A e e e ke et e seokeole oo ok X k%000 00600 |
00000610 °

REAC THE STRUCTURE PROPERTIES. 0009062C
00000630

READ(1+75)NM,ANU,YM,TH, PZERO,NOD 00000640

: 00000650

NM -THE NUMBER OF ELEMENTS. 00000660

’ 000C0670

M =YOUNG*S MODULUS. 00092068¢C
00000690

ANU -—-POISSCN'S RATIO. 00000700
0c000710

TH —THICKNESS OF THE STRUCTURE. 00000720
00000730

PZERC~THE LINE LOAD INTENSITY. 00000740
00000750

NOD -THE NUMBER OF NODES. 00000760
00000770

2o ol 3 =y o4 3 o ek o o e ool o oy ofe e Ak e o8 el ke s s o o Aeofe etz o e e ol Aenke e e o ek o e ek sk Ak ok ke ok g ek ki k 4% % 000007 80
#RITE(3,325) NM,NOD,YM,ANU,TH,PZERD 0000079C
M1=12%NCOD 00000800

. €EC 1 I=1,12 00000810
DO 1 J=1,12 0000082¢C

1 R{I,J)=0.D0 00000830
€C 2 I=1,M1 00000840
FORCE(I)=C.DC 00000850
00000860

CI1SP(TI}=0.00

< eerenioren s
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G LEVEL 19 : MAIN DATE = 71205 18/46/12

b €O 2 J=1,M1 .. 00000870 i
! 21(1,J)=0.00 00000880 |
Y ©0 2 K=1,NOD 00000890 |
E X(K)=0.D0 _ 00000900 |’
; Y(K)=0.DO ] 00000910

i 2 CONTINUE . . 00000920

¥ € Ao ootz 2b 2 o 24 2B ealz e 2y e 2 e 282 2l e K e e dle e e e e e B e e abe adeade e Heake e e bz ke e Aeak Lo Ae s F o e e A dee Aete e e e e e A ek e Q00 009 3D

g C 00000940

4 C READ THE COORDINATES OF THE NODES. 00000950

2 C _ 00000960

i READ(1,5C) {X(I),¥(I),1=1,NCD) 00000970 1 .
| RS 00000980 !
L € % et 3 oft ol e de e sl e ok 3w 2ok e dl ok e ko ok e e ke o o eale Reske e s e Nedeoje Sk ook e ek ook Sk e Aok e A Ao A e A s A A A R XK K XX JOO009 90 N
! WRITE(3,125) 0000100C |
| WRITE(3,350) (I,X{I),Y(I),I=1,NAD) 00001010 ! |
§. KCUNT=1 00001020 -
. 3 CCNTINUE : 00001030 | .
! IF(KOUNT.GT.NM) GO TO 9 00001040 ! !
{~ Cal-skeateah 5 o o aicote e sk iz 3 3 Sk 90 e e 2 e s 3k e e e ek ke ade e 3 e ofe e deols ek e e ookt e e sk ¥r dedfe ks X A ek Sk Rz e e e koA AX X QOOQLO 5D ¢

c _ 000016560

g c READ THE SLOPE ANGLE, ALPHA. 00001070 }
3 c 00001080 *
L READ(1,100) ALPHA 00001090

3 c 00001100 . !
{_ C ieste Sesle 3b o 3 ok ok o 3k 5% 3 ok e e s Do adz e e e 8% e dfeae e 2wl afearabe e vl deafeote sle 2k e deadedle Festeseske e ek ol Ko s Ao A K ke iR Xk X QQ0011 1O J “
] c ) oooolrze '
F C READ THE NODE NUMBERS CORRESPONDING TO EACH ELEMENT, 00001130

3 C N1,N2 AND N3.N IS A CODE NUMBER USED TO INDICATE THE 00001140

g c NODES LYING ON THE RIDGES.IF NODE NUMBER 1 IS ON THE RIDGE, 000011 5¢C
 C N IS EQUAL TO 1. IF NODE NUMBER 2 THEN N EOQUAL TO 2.IF NODE 00001160

3 C NUMBER 3 ,N=3. IF NODE NUMER 1 AND 2 , N=4. IF NODES 1 00001170

3 C AND 3 , N=5. IF NODES 2 AND 3 , N=6.WHEN NONE OF THE NODES 00001180

g C- LIES CN TFE RIDGE, N IS EQUAL TO ZERC. 00001180

1 c , 00001190

i c 00001200

i READ(1,150) N1,N2,N3,N . . 00001210

i c 00601220

H (Cstestetsohe o oot ot e st ol ot ok ok ke st deale e steat e et olests o Resesie e sfesle ek R el e desie ek e dpokesteok qesteafesk e e ootk A% G00012 30

i C . 0000124C

{ C CALL ABC TO CALCULATE THE ELEMENT DIMENSIONS, AsBs; AND C, 00001250

{ ¢ AND TO CALCULATE THE SINE AND COSIN OF THE IN-PLANE ANGLE. 0000126C
¢ 00001270

{ CALL ABCIN1y;N2,N3yX,;YsNODsA;BsCsCOSIN, SINUS) 00001280




: LEVEL 19 . MAIN CATE = 71205 18746712
c .. 00001290
c*****i********************************************************#********oooo1303
A=A%]12.DC ' 00001310
8=8+12.00 00001320
C=C*12.D00 . 00001330
WRITE(35175) A,B,C,ALPHA 00001340
WRITE(2,515C) N1,N2,N3,N 3 . 0000135¢C
BC & I=1,36 00C01360
DC 4 J=1,36 00001370
4 WS(I,J)=0.D0 00001380
€334 33z o 3k Kook A e e e ade e & o e e ok ale e dhe s ke o s o e e o e ke b ke e ae e el oA * # AeAxXFEXOOOO01390
c 00001400
[ CALL BENDEG TO FORM THE BENDING ELEMENT STIFFNESS MATRIX. 00001410
C 00001420
CALL BENDEG(ANU,A,B'C,YM,TH,THETA,COSIN:SINUS) 00001430
C 000901440
€ 3303kt 2 A ob bk 3 383 desoe e e ol afe sk e Tt e she s ol aeae e e sfe g e abe ok sfefe e e e oo e ek 7o Srae X desfeoke M A A XA X 00001456
C 00001460
C PLACE THE BENCING ELEMENT STIFFNESS MATRIX IN THZ APPROPRIATE 00C01470
[ o] ROWS AND COLUMNS IN THE TOTAL ELEMENT STIFENESS MATRIX. 00001480
[ 00001490
CC 5 I=1,18 . 00001500
PO 5 J=1,18 0000151¢C
IF(lelTeb6.0RLILEQ.E) 1I=I+6 00001520
IF(JelTe6.CR.ILEQ.E) JI=J+56 00001530
IF(I.GTe6) II=1412 . b 00001540
IF(3.GT.6) JJI=J+12 00001550
IF(I.GT.12) I1=I+1l8 00001550
IF(J.GT.12) JJI=J+18 - Q0001570
S WS(IILJII=SE(I,JI) 00001580
c 0000159C
c*****w******************w**********************************************oooo1500
C 00001610
C CALL PSESGH TC FORM THE IN-PLANE ELEMENT STIFFNESS MATRIX. 0000162C
c . 000016 36
CALL PSESGH(ANU,A+B,CyTHy THETA,YM,COSIN,SINUS) 000016490
C 00001659
C 3te3lz 3k fe sk 28 sk e e e e e ok el e 2 290 e e e 2 3 o oAb o ol e e e 2Ke e e o e e e et e e seskeste e estx ie X 22 deak E S *%% 00001660
[ ' 00001670
C PLACE THE IN-PLANE ELEMENT STIFFNESS MATRIX IN THE APPROPRIATE 00001680
[ ROWS AND COLUMNS IN THE TOTAL ELEMENT STIFFNESS MATRIX. 000016990
[of 00001700
BO 6 I=1,18 00001710

PRV




B e SO 38

I3

LEVEL ° 15 MAIN DATE = 71205 18746712
DO 6 J=1,18 00001720
IF(I.LTa6.0R.I.EQ.6) II=1 00001730
IF(JelTe6.CRAJLEQ.O) JI=J 00001740
IF(I.6GT.c) II=I+6 00001750
IF(J.GT6) JJI=J+6 00001760
IF(I.GTe12) II=I+12 00001770
IF(J.6T.12) JI=J+12 00001780
6 ®S(II,JJ)=SP1(1,J4) 00001790
Cc 00001800
C****#********#***************************i***t*************************00001810
C : 00001820
c CALL GLORCT TC FORM THE 12 BY 12 GLCBAL ROTATION MATRIX. 00001830
- 00001840
CALL GLCROT(ALPHA,R) 00001850
. 00001860
C eokeaiealr 3 s e e 72 34 s e o ol e 3 2 K 2k 3 ook ok e Heof: e s Rete sofs Ao ke FeAeots B A e e e deste s e e Kot Feokte kxR GO 00 18 70
C 00001880
[of CALL ROTGHA TO FORM THE APPROPRIATE ELEMENT GLOBAL ROTATION ©000189GC
o MATRIX. . . 00001900
[ 00001910
CALL RCTGHA(RWS,R,N) 00001920
[ . 00001930
C***********w********x***************************#*****************#****oooo1940
(o4 00001950
C RCTATE THE ELEMENT STIFFNESS MATRIX TO THE GLOBAL COORDINATE 00001960
C SYSTEM. 0C001970
c ) 00001980
CC 7 1=1,36 00001990
CO 7 J=1,36 0000200C
RC(I,J)=0.00 00002010
CC 7 L=1,36 00902020
7 RO(I+JI)=RCII 3 II+WS(I,LI®RWS(L,J) 00002030
00 8 I=1,36 00002040
DG B J=1,36 00002050
WS(ILJ)=0.D0 00002062
: CC 8 L=1,36 00002070
: 8 MSITIHJI=WSLIsJI+RWSIL,IIXRO(L,J) 00002080
E C 00002090
: C****t:***********#******#*********#************************************00002100
Cc . 00002110
c CALL SETUP TO ASSEMBLE THE ELEMENT STIFFNESS MATRICES, 00002120
j C TO FORPM THE STIFFNESS MATRIX FOR THE WHOLE STRUCTURE. ggggg%ig

C .




MAIN

DATE = 71205 18/746/12

CALL SETUP(NL1sNZ2,N2,WS,M1l,M1l3365365A1) 00002150
C 00002160
(G et o 3k 30 ok e s e e 3% A 3 3t 2 ook e o ad 3 st ot o ok e abe e ol o o0e e e oMok o she e el e et Hexie ke 3 sefe e e e *00002170
KOUNT=KOUNT+1 . 00002180
GO TO 3 00602190
9 CONTINUE 00002200
B (€ %36 e A 2 o e o ke s ok %ok s e 2 el e e abeste e e afe ol ok o s 3 e e e e afeale e el Kool e et 2 ek e e oo e s etk e deatesfe ol o Bete e skenie de% KO GO C 22 10
= C : 00002220
c CALL LOADVE TQ FORM THE CONSISTENT LOAD VECTOR. - 00002230
c . 00002240
c WHEN USING THE LUMPED LOAD VECTOR, THE FORCE MATRIX SHOULD 00002250
c . BE READ FRGM CARDS. 00002260
% C 00002270
CALL LOADVE(PZERO,M1,NM, FORCE,ALPHA) 00002280
C 00002250
€ obeoke et 31 ot s seofe s el e ale o ofe sl ege o e afe ek ol e e e e S e e ke eafeads seafeate o ook e e Aokl N eode ok ek A ook 4 %0 0002300 ¢
c 00002310
c APPLY THE BCUNDARY CONDITIONS. . 00002320
c 00002330
CC 11 I=1,M1 . 00002240
IF(KODE(I).EQ.O0) GO TO 11 00002350
FORCE(I)=0.DC 0C002360
DC 1C J=1,M1 0000237¢C
21(1,J)=0.D0 00002380
21(J,1)=0.D0 00002390
"A1{I,1)=1.00 . 00002400
10 CONTINUE 00002410
11 CCNTINUE 00002420
¢ 00002430
X abekeain sh o sk e~ e ok e ok ke Sk 3 o ook e o 0 o e she sk ohe o2 e iz e e ake ol o Sfeak Ae ok ol 2tevleals sk oo oG oot ol ek ok Xe s Sk ofeate e Re kK 3 K A K QOO0 24 40
¢ 00002450
c CALL MATIN TO INVERT THE STIFFNESS MATRIX OF THE STRUCTURE. 000024 6C
c 00002470
C : 00002480
CALL MATIN(A1,M1) : 00002490
c . 00002500
(€ ek 3 sic o 3 abe ek e e v 3% A e 3 ofe Sl 9k she ofe e aye o ek e e o 3k 3 Aoz e ke e e Beole e A Ak Hesle e alle sl e ook P o 3k Sheade iR Ae e e A Ae ek XX HDOO0 02510
c 00002520
C CALCULATE THE DISPLACEMENTS BY MULTIPLYING THE FORCE MATRIX 00002530
C BY THE INVERSIGON OF THE STIFFNESS MATRIX. 00002540
c 000025590
EO 12 I=31,M1 00002560
D0 12 J=1l,M1 ’ 00002570




R S A A e R T S sy K s

LEVEL

1s

MAIN ‘ DATE = 71205 18/46/12

100 FCRMAT(F10.5) 000029790
125 FORMAT(///720X,*COORDINATES OF THE NODESTY, /20X, * il ek sdesor %32k 200002 98C

1*****'1///15X,'NODE‘.16X,'X' 14Xs'Y" 3 /33X, *(FT)"+11X, "(FT) ") 000029990
150 FORMAT(4110) 00002000

12 CISP(I)=DISP(I)+AX(I,J)*FORCE(J) ’ 00002580

c 00202590

C XKoo rale b 5 3 o e el o+ 2 e e 2 fe e Feade 4z dhe e e o st 240 o a8 e A e Feale e ofe e ok el e b ek £33 3 e e okt e ok *%Q0002600

c 00002610

c WRITE THE DISPLACEMENTS. 00002620

c ' ) 00002630

WRITE(3,375) - o 00002640

Kw=0 00002650

13 CCNTINUE 00002660

IF(KW.GT+2) GO TO 15 00002670

K1=KW+1 : 00002680

K2=KW+2 00002690

WRITE(3,225) K1,K2 . 00002700

CC 14 J=1,12 00002710

I=J+12%KW 00002720

14 WRITE(3,275) DISP(I),DISP(I+12) . 00002730

KW=KW+2 00002740

GG TO 13 00002750

15 CONTINUE 00002760

c 00002770

(€ 7ot ke o 3 e feofe e sk ke e 3 e 3 afe 3 ofe el ek e o e e ke e ol 3l ol iz ok e sk e ez Sk ok ale Bk At ARk X Xk QOO0 2780
c 00002796 '
c CALCULATE THE STRAIN ENERGY. 00002800 '

c 00002810

STEN=0.00 00002820

DC 16 I=1,M1 00002830

16 STEN=STEN+Q,SDO®*DISP(I)}*FORCE(I) . 00002840

¢ 00002850

€ %ok e ok ek Ncieole deafs s Acale o e e, ek ofeat: fe < ate o el 3l Siegx ol sl o o Xeode skole e ez db ol ok s sk ke e e el e X OO0 0 28 60

WRITE(3,230C) STEN 0C002879

G o e ok s 3 et ko o e e e K0 ke s 2 et o ok ek ats eabe st o esle e e o afealeage acalk a0k e o o ook e o e s Bl sl Keofe e e e ekl ke ¥exe 10 00 0 28 80

c 00002890

c CALL STRESS TO CALCULATE THE INTERNAL FORCES AND MOMENTS. 00002900

C - 00002910

CALL STRESS(AMsANU,YM, TH,PZEROyNODsM »HSsRsXsY) 00002920

[ 00002930

€ Mestzale o sl 3% koo 2 e s 3 e s ade ol 3 S o e ot e oft S ate e e e e e ool e oo e sl ke 3y ¥k s e daane e Sl vk ke S Xk e e st ook ekeste e ek et e KO 000 26 40

50 FORMAT(2F20.5) 00002950

75 FORMAT(15:4F10.5,15) 00002960




s RS S R

MAIN CATE = 71205 18/46/12

175 FCRMAT(///25X+*ELEMENT PROPERTIES® /25X,"* Pl ke ek, / S5X4900003010
1A = "yF€e29 ' IN'9y5SXs'B = "9F6a29" IN®,5X,%C= *,F6.2,7 IN',/5X,?AL00003020
ZPHA.THE ANGLE WITH THE HORIZONTAL = ',Fé6.2,' DEGREES®,//20X,*NODESOCD03030

2 NUMBERY9//9X3%9*» 99Xy "I y9Xs*'K®* 39X, " N*5/) 00003040
200 FCRMAT(//SX,* ROW *,1I5) 00003050
225 FCRMAT(///5,2(18X,* NODE*,I4)) 00003060
250 FORMAT(/9D13.4) 00003070
275 FCRMAT(/4F30.12) 00003080
300 FCRMAT(///15Xx,* STRAIN ENERGY =',F20.15,* KIP-IN®,///) 00003090

325 FORMAT(//7/ 20Xy *PROPERTIES OF THE STRUCTURE?® 5/ 20X,y ¥ %k kX ek 00003100
I ddciegdedtohkaihkd ./ / /15X, TNUMBER OF ELEMENTS =',15,/15X, *NUMBER OF 00202110
2NCODES ='",15, /15X,+° YCUNG S MODULUS ="' ,F6.1,*KIP/SQ.IN.*,/15X,*POISSC0003120
3CN S RATIO =9%,F5.29/15X, *THICKNESS OF THE STRUCTURE =',F5.,2,"IN', 00003130
4/15Xs*LOAD ALCNG THE RIDGE ='3 F7.3+*KIP/FT.") : 00003140

350 FCRMAT(/1I18,F20.2,F15.2) i 00003150

375 FCRMAT{1H1,//30Xy*RESULTS? 3/ 30X, tkErtxikkt, //10X, *NOTE. THE GENERALIOO0031€0
1ZEC DISPLACEMENTS ARE AS FOLLOWS %5 //10X,°*U, UX, UY, V, VX, VY, WOCO03170
Sy HWX3; HWY; HXX, WXY AMD WYY?®) 00003180

RETURN 0000319C

ENC . 00003200




0 el

e S e

e e, e Y3 T Mt 7t e 11 e - e e e e e b

LEVEL 19 . asC DATE = 71205 - 1es467/12 !
SUBROUTINE ABCIN1,N2,N3,X,Y,N0D;A,8,C,COSIN, STNUS) 00003210 }[]
(C %230 o2t 3 3 ke e e e ok v o e Xmae e ek Redk e e e e sl e Aeale e e et e sl e ek e ske Kz Aefe ool kel g Bk kA Bk Q00032 20 !
c : 00003230 3.
c 00003240 iy
c THIS SUBROUTINE CALCULATES THE ELEMENT DIMENSIONS 00003250 |
c AND THE SINE AND COSIN OF THE IN-PLANE ANGLE. 00003260 i
c : 00003270 -
c 00003280
€ 2k ol 2 sk dfe e st ke ol S ol ok e 9l o3l Sk 3N e e e ol Seade afe s s g 3k 26 2 2k R Ao Kok Heleoe *****************#***x *%x0000329C
IMFLICIT REAL*B(A-H,0-2) 00003300
CIMENSICN X{NOD),Y (NOD) 00003310
Y1=Y(N1) 00003320
X2=X{N2) . 000033230 i .
X3=X(NZ) 00003340 |y}
X1=X(N1) 00003350 | !
Y2=Y(N2) . _ 00003360 | .
Y2=Y(N3) : 00003370 | ,
RR={X2=-X1)%*24(Y2~-Y1) %2 00003380 '
RR=DSQRT (RR) : 00003390
A={(X2-X3)* (X2-X1)+{¥Y2-Y3)%(Y2-Y1))/RR : 0000340C |
B=((X3-X1)*(X2~X1)+{Y3~Y1)%{¥2-Y1))/RR 00003410
C=(({X2-X1)*{¥3-Y1)—-(X3-X11*{Y2-Y1))/RR 00003420
COSIN=(X2-X1)/]R 00003430
STINUS=(Y2-Y1)/RR 00003440
RETURN 00003450
END 00003460




LEVEL

1s

BENDEG DATE = 71205 18/46/12

SUBROUTINE BENDEG(ANU,A4B3sCyYMsTsTHyCOSINSSINUS) 00003470

K C***"”*********************************************"‘********************00003‘?80
§ € . .- 00003490
cc i ’ 00003500
c - THIS SUBRCUTINE GIVES THE BENDING ELEMENT STIFFNESS MATRIX. 00003510
(o : 00003520
c . 00003530
€t e dfeal s o ol 223k e o 3 ok e ade ale ok sl e e ok e e e ke Rexe sk e 3geate v e e ofe e ek 3k vj¢ abe ool it ek ol ko ok Ak KOG 00 35 40
c 00003550
c THE CEGREES OF FREEDOM USED IN THIS SUBROUTINE ARE-— 00003560
(o] HW=HX=WY =W XX =WXY—WY Y —% sk siesde e s 5 ¢ desfe s sesde skeadesde o4 00003570
c . . 00003580
(C %33 teale o 3 2 2 ofe e 3% dfe e 2 e 3 sfe ok S sk 2 2ok e~ ahk 2 vheodk e e 3 sk e 3k e afe e e e e o o afeaf ohe etk o ek e afe e e s e ok e e ek ek X QOO O350
IMPLICIT REAL*8(A-H,0~-2) 00003600
CCMMON BTT(2C,20)+BR{18,18),58({2+2)5SC{184+2),S0(2,18),5(18,18),SF(00053610
1184+2)yBT{(20520),SH(20520)3SK(20520)s TKR(20,20)4SM(20) 5, SN(20) ,S0(2C0000362C

L 2).SPC20) . R 00003630

€C 1 1I=1,20 00003640
SM(IY=0.D0 00003650
SN(I)=C.DO 00003660

o 1 J=1,20 00003670
BT(I5J1=0.D0 00003680
SK(I,J)=0.00 . 00003690
ETT(I,J31=0.D0 00003700

TKR(I ,J)=0.D9 i 00003716

1  CCNTINUE 0C00372C

CC 5 I=1,18 : 00003730

DC 5 J=1,18 ® 00093740
S(I1531=0.00 00003750
BR(I,J)=0.D0 : . 00003760

5 CCNTINUE . . 00003770
sSM{2)=1.CO . 00003780

- SM(4)=2.D0 0000379¢C
SM{5)=1.D0 00002800
SNM(T7)1=3.D0 . 00003810
sSM(8)=2.D0 00003820
SM({9)=1.D0 . 00003830
SM{11)=4.D0 ) 00003840
sSM(12)=3.D0 00003850
SM(13)=2.D0 . 00003860
SM(14)=1.D0 00003870
SM(16)=5.D0 00003880
SM{17)=2.D0 ©000385¢C




ST e e s

e S R e TR AT S GOt e e, i e

}E LEVEL 19 BENUEG DATE = 71205 18746712 %

SM(18)=2.00 ’ . 00003900
SM(19)=1.D0 00003910
SN(3)=1.D0 00003920 . :
SN{S)=1.D0O . 00003930 ip
SN(6)=2.D0 . ’ 00003940 h
SN(8)=1.D9 00003950
SN{9)=2.D0 00603960 -
SN(10)=3.00 ) : 00003970
SN(12) =1.DO 00003980
SN(13)=2.D0 . 00003990
SN(14)=3.00 . 00004000 |
SN(15)=4.D0 : 00004010 -
SN(17)=2.D0 . . 00004020
SN{18)=3.D0 0C004030 1}
SN{19)=4.D0 : 00004040 !
SN(20)=5.D0 - 00004050 .
CALL PBTRAG(A,B,C,B8T) 00004060 .
CALL PBROTG(COSIN, SINUS,BR) : © 00004070 !
DO 10 I=1,20 00004080 -
DO 10 J=1,20 00004090 |
A1=SM{I)+SM(J)—4.DC 00004100
B1=SN(I)+SN(J) 00004110
F1=0.DC 00004120
CALL FACTRF(A,B+CyAl,B1,F1) 00004130
A2=SM(I)+SM(J) . 00004140
B2=SN{I)+SN(J)-4.DO 00604150
F2=0.D0 00004160
CALL FACTRF{A,8,CyA2,B2,F2) A 00004170 1
F3=0.D0 00004180 '
AZ=SM(I)+SMIJ)-2.D0 00C04190
B3=SN{ [)+SN(J)-2.D0 00004209
CALL FACTRF(A+85CyA3483,F3) 00004210

10 SK(I,J)=SM(I)*SM(J)*(SP(I)—l.DO)*(Sh (J)—1.DQ0)FL14SN(I)%SN{JI)* 00604220
SUSN(I)=1.DO)*(SN(J)=~1.DOI*F+(2.00%{ 1. CO-ANUI*SM(I)I*=SM{JII*SN(II*SNOCO0O4230
2CI)+ (ANUXSMCIIESN{JII*(SM(II-1.D0I*(SN(J)I—-1.D0O))+ ANU*SM(JII*SN(I)* 00004240

G(SM(JI)=1.D0)*(SN(I)=-1.DD))I*F3 00004250
CALL MATIN(BT,20) 000904260
EC 15 I=1,20 : 00004270
L0 15 J=1,18 00004280
BETT(1,4)=0.D0 . 00004290
DO 15 L=1,18 0000420

15 BTT(I5J)=BTT(I»J)+BT(I,L)*BR(L.J) 00004310
DC 20 1I=1,20 00004320




LEVEL

20

25

35

490

45

1s

BENDEG DATE

CC 20 J=1,18
DO 20 L=1,20
TKRII 3 J)=TKR(I53II+SK(I,LI®BTT(L,J)
00 25 I=1,18
DO 25 J=1,20
SK(1,3)=0.D0
SK(I+J)=BT(J,1I)
€EC 30 I=1,18
DC 30 J=1,18
BIT{I,J1=0.D0
CC 30 L=1,20

30 BTT(I»J)=BTT{I+I)I+SK(IHLI¥*TKR(L,J)

GO0 35 1I=1,18

DC 35 J=1.,18

SK(1,J)=0.00

SK(I+J)}=BR(J,I?

0C 40 1=1,18

E0 40 J=1,18

TKR(I,J)=0.DC

CC 40 L=1,18 ’
TKR{I»JI=TKR(III+SK(I,LI*BTT(L,J)
Z22= TaTx YM*T/(12.00%(1.D0-ANU%*2))
CC 45 1=1,18

€C 45 J=1,18

S{I,J)=TKR(I14JV%2ZZ

RETURN

END

71205

18746712

00004330
0000434C
00004350
00004360
00004370
00004380
00004390
00004400
00004410
00004420
00004430
00004440
00004450
00004460
00004470
00004480
0000449C
00004500
00004510
00004520
00004530
00004540
00004550
00004560
00004570
000045 80
00004590




R S T T S

LEVEL 19 : PBROTG DATE = 71205 18746712

SUEROUTINE PEBROTG(C,sS,yR) 00004600
€3 Aeents o abe oo A%, ko ote o e sk ke ke ot o Hene o e e oot ke ot ek o pesie ook r ot e e ok ook sk de ke ek Aok ke AKX OO0 00461 C
c 00004620
C 00004630
C THIS SUBRCUTINE GIVES THE ROTATION MATRIX FOR THE OUT-PLANE 00004640 '
[+ ) DISPLACEMENTSecccccocscsse 00004650
c . 00604660
C 0000467C
C X % 9 esie Aok e ek et e e et e *e ke e ek sheate ofealr o 2 sfeoke b e Bes ook ek decfeoks Ne e e iR i A Kk XO 05 C 4680
° IMFLTICIYT REAL*B8(A-H,0-2Z) 00004690
CIMENSICN R(18,18) 000047CO
pCc 1 1=1,18 00004710
CC 1 4=1,18 . 00004720 !
1 R{I4J)=C.DO - 00004730
®(1,11=1.00 00004740
R{2423=C . 00004750
R(2,3)=S 00004760 |
P(2,2)=-S 00004770
"R{343)=C . 00004780 MR~
R{4494)=C%C : 0000479C
R(445)1=2.D0%C*S 00004800
R{496)=8%S 00004810
R{S544)==C*S 00004820
R(S5+5)=C*C—S*S 00004830
R(556)=S%C 00004840
R{E6,4)=5S*S. 0000485C ;..
R{645)=—2.00%S*C ©0004860 4
R(636)=C*C 00004870 ¢
CGC 2 I=7,12 00004880
DO 2 J=7,12 00004890 |
11=1-6 . 060049G0
JJ=J-6 0000491C
2 R(I,J)I=R(II,JI) ’ 00004920 |
DG 3 I=13,18 . 0000493C .
£C 3 J=13,13 0000494C .
I11=1-6 . 00004950 -
JJI=I~6 00004960
3 FlLI,JI=RIILI,JII) 00004979
RETURN 00004980
END L 00004990




LEVEL 18 PBTRAG CATE = 71205 18/746/12
SUBRCUTINE PEBTRAG(A,B,C,T) 00005000
€ st e sfeots 3 30 ot et e o ok e sk e s e et ko 3 ak 3 ne e e g 3 o o e A ke s Ne e e o9 e i o ek 3 ke 2 3k e e o e e e o e e ok Ae ek Re ke kAR KX Q00050 10
C - 00005020
[of 00005030
C THIS SUBRCUTIME GIVES THE TRANSFORMATION MATRIX FOR THE 00005040
C OUTPLANE DISPLACEMENTSececccoe 0000505¢C
o} . 0000506C
C 00005070
€3 3 e e ob o 2 ol ol skl ok 2 283 2 e el ok s el afs e okl o= el afeke K o s e ke wiolr ke Keae o adesieole ok o e ste eofe st ksl e ke Kk % X0 00 QSO 8C
IMPLICIT REAL*8(A-H,0-2) 000050990
CIMENSICN T(2C,20) 00005100
CC 1 1I=1,20 00005110
O 1 J=1,20 . B 00005120
1 T(I,J)1=0.00 000051 30
T(1le13)=1.D0 00005140
T(1,2)=-B ) 00005150
T(ly4)=B*B 00005160
T(1le7)=—Bx%3 . 00005170
T(l,11)=8B*%4 . 00005180
Tlly16)==(B*%5) 00G051990
T(242)=1.D0 00005200
T(2:,4)=-2.00*B . 00005210
T(2+7)=3.D00%8B%B €0005220
T(2511)==4.,D0*B**3 00005230
T(2:16)=5.D0¥%B%*4 ’ 00005240
T(3,3)=1.06 00005250
T(3,5)=-B 0000526¢C
T(3,8)=8%*B 00005270
T(3,12)=—(8%*3) 00005280
T(4+4)=2.D0 00005290
T(4,7)=—6.D0%B 00005300
T(4,11)=12.DC¥B**2 00005310
T(4516)==-20.C0%Bx**3 00005320
T(5+5)=1.D0 00005330
T{5,8)1=—2.00%*8 00005340
T(5,12)=3.00*B*8B 00005350
T(6,6)=2.00 . 00005260
T(6,5)=—-2.D0*8 00005370
T(E,13)=2,D00%B%*B 00005380
TC6417)==2.D0%B**3 0000539C
T(7,1)=1.00 00005400
T(7+2)=A 00005410
T(7y4)=A*A 00005420

"l




LEVEL

19

TCT7y7I=A%%3
T(T7,11)=A%%4
T(7+16)=A%%S
T(8:2)=1.D0
T(844)=2.D0*A
T(8971=3.,D0%A%A
T(8511)=4.D0%A*%3
T(8s16)=5.D0Q%A%%4
T(9,3)=1.00
T(S+5)=A
T(S,8)=A%A
T(9912)=A%%3
T(10,4)=2.00
T{10,7)=6.C0*A
T(105,11)=12.DC*A%A
T(10516)=20.00%A%%3
T(11+5)=1.00
T(11+8)=2.00*A
T(11512)=3.DCkA%A
T(12,6)=2.00
T(12,9)=2.C0*A
T(12512)=2.D0%AXxA
T(L12+17)1=2.DCHA%%3
T{13,1)=1.D0
T(13,3)=C :
T(13,6)1=C*C
T(13,10)=C*%*3
T(13,15)=C**4
T(13,20)=C**5
T(14,2)=1.D0
T(14,5)=C
T{14,9)=C*C
T(14,14)=CHF%3
T(14419)=Cx*s
T(15,3)=1.00
T(15,6)=2.DC*C
T(15,10)=3.00=*C*C
T(15,15)=4,D0%C**3
T(15,20)=5.DCHC**4
T(16,4)=2.DC
T(16+8)=2.00%C
T(165132)=2.DC*C*C
T(165,18)=2.DCH*C**3

PBTRAG

CATE

71Z05

18746/12

00005430

00005440 ..
0000545¢C i

00005460
00005470

00005480 .

00005490
0000550C
00005510
00005520
00005530
00005540

00005550 ,
000055606 '

00005570
00C05580
000058 9GC
00005600
00005610
00005620
00005630
00C0564C
00005650
00005660
0000567¢C
000056 8¢C

00005690 j
00005700

00005710
00005720
00005730
00005740
00005750
00C05760C
00005770
00005780C
00005730
00005800
00005810
00005820
0Cc00583C
00005840
00005850




B LEVEL 1S PBTRAG DATE = 712C5 18746712

T(17553=1.D0 00005860 |
T(17,9)=2.D0%C 00005870 |:
T(17514)=3.DC*C*C . 00005880 :°
T(175,19)=4.DO*C*x3 00005890 i
T(18,6)=2.00 00005900 I
T(18510)=6.DC*C 00005910 *
T(18,15)1=12.CO®C*C 00005920
T(18,20)=20,COXC%xx3 00005930
TC(19+1€1=5.DCHARKLERC 0000594C
T(19,17)=(3.CORARARCH*T ) —( 2. DO*AXX4XC) 0000595¢C
T(19518)=(—2.D0*%A%C*%4) + (3 .DO* A%%3%C*C ) 00005960
T(19,19)1=C#%5-4, DOFANFARCHKS 0000597C
T(19520)=5.DCkA*C*%4 oooosssc -
T(20,1£3=5.D0%B**%&*C 00005996 1 ;
T(20,17)=(3.CORBRBHCE®RS ) —( T, DOXBX*4%C) 00006000 !
T{20918)=(2. COXBHCH%&) — (3. DOXBAXI*CKC) - 00006010
T(209151=C**5-4, DO*BUEBXCH%3 00006020 .
T(20+20)=—5.CO¥BRCH*4 00006030 '
RETURN 00006040 -
END 00006050 .




18/46/12

-124-
{ LEVEL 19 FACTRF DATE = 71205
SUBROUTINE FACTRF(A,B8,C,SMsSN,F)
. C********************************************** S**:!: ez

C

c .

C THIS SUBRCUTINE CALCULATES THE FACTOR —=F-
c MATRIX FORMULAce=s
[of
[+
C

K she 7k 3 s ool et o o ofe e akeale % 3 o s e e ool o e s o Feabe e s ek o e e seade v e ook ekt sleafeate e okofe e afe e e e e ook e e kR AN A AR R Q000 61 40

INPLICIT REAL #*8(A-H;0-Z)
SLMM=1.D0
SUMN=1.C0
TF{SMeLT.0+0.0ReSN.LT.0.0) GO TO 9
M=SM
N=SN
IF{M.EQ.0) GO TO 2
€O 1 I=1,M
SUMM=SUMM=1
IF(M.GT.0) GO TO 3
SUMM=1.00
IF(N.EC.0) GO TO 5
£O & I=1,N
SUMN=SUMN*T
IF(N.GT.0) GO TO 6
SUMN=1.CO
CCNTINUE
K=M+N+2
SUrK=1.00
€C 7 I=1,.K
- 7 SULMK=SUMK*I
N1=N+1
M1l=M+1 .
F=C#kN1*( A%k M1I—(—B) *%xM1) *SUMN*SUMM/SUMK
IF(SM)S,8+8
'8 IF(SN)S,10,10
9 F=C.DO
Q CONTINUE
RETURN
END

owm H O WN =

IN THE STIFFENESS

00006060 |,
k00006070 i
00006080
00006090
00006100 |
00006110
00006120
00006130

00006150
00006160
00006170
00006180
00006190
00006200
00006210
00006220
00006230
00006240
00006250
00006260
00006270
00006280
00006290
000063C0 !
00006310 |4
000063207 .
00006330 |
00006340
00006350

00006360 |
6cco637C
00006380

00006390
00006400
00006410
00006420
00006430
00006440

1,




[
Cc
o}
Cc
c
Cc
Cc

CCMMCN T(20,20),S1(18,18),SC(2, 2),S0C(18,2),SCT(2,18),SE(18,18), 00006550
ISOCM(].B,Z),TR(ZO,ZO)'AU(ZO'ZO)1‘2(20120),S(ZO,ZO),SM(ZO),SN(ZO),P(20000656ﬂ

2C)+Q(20)+S0(18,18)

©6 1 1=1,20
P(1)=0.DC
Q(1)=0.00
SM(1)=C.CO
SN(I)=0.DO
BC 1 J=1,20
R(I,J)=0.DC
TR(I,J)=0.00
AU(I,J)=0.D0
T(TI,J1=0.00
S(I,J)=C.DO
CENTINUE
£0 5 1=1,2
Lo 5 J=1,2
SC{1,J)=C.D0
CO 5 L=1,18
SCCIL,J)=0.D0C
SOCM(L,J)=0.CO
SCT(J,L)=C.D0
BC 5 K=1,18
S1(L,K)=0.DC
SO(L,K3=0.00
CCNTINUE
SM(2)=1.D0
S$M(4)=2.00
SM(51=1.D0
SM{7)=2.D0
SM(8)=2.00
SM{9)=1.CO
SN{3)=1.D0

00006570
00006580
00006590
000066 0C
00006610
00006620
00006630
00006640
’ 00006650
00006660
00006670
00006680
00006690

00006700,

00G06710
00006720
00006730
00006740
00006752
00006760
000067790

LEVEL 19 SINPLG DATE = 71205 18746712

SUBRQUTINE SINPLG(A,B;C,yANU) 00006450 .
(€ teoke et o o s ok o ks 3 e e b o ok ade e ofe e e st e e o e ek abe e fe ok ok Kook e et e s s deofe el ﬂ**************#**.ﬁ*oo006460 !

00006470

00006480

THIS SUBROUTINE CALCULATE THE IN—-PLANE ELEMENT 00006490

STIFFNESS MATRIX IN THE LCCAL SYSTEM. 00006500

00006510

00006520

2% sfe e ol o ke senie el ok ke kfe o sespe oot e e ook fe seoleats ek ol e stk ekt fests ok e ook ok ok deodeoh e ook e ook Aok 20 000 65 30

IMPLICIT REAL*8(A-H,0-2) 00006540

00206780

00006790
00006809
00006810
00006820
00006830
00006840
00006850
00006860
00006870




} LEVEL

15

19 SINPLG CATE = 71205

SN(5)=1.80

SN(6)=2.D0

SN(8)=1.DO

SN(9)=2.00

SN({10)=3.DO

F1=0.D0

F2=0.00

F2=0.D0

F4=0.D0

FS5=0.D0

F6=0.0C

€0 10 I=11,20

J=I-10

P(I)=SM{J)

ClI)=SN{J)

CCNTINUE

CC 15 I=1,20

£CC 15 J=1,20
SM1=SM(I}+SM(J)-2.D0
SN1=SN(I)+SN(J)

CALL FACTRF(A8,B4CySM1,SN1,F1)
P1=P(I)+P(J)

Q1=Q(13+Q(J3¥-2.D0

CALL FACTRF(A,B+C,yP1l,Ql,F2)
SM2=SM(I)+SM(J)
EN2=SN(I)+SN(J)—-2.D9

CALL FACTRF(A,ByCySM2,SN2,F3)
P2=P(I)+P(J)-2.DC

Q2=Q(I)+Q(J)

CALL FACTRF(2,+8,C,P2,Q2,yF4)
SMP=SM(J)}+P(I)-1.D0
SAQ=SN(JI+Q(12-1.D0

CALL FACTRF(A2,8,CsSMP»SNQ,F5)
SMP1=SM(I)+P(J)}-1,D0
ENCI=SN(I}+Q(J)—-1.D0

CALL FACTRF({A,8,CySMP1l,SNQ1,F6)
$2=(1.D0-ANU I*0.5D0x( (SN{II%SN(JI®F3I+(P(II*P(JI*F4))
SFEF=(SMII)%*SM(JI*F1I+{(Q(IIXQ(JII¥*F2)
S2=( (0.500%(1.CO-ANUI=SNLJI}I*PLI)I+(ANUXSMIII*Q(IIII*F5
S$4={(0.500%(1.DO~ANU)*SN(II*P{I)II+{ANUXSM(II*QLII)I*F6
S({IyJ)=8SF+S2+S3+54

RETURN

END

18/746/12
00006880

00006890 !
00006900 :
00006910 °
00006920
00006930
00006940
00006950
00006960
00006970
00006980
00006990
00007000
00007010
00007020
00007C30
00007040
00007050
00007C 60
00007070
00007080
00007099
00007100
00007110
00007120
00007130

000071401,
[

00007150
-00007160
00007170
00007180
coC0719C
00007200
0000721GC .

00007220 .

00007230 °
00007240
00007250
000072690
00007270
00007280
00007290
00007300




it LEVEL 19 ' PSESGH

DATE = 71205 . 18/46/12
. SUBRCUT INE FSESGH(ANU4A 4B sCy THy THETA,YM,COSIN, STNUS) 00607310
et e ot o ot o bk e ke e e e 2 3 3 s o o 2 o e el b sl e e e afe X fete e e e et st e o o e afee etk Fe 8 s e 2 o ek *ARO00007 320
§ C 00007330 !
[ : 00607340 ¢
C THIS SUBRCUTINE GIVES THE IN-PLANE ELEMENT STIFFNESS MATRIX 00007350
[ o8 0000736C
C 00007370
(€ steste et oot o abeade et s et ot s ofe o sk e e le s ot okt o e e et ol e e ook seofe e esfestents ookt oo ke o e X: e R Rk WK KA XXX QOO0 T3 80
(o 0000739¢C
(o THE CEGREES OF FREEDOM USED IN THIS SUBROUTINE ARE- 00007400
o] U= V=UX=VX~UY~VY eesececccocvocosncns 00007410
C 00007420
(€ e otk o o e e o el 38 ke s e ok o o s ateste e sl e ek e e ok e e o Al kot e 4. ket ekl e feats weste e ale o Kok A ek kXX 00007430
IMPLICIT REALXB{A-H,0-Z) 00007440

CCMMON T(20,20),51(185,18),SC(2,2),S0C(18,2),SCT(2,18),SE(18,18), 00007450
1SOCM(184+2)+TR(2C+20),AU(20520)yR(20+20)+5({20,20),SM(20),SN{20),P(200007460

-—

20} ,0(20),S0(18,18) 0000747GC
CALL SINPLG(2,8,CyANU) 00007480
CALL TRAKNGH(A,:B,C,T) 00007490
CALL CCORGH(COSIN,SINUS,R} 00007500
CALL MATIN(T,20) . 0000751C
CALL MATMGH(T,R4TR$20,205,20) 00007520
CALL MATMGH({S,TR,AU,20,20520) 0000753¢C
00 20 1=1,20 00007540
00 20 J=1,20 00007550
TR(I,J3)=0.C0 00007560

20 S(I+J4)=C.00 00007570
CALL TRANSP(T+20320+S) - 00007580
CALL MATMGH{S,AUsTR,20+4204520) 00007590
CC 25 I=1,20 000076090
£0 25 J=1,20 . 0000761C

25 T(1,J43=0.D0 00007620
CALL TRANSP(R,20,20,T) 00007630
€O 30 I=1,20 00007640

. 00 306 J=1,20 00007650 |

30 S{I,Jd)=C.DO 00507660
CALL MATMGH (TyTR;S,20,20,20) . Q0007670
0O 35 I=1,18 00007680
D0 35 J=1,18 0000769C
SC{1+,J1=S(I,J) 00007700
DC 35 L=z=1,2 00007710
L1=L+18 00007720
SOC(I,L¥=S(I,LY) 00007730




LEVEL

35

19 PSESGH

CC 35 K=1l,2

Kl=K+18

SCIL,K)=S(LY,K1

CALL MATINISC.,2)

CALL MATMGH(SOC,SC+SOCM,18,2,2)
CALL TRANSP(S0C,18,2,5CT)

CALL MATMGH(SOCM,SCT,S1,18,2,18)
CC 40 1=1,18"

DO 40 J=1,18
SO(1,4)=SC({I,J)~-S1(1,J)

DO 45 I=1,18

€0 45 J=1,18
SO(I9J)=SC(T 2 J)XYMETH/ (1.D0—ANUN*2)
RETURN

END

‘I

'

= 71205 18746712 :
00007740 | !
0000775C ::
00007760 i
00007770
00007780 -
00007790 -
00007800
00007810
00007820

- 00007830
00007840
00007850
00007860 |
00007870 !
00007380 .




C
C
C
i C
®
Cc
o4

TRANGH

CATE = 71205 18/746/12

0C 3 J=11,20
I11=1~-3
JJ=3-10

SUBROUTINE TRANGH(A,84C,T) 00007890
C ok ook ok o dfeadeole exts szl e e SNk g oA e sbe i she alealk ek sfeals ok A sl e oA A e A ek s e s e ek ok ok % XK K OO000T 900 .
000079190,
00207920
THIS SUBRCUTINE GIVES THE TRANSFORMATION MATRIX FOR THE 0000793¢C
IN-PLANE DISPLACEMENTSceccccces 00007940
' 00007950
00007960
ot sbe et 3h ot o oo e ok o o afede e o et e ok e b e i oz ke ok e sl e s e e e eake she e s sleake o el B alkate e e o e o e e ke et s ke TR AKX RC 0007970
IMFLICIT REAL *8{A-H,0-2Z) 0Cc0 07980
CIMENSICN T(20520) 00007990
CC 1 I=1,20 00008000
CC 1 J=1,20 ) R . . 00008010
T(I,J)=C.DO 0c008020
T{1ls1)=1.D0 0008030
T(ls2)=-8B 00008040
T(1ly4)=8*8 00008058
TCly7)=(~B)*x%3 o0008060
T(2,23=1.D0 00Cco08070
T(2y4)1=-2.DC*B 000080890
T(2,7)=2,DC*B>*2 000080990
T{(3,3)=1.DC 00008100
T(3,51=-8 00008110
T(3+48)=Bx%2 00008120
DC 2 I=4,6 00208130
D0 2 J=11,20 c0008140
I11=1-3 00008150 |
JJ=J-1C 00008160
T(I,II=TL(ITI,JI) 00008170
T(7,2)=1.D0 00008180
T(7:2)=A Q0008199
T(7s4)=A%K2 00008200
T(T797)=A%RXRS 0000821¢C
T(8:2)=1.DC 00008220
T(8y4)=2.D0%4A o000823¢C
T(8y7)1=3.00%A%%2 00008240
T(S,3)=1.D0 00208250
T(S9,5)=4 00008260
T(S,8)=A%*2 00008270
CO 3 'I=10,12 00008280

00008290
00008302
00008319

K




R O et D P LI
dTRA R

B LEVEL 16 ' TRANGH . DATE = 71205 18746712

T(IyJII=T(II,JJ)
T(13,41)=1.00

T(13,3)=C 00008340 ; '
T(13,6)=C*%2 00008350 |
T(13,1C)=C*¥*3 00008360 |
T(14,2)=1.D0 00008370
T{(14+5)=C 00008380
T(1449)=C%2 00008390
T(15,3)=1.D0 00008400
T(1546)=2.D0C*C 00008410
T(15;510)=3.DCHC**2 00008420
€0 & 1=16,18 00008430
DO 4 J=11,20 00008440 |
11=1-3 00008450 |
JJd=J-10 00008460
TCIHJI=T(IT,5IJ) 00008470
T(19,1)=1.D0 00008480 .
T(19,2)=(A-B}¥/3.C0 00008490
T(19,3)=C/3.LC0 00008500
T(19:14)={A=-B)x%2/9.D0 00008510
T(19,5)=(A=-8)*C/9.D0 00008520
T(1946)=C*C/S.D0 00008539
T(19,7)=(A-B)I":*3/27.D0 00008540
T(19:8)={A—B)*%2¥*C/27.D0 000085590
T(19:9)=(A=B}*C*C/27.D0 00008560
TL19,1C)=C%%*3/27 .00 00008570 |
CC 5 J=11,20 00008580, 4
JJd=J-10 00008590 -
T(20,3)=T(19,37) 00008600 .
CCNTINUE 00008610
RETURN Q0008620 -
00008630

END

00008320 ; .
00008330 . .




-131- N 5
[GELEVEL 19 COORGH DATE = 71205 18/46/12 “
SUBROUTINE COORGH(C,S,R) 00008640 |,
ek o ob o X o ek kX E 233 e de Az vk A e ofe A dedesle ko KWk XkQO0008650 T
00008660 |
| ' . 00008670 |!
THIS SUBROUTINE FORMS THE IN—PLANE ROTATION MATRIX.ee. 00008680 !
f 0000869C .
I C 00008700
C*************************x-*****************# A Aotk X QOO08710
IMPLICIT REAL *8({A-H,0-2) 00008720
- CIMENSICN R(20,20) 00008730
’ cc 1 1I=1,20 00008740
e £O 1 J=1,20 00008750
1 R(I,J3)=C.D0 . . } 00008760
: R(1,13=C 00008770
T R(1,4)=S 00008780
< R(2,2)=C*C 00008790
R R(2,3)=C*S . 00008800
{;‘ . R(2,5)=C*S 00008810 .
i R(2+6)=S%S : 00008820 |
b R(2,2)=~S*C 0000883G !
: R(3,3)=C*C 00008840 .
. R(3,5)==-S*S . ooocssso .|
R{3,6)=C*S ooo0886C ‘N
B R(&y1)==S 00008870
. R(454)=C - 00058880 .
¥ R(552)=-C*S ooocssse ¢
. R(543)==S*S 00008900
. R{5,5) =C*C 00008910
. R(5,6)=C*S 00008929
[ - R{€,2)=8%S 00008930
| R{653)=-S%C 00008940
1 R(645)==S*C ‘ 00008950 ‘W
. K(E96) =C*C . 0000896C .|
. DC 2 I=7,12 00008970 |
CC 2 J=7+12 | 0000898C
1. 11=1-6 00008990
: Ji=J-6 . 00009000
2 R{I,JI=R(II,JP) 00009910 .
. pC 3 1=13,18 00009020 .
f..- oC 3 J=13,18 - . 00009030 .
H /. 11=1-6 0000904G| *
‘B JJ=J-6 . 00009050
3 R(I,JI=R(II,3J) 00009058

R(19,19)=C N
R(19,2C)=S . 00009070!:
R(20,19)=-§ 0000908C! !

: R(20,20)=C . 00009090

| RETURN : 00009160

; ENC 00009110

I ’ ] _ 00009120




LEVEL 19 MATIN ’ DATE = 71205

18/46/712

SUBROUTINE MATINCA,N) 00009130
(C g e el o3 oz e o2 2 ofe e sfe ol afs e o ok e oz e vl i Ak Xz el ol B 3 3z e vl e e ek e s e e ofe ek ek dedkd kX QO0QS1 40
c 00009150
c 00009160
c THIS IS THE INVERSION SUBROUTINE 00009170
¢ 00009180
c 00009190
(C 3 2 30l A2 e afcoke sk e o i afe oz o e ek oy e e e abesde e oo Xk e % 3 e X 22 E-2 -3 e XX AR Q0009200
IMPLICIT REAL *8{A-H,0-2Z) 0000%210
CIMENSICN A(N,N),INDEX(48,2) 00009220
CC 108 I=1,N - 0000923¢C
108 INCEX(1,13=0 00009240
I1=0 00009250
109 AMAX=—1.0 00009260
£C 110 I=1,4N 0000927¢
IF(INDEX(TI,17)110,111,110 0000952890
111 B0 112 J=1,4N 00009290
TFCINDEX(J912)122,113,112 . 00009300
113 TEMP=DABS(A(I,J)) \ 00009310
IF(TEMP-AMAX 112,112,114 00009320
114 IROW=1Y 00209330
ICOL=J 00009340
AMAX=TEMP 00009350
112 CCATINUE 00209360
110 CCNTINUE 00009370
IF(AMAX) 225,115,116 00009380
116 INDEX(ICCL,1)=IROW - 00009390
IF(IRCW-ICOL)119,118,119 00009400
119 CC 120 J=1,N 00009410
TEMP=A{IRCOH, J) 00009420
ACIROWsJ)I=A(ICCL,J) 00009430
120 A(ICOL,J)I=TEMP 00009440
II=11I+1 - 00009450
INDEX(II,2)=ICOL 00009460
118 PIVOT=A(ICOL,ICOL) 00009470
A({ICOL,ICOL)=1. 0000948C
PIVOT=1./PIVOT 00909490
CC 121 J=1,.N 00009500
121 ACICOL,J)=A(ICCL,J)*PIVOT 0000951¢C
. CO 122 1=1.N 00009520
IF(I-ICCL)123,122,123 00009530

123 TEMP=A(I,ICOL) 00009540C¢ !
A(I,ICCOL)=0. 000095501,

Ve
.

'

- RS e e et o LTS YT A



LEVEL

124
122

125

19 MATIN DATE = 71205

€C 124 J=1,4N
AlTI5J)=A(I4+J)-A(ICOL,JII*TEMP
CCNTINUE

GC TO 109

ICOL=INCEX(II,2)
IRCW=INDEX{ICCL,1) N
CC 126 I=1.N

TEMP=A(I,IR0OW)
A(I,IRCKI=A(I,ICCL)

ACI. ICCL)=TEMP

I11=11-1

IF(11)125,127,125
"RITE(65150)
FCRMAT(1HO,2X,11H ZERO PIVOT)
CONTINUE

RETURN -

END

18746712

0000956C
0060957¢
00009580
0000959¢C
00009600
0000961¢C
0000962C
00009630
0G009640
00009650
00009660 *
00009670
00009680 !
00002690
00009700
00009710 |
00009720




LEVEL 19 MATMGH DATE = 71205 18746712

SUBRCUTINE MATMGH({A,B,C,M,N,K) 00009730

€ Atz el ot oh e o e ole ek oke 2k e e 2 ol 24 e ol ok e iz e e b e e e e e Rz e ek X ok sk 2fe 20 e o Pe ez 2z ook o o ofe e b e etz ke e AR Ak K Q00097 40
c 00009750
c 00009760
c THIS IS THE MATRIX MULTIPLICATION SUBROUTINE. 00009770
c . 00009780
c : GON09790
(€ % e e e 3k Aoz ke e st e e 35 o 3k ek e ke e Ko e e ke Aeol sk 5k e e ¢ ek 2 ofe A eobs e wfeabesfs kot e ade o leake ez ofr dle e Ar e Ko AN *x#:kQO000S800
IMPLICIT REAL *8(A-H,0-2Z) 00009810
CIMENSICN A(M,N) ,BINyK) ,C{(M,;K) 00009820

CC 2 I=1,M 00009830

CO 2 J=1,K . ) 0000984C
C(1,9)=0.D0 00009850

CO 1 L=1,N ) 00009860
CCIsd) =CLTsJI+A(I,LI*BIL,I) 00009870
CCNTINUE 00009880
RETURN 00009890

ENC : 0000990C




e AR L ; s SRR b SR s M o 1L e N
e A A : 6 ey B R

R e SR Steglncuced

LEVEL 19 TRANSP DATE = 71205 18/46/12 .
SUBRCUTINE TRANSP(O,M4N,T) 00009910
(€ % sfeat e o v sk sl e e ok < ok 3¢ A Aol Xe ke e A Ko de ek e Tk **********#************************-k**:&* *Q00009920 :
c 00009930 |
c : 00009942
Cc THIS SUBROUTINE GIVES THE TRANSPOSE OF THE MATRICES. 00009950 '
c 00009960
C 00009970
(o€ 23 3.1 1 3 23 Sz 552 ol 3 s aje o< e 20 e Feale sl e 3bz 2 e e e e e e e X e ke e Bk e e e B3k A= e ek e ot e vhvke o oz et e e ez ofe e dlesheate Aeoke A kXK O 0 0099 80
IMPLICIT REAL *8(A-H,0-Z) . 00009990
CIMENSICN C(MyNY}, TIN,M) 00010000 .
DO 1 I=1,N . . 00010010
CC 1 J=1,M 00010020 |
1 T(1,J)=C.D0 00010030 :
PO 2 I=1,M . 00010040 .
€C 2 J=14N 00010050 °*
2 T(J,1)=C(I,J) 00010060
RETURN 00010070 .
END 00010080




19 ROTGHA

END

18/46/712
SUBROUT INE ROTGHA({C,B,N) . 00010090
kb 2 3k 22 3k Sl e % Ne e 9 35 3 5fe bt 3 e x e A e 3k e ek ek 2 e vk weade sk ofe izade oo 3tz ool e ek e Kook e Ak A KN KO Q00101 00
00010110
00010120
THIS SUBROUTINE FORMS THE APPROPRIATE 36 BY 36 00010130
ELEMENT ROTATION MATRIX BY PLACING THE 12 BY 12 00010140
GLOBAL ROTATION MATRIX IN THE CORRESPONDING ROWS 00010150
AND CCLUMNS OF THE NODES LYING ON THE RIDGES. 00010160
0001C170
00010180
she sl g e & o Feadkalk ende o 2w K23k A Heofs e e e XK este 36 3 oz e oo sde e e e e ot e vefe ofe e e A Re ek Ak kXX QOOLCL 90
IVMPLICIT REAL*8(A-H,0-2) : 00010200
CIMENSICN B(12,12),C(36,536) 00010210
BC 1 I=2,36 00010220
CC 1 J=1,3& 00010230C
ClI,33=0.D0 00010240
CCNTINUE 00010250
CC 10 I=1,36 00010260
Cl{I4¥1)=1.00 - 00010270
IF{N.EQ.C) GC TO 19 00010280
K=1 00010280
GC TO (11,124+13511,511512)¢N co01L230
M=0 0001030CC
CC TO (15512+13,15515,12) N 00910310
NM=12 ) 00010320
GC TO (155,15513515525:15)+N 000103392
M=24 . 00010340
CCNTINUE 00010350
IF(K.GT.2) GO TO 19 00010369
CGC 16 I=1,12 000103790
€O 16 J=1,12 00010380
ClI+Mya3+M)I=B(1,J) 00010350
GC TO (19519519,17+18,17)N 00010400
M=N+12 00010412
K=K+1 00010420
GC TO 15 00010439
N=M+24 00010440
K=K+1 00010450
GC YO 15 00010460
CONTINUE 0001047C
RETURN 000104890

0001049C



C
C
[
[of
[
C

GLOROT DATE = 71205 18746712
SUBROUT INE CGLOROT(B,R) ) 000105C0
€ oot e o ok abe o Aok e Ae 34 e e e e e ke oA < a8 ke s e e e ok e e Ae A ek g e ok sfeode e o Aol sde o ke A e e e ke X Q001 OS5 10
00010520
0001053¢C
THIS SUBROUTINE FORMS THE 12 BY 12 GLOBAL ROTATION MATRIX.00010540
. 00010550
00010560
et Sess 0 ot 3 e kol e o e ke e feokeateste b e e e ok ook ke *%:%00010570
IMPLICIT REAL*8(A-H,0-2Z) 00010580
CINENSIEN R{12,12) 00010590
A=B¥3.,141592653589793/180.DC 00010600
c=CCcos{A) 00010610
S=DSIN{A) 00010620
R({1,1)=1.D0 00010630
R(2,2)=1.D0 00010640
R{3,3)=1.D0 00010650
R{4,4)=C 00010660
R(4&4,7)=-S 00010670
R{545)=C ©0010680
B(5,8)=-S 00010690
R(646)=1.D0 0002070C
R{7+43=S 0001071C
R(7,7)=C 00010720
R(8,5)1=S 00010730
R(8,8)=C 00010740
R(S,9)=1.D0 00010750
R(10,10)=C 00010760
R{11,11)=1.D0 00010770
R{12,12)=1.DC 00010780
RETURN 00010790
oo0108C0

END
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THIS SUBROUTINE ASSEMBLES THE ELEMENT STIFFNESS MATRICES
TO FORM THE TOTAL STIFFNESS MATRIX.

3oy 3 o 3 2 Xtz e ok e Qe e obe e e e fode e e e Ne e
SUBRCUTINE SETUP(I»JsKyByM1IaN1,M2,N2,A)
REAL*8 A{(M1,N1),

CC 10 M=1,12
I11=12%1-12+M
J1=12%J=12+M
K1=12#%K—12+M
DC 10 A=1,12
I2=12%1-12+N
J2=12%J—12+N
K2=12%K-12+N

S ST i

MAIN

18/746/12

B{M2,N2)

ACI1,I2)=A(I1,12)4+B(M,N)
ACTIL,32)=A(T11,32)+B(MyN+12)
ALTI1,K2)=ACI1,K2)+B(M,N+24)
ACJ1,12)=A(J1,I2)+B(M+12,N?}
ACJLJ2)=A(J1,32)+B(M+12,N+12)
ACLJILIK2I=A(IL,K2)+B(M+12,N+24)
A(KL,I2)=A(K1,12)+B(M+24,N)
A(KL 2J2)=A(K14J2)+B(M+24,N+12)
BLK1,K2)I=A({K1,K2)+B{M+245N+24)

RETURN
END

e Nee ek % Ak

c****ss****************************t*********#***************t**********ooo1031o:

00010820
00010830
©0010840
00010850
00010686C
00010870

e et sbote abe oo e oot ook e stenc Ak ootk e e ok ook ke k0 CO 1L 08 80

00010890
00010900
00010910
00010920
00010930
00010940
00010950
00010960
00010970
00010980
0C010990
00011000
00011C10
006011020
00011030
00011040
00011050
00011060
00011070
00011080
00011090




C
C
C
jC
C
} C
C
[ of
C

is CCOMFOC CATE = 71205 18/46/12
SUBROUTINE COMFOC(A,N,N1,N2,F,M1) . 00011100 :
CHevedle e d s 2b xok eodr ol i v e o ¥ shoale sl ool ek e e ee X g ol 2 dbe Sl ko ok leate Fe kol feste dhoole o e Neofe sk ekt ok ke Xk R Q00121110
- 00011120
00011130
THIS SUBROUTINE IS USED TO APPLY THE CONTINUITY 00011140
CCNDITIONS BETWEEN THE ELEMENTS ON CPPOSITE 00011150
SICES OF THE RIDGE.IT IS USED ONLY WHEN SOLVING 00011160
THE WHOLE STRUCTURE. 00011170
00011180
' 00011190
e eote B ********—****##*************k******!ﬂ‘ e oje sk faale e e ol kool Aedde o dheake = Tl Yo ok ek el ek R CO Q0L L1200
INFLICIT REAL®B8(A-H,0-2) 00011210
CIMENSICN A(R,N) 5 F(N) 00011220
CoO 3 I=1,12 . 00011230
IF(I.EQ.20.0R.T.EQ.7) GO TO 3 00011240
J1=12%R2-1+1 00011250
J2=12%N1-1+1 00011260
F(J2)=F(J2)+F(J1) 00011270
F(J1)=0.CO 00011280
cC 1 L=1,M1 ©oQ11290
A(J2,L)=A0J2,L)+A(JL,L) 00011300
A{Jl,L)=0.D0 00011310
CO 2 L=1,M1 00011320
B(LyJ2)=A(L,J2)+A(L,JI1) 00011330
A(L,J2)¥=C.DO 00011340
A(J1+31)=1.0DC 00011350
CCNTINUE 00011360
RETURN 00011270
END 00011380




N et

R A ey C o U )

[sXsKaXzXsXs K]

LEVEL 19 "LOADVE DATE = 71205 18746712
SUBROUTINE LOACVE(P,N,NN,F,A) 00011390
ook * Seate ende o e e aeate e ge ke afeal ek e o oot s el sbesie ek e o el o ke kg X Ak RO 0 0L 1400
00011410
. 00011420
THIS SUBROUTINE FORMS THE CONSISTENT LOAC VECTOR. 00011430
00011440
. 00011452
sk e o o ook e sead- e afeate e ke et sl afe oA s ok fe e s e ofeale s e ke et e ofeafe adeate o kol e teale ol e sbdele b Ao Aok Ak ek ¥ X 000114 60
IMPLICIT REAL*8(A-H,0-Z) ‘ 00011470
CIMENSION F(N),L(3) 00011480
DC 1 I=14N 00011490
1 F(I)=0.D0 00011500
K=1 00011510
€ Heate desde b % 3 Yo Aok Aok < e ke e e ke oot she s e sie ke e e siesdeak sfesfeate b ol ale ek sfesefs el te e ol eolesiede ek k0001 15290
C 00011530
c NMR —~THE NUMBER OF ELEMENTS LYING ON THE RIDGES. 00011540
[ 00011550
REAC(1,E5C) NVMR 00011560
C : 00011570
(€ sfesteste e ot otk St e e e oo sl o s ofe o teobe e e o s e ek e sofeode b kol e o sk et dote e o Seot ke ek 0 001 1 580
2 CONTINUE 00011590
IF(K.GT.ANMR) GO TO 5 00C11600
D0 3 I=1,.NN 00011610
3 LENN)=C 00011620
(€ stese ook o ob e ko e ke o ate ok be o e s oje et o e 3 e o e ot st e e o 90 e et oot e e e et ook g ok ek Netdodk B X 00011630
C 00011640
Cc St —-LENGTH OF THE EULEMENT EDGE LYING ON THE RIDGE. 00011650
c 00011660
C L ~ARRAY CONTAINING THE NODES NUMBER WHICH ARE LYING 00011670
Cc ON THE RIDGESe. 00011680
C 0001169C
READ(1+100) SL,{L{I),I=1,NN) 00011700
c 0001171C
c***z*»****************************«********#****************tt*******ﬁ*oo011720
SL=SL*12.D0 00011730
B= A%3.141592653589793/180.00 00011740
cC=0CcOsS18} 00011750
S=DPSIN(B) . 00011760
RN1=NN-1 000117790
DO 4 I=1,NN1 00011780
N1=L{I) 00011790
N2=L(I+1) 0011800

I1=N1%*12-5 00011810




R —

1S LEVEL 19 LOADVE DATE = 71205 18746712

I2=T1+1 : 00011820 !
I3=11+3 00011830 .
14=11-3 00011840 |
15=14+1 : - 00011850 |
Ji= N2%12-5 00011860
J2=Jd1+1 00011870
43=41+3 00011880
Ja=J41-3 . . 00011890
J5=J4+1 00011900
C**********’.‘*******************************************#***iﬁ************0001 1910
c 00011920
S1=P%SL*C,.5D0 00011930 | :
S2=P*SL%ESL*(1.D0/12.D0+C*C/60.D0? . ooo1194c A
$2=0.DO0 00011950 : "
$4=0.D0 . oooricsoe I
$5= —-P*SL*=SL*S¥C/60.D0 00011970
c 00011989 -
C THE S1,52s+..S5 SHOULD BE CHANGE FOR THE FULLY 00011990 !
o CONSTSTENT LOAD VECTOR.AS INDICATED IN 00012000
c THE TEXT. 00012010 -
C 00012020
[of 2 22 3 #****'ﬁ*’l****"ﬁ***********#*#********** ***’.‘!*i’-***’.'****-**’lf*************OOG120 20
E(Il)= F(I1)+S1 . 00012040
F(I2)=F(12)+S2 00012050
FCI3)=F(I3)+S3 . 00012060
F(I&4)=F(I&4)+S4 .00012070
FLIS)= F(I5)+S5 00012080
F(J1I=F(J1)+S1 . 00012096
F(J2)=F(J2)-S2 : 00012100
FLJ3)=F(J2)+S3 00912110
E(J&4)I=F(J&)+S4 00012120
FtJS)=F{J5)-S5 00012130
CCNTINUE . 00012140 |
K=K+l ’ 00012150 !
¥ - 00012160
SENT?NSE 00012170
FCRMAT (15) , : 00012180
FCRMAT(F10.5¢1CI5) 00012190
RETURN 00012200
END 00012210




L

()

[2XaXsXnXsXaXal

A e o

R e A

EVEL 1S DISPGH BATE = 71205 18746712
SUBROUTINE CISPGH(X,Y,BD,PD,D) 00012229
afeole 3ok b 3 o 2eofe e obe atr 2 o e e o s o stk afe ofe ak o i e ek afe afe e etk e e ook Kook 2ok ook etk e AR ok e A KGO0 L 22 30

’ 00012240 |

00012250
THIS SUBROUTINE CALCULATES THE DISPLACEMENTS AT ANY POINT 00012260
WITHIN THE ELEMENT. 000122790
000122890
N 00012290
st o eale e s 3 ol e o ek Aol ol sbesdeale sbe ok e o ek i K ke e Hade Sl e skt Koo ale g ey ke oK Ao o el r A AEHx0001 2200
IMPLICIT REAL*8(A-H,0-2) ) Q0012310
CIMENSICN BD(20),PC(36),D(12) 00012320
CC 1 I=1,12 00012330
C(I)=0.CC . 000612340
X2=X*%X 00012350
X2=X2%X 00012360
X4 =X3 %X ' 0001237GC
X5=X4%X 00012380
Y2=Y*Y 00012390
Y2=Y2*Y 0001240C
Ya=Y3RY 0001241C
Y5=Y4%Y ’ 00012420
B(l)=PB(1)+PC(2)*X+PD(3)*Y+PD(4)*X2+PD(5)*X*Y+PD(6)*Y2+PD(7)*X3+P000012430
1(8)%X2%Y+PD(S)*X*Y24PD(10)*Y3 00012440
D(Z)=PD(2)+2.DO*PD(4)*X+PD(5)*Y*3.DO*PD(7)*X2+2.DO*PD(8)*X*Y+PD(9)00012450
1%Y2 00012460
D(3)=PC(3)+PC(S)*X+2.DO*PD(6)*Y+PD(B)*X2+2.DO*PD(9)*X*Y+3.DO*PD(1000012470
1)%Y2 00012480
C(4)=?C(11)+PD(12)*X+PD(13)*Y+PD(14)*X2+PD(15)*X*Y+PD(16)*Y2+PD(1700012490
1)xX34PD(18)% X2*Y+PD(19)*X*Y2+PD(20)%Y3 Q0012500
D(S)=PC(12)+2.DO*PD(14)*X+PD(15)*Y+3.DC*PD(17)*X2+2.DO*PD(18)*X*Y+00012510
1PD(1S)*Y2 oco12520
E(6)=PD(13)+P0(15)*X+Z-DO*PD(16)*Y+PD(18)*X2+2.DO*PD(19)*X*Y+3.DO*00012530
1PD(20)*Y2 00012540

D(7)=BE(1)+EC(2)*X+BD(3)*Y+BD(4)*X2+BD(5)*X*Y+BD(6)*Y2+BD(7)*X3+8000012550
1(BYI%X22Y+ BC(9)*X*Y2+BD(10)*Y3+8D(11)*X4+BD(12)*X3*Y+BD(13)*X2*Y2+00012560
ZBC(14)*X*Y3+ED(15)*Y4+BD(16)*X5+BD(17)*XB*Y2+BD(18)*X2*Y3+BD(19)*X00012570
2%Y4+BD(2C)*YS 00012585

C(S)=BC(2)*2.DO*BD(4f*X+BD(5)*Y+3.DO*BD(7)*X2+2.DO*BD(8)*X*Y#BD(9100012590
1*Y2+4.CO*BD(11)*X3+3.DO*BD(12)*X2*Y+2.CO*BD(IB)*X*Y2+BD(14)*Y3+5.000012600
20*80(16)*X4+3.DO*BD(17)*X2*Y2+2-DO*BD(18)*X*Y3+BD(19)*Y4 00012610

C(9)=BD(3)+BD(S)*X+2.DO*BD(6)*Y+BD(8)*X2*2.DO*BD(¢)*X*Y+3.00*80(1000012620
1)*Y2+BD(12)*X3+2.DO*BD(13)*XZ*Y+3.DO*BD(14)*X*Y2+4-DC*BD(15)*Y3*2.00012630
ZCO*BD(17)*X3*Y+3.00*BD(18)*X2*Y2*4.DO*BD(19)*X*Y3+5.DO*BD(20)*Y4 0001264




EVEL

1s " piseen - CATE = 71205 18746712

C(10)=2.DO*BE(4)+6.DO*BD(7)*X+2.DO*BD(8)*Y+1Z.DO*BD(11)*X2+6.DO*8000012650

1(12)*X*Y+2.DC*BD(13)*Y2¢20.DO*BD(16)*X3+6.DC*BD(17)*X*Y2+2;DO*BD(100012660'

28)*Y3

00012670

C(ll)=BD(5)+2.DO*BD(8)*X+2.DO*BD(9)*Y+3.DO*BD(12)*X2+4.DO*BD(13)*X00012680
1*Y+3.DO*ED(14)*Y2+6.DO*BD(17)*X2*Y+6.DO*BD(18)*X*Y2+4.DO*BD(19)*Y300012690
C(12)=2.DO*BD(6)+2.DO*BD(9)*X+6.DO*BD(10)*Y+2.DG*BD(13)*X2+6.00*8000012700
1(14)*X*Y*12-CO*BD(15)*Y2+2.DO*BD(17)*X3+6.DO*BD(18)*X2*Y+12.DO*BD(00012710

219)%X*kY2+420. CCHBOC(20)*Y3

WRITE(2,150) (D(I),1=1,12)
VXX=2.DC*PD(14)+6.DO*PD(17)*X+2.BO*?D(18)*Y
VXY= PC(1S)+Z2.DO*PD(18)% X+2.D0%PD(19)*Y
VYY=2.CO*PD(16)*2.00*?0(19)*X+6.DO*PD(20)*Y
KRITE(3+200) VXX VXY, VYY

FORMAT(4F25.15)

FCRMAT (3F25.15)

FCRMAT(///2X3*VXX=" 3F20.15+" VXY= ,F20.15,"* VYY=*,F20.15)
RETURN ’
END -

00012720
000127320
00012740
00012750
00012760
00012770
00012780
0001275C
00012800
00012810
0001282¢C

posm e




LEVEL 1S STRESS DATE = 71205 18746712

SUBRCUT INE STRESS(NM,ANU,YM,TH,PZERDyNODqu,GR,SR,X,Y) 000128390

B otk b sl ok ok 5 o0 e o e ek e ke s e e e AR X et Re e AN : 2ok Aokl dokek R EXQO0 12840
[} ’ 00012850
c ‘ . 00012860
C THIS SUBROUTINE CALCULATES THE INTERNAL FORCES 00012870
C AND STRESSES FOR GIVEN ELEMENTS. 000128890
Cc 00012890
c ‘ 000129C0
C*************t***************************#************ Sealedeok ek R XK KO 001 2910
IMPLICIT REAL*8(A-H,0-Z) 00012920

CCMMON T(20,20),51(18,18), SC(212)150C(1812)1SCT(2,18),SE(18,18), 00012930
350CM(1812)1TR(20:20)1AU(20,20)'R(ZO'ZO)yS(20720)1SM(20),SN(ZO),P(20001294C

2C1+0(20),S0(18,18),DISI{ML) ) 00012950
CIMENSICN X(NOD),Y(NOD) 00012960
CIMENSICN SXS{&56) yD1(12) ;DISP(36) ,SR{12512),G2(36,36),0(36) 00012970

c****awn*#****»***#******»** £33 ******************************00012980

c 0001299C

c NMS —THE NUMBER OF ELEMENTS WITHIN WHICH WE WANY 00013000

c TC CALCULATE THE STRESSES. 00013010

C 00013029
READ{1,400) NMS 00013030

c 06013040

C******tt************************************** Aeafr ol ot a3 et 3 *#:%X0001305C
KCUNT=1 00013060

1 CCNTINUE 00013070
1F(KOUNT.GT.NMS) GO TO 28 . 00013080
oc 2 1=1,20 00013090
DO 2 J=1,20 00013100
R{1I,J)=0.D0 00013110
€C 3 I=1,12 00013120
C1(I)=C.00 . 00013130
pC 3 J=1,12 00013140
SR(1,J)=0.C0 00013150
CO 4 1=1,36 : 0001316C
CISP(1)=0.D0 00013170
C{(11=0.C0 00013180
CO 4 J=1,36 0001319C
GR(I,J)=0.D0 00013200
CCNTINUE 00013210
CC 5 1=1,18 00013220
oC 5 J=1,18 . 00013230
S1(1,J)=C.DO 00013249
CCNTINUE 00013250




B LEVEL 1S STRESS CATE = 71205 18746712
READ(1,150) ALPHA 00013260
READ(1,175) N1,N2,N3,N 00013270

(C e ket b 3 o b % e 2otz Ak Feode -2 e M oo e R XTxC Heslede jook ik Ae e ool A B2 AeAE %#00013280
c - 000132950
c CHOOSE THE CORRESPONDING DISPLACEMENTS FOR THE ELEMENT. 00013300
c AND PUT THEM INTO DISP. 00013310
c - ) 00013320
PC 6 I=1,12 00013330
T1=12%N1-12+1 00013340
12=12%N2-12+1 00013350
I2=12%N3-12+1 00013360
CISP(I1=DIS(I1) 00013370
CISP(I+12)=DIS(I2) 00013380

6 CISP(I+24)=DIS(I3) gggigzgg

B o sheotexs ok i skexte Beok esbe e ofe e e X G e x5 weate Jeohe de ahc e e sl s ofeakeske obeats 3 ok okt e et e ek A e e X QOOL 3410
WRITE(3,160) N1,N2,N3 00013420
CALL ABCI{N1sN2,N3,X,Y,NOD;A,8,CsCOSIN, SINUS) 00013430
A=ax12,CO 00013423

=B*12. 000134
2=§*}§.38 00013460
CALL GLCROT (ALPHA,SR) 00013479
CALL RCTGHA({GR,SR,N) 00013480
CO 7 I=1.36 000132490
00 7 J=1,36 00013500
C(I)=D(I}+GR(I,JI*DISP(JI) 00013516
WRITE(3,200) 00013520
CC 8 I=1,6 00013530
DISP(I)=D(1) 00013540
CISP(I+&)=C(I+12) 00013223
CISP(I+12)=D(1+24) 33313570
CISP(I+18)=C{I+6) - 00012580
CISP(I+24)=D(I+18) ooa13290
CISP(I+30)=D(I1+30) Ooo13e00
WRITE(3,500) 00013610
DC 9 1=1,.18 620
WRITE(2,125) DISP(I),DISP(I+18) gggigbso
CALL PBRCTG(COSIN,SINUS,S1) 13630
DO 10 I=1,6 000
£O 10 J=1,6 000136590

c 000135660
SXS(I,J)=C.DO 00013670
SXS{153)=S1(1,J) 00013680
CC 11 1I=1,18
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C(I)=0.CO
DC 11 J=1.18

C(I)=D(I)+S1(T1,I)*¥DISP(JIrl8)

WRITE(3,225)

WRITE(3,350) (D(1),1=1,18)
CALL PBTRAG(A,B,CsR)
CALL MATIN{(R,20)

CO 12 1=19,+3¢
E(I)=0.DC

CC 13 I=1,20

GR(I,2)=0.C0

DC 13 J=1,20

"GR{Is1I=GR(I;21I+R(I,II*D(JI)}

WRITE(3,450)

WRITE(23,350) (GR(I,1),I=1,20)
CALL SINPLG(A,E,CyANU)

CALL TRANGH{A,8,C,T)

CALL CGORGH{COSIN,SINUSsR)
CALL MATIN{T,20)

CALL MATMGH(TsR,TR,20,20,20)
CALL MATMGH{S,TR,AU,20,20,20)
CALL TRANSP(T,20520,+S)

CALL MATMGH{S,AU,TR,20,20,20)
CALL TRANSP(R,20,20,A02

CALL MATMGH{AU,TR;S+20,20,20)

€CG 14 1=1,18
DC 14 J=1l,18
SC(I.+J)=S(1I,I)
CC 14 L=1,2
L1=L+1l8

SOC(I,L)I=S(I,L1)

CGC 14 K=1,2
Kl=K+18

SC{L,KI=S(L1,K1)
CALL MATIN(SC,2)
CALL TRANSP{SOC,18+2,SCT)

DC 15 1=1,2
C(1})=0.C0
ce 15 J=1,18

C(II=D(I)+SCT(I,JI*DISP(J}

CC 16 1I=1,2
C(I)=0.CO
DO 16 J=1,2

18/746/12

00013690
00013700
00013710
00013720
00013730
00013740
00013750
00013760
00013776C
00013780
00013790
0C013800
00013810
00013820
00012830
00013840
00013850
00013860
0C013870
00013880
00013890
00013900
00012910
00013920
00013930
00013940
00013950
00013960
0C013S70
00013980
00013990
00G14000
00014010
00014020
00014030
00014040
00014050
00014060
00014070
00014080
00014090
00014100
00614110




BLEVEL

16

19 STRESS

CCII=Q(II+SC(T,I9)%D(J)
cC19)1==-C(1)

£(203=-Q(2) -

Do 17 1=1,18

C(1)=DISP(I)

cO 18 1=1,20

SN(I)=0.CO

£C 18 J=1,20
SNCI)I=SN(I)+R(I,J)*D(J)
WRITE(2,475)

WRITE(3,2350) (SN{I),1=1,20)
CC 19 1=1,20

€C{I1)=0.00

pC 19 J=1,20
CCII=0(II+T{T,J2%SN(J)
WRITE(2+425)

WRITE(3,350) (D(1),1=1,20)
LLL=1

LKL=17

CALL MATIN(SXS,6)
CCNTINUE

IF(LLL.GT.LKL) GC TO 27
READ(1,550) XI,V¥YI
IF(LLL.LT.4%) GO TO 21
YI=((A/12.00)-X1)*0.5D0
CCNTINUE .

XI1=XI*12.DC

YiI=YI*12.00

WRITE(3,25C) XI,YI
WRITE(3,+525)

eQ 22 1=1,20

P(I)=GR(I.,1)

CALL DISPGHI(XI,YI,P,D,D1)}
EC 23 I=1,6

SM(II=CLI+E)

DC 24 I=1,6

SN(I)=0.00

DO 24 J=1,6

QtJY=D1{L)
SN(TI)=SN(II+R(J,1)*D1(I)
WRITE(3,275)

WRITE(3,35C) (SM(I}1I=1,6)
WRITE(3,300)

DATE

712C5

18746712

00014120
00014130
00014140
00014150
00014160
00014170
00014180
0001419C
00014200
00014210
00014220
00014230
00014240
00014250
00014260
00014270
0C014280
00014290
0001430C
00014310
0C01432C
00014330
00014340
000143590
00C14360
00014370
00014380
00014390
00014400
00014410
00014420
00014430
00014440
00014450
00014460
00014470
00014480
00014490
00014500

00014510 ;|

00014529
00014530
00014540




100 FTRMATI(2X,

1s STRESS DATE = 71205

WRITE(2,250) (Q(T1)+1I=1,6)

DC 25 1I=1,6

Cl(I)=C.D0

DO 25 J=1:6

D1CI)=DL{I)I+SXS{I,JI®SM(I)
RIG=YMATH®*3/{12.D00%(1.DO-ANU%*2)})
SMXX=RIG* (DL (4)+ANU*D1(6))

SMYY=RIG* (D1 (6)+ANU*D1(4))
SIGYN=YM*(SN(6)+ANU*SN(2))I(1.DO-ANU**2)—6.DO*SMYY/(TH*TH)
SIGYP=YM*(SN(6)+ANU*SN(2))I(1.DO—ANU**Z)*6.DO*SMYY/(TH*TH)
SIGXP=YM*(SN(Z)+ANU*SN(6))/(1.DO—ANU**Z)+6.DO*SMXXI(TH*TH)
SIGXN=YV*($N(2)+ANU*SN(6))/(1-DO—ANU**Z)—é.DO*SMXX/(TH*TH)
GS=YM/ (2.00% (1.DO+ANU) )}

SHEAR=GS*{ SN{3)+SN(5))

WRITE(3,325)

WRITE(2,375) SMXX,SNYYqSIGXP,SIGXN.SIGYP,SIGYN'SHEAR

pC 26 I=1l,6

SN{I+6)=C1(1)

WRITE(3,575)

WRITE{3,350) (SN{1),I=1,12)

LLL=LEL+]

GO TC. 20

CCNTINLE

KOUNT=KCUNT+1

GO TC 1

CCATINUE

112y* ANC*»12,//)

FCRMAT(2F25.151

FORMAT(F10.5)

FORMAT (415)

FCRMAT(/12X, *GLOBAL DISPLACEMENTS OF THE ELEMENT*,//)
FORMAT(////4CX,YLOCAL BENDING DISPLACEMENTS'y///)

)
H
H
]
’
)
3
’
.
.
’
.

*STRESSES IN THE ELEMENT DEFINED BY THE NODES *»12,°'»

FCRMAT (////12X,*DISPLACEMENTS AT X=%,F15.10,°% AND Y=¢,F15.,1C, /00014880

1/7)

275 FCRMAT(///4CX,' LOCAL BENDING DISPLACEMENTS®,///)
300 FCRMAT(///40X%X,* LOCAL IN-PLANE DISPLACEMENTS®*,///}

225 FORMAT!///GX,'SMXX'y12X1'SMYY',12X1'SIGXP',10X1'SIGXN',10X,'SIGYP'00014920

1,10Xy'SIGYN',IIX,'SHEAR')

FCRMAT(4F25.15)

FGRMAT(//TD1&.6)

FORMAT(15,4F10.5+1I5)

FORMAT(////74CX,* IN-PLANE COEFFICIENTS*+///)




LEVEL 19 STRESS DATE = 71205 18746712

450 FGRMAT (////4CXs* BENDING COEFFICIENTS',///) 00014980
475 FCRMAT(////40Xs" LOCAL IN-PLANE DISPLACEMENTS*y///) 0C014992
500 FCRMAT(//5X, "IN-PLANE DISPLACEMENTS® y5X,*BENDING DISPLACEMENTS®) 00015000
525 FCRMAT(//15X,*NOTE. DISPLACEMENTS AND DISTANCES ARE GIVEN IN INCHECO0D15010

1S9,/15%X, *MCMENTS IN (KIP-IN/IN) AND STRESSES IN (KIP/SQ.IN)*,//) 00015020
550 FORMAT({2F20.15) 00015030

S75 FCORMAT (740X, *GLOBAL DISPLACEMENTS AT THIS POINT*,//) 00015040

RETURN 00915050
END - 00015060
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