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ABSTRACT

A computer program, FINPLA2, is presented which can be utilized
to analyze general highway bridge structures. This program can analyse
general non-prismatic cellular structures of varying width and depth
and may have an integrated three-dimensional frame. The structure is
discretised by dividing it longitudinally into a certain number of
structure segments by vertical sections, and by subdividing each such
segment into finite elements. The structure alignment is described by
a longitudinal reference line which may be a straight line, a circular
curve or an arbitrary planar string polygon and cross-sections are
defined with respect to this line. Orthotropic plate properties and
arbitrary loadings and boundary conditions can be treated. Automatic
element and coordinate generation options minimise the reguired input
data. Several numerical examples illustrating the use of the program

are also given.

KEY WORDS

Box girder bridges, multi-cell bridges, skew bridges, interchange
structure, bridge bents, three-dimensional frames, non-prismatic folded
plates, orthotropic folded plates, anisotropic folded plates, elastic
analysis, structural analysis, structural design, finite elements, direct

stiffness method.
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1. INTRODUCTION

A continuing program of analytical and experimental research
on box girder bridges has been conducted at the University of
California since 1965. Simple and continuous spans having plan views
which are straight, skew or curyed have been studied. Detailed in-
formation on this research including listings of computer programs
developed may be found in a series of published research reports [1- 9].

The purpose of this report is to present a computer program for
the linear elastic analysis of folded plate structures with cross
sections which may vary along the span; The horizontal alignment may
be arbitrary, and the plate structure can be integrated into a general
three-dimensional frame.

The program, called FINPLA2, is the latest in a series of programs
developed at the University of California at Berkeley for the analysis
of box girder bridges and is as such a generalization of a program
previously reported in [5].

Although primarily written for the analysis of bridges, the program
may be used for analyzing a large class of plate structures as well as
general three-~dimensional frames. However, the program is utilized with
most advantage, if applied to plate structures which act integrally
together with a three-dimensional frame, Fig. 1.1.

Bridge structures must have fairly simple geometries if closed-form
analytical techniques are to be used for their analysis. For straight
bridges with prismatic cross sections, efficient and accurate methods
have been developed based on harmonic analysis and programmed for digital

computers, both for simple span as well as continuous bridges [1, 2].






Also curved bridges may be accurately analyzed [6, 8] by this method
as long as they are of constant curvature and cross section, with simply
supported non-skew end sections.

However, bridge structures appearing in modern highway systems
are very often of varying cross section. Long span box girder bridges
require a variation of depth and moment of inertia, Fig. 1.2,to be
economical. A first attempt of an analytical treatment of such bridges
has been published recently [10]. Also, for box girder bridges of
arbitrary plan geometry, but with the restriction of constant depth
between top and bottom slabs, Willam and Scordelis [7] developed a
finite element computer program. These bridges may be tapered in plan
as they appear at on- and off-ramps in interchange structures, Fig. 1.3,

Finally, it is often difficult to predict the interaction between
a bridge structure and its supporting frame or bents, although the nature
of this interaction may be of prime importance for the state of stress
in the bridge as well as in the bents,

For such complex structural systems as outlined above, only the
finite element method of analysis seems to be versatile enough to solve
these problems efficiently and accurately so as to be of practical use.
Program FINPLA2 is a finite element program and may be used to analyze
structures with varying depth and/or width.' The structure should be
of prismatic nature, i.e., the alignment should be basically one-dimen-
sional. Thus, the examples of Fig. 1.1 may be analyzed, however, the
case depicted in Fig. 1.3 b, cannot readily be treated, unless modelled
as described in Chapter 4.

The theory of the elements used in FINPLA2 and a short summary of
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the general capabilities of the program have been described in [8].
In this report, more detailed programming information will be given,
together with a complete description of input preparation and output
generation. Some examples will illustrate the use of the program as
well as its accuracy. The complete FORTRAN IV source deck listing and

some supplementary program information are given in the Appendices.



2, METHOD OF ANALYSIS

2.1 Finite Element Analysis

The finite element method of analysis on which program FINPLA2
is based, has been developed in recent years and has found useful
applications in numerous problems of structural engineering and struc-
tural mechanics. Its versatilify lends itself to the analysis of such
complex structures as described in this report. An extensive amount of
literature on this powerful method has been published, and therefore
only those aspects necessary for a better understanding of program
FINPLA2 will be shortly described below.

Much research has already been directed toward the objective of
obtaining finite element models with optimum properties for certain
problems, both regarding accuracy of results and expendifure in compu-
tation. For the analysis of folded plate structures, it appears advan-
tageous to assign six degrees of freedom to each nodal point, three
translational, and three rotational. Although five degrees of freedom
have often been used for general shell programs, special techniques
are required to take account of the missing sixth degree of freedom,
i.e., the rotation in the plane of the shell or plate. The addition
of the sixth degree of freedom in FINPLA2 is particularly important
since the finite element system is combined with a three-dimensional
frame in which the member nodes also have six degrees of freedom.

The elimination of the complications associated with the five degrees
of freedom system justifies the increase in computational effort in-
volved in solving the larger number of equations.

The actual step-by-step solution process followed in program FINPLA2



may be summarized as follows.

1.

Discretize the structure into a number of quadrilateral
elements by dividing it longitudinally into a number of
segments, and transversely into individual elements, Fig. 2.la.
Calculate all element stiffnesses and transform them to a
common global coordinate frame.

Form the structure stiffness by assembling the element
stiffnesses according to the staﬁdard direét stiffness method
of structural analysis.

Set up the load vector containing all specified external loads.
For loads distributed over the area of an element, calculate
equivalent nodal loads using the tributary area principle or
some other appropriate technique such as consistent load
theory. If more than one load case is considered, a load
matrix has to be established.

Apply given boundary conditions to the set of equétions. If
non-zero displacements are specified, a modification of the
load vector (or matrix) will be necessary.

Solve the system of equations by a technique which takes
advantage of the banded nature of the structural stiffness.

If also the variation of the bandwidth is taken into account,
considerable reduction in computational effort may result.
Once the nodal joint displacements are known from the solution
of the equations of step 6, reactions may be found by multi-
plying the original structure stiffness (i.e., not modified
due to boundary conditions) by the displacement vector. A

complete matrix multiplication will also yield the residual



loads on the structure which are a measure for the accuracy
with which the equations had been solved.

8. Transform nodal displacements from global to element coor-
dinates for the computation of internal stresses and moments

in plate and beam elements.

2.2 Finite Element Models

Assuming linear elastic material behavior and small deflections,
bending and in-plane actions of a plate element are uncoupled, and
therefore one may treat these two problems independent of each other.

The plane stress element model used in program FINPLA2, was derived
in its original form by Abu Ghazaleh [11] for a rectangular shape and
has also been described in detail in [2]. Wwillam [12] rederived the

_element stiffness in skew natural coordinates for a general quadrilater-
al shape. The special feature of this element is that in addition to
the commonly used two translational degrees of freedom per node, each
node is assigned a rotational degree of freedom, defined as the aver-
aged rotation about the element z-axis, Fig. 2.1 b, i.e., for a rec-

tangular element,

;- &)l @

thus raising the total number of degrees of freedom for the element

to 12, The actual element displacements u and v are assumed to vary
linearly with the translational degrees of freedom ui, Vs and as beam
functions with the rotational degrees of freedom ezi, Fig. 2.1 d. The
assumed nodal rotations introduce angular discontinuities at the nodes

so that the element is incompatible.
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The plate bending element employed in program FINPLA2 has been
derived by Clough and Felippa [13]. This compatible quadrilateral
element is made up of four subtriangles, each of which has 11 degrees
of freedom, Fig. 2.1 c¢. In combining the four subelements, a quadri-
lateral with 19 degrees of freedom is obtained. However, the 7 in-
ternal degrees of freedom can be eliminated from the element stiffness
by static condensation, reducing the stiffness to the essential 12
degrees of freedom, for each node the rotations axi.ana eyi and the
translation wi.

The class of structural configurations amenable to program FINPLA2
may involve quadrilateral elements whose four corner points do not lie
in one plane. The resulting problem is solved by assuming that the
warpage of realistic structures is small so that a plane may be sought
which minimizes the sum of the distances squared from the plane to the
four corner nodes. Projecting the four nodes onto this plane, a new
imaginary plane quadrilateral element is found, the stiffhess of which
should be very close to the stiffness of the actual warped element. It
can be shown that the least square fitting of the plane leads to an
eigenvalue problem of third order with the three direction cosines
of the desired plane normal being contained in the solution eigenvector,

The beam elements making up the three-dimensional frame assembly
have the 12 degrees of freedom shown in Fig. 2.2 a, and the complete

element stiffness including shearing deformations, is given by Eq. (2)

in which
12EIz 12EIy
@ = —=_ = —
v 5 and @2 5
GA L GA L
sy sz

with Asy and Asz being the effective shear areas.



11

(2)

Ceron
z
n:: ¢+p)

0

A.
(¥+1) 7!

z
1a9-
0

Aa?ec.u

£
A,_IGN,_

z

1949

— 0

“ra%s-2)

Corp
H.,.,Znoi,v

£

z
(¢+1) Na

£
149

*3+01
_mAnoxmv

£

K4
( e:vu_

£
1499~

IN3W33 JNVY4 H0d XIMLVYN SSINAJILS (7) -D3

3
Ao+~vm~

Cav) o1
Y S

z
Ce+1) 2!

z
Cb+1) ¢l

[

0

£
139

et

£
139

1321~

£
¢+1) 21

z
189~

£
( anA

z
132t

£
(¢+1) wq

“149-

0

£
($+1) el

z
13z1-

Gerpn
“1a("-2)

o

0

£
(¢+1) 2zt

z
139-
0

Gaevn
Nz}i

[}

£
( e+~v~a

z
149

0

G+
a~mAu~-Nv

Ga+p
+1 &u

£
139

Carpn
13(%e+w)

£

z
($+7) wq

£
199~

ro-

0

z
C&+D) 1
3
149~

[}

z
( e+~vaa

£
I3e1-

Z

( e+~vmg
X
199~

V]

Zz
( e+~vma

£
1421

Gaev

z
149

A@:v 1

z
1421~

£
( e+~qu

139

0o

£
( o:vnq

?1azt

0

|

0

= ]



12

{
V. V
—— — e = x. -;}__ —Z—. 0
Vv V, - S
1 Va
st"‘\\ 1 sy VSI VB\‘\
) Vg, V4 Yy

: o

a) DEGREES OF FREEDOM OF BEAM ELEMENT

PREDEFINED BY PLATE TYPE FINITE ELEMENTS

b) ECCENTRIC BEAM CONNECTION

FIG. 22 BEAM ELEMENT NOTATIONS



13

In order to allow for arbitrary eccentricities of the beam ele-
ments, rigid links are introduced to connect the beam nodes with those
nodal points predefined by plate type finite elements, Fig. 2.2 b.

The transformation relating the joint displacement degrees of freedom

ry to the beam deformations Vi is given for either one of the two end

points by
CY
- - - - - T
r‘1 W [ ay 3, 23 (@aggeptajpe)  (ajye majge) (358, 2118y 1
- - - r
vy ay) 259 353 (323ey azzez) (aye, a23ex) (ay5e, azley_) 2
- ( - - r
V3 ag) 3z 833 (3g3e agee))  (agye agze))  (agye agey) 3 ¢
L=} < (3)
ﬁ Vs o o o0 I 212 213 T,
vg [} 0 0 L2%Y 322 3,53 rg
Y6 L 000 431 232 I R
L J
7

where the aij quantities are the direction cosines of the element
axes, and ex, ey, e, constitute the components of eccentricity of the

beam node under consideration. Abbreviating Eq. (3) as
= 4
{v;} =121 {r;} @

where subscript i refers to the degrees of freedom of node i, the

complete element displacement transformation would follow as

v, a. 0 r.
i i i

{v,] = 0 a. r ®
J o

J J
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so that the beam element stiffness in global coordinates becomes

T
_ 5 0 ai 0
[k] = (k] (6)

2.3 Additional Remgrks

Fér straight structures, it is logical to transform all element
stiffness matrices to one common global coordinate system in which
also the applied loads are expressed. Resulting displacements and
reactions will also refer to this global frame of reference. In
structures with circular curved or arbitrary horizontal alignment,
however, one global Cartesian reference coordinate system may not be
the most desirable. For example, circular curved structures are most
appropriately analyzed in cylindrical coordinates.

In FINPLA2, a structure may be analyzed either in fixed global
coordinates, XYZ, or in so-called travelling coordinates referring to
only section i of the structure, xiYiZi’ Fig. 2.3. Thus, in calcula-
ting the stiffness for all elements within segment i, those degrees
of freedom associated with section i will be transformed to the
coordinate frame XiYiZi while the degrees of freedom assbciated Qith
section i +1 will be transformed to the coordinate frame Xi+1 Yi+l

Zi+1' In matrix notation, this process may be described as

(K] = [BIT [A1T [k] [A] [BI

in which [k] is the 24 by 24 element stiffness in local coordinates
[k] is the 24 by 24 element stiffness in travelling coor-

dinates,
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The aij quantities are the direction cosines for the unit normal vector

of the element under consideration, with respect to the travelling

coordinates Xi’ Yi’ Zi’ and ¢ is the angle between section i and i +1.
Internal s:ress resultants of plate elements are usually calcu-

lated in local element coordinates which are more closely associated

with the travelling coordinates XiYizi than with Xi+1 Yi+1 Zi+1,

Fig. 2.4.

L+

Y+
Yi+1

V PLAN VIEW

FIG. 24 ELEMENT COORDINATES XY Z

Therefore, stress resultants for nodal points k and £ will be more

informative if they are transformed as follows.
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where subscript i and i +1 refer to the element coordinates associated
with the edges i-j and k- 4, respectively, and ¢ is the angle between

the two edges, Fig. 2.4.
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3. DPROGRAM DESCRIPTION

The program has been written in Fortran IV language for the
CDC 6400 computer of the Computer Center of the University of California
at Berkeley, and has éeen partially tested and updated on the UNIVAC
1108 of the LOGICAL Computation Center in Los Angeles. It consists
of one main program called FINPLA2 and 26 subroutines. The overall
logic of the program is displayed in the flow chart of Fig. 3.1, and
the complete Fortran source listing is given in Appendix C, with short
descriptions of each subprogram provided on comment cards. Additional
detailed input specifications are provided in Appendix A, therefore oply
a few remarks shall be made here which are thought to be useful fecr
a better understanding of the functioning of the program.

1. An attempt was made to keep the program as machine-independent
as feasible, therefore a conversion to other comparable
computing equipment should be possible with a minimum amount
of effort.

2. Almost‘all arrays have variable dimensions so that almost no
restrictions regarding the number of elements, nodal points,
material types, etc., exist. The length of the blocks into
which the structure stiffness is ;ivided, is determined on
the basis of how much core storage is available as working area.
Thus, for practical purposes, there is no limitation on the
size of problems that may be analyzed.

3. The large size of problems that are likely to be analyzed
by program FINPLA2 require considerable execution times even

on today's fastest computers. Therefore, optimization of
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computation techniques was attempted wherever feasible.

Marked reductions in execution times were achieved by

a)

b)

c)

employment of the equation solver USOL written by
Wilson [14], which utilizes the ''variable block
length” so that practically no limitations regarding
the number of equations, bandwidth, and number of
simultaneously treated load cases exist. The
efficiency regarding execution times is achieved by
recognizing variations of the actual bandwidth and
taking advantage of it, besides other optimized
programming features;

avoiding repetitive calculation of equal element
stiffness wherever feasible, because a large compu-
tational effort is required to calculate the 24 x 24
stiffness matrices for all plate type finite elements;
restricting the class of permissible structures to

basically prismatic geometries, i.e., chain struc-

tures, and taking advantage of the inherent simplifi-

cations regarding input, output, mesh generation, etc.

The length of the program suggests employment of an overlay

system.

Although no such linkage system is utilized in the

version listed in the Appendix, the program has been arranged

such that an overlay system may be incorporated with little

programming effort, if it is desired to reduce the storage

required by the program code.

Six scratch files are used for temporary storage. The file
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numbers are declared at the beginning of the main program and
may be easily changed in accordance with the peripheral

storage equipment of a specific computer.



(START )
&
(A
]
| Read Start Card |

P

DO NEXT PROBLEM

21

_~—Stop Card~_ yes . (SToP

Encountered
9

no

Read and Print Input Data for Plate System,
Diaphragms and Frames

<§> Determine Number of Nodal Points at Each
Section and Calculate Total Number of Equations
Read and Print Boundary Conditions and
Search for Specified Non-Zero Displacements

Read and Print Information on Internal Force
Transformations, Stress Averaging, Static Checks
And Output Options

Generate Missing Input Information For
Reference Line Points and Print if Requested

Determine and Print Maximum Bandwidth and
Length of Equation Blocks

[ Set Up Boundary Condition Arrays l

Non-Zero

no
Displacements

Specified
l;

yes

Lgrder Non-Zero Displacement Arrays in Ascending Sequencet

] Print Boundary Condition Arrays if Requestng

Find All Nodal =2 //ég::a$\ =1 Find All Nodal

Coordinates in <+—Indicator sy~ Coordinates in

Travelling Frames \\ IL Fixed Global Frame
NI ;

| Print Nodal Coordinates If Requested |
|

@

Fig. 3.1 FLOW CHART FOR OVERALL LOGIC OF PROGRAM FINPLA2




Calculate Plate Element Stiffnesses And
Store Them On Tape

No. Of ves

Diaphragms

Calculate Diaphragm Element Stiffnesses
And Store Them On Tape

ves NOON

Frame Elmts.

no

Calculate Frame Element Stiffnesses
And Store Them On Tape

{ Read And Print Load Data For Load Case L |

1

| Find Equivalent Nodal Forces For Distributed Loads |

|

| Form Load Vector And Store On Tape |

no

] Rearrange Load Vectors In Block Form On Tape |

|

| Form Structure Stiffness Block By Block |

yes

| Modify Load Matrix Due To Non-Zero Bound Conds. |

Fig., 3.1 (CONT'D) FLOW CHART FOR PROGRAM FINPLA2
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(e
c

Modify Structure Stiffness Due To All
Boundary Conditions

Write Structure Stiffness And Load Matrix
Block By Block On Tape
|
Solve Equations For Nodal Displacements
Block By Block

]

| Find Reactions And Residual Loads If Requested |

[Calculate Internal Forces Of Plate Elements |

LPerform Skew Stress Transformations If Requested]

No. Of
Diaphragms

yves

| Calculate Internal Forces For Frame Elements\

L. [Average Internal Plate Forces Where Rquggtedl

Calculate Static Moments For All Requested
Static Checks

| Order All Output According To Load Cases |

1
) [Print A1l Output, One Load Case At A Time |

t |
DO NEXT PROBLEM ‘A<§>

Fig. 3.1 (CONCLUDED) FLOW CHART FOR PROGRAM FINPLA2
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4. PROGRAM USAGE

4.1 Capabilities and Restrictions

The program has been developed for the analysis of structures
which are in general non-prismatic but basically one-dimensional in
nature. Bridges are typical examples of this type of system. By
describing a typical segment of the structure, only a minimum of
additional input is needed to define all changes of cross sectional
dimensicus or plate properties, etc., occurring as one proceeds along
the span.

It was found to be advantageous to describe the structure plan
layout by means of a reference line. This reference line may be
straight, circular curved, or a general planar string ploygon. Cross
sections may vary arbitrarily provided the element layout does not
change its connectivity, and the number of primary nodal points does
not change. Thus, a highway branch such as shown in Fig. 4.1 may only
be treated by carrying a constant number of elements and nodal points
from end section to end section,.

Although warped surfaces are quite unusual in real structures,
they may be permitted, and how this case is treated internally by the
program, was briefly discussed in Section 2.2.

Diaphragms can be placed at any transverse section of the structure
as long as they are made up of quadrilateral elements. The nodal points
do not have to be predefined by other plate elements and therefore do
not have to lie in a common vertical plane, as long as they are proper-
ly defined as secondary nodal points (for definitions see ngxt section).

Possible diaphragm configurations are depicted in Fig. 4.2.
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General frame elements with six degrees of freedom per end point
may be connected to any nodal points of the structure provided they
do not extend over more than one structure segment. Thus, frame
elements which do extend over several segments have to be subdivided
such as shown in Fig. 4.3. End points of the frame elements do not
have to be predefined by plate elements, as long as they are declared
as secondary nodal points. Fig. 4.3 shows some permissible three-
dimensional frames.

Boundary conditions including specified non-zero displacements
can be applied to any nodal point of the structure (primary or secon-
dary), with any combination of the six degrees of freedom of the nodal
point under consideration, and the user has the option to obtain all
associated reaction forces and/or moments.

The structure may be subjected to an arbitrary number of load
cases. However, the boundary conditions are assumed to be the same
for all load cases. Loads may be applied either at the nodal points
directly or as éurface loads uniformly distributed over the entire
area of any specified plate element. 1In the latter case, the program
determines the equivalent nodal forces according to the tributary
area principle.

For complex structural systems such as are likely to be analyzed
by program FINPLA2, static checks are generally indispensable, for
example, comparisons between the gross moment at some section due to
external loads and due to internal stress resultants. For bridge
structures, it is often important to know also the moment carried by

each individual girder. These moments are determined by multiplying
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the longitudinal stress resultants Nx with their respective lever arms
to the neutral axis and integrating these differential moments over
the area of a given girder. Longitudinal plate bending moments are
also considered, although for cellular structures, their contribution
will gemerally be small, 1In addition to girder moments, the total
axial tension and compression forces in each girder are calculated

and printed, the tensile forces readily indicating reinforcement
requirements for reinforced concrete struétures.

Care has to be taken in defining the neutral axis for the gross
section, because the lever arm for stress resultant Nx is taken as
the distance to the Y-axis of the travelling coordinate system.
Although for a zero net axial force on the gross section, the total
moment is independent of the locgtion of the neutral axis, individual
girder moments might depend on it because their net axial forces need
not be zero. Therefore, if load-distribution characteristics of a
structure are of interest, then the origin of the travelling coordi-
nate system should lie on the neutral axis of the total cross section.

As was briefly discussed in Section 2.3, it might be desired in
certain cases to transform internal stress output to some other coor-
dinate system. In order to give the user complete flexibility in de-
fining this stress output which might be essential in skew systems,
an angle may be defined for any nodal point in the structure, about
which the internal stress resultants should be rotated.

Because of theoretical approximations inherent in the finite
element method, internal stresses are in general discontinuous between

adjacent elements. In order to arrive at some meaningful interpretation



29

of stress output, two methods are often used. In the first method nodal
stresses between adjacent elements are averaged to establish sample
points for the desired stress surface. The other method accepts mid-
element stresses as sample points. These mid-element stress values
are direc%ly output by program FINPLA2. If also average values at
the corner nodes are desired, use of an option may be made whereby
the stresses of up to four elements meeting at a nodal point are aver-
aged. It should be cautioned, however, that use of this option not
be made where physical conditions such as caused by interior webs or
diaphragms might render average stress values meaningless.

Certain limitations regarding core storage requirements and input

parameters will be mentioned in Section 4.5.

4,2 Structure Discretization and Definitions

Before preparing actual input data, the user has to properly
discretize the structure he wants to analyze. Below, the essential
steps in this process will be given, followed by the definitions of
various terms used in the input specifications in Appendix A.

Step 1. Choose a global coordinate system X,Y,Z. The origin will
generally be placed at one end of the structure, and the X-axis will
point towards the other end, Fig. 4.4. For straight structures, the
X-axis will logically be chosen to.be parallel tq the structure cen-
troid. Also, for other plan layouts, the user might wish to give some
meaning to the global X-axis, although he is free to place it anywhere.
The Z-axis points always downward, and the Y-axis follows from the

right-hand rule.
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Step 2. Define a reference line. The main purpose of the refer-
ence line is to describe the general horizontal alignment of the struc-
ture. The reference line may be straight or circular curved, or it may
be an arbitrary string polygon, Fig. 4.5, and is defined by the global
X-and Y- coordinates of as many points as there are sections in the
structure, with the first reference line point usually coinciding with
the origin of the global coordinate system. For straight and circular
curved layouts, one coordinate will suffice to define each refererce
line point. For irregular structures it will be advisable to discre-
tize the structure first (as described below), and then to fit in the
reference line such as to minimize input requirements. For structures
with constant cross sections, the reference line points should be placed
at some fixed position within each section so that the cross section

needs to be described only once.

Step 3. Divide structure into segments. Place vertical sections
through the structure at each reference liné point, dividing it into
n segments, Fié. 4.4. Any section i is then uniquely defined by the
global Xi- and Yi- coordinate of the corresponding reference line
point, and by the angle between the section and the reference line
tangent or the global Y- axis Fig. 4.5. Unless such an angle is speci-
fied, it will be assumed that the section bisects the angle between two
consecutive reference line segments or is normal to the tangent, and
end sections will be assumed to be normal to the first or last refer-
ence line segment. If transverse diaphragms are present, it is logical

to define their plames as sections,
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Step 4. Establish travelling coordinate systems Xi’ ?i, Ei'
For many structures, in particular circular curved ones, it is
advantageous to introduce a different coordinate system for each
;ection i. The origin of any one such system coincides with the
reference line point of that particular section i, the Ei- axis pointing
downwards, and the §i- axis lying also in the plane of the section
such that the ii— axis points towards section i +1, Fig. 4.6. Hence,
all travelliﬁg coordinate systems are uniquely defined, once the refer-
ence line and the orientation of each section has been fixed. The
coordinate system ii’ ?i’ Zi is used to define the coordinates of all
nodal points belonging to section i. External loads may also be
measured in these coordinate frames, and reactions and displacements
are usually most appropriately expressed in them. If'thié is the

case, then the structure stiffness will be formed in travelling

coordinates as described in Section 2.3.

Step 5. Divide structure segments into finite elements. The
transverse division of a structure segment into a number of elements,
which will in general be quadrilaterals, is assumed to be similar in
all other segments, i.e., the number of elements and the joint number-
ing must be the same for all segments. In numbering the joints, care
should be taken that the maximum nodal point difference for any one
element is minimized, because this will reduce the bandwidth of the
structure stiffness matrix and the required solution time.

The following definitions and remarks will help to clarify the
terminology used in this input specifications, and will hopefully

reduce the likelihood of improper program use.
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A regular structure segment is defined to be any structure segment

with a unique set of element types with the implication that many other
segments are similar. Note that the geometry of the segments is
irrelevant in this regard.

A section type is a cross section defined by a unique set of pri-

mary nodal point coordinates. Since nodal point coordinates are
measured in travelling coordinates, two identical cross sections will
be of different section types, if the reference line points are not at
the same relative position, Fig. 4.6.

Primary nodal points are nodes at which plate type finite elements

are interconnected, Fig. 4.6. The number of primary nodal points within
a section must be the same for all other sections, and each node in

a typical section is assigned a number which is taken to be the same

for the corresponding points in all other sections, although their
actual coordinates may vary from section to section. The string poly-
gon connecting all primary nodal points with the same number is called

a nodal joint. Primary nodal points must lie in the plane of their
respective section.

Secondary nodal points are nodes either defined by end points of

frame elements or created by suﬁdividing a transverse diaphragm, without
being predefined by plate type finite elements, Fig. 4.7. Thus, a node
at which plate and beam elements are joined, will be a primary nodal

point. Secondary nodal points may lie outside the plane of the section

assigned to them.

A plate type finite element is a quadrilateral element defined

within the structure by two nodal points, I and J, and by the number of
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the segment of which it is a part. The element is assigned a number
which is assumed to be the same in all other segments.

A finite element plate type is characterized by the thickness and

material properties of an element, but not by its geometric properties
or orientation in space.

A diaphragm is any assemblége of quadrilateral elements within
any section and may be subdivided such that secondary nodal points are
created. A diaphragm which is repeated often at other sections, i.e.,
with elements of the same plate type, may be defined as a regular
diaphragm.

A special plate type finite element is a finite element with a

different plate type (i.e., either different thickness or material
properties) than the corresponding element in a regular structure seg-
ment.

Similarly, a special diaphragm element is characterized by a plate

type different than for the corresponding element in a regular diaphragm.
One~-dimensional beam or truss elements, including transverse or

longitudinal ribs and stiffeners are referred to as frame elements.

Either end point may be connected to any primary or secondary nodal
point in the structure, with the restriction that they not extend over
more than omne structure segment. Eccentricities of connection are
measured in the travelling coordinates for the section with which the
point is associated, and are achieved by rigid links as described in
Chapter 2.2,

A frame element section type is characterized by the axial stiffness

and bending, torsional and shear rigidities of a frame element.
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A frame element connection type is characterized by a unique set

of eccentricities of connection regarding both end points, as well as
by the rotation about the beam axis, which is measured by means of an
auxiliary point lying in the x-z plane of the local frame element
coordinate system, as described in Chapter 2.2.

An applied group displacement is a specified displacement compo-

nent which is applied simultaneously to a designated group of nodal
points in a given section. It may have zero or non-zero values.

Boundary conditions may also be applied as prescribed line displace-

ments which are specified displacement components applied simultaneously
to all nodal points lying on a specific nodal joint between two desig-
nated sections. These two sections may be identical if the displacement

component is applied to only a single nodal point.

4.3 Input Specifications

Input data are key punched on cards as specified in Appendix A.
It is very important that the sequential order given is strictly

adhered to and comnsistent units are used throughout a problem.

4.4 Output Description and Interpretation

The output of each correctly executed job contains the following
information:
1) The complete set of input data is printed out with proper
headings for an easy check for input errors.
2) 1In addition, the user has the option to print out any combina-
tion of the following data for checking purposes:

a) Internally generated reference point coordinates;
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4)

5)
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b) Internally generated nodal point coordinates in either
global or travelling coordinates;

c) Complete boundary condition arrays;

d) Complete load vectors for all load cases;

e) All distinct element stiffnesses;

f) The complete structure stiffness before boundary conditions
are applied to it.

The displacements of all nodal points in the structure are

printed out and are positive in either the global or travelling

coordinate system selected by the user.

The user has the option to calculate and print out all reactions

in the structure, which will have non-zero value; wherever the

corresponding displacement components have been specified as

input.

Similarly, another option permits the calculation and printing

of all residual loads acting on the structure. These residual

loads are defined by the matrix equation

r
where
K = original structure stiffness matrix
r = final nodal displacement vector, containing all
specified non-zero boundary displacements
R = input load vector, containing also all calculated

reactions,

The residuals should theoretically be zero and practically very

small quantities as compared to the applied loads and reactions.
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The printout of the residual loads may be a valuable check on
the accuracy of the equation solver. If they are not very small
compared to the applied loads and reactions, then this will
indicate either that there is an error in the input data, or
that the set of equations is ill-conditioned or too large for
single~-precision accuracy of the computer, so that recourse
to double-precision may have to be taken.

Internal stress resultants for all plate type finite elements
are printed for all structure segments selected by the user.
These stress resultants include the inplane forces Nx’ Ny, Nx

y

(units force/length) and the plate-bending moments Mx, M&, MXy
(units force-length/length) and are given at the four corner
nodes as well as at the element center, Fig. 4.8. Unless a
linear stress transformation has been requested as will be
described below, internal stress resultants will be printed in
element coordinates as defined in Section 4.2,

Similarly, internal stress resultants for all diaphragm elements
are printed for all diaphragms selected by the user. These

stress resultants include N, N, N , M, M, M and are
X y X x’ Ty’ "xy

y
given at the four corner nodes and at the element center, and
they are always given in local element coordinates.

For all frame elements, the end shears Vx and Vy, the axial
force S, as well as the bending moments My and Mz and the
torque T are printed out, Fig. 4.9.

If use of the static check option is made, statical moments

and total axial tension and compression forces are printed for
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each individual girder as well as for the cross section as a
whole, at any desired section of the structure. Use of this
option will on the omne hand provide valuable static checks,
on the other hand, the user will obtain a picture of the struc-
ture's load distributing characteristics. The sum of all
axial girder forces sﬁould be very small unless axial loads
are applied, and the sum of all girder moments should equal
the statical moment due to the external loads.

10) Finally, for each successfully executed problem, the computer
execution time is printed out, broken up into the times re-
quired for
a) Input setup and calculation of element stiffnesses
b) Formation of all load vectors
c) Formation of structure stiffness
d) Solution of equations
e) Calculation of all internal forces, reactions, residuals,

and generation of all output

The output information items 3) through 9) are printed by load cases,
i.e., the complete output for load case 1 is printed, then load case 2,
etc.

A special program option allows the termination of execution after
a check and echo printout of the input data. 1In this case, output
information items 1) and 2)a, b, ¢ will be printed. Numerous error
printouts help ip locating input errors.

Concluding, it should be remembered that the finite element theory
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on which the program FINPLA2 is based, is of approximate nature.
Although it is true that a mesh refinement for the structure ideali-
zation will theoretically always increase the accuracy of the results,
largely increased execution times might pose economical limits, and
round-off within the computer might falsify the results beyond permissi-
ble bounds. Studies of numerous cases have indicated that the accuracy
of solution decreases when highly skewed parallelogram elements are
used. Thus it is suggested that in laying out a finite element mesh,

an attempt should be made to use quadrilateral elements which approxi-
mate rectangles over as much of the structure as possible. This program
permits the analysis of highly complex structures. Not only will it be
difficult or even impossible to check the results by other analytical
methods, but engineers might lack sufficient.experience from that
accumulated with more common structure types. For this reason, it is
indispensable that the computgr solution be thoroughly studied and

interpreted by applying engineering judgement.

4.5 Storgge Requirement and Execution Time Estimate

The storage requirement for program FINPLA2 and its subroutines,
not counting blank common and area reserved for the systems program,
in the UNIVAC 1108 of the

amounts to approximately 71,300_ ~ 29,400

8 10’

LOGICAL Computation Center, Los Angeles. The actual amount of assigned
blank common area is in principle optional, although it is recommended
to use as much of the available core storage as possible because this
will reduce the number of equation blocks to be handled, therefore

cutting down peripheral processor time. However, the amount of blank



42

common area actually assigned shall not be less than the lower limit

given below.

Min. COMMON = NC:l + MAX (NCz, NC3, NC4, NCS’ NC6)
where
NC1 = 5*NEL +24*NSECT + (NFORST + NSAV) * (1 + NSECT + NPTS)
+ NSAV * NPTS * NSCK
NC2 = NSECT * (27 +4 * NEL) + NDIAPH + NTAD * (14 + NPTS) + 5*NPLD+12*NFET
+ NEQ + 2 *NDBC +NEL + 3 * NSE +2 * NCSTYP * NPTS +42 * NS2PT
NC3 = NSECT* (20 +4 * NEL) + NEQS +5 * (NESL +NCL) + 6 * NSSL
NC4 = 2 *NQ * (MB +NLC) + NEQ +2 * NDBC

NC_ = NLC * (60 * NEL +NQ +67)

NC_. = NLC * (MAX(NQ,30) + 3 * NSCK * NGIR) + 180
and
NEL = number of elements in a structure segment
LSECT = number of sections
NPTS = number of primary nodal points in a section
NFET = number of finite element types
NSE = number of special finite elements
NDIAPH = number of diaphragms
NTAD = number of applied group displacements
NPLD = number of prescribed line displacements
NDBC = number of prescribed non-zero displacements
NCSTYP = number of different cross section types
NS2PT = number of sections with secondary nodal points

NLC = number of load cases
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NESL = number of elements with surface loads
NSSL = number of elements with special surface loads
NCL = number of concentrated loads
NFORST = number of force transformation section types
NSAV = number of intermnal force averaging section types
NSCK = number of sections for which static checks are desired
NGIR = number of girders of structure
N@ = number of equations in one block
NEQ = number of equations for total structure
NEQS = number of blocks times number of equations per block

MB = bandwidth of structure stiffness

The quantity NQ will be calculated internally on the basis of how much
blank common is actually available. For the above equation, a small
number may be substituted for NQ, while NEQS should be at least equal
to NEQ. However, it is not recommended to base the blank common
assignment on the above equation but rather on the maximum available
storage. If the minimum given above is not provided, the execution
is automatically terminated with an appropriate error message.

For a complex program such as FINPLA2, it is almost impossible
to make a génerally valid statement regarding the expected execution
times. The following list of the major factors influencing the execu-
tion time is therefore intended to permit only a qualitative time
estimate,

1, Peripheral storage facilities of the computer: For large

problems, tape write and read operations will constitute by

far the most important single item, In fact, it has been ob-

served, that up to 80% of the total running time may be spent

on just input-output operations, Therefore it is essential
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that the most efficient available hardware equipment be
utilized for intended core storage, drums or disks,
Solution of linear equations: This item may require up to
half of the central processing time. For in-core solutions,

this time is approximately given by

- . 9
T1 = NM

where @ = computer-dependent factor
N = number of non-zero equations
M = half bandwidth plus number of load vectors

For large equation systems, peripheral processing time due to
equation block handling may increase this time considerably.
Output generation: The time required for this item is
approximately given by |

T, =B * NL *° NEL

2
where f = computer-dependent factor
NL = number of load cases
NEL = number of finite elements for which stress

output is requested.
Calculation of reactions and residuals may increase this time,
but compared to stress output, this influence is generally
small.
Calculation of element stiffnessgs and formation of structure
stiffness: This item is strictly dependent on the number of
elements, but the time required for calculating element stiff-

nesses may be much reduced if many repetitive elements occur.
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5. EXAMPLES

5.1 Curved Beam Problem

Analyzing a simply supported curved beam with torsional constraints
at both ends, using FINPLA2 as well as ordinary curved beam theory
[4], the comparison of Table 1 was obtained. As loading conditions, a
uniformly distributed load and a concentrated midspan load were con-
sidered. The developed span length L = RBO = 20 ft. was kept constant
while the curvature was varied. Ip all cases the span was divided into
only five 4 ft. long segments. The solid cross section was sub-
divided over the depth into two 1 ft. elements and for the box section,
was subdivided transversely into eight 1 X 0,2 ft. elements. The
results of Table 1 show satisfactory agreement, considering the small
number of subdivisions employed both longitudinally and transversely

in the finite element mesh.

5.2 Curved Plate Problem

The curved plate shown in Fig. 5.1la is simply supported along the
straight radial edges, while the curved edges are free. A concentrated
load is placed at the midspan of either the inner or the outer edge.
Figure 5.1b shows the resulting transverse plate bending moments, cal-
culated according to curved plate theory [4], as well as results from
FINPLA2, based on a mesh representation of 4 X 12 = 48 elements for
half the plate. Longitudinal plate bending moments are compared in
Fig. 5.2. The agreement between the finite element program and the
elasticity solution, as demonstrated in both figures is excellent and

fully satisfactory for practical purposes.
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5.3 Simply Supported Curved Box Girder Bridge

The box girder bridge of Fig. 5.3 has a radius of curvature of
250 feet and is simply supported at both ends. A standard AASHO truck
was placed either in position A or B. Figures 5.4 and 5.5 show some
results for both truck positions, obtained by program FINPLAZ, and,
for comparison, also the results obtained from a program called
CURSTR, which is based on curved folded plate theory [4]. As can be
seen in these figures, agreement for midspan transverse bending
moments is excellent, while longitudinal stress resultants may differ
as much as 10%. But considering the coarse mesh layout utilized, and
the fact that the larger stress discrepancies exist only in the webs
which have very high stress gradients, the general agreement between

the two theories can be considered satisfactory for practical purposes.

5.4 Tapered Continuous Box Girder Bridge

This example was selected in order to demonstrate the versatility
of the program. The two-span bridge is depicted in Fig. 5.6. The
first span of 60 feet is straight, but the superelevation of 12%
used in the curved second span is run off in the first span, resulting
in a warped deck and bottom plate. With the inclined webs also being
warped, the center web remains the only plate in this span with a
developable surface. The‘second span has a constant curvature which
is different for the deck edges and the bridge centerline so that
the bridge width increases towards the end of the second span.

The finite element representation for this structure is shown in
Fig, 5.7. The horizontal member of the center frame support is treated

as part of the diaphragm, because of its variable depth, Therefore
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FIG. 5.4 MIDSPAN STRESSES (KIPS/FT) AND MOMENTS (FT-KIP/FT) IN
CURVED BOX GIRDER BRIDGE DUE TO TRUCK A
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FIG. 5.5 MIDSPAN STRESSES (KIP/FT) AND MOMENTS (FT-KIP/FT) IN
CURVED BOX GIRDER BRIDGE DUE TO TRUCK B



DIAPHRAGM
— A/_ t=1.0
e

LI e 16X LOAD
— A L>B 3 o 4% LoAD
I
Al I

L=60" ,l

a) BRIDGE PLAN AND ELEVATION

' W3 7T T a3
0.458335— r0.54l667 24‘_-_[r | 2 I 10 II//}?'

3 s
i I ‘%:zzzﬂ 0667 — ¥ oag

3| l 6 .6' l' 3l
! ! ! ! ! ! ! L 1 ‘
SECTION A o 10’
S. 92 . 92 3. - je2'x2'
2928'] I 3
[ SECTION B

E = 432000 ksf

10496 v=0l5

SECTION C

b) CROSS SECTIONS

- FIG. 5.6 TAPERED CONTINUOUS BOX GIRDER BRIDGE



54

Lg)

™~ |ol N~ lol ~ lol ~ lon ~ ‘Q' N~ IO' N~ :

0 >
e e e o s e LLAMC
-70 \ “739\1

<t
é lo‘ |O' Iol 'O' lon l0| 5.4“ 8.42' 7.391 —{39 @

a) PLAN VIEW

| 2 4 6 8 9 s 6 8 2
- —o—p— |2 _
————————
0 %) (1 %) 12 & s 2
SECTION @
13
SECTION (7)
6 8 2
| 2 4 ¥ DUMMY DIAPHRAGM
7 ELEMENTS
"—'Ps

*) *)

o ___gv___Je
secTion (®
b) NODAL POINT NUMBERING

FIG. 5.7 FINITE ELEMENT MESH REPRESENTATION OF TAPERED CONTI
BOX GIRDER BRIDGE | ONTINUOUS



55

dummy elements have to be introduced for both end diaphragms as
indicated, so that the number of diaphragm elements is the same at all
three support sections.

Some output results for this example are summarized in Fig., 5.8,
The distribution of the longitudinal stress component N& at the
center support and at the center of the curved span are shown in Fig.
5.8a. Although these distributions do look reasonable, no alternate
method of analysis is readily available to verify these results.

Even a statics check proves to be fairly difficult. In Fig. 5.8b,

all reactions are indicated as they were output by the program. If
the bridge is "bent" straight, these reactions may be summed as
indicated in Fig. 5.8c, recognizing the approximations introduced by
not properly transforming the reactions to the new coordinate system.
From these reactions, approximate gross moments may be determined,
Fig. 5.8d. 1In this figure, also the gross moments found by integrating
internal stresses as described earlier, are indicated in parentheses.
Considering all the approximations of this checking procedurevand the
coarseness of the finite element representation, the comparison of
Fig, 5.8d appears to be acceptable, A finer finite element mesh and a
more refined static check should improve the comparison.

.The analysis of this exampie required the solution of 870 equations
with a bandwidth of 96, and 148 plate type finite elements and 5 frame
elements were involved, The é#ecution times for the various program
segments on the UNIVAC 1108 (including all peripheral processing time)

were as follows:
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FIG. 5.8 RESULTS FOR TAPERED CONTINUOUS BOX GIRDER BRIDGE



Input setup (including calculation

of element stiffnesses) - 61.8 secs.
Formation of load vector - .4 secs,
Formation of structure stiffness - b57.6 secs.
Solution of equations - 95.9 secs.
Output generation - 47.9 secsl
Total execution time - 263.6 secs.
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6. CONCLUSIONS AND RECOMMENDATIONS FOR IMPLEMENTATION

A computer program, FINPLA2, has been presented which can be
utilized to analyze general highway bridge structures. This program
can analyse general non-prismatic cellular structures of varying width
and depth and may have an integrated three dimensional frame. The
structure is discretised by dividing it longitudinally into a certain
number of structure segments by vertical sections, and by subdividing
each such segment into finite elements. The structure alignment is
described by a longitudinal reference line which may be a straight
line, a circular curve or an arbitrary planar string polygon and cross-
sections are defined with respect to this line. Orthotropic plate
properties and arbitrary loadings and boundary conditions can be
treated. Automatic element and coordinate generation opﬁions minimise
the required input data.

A FORTRAN IV source listing is given in Appendix C for those
wishing to implement the program directly onto their available computer.
Information on the availability of source decks as well as a programming
information supplement may be obtained from the authors. It is suggested
that the input data given in Appendix B for Example 5 be used as a check
case when implementing the program. Finally, it would be appreciated
if any inconsistencies or errors are found in the program that they be

brought to the attention of the authors.
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coL.

coL.

coL,
cot.
coL.
coL.
coL.
coL,
cot,
COL.
Col.,
coL.
coL.,
coL.
COL .
coL,
coL.

CoL.
coL.

coL.

coL .

COL'

COL »

cot,

cok,

INPUT SPECIFICATIONS

1) START CaRD (AS5)

1 70 5 = THE WORD 'START!

1

61

TITLE CARD (1645)

TO &0 = TITLE OF PROBLEM TO BE PRINTEDR WITH QUTPUT, TITLE(I)

CONTRCL CARD (1614,711,F9,0)

T0
T0
TO
T0
T0
70
T0
T0
TO
T0
T0
TQ

T0 -

T0

- T0

TO

4
12
1€
20
24
28
32
36

66

67

68

69

70

71

]

NUMEER OF STRUCTURE SEGMENTSs NSEG
NUMBER OF PLATE ELEMENTS IN A SEGMENT, NEL
NUMBER OF PRIMARY NOnaAl POINTS IN A SECTION, NPTS
NUMBER OF SECTIONS WITH SECONDARY NODAL POINTS:NS2PT
NUMBER OF FINITE ELEENT PLATE TYPES, NFET
NUMBER OF SPECIAL PLATE FLEMENTS, NSE
NUMBER OF DIAPHRAGMS, NDTAPH
NUMBER CF FRAME ELEMENTS, NFRAME, MAX,%100
NUMBER OF APPLIED GROUP NISPLACEMENTS, NTAD
NUM3ER OF PRESCRIBED LINF DISPLACEMENTS, NPLD
NUMBER OF NDIFFERENT cROSS SECTION TYPES, NCSTYP
NUMBER OF L.CAD CASES FOR THIS PROBLEM, NLC . i
NUMBER OF FORCE TRANSFORMATION SECTION TYPES, NFCRST
NUMBER OF INTERNAL FNRCE AVERAGING SECTN, TYPES,MSAY
NUMBER OF SECTIONS FOR WHICH STATIC CHECKS ARE
DES]IRED, NSCK
NUMBER COF GIRDERS OF STRUCTURE (ONLY FOR NSCKGT,0)},
NGIR
ALIGNMENT INDICATOR, 14
1 - ARRITRARY POLYS0MNAL REFERENCE LINE
2 = CIRCULARLY CURVED REFERENCE LINE
3 = STRAIGHT REFERENCE LINE
SKEWNESS INDICATOR, 1S
1 = ALL SECTIONS NMRMAL TO REFERENCE LINE TANGENT
2 = ARBRITRARY ANGLFS BETWEEN REFERENCE LINE AND
SECTIONS (1A=2 OR 3): OR BETWEEN GLOBAL Y=-AXIS
AN - SECTIONS (14=1)
MATERIAL OPTION INDIGATOR, IM
1 = INPUT ISOTROPIC E, FNU, AND THICKNESS FOR EACH
PLATF TYPE
2 = INPUT COMPLETE ANISOTROPIC MATERIAL LAW FOR
EACH PLATE TYPE .
REFERENCE LINE INPUT OPTION, IR (FOR 14=2 ONLY)
1 = POINTS ON REFERENCE LINE DEFINED BY ANGLES (IN
DEGREES) : ,
2 = POINTS OM REFERENCE L IME DEFINED BY ARC LENGTH
SsReTHETA
LOAD~DISPLACEMENT INPUT/NUTPUT OPTION, IL
1 = LLOADS AND D]SPLACEMENTS MEASURED IN FIXED
GLOBAL COORDINATES
2 = |,0ADS AND DJ]SPLACEMENTS MEASURED IN TRAVELLIMG
GLOBAL COORDINATES
INPUT CHECK TERMINATNR, ISTQP
0 = EXECUTE COMPLETE PROBLEM
1 - SUPPRESS PROBLFM EXECUTION AFTER PRINTOUT OF
INPUT DATA
CHECK OPTION INDICATAR, ICHK
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0 = N0 PRINTOUT OF GENFRATED [MFORMATION DESIRED
1 - AT LEAST ONE CHECK PRINTOUT DESIRED
COL, 72 TO 69 = CURVATURE RADIUS OF REFERENCE LINE)R (FOR lAsz2 ONLY)
ENTER NEGATIVE VALUE IF CENTER OF CURVATHRE HAS
NEGATIVE GLORAL Y=COORDIMATE

4) CWECK QPTION CARD (614)
NOT REQUIRED IF ICHK=0

OPTION T PRINT GENERATEN REFERENCE POINT DATA, 1I1CL
OPTION T2 PRINT GENERATEN NODAL FOINT COORDS,. IC2
, TA PRINT BOUNPARY CONDITION ARRAYS, IC3

APTION TN PRINT LOAD VECTORS, 1C4
OPTION TG PRINT ELEMENT STIFFNESSES, IC5
OPTION TO PRINT STRUCTURE STIFFNFSS, ICé

1 = PRINTOUT DESIRFD .

0 « PRINTOUT NOT DESIRED

Cokb. 1 70 ¢
coL, 5 70 &
cob, 9 TO 12
CoL. 13 TC 1e
coL, 17 TO 20
col., 21 7O 24

LI B B B B |
)
Rt
—
-—
o]
z
—
>

5) REFERENCE LINE CONRDINATE POIMTS
NOTE « EACH SECTION PLANE IS FIXED IN SPACE BY A POINT OM THE REFERe
ENCE LINF TQ BE DEFINER BELOW AND AN AMNGLE BETWEEN REFFRENCE LINF
TANGENT COR GLORAL X=AX1S AND SECTINN,.

EACH REFERENCE POINT REQUIRES ONE CARD (3F10,0)

CoL. 1 TO 10 = GLOBAL X=-COORDINATE (l2=1 OR 3), OR ARC LENGTH CO=
NDRCINATE (1A=2 AND IR=2), OR THETA ANGLE [N DEGREES
1A%2 AND IR=1), X(I)

COL., 11 TO 20 = GLOBAL Y=-COORLCINATE (FOR lA=1 ONLY), Y(I)

CoL, 21 TO 3n « ANGLE (IN DEGREES) BETWEEN GLORAL Y~AXIS AND SECTION
(JA=1 AND 1S5=22) OR BETWEEN REFER, LINE TANGENT AND
SECTION (1432 OR 3 a%wp 1S=22)s G(I)s (FOR IS.NE,1)
USE RIGHT=HAND RULE FOR PQOSITIVE ANGLE DIRECT]ON,

€) NODAL POINT COORDINATE CARDS

NOTE = EACH SECTION TYPE [S SPECIFIEN 8Y DEFINING THE COORDINATES OF
ALL PRIMaRY NCDAL POINTS,

ONE CARD (110,2F10:0) FOR FACH PRIMARY POINT IN FIRST SECTION TYPE,
Col. 1 TO 10 = NODaL FOINT NUMBER: J

CoL. 11 TO 20 = Y=COORDIMATE, YY(],J) (IN TRAVELLING GLOBAL FRAME)
COL. 21 TG 30 = 7=COORDINATE, Z22(1.J) (1N TRAVELLING GLOBAL FRAME)

REPEAT THE CORRESPONDING DECK OF CARNS FNR THE SECOND SECTIOM TYPE,
THEN FOR THE THIRD) ETC,

7) SECONNARY NODAL POINT CARDS

NOTE = ONLY SECTIONS WITH SECONDARY ~07AL POINTS REQUIRE ONE SET OF
CARDS AS FOLLOWS,

FIRST CARD (215%)

COL., 41 TO0 5 = SECTION NUMBER, 12SEf(!)

COL., 6 TO 1D = MUMBER OF SECONDARY 40DAL POINTS IN THIS SECTION,
12PT(1), MAX,310

ONE CARD (110,3F1040) FOR FACH SECONNARY POINT IN SECTION I2SEC(1).
CoL, 1 TO 19 = NODAL POINT NUMBER, XN2PT(JsK) (MUST BEGT,NPTS)
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A-3

COL., 11 TO 20 = X«=CQORDINATE IN TRAVFLLIMG GLOBAL FRAME, SX(J,K)
COL., 21 TO 30 « Y=COORDI“ATE [N TRAVFLLING GLORAL FRAME, SY(J,K)
CoL, 31 TC 40 = Z=CQORDIMATE IN TRAVELLING GLOBAL FRAME, SZ(JiK)

R) CROSS SECTION TYPE CARD (2513)
CoL., 4 TO 75 = TYPE NUMRERS FOR ALL STRUCTURE SFCTIONS, STARTINA
AT THE ORIGIN AND PRNCEENING ALONG THE REFERENCE
LINE, NSCT(1), USE MORE CARDS !F NECESSARY,

9) FINITE ELEMENT PLATE TYPE CARNS
IF MATERIAL OPTION 1M=t, THEN EACKH FINITF ELEMENT TYPE REQUIRES ONF
CARD (110,3F10.0)
coL. 1 70 1¢C TYPE NUMRER, 1}
CoL. 11 YO 20 THICKNESS, TH(I)
coL. 21 TO 32 MODULUS OF ELASTICITY, E(I)
CoL., 31 70O 4n POISSON=S RATIO,» FNUCI)

IF MATERIAL OPTION [Ms2, THEN EACH FINITE ELEMENT TYPE REQUJRES TWO
CARDS (110,6F1R,09/10X,6F10,0)

FIRST CARD « IN«PLANE COMSTANTS OF AnN]SOTROPIC MATERIAL LAW
coL., 1 TO 10 = TYPE NUMRER, |

CoL, 11 T0 292 = c(1,1)

COLO 21 TO 30 - 6‘202,

CoL, 31 YO 40 = C(3,3)

COL, 41 TO 50 = C(1,2)

Cob. 51 TO 60 = C(1,3)

CoL., 61 TC 70 = C(2,3)

SECCMD CARD « PLATE RENDING CONSTANTS OF ANISOTROPIC MATERIAL LaAW
Cob. 11 TO 20 = D(1,1)

Col, 21 TO 30 = n(2,2)

COL., 31 TO 40 = D(3,3)

CoL, 41 70 50 = 0(1,2)
Col., 51 TO 60 = D(1,3)
CoL. 61 TO 70 = n(2,3)

13) PLATE ELEMENT CARDS
NOTE = EACH PLATE TYPE FINITE ELEMENT IN A REGULAR STRUCTURE SEGMENT
REGUIRES ONE CARD (614,F10,0)

Cob., 1 70 4 = ELEMENT NMUMBER, |

Col, 5 TO & = NODAL POINT 1, NPI(1)

coL, 9 T0O 12 NODAL POINT J, NPJII)

Cob, 13 70 16 FINITE ELEMENT TYPE MUMBFRy KPL(I)

cok, 17 T0 20 NUMBER OF GIRDER TO wHICW NODE | BELONGS, NGE(1,1)

coL., 21 TC 24 NUMBER OF GIRDER TO wHICH NODE J BELONGS, NGE(2,!)

Colb. 25 TO 34 HCRIZONTAL DISTANCE FROM NODE ! 7O DIVIDING LINE,
IF ELEMENT BELONGS TH Twn GIRDERS, XDIV(I)
THE LAST THREE ENTRIES ARE NEEDED ONLY IF STaATIC
CHECKS ARE DESIRED,

11) SPECIAL PLATE TYPE FINITE ELEMENT CARDS
NOTE = EACH SPECIAL ELEMENT WHOSE ELEMENT TYPE IS DIFFERENT THAN
THAT OF THE CORRESPONDING ELEMENT IN A REGULAR STRUCTURE SEGMENT.
REQUIRES ONE CARD (414), NO CARDS RESUIRED IF NO SUCH ELEMENTS,
cob, 1 TO 4 = SPECIAL PLATE ELEMENT NUMBER. !
COL.. 5 TO 8 = NUMBER OF CORRESP,ELFMENY IN REGULAR SEGMENT,ISEL(I)
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Col., 9 TO 12 = SEGMENT “UMBER, ISES(])
Cob. 13 TO 16 = TYPE NUMBER FQR THIS SPECIAL ELEMENT, ISET(])

12) DlaPHRAGM DECK

NO CARDS RFQUIRER IF NC TRANSVERSE DIAPHRAGMS

FIRST CARD (215)
Colb, 1 TO 5 = NUMBER OF ELEMENTS 1M A REGULAR DIAPHRAGM,NDE,MaXxz20
CoL, 6 TC 1N = MUMRER 0OF SPECIAL DIAPHRAGM ELEMENTS, HNDS, MAX=29

SECOND CARD (2513) )
Cob, 1 TO 75 = MUMBERS NF SECTIONS WITH DIAPHRAGMS, NSD(1), IN
CONSECUTIVE ORDER

DIAPHRAGM FLFMENT CARDS (6!14) ~ ONE CARD FOR EACH ELEMENT IN A

REGULAR DIAPHRAGM,

CoL, 1 TO 4 = DIAPHRAG™ ELEMENT NUMBER, 1

cokb. 5 70 *# FINITE ELEMENT TYPE “UMBER, NDTY(])

cob, 9 7O 17 NODAL POINT I, NPD(1,1)

CoL. L3 10 15 MODAL POINT J, aNPD(2,1)

coL. 17 10 2N %n0DaL FOINT Kk, NPD(3, 1)

CoL. 21 7O 24 MODAL POINT L, NPD(4, 1)
NQDAL POINTS 1,JsKiL MUST BE NUMBERED EITHER
CLOCKWISE CR COUNTER«CLOCKWISE,

4 88 8

SPECIAL DIAPHRAGM ELEMENT CARDS (414) = ONE CARD FOR EACH SPEC!aAL
ELEMENT WHNSE TYPE 1S DIFFFRENT THAN THAT OF THE CORRESPONDING ELE=-
MEMT IN A REGULAR D]APHRAGM, NO CARDS RECUIRED IF NO SUCH ELEMENTS,
CoL, 1 TO 4 = SPECIAL NIAPHRAGM ELFEMENT NUMBER, I '

CoL., 5 TO 8 = NUMBER OF CORRFSP,ELF, I» REGULAR DIAPHRAGM, NDSE(I)
CoL. G TO 12 = DIAPHRAGH NUMBER, NDSD(I)

COL. 13 TO 16 = TYPE NUMRER FOR THIS SPECI1AL ELEMENT. NDST(])

13) FRANME DECK

NO CARDS REGUIREL IF WG FRAME ELEMENTS,

FIRST CaRD (215)
CoL. 1 TO 5 = NUMBER OF FRAME ELEMENT SECTION TYPES, NFST, MAx=20
CoL. 6 TO 17 = NUMBER OF FRAME ELEMENT CONNECTION TYPES,NFCT,MaX320

FRAME ELEMENT SECTION TYPE CARDS (11n,6F10,0) = ONE CARD FOR EACH
TYPE

CoL., 1 TO 10 = FRAME ELEMENT SECTION TYPE NUMBER,

CoL. 11 TO 210 EAs» AXI1AL RIGIDITY: EaA(])

CoL. 21 YO 37 Fl=Y, RENDING RIGIDITY ABOUT ELEMENT Y=aXIS, EIlY(I)
col., 31 TO 40 Fl~Z, BENDING RIGIDITY AROUT ELEMENT Z-aX!S, ElZ2(1)
coL. 41 TO 59 GJ=X» TORSIONAL RIGINITY, GJ(I)

CoL. 51 TO 60 GA"Y: SHEAR RIGIDITY EFFFCTIVE IN Y«DIRECTION,GaAY(I)
coL. 61 TO 70 GA=Z: SHEAR RIGIDITY EFFECTIVE IN Z«DIRECTION,GAZ(I)

T 4230 00

FRAME ELEMENT CONNECTICN TYPE CARDS (]14,9F8,C) = ONE CARD FOR EaCH
TYPE

coL, 1 70 4
coL. 5 TO 12
coL. 13 TO 20
Colk., 21 TO 28
CoL, 29 TO 36
coL., 37 TQ 44

FRAME ELFMENT CONNECTION TYPE NUMBER, I

X=ECCENTRICITY OF NODE I=-CONNECTION, El(1,1)
Y=ECCENTRICITY OF NCNE I-CONNECTION, EI(2,1)
Z-ECCENTRICITY OF NODE I=-CONMECTION, EI(3,1)
X=ECCENTRICITY OF NODE J=CONNECTION, EJ(1.,1)
Y=ECCENTRICITY OF NONE J=CONNECTION, EJ(2,1)

t 48 80 8
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CoL, 45 T0 52
Cot. 53 70 60
Col.. 61 TO 68
Cok. 69 TO 76

Z=ECCENTRICITY OF NONE J=CONMECTION, EJ(3,1)
X=COORDINATE QOF AUX]ILIARY POINT K, EK(1,1)
Y=COORDINATE OF AUXILIARY POINT K, EK{(2,1)
2=COORDINATE OF AUXILIARY POINT K, EK(3,!)

NOTE = NODE 1 AND J ECCENTRICITIES ARE MEASURED IN
TRAVELL ING COORDINATES OF THE SECTION TO wHICHM THEY
RELONG, COORDINATES OF AUXILIARY POINT K ARE TAKEN
IN TRAVELLING COORDINATES OF SECTION WITH NODE I,
AUXILIARY POINT K LIES M XZePLANE OF LOCAL FRAME
ELEMENT AXES, ECCENTRICITIES OF NODE 1 AND J CONMEC-
TIONS SHOULD BE SMALL COMPARED TG FRAME ELE, LENGTH,

FRAME ELEMENT CARDS (714) = ONE CARD FOR EACH ELEMENT

COL, 1 TO 4 = FRAME ELEMENT NUMBER, 1

coL, S TO & = NQDAL JOINT NUMBER OF END POINT !, NFICI)

Col, 9 TO 12 = NODAL JOINT NUMBER OF END POINT J:» NFJ(I)

CoL. 13 TO 16 = SECTION NUMBER OF ENN POINT I, NSFI(I)

COL, 17 TG 20 = SECTION NUMBER OF ENM POINT Jp NSFJ(1)
THE DIFFERENCE BETWEEN NSF! AND NSFJ SHOULD NOT
EXCEED 1,

CoL. 21 TO 24 = FRAME ELEMENT SECTION TYPE NUMBER, NFTY(1)

CoL, 25 TO 28 = FRAME ELEMENT CONNECTION TYPE NUMBER, NFSC(1!)

¢ 830

14) BOUNDARY CONDITION DECK
APPLIED SRGUP DISPLACEMENT CARDS .
NOTE = EACH DISPLACEMENT COMPONENT REQUIRES A SET OF TWQ CARDS, IF
ALL PRIMARY AND SECONDARY NODAL POINTS ARE LIKEWISE AFFECTEDs ONLY
ONE CARD, NO CARDS REQGUIRED, IF NO APPLIED GROUP DISPLACEMENTS,

FIRST CARD (414,F10,0)

Cob, ¢ TO 4 = DISPLACEMENT COMPONENT NUMBER, |

Cob, 5 TO 8 = COMPONENT INDICATQR, INDT(1), EQUAL TO

» PRESCRIBED DISPLACEMENT IN THE X=DIRECT]ON

= PRESCRIBED DISPLACEMENT IN THE Y=DJRECT]ON

PRESCRIBED DISPLACEMENT IN THE Z=DIRECTION

PRESCRIBED ROTATIOM ABOUT XeAXIS

PRESCRIBED ROTATION ABOUT Y=AXI1S

PRESCRIBED ROTAT!ON ABOUT Z=AXIS

CoL, 9 TO 12 = NUMBER OF AFFECTED NODAL POINTS, NANP(!)
IF THIS EQUALS THE TOTAL NUMBER OF NODAL PQINTS,
OMIT THE SECOND CARD,

COL, 13 TO 16 = SECTION NUMBER OF APPLIEN GROUP D]ISPLACEMENT,NSAD(I)

CoL. 17 TO 26 = DISPLACEMENT MAGN]ITUNE, DTIN(I)
NOTE = SPECIFIED DISPLACEMENTS ARE MEASURED IN THE
COORDINMATE SYSTEM SPECIFIED ON THE CONTROL CARD BY
THE OPTION INDICATOR IL,

4 4

oOwaUNE
2 |

SECOND CARD (2513)
CoL. 1 TO 75 = AFFECTED NODAL POINTS, NAD(1.J)
USE SECOND CARD IF REQUIRED

PRESCR!BED LINE DISPLACEMENT CARDS (4]14,F10,0) » ONE CARD FOR EACH

PRESCRIBED LINE DISPLACEMENT COMPONENT, NO CARDS REQUIRED IF NO SUCH

D1SPLACEMENTS,

CoL., 1 TO 4 = NODAL JOINT NUMBER, NJPD(])

CoL., 5 TO 8 = NUMBER OF SECTION WHERE DISPLACEMENT STARTS, NSDS(I)

CoL, 9 TO 12 = NUMBER OF SECTION WHERE DISPLACEMENT ENDS, NSDE(I)
FOR A SINGLE NODE DISPLACEMENT, THE LAST TWQ ENTRIES
ARE IDENTICAL,
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COL., 13 TO 16 = COMPONENT INDICATOR, INPD(I) (VALUES AS "IN PRECENING
CARCS)
COL. 17 TO 24 = PRESCRIBFD DISPLACEMFNT MAGNITUDE, PDIS(I)

15) INTEJQAL FORCE TRANSFORMATION £ARDS
NOTE - EACH INTERNAL FORCE TRANSFORMATION SECTION TYPE REGUIRES THE
FOLLOWING CARDS, NO CARES REAUIRED IF MNFORST,.LF,O

FIRST CaARD (2513)

Cob. 1 TO 3 = NUMBER 0F SECTIONS FOR wHICH INTERNAL FORCES SHOULD
RE TRANSFORMED AS SPECIFIED RELOW, NFORS(])

CoL, 4 TO 75 = SECTION “UMBERS BELOMGINA TO THIS FORCE TRANSFORM-
ATION TYPE, NFORSN(I,J)

SECORD CARL (9F8,0?

COL, 1 TC 72 = ANGLES (IN DEGREES) FOR ALL PRIMARY NODAL POINTS
ARBOUT WHICH QUTPUT INTERMAL FORCES SHOULD BE
ROTATED, STARTING AT POINT 19 29 EVCr ALF(14J),
IUSE MQORE CARDS IF NECESSARY,

REPELT THE A230VE CARDS FOR THE SECONT FQRCE TRANSFORMATION SECTION
TYPE, F1C,

16) INTERNAL FORCE AVERAGING SPECIFICATIONS
NOTF = EACH FORCE AVERAGING SECTION TYPE REQUIRES THE FOLLOWING SET
OF CARDS, MO CARDS REGUIRED IF NO INTE®NAL FORCE AVERAGING DESIRED

FIRST CARD (2513)

CoL. 1 TO 3 = NUMBER 1F SECTIONS FOR wHICH THE INTERNAL FORCES
SHOULD BE AVERAGED AS SPFCIFIED BELOW, NSa(l)

COL., 4 70 75 = SECTION MUMBERS BELOMGING TC THIS FORCE AVERAGING
TYPE, NSAVS(1,J)

SECQID CaRD (1916)

coL. 1 NX =FORCE TRANSV,AVERAGING INDEX OF NODAL POINT 1
cob. 2 = NY =FQORCE TRANSV,AVERAGI~NG INDEX OF NODAL POINY 1
coL., 3 = NXY=FQORCE TRANSV,AVERAGIMG INDEX QOF NODAL POINT 1
coL, 4 = X -MOMENT TRANSV,AVERAGING INDEX OF NOCAL POINT 1
coL, 5 = MY «MOMENT TRANSV,AVERAGING INDEX CF NODAL POJINT 1
CcoL. 5 = MXY=MOMENT TRANSV,AVFRAGING INDEX OF NODAL POINT 1
coL. 7 = NX =FORCE LONGIT,AVERAGIMG INDEX OF NODAL POINT 1
coL, 8 = NY =FORCE LCONGIT,AVERAGIMG INDEX OF NODAL POINT
coL. 9 = MXY-FORCE LONGIT,AVERAGING. INDEX OF NQODAL POINT t
coL. 10 = mMx =MOMENT LONGIT,.AVERAGING INDEX OF NODAL POJNT 1
coL. 11 = MY -MOMENT LONGIT,AVERAGING INDEX OF NODAL POINT 1
col. 12 = MXY=MOMENT LONGIT,AVERAGING INDEX OF NODAL POINT 1

col.. 13 10 72 AVERAGING INDICES FQOR NOnAL POINTS 2 THROUGH 6,
NPAV(I,1) = NPAV(],12)
ADD "AS "MANY CARDS (121%) AS NECESSARY, IF MORE
POINTS, ALL PRIMARY POINTS HAVE TO BE INDEXED,
D0 NOT LEAVE ZERO VALUES BLANK,
AVERAGING INDEX 18 ERUAL TO

1 ~ FORCES/MOMENTS sHouLD BE AVERAGED

0 =~ FORCES/MOMENTS SHOI/LD NOT BE AVERAGED

REPFAT THE ARQVE SET OF CARDS FOR THE NEXY FORCE AVERAGING SECTION
TYPE, ETC,
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17) STATIC CHECK DATA (2513)

CoL, L TO 75 = NUMBERS QOF SECTIONS FQR VWHICH STATIC CHECKS ARE
DESIRED, NCS(]), USE SECOND CARD ]F NECESSARY,
NO CARDS REQUIRED IF NO STATIC CHECKS DES]RED,

18) OUTPUT SPECIFICATIONS

FIRST CARD (215)

COL, 1 70 5 = REACTION QUTPUT OPTION, !REACT
1 = ALL REACTIONS DESIRED
0 = NO REACTIONS ARE DESIRED

COL, 6 TO 10 = RES]DUAL LOAD OUTPUT OPTION, JRESID
1 - ALL RESIDUAL L0ADS ARE DESIRED
0 = NC RESIDUAL L0ADS ARE DESIRED

SECOND CARD (2513)
CoL, ¢ TO 75 = FOR EACH SEGMENT, SPECIFY ONE OPTION INDICATOR AS
FOLLOWS, I0SEG(I)
1 = CALCULATE AND PRINT INTERNAL PLATE FORCES
2 = CALCULATE PLATE FNRCES, BUY DO NOT QUTPUT
3 = D0 NOT CALCULATE INTERNAL PLATE FORCES
NOTE THAT INTERNAL PLATE FORCES MAY BE NEEDED FOR
STRESS AVERAGING ANN MO™MENT STAT]C CHECKS,

THIRD CARD (2513) '
Colb, 1 TO 75 = FOR EACH DIAPHRAGM, SPFCIFY ONE OPTION INDICATOR AS
GIVEN ABOVE, [0DI!A(]Y, OMIT IF NO DJAPHRAGMS,

19) LOAD DECKS

EACH LOAD CASE REQUIRES THF FOLLOWING DECKS OF CARDS

FIRST CARC (314)
CoL., 1 TO 4 = NUMBER OF ELEMENTS IM A REGULAR SEGMENT W]TH SURFACE
LOADS, NESL
COLe 5 TO 8 = NUMBER OF ELEMENTS w!TH SPECIAL SURFACE LOADS, NSSbL
COL., 9 TO 12 =« NUMBER OF CONCENTRATFD OR DISTRIBUTED LINE LOADS
ALONG THE NODAL JOINTS, \CL
FOR TRANSVERSE LINE 1.0ADS USE TRIBUTARY CONCERT,
NOTE = ALL INPUT (OADS ARE MEASURED IN THE COORDINATE SYSTEM SPEC]-
FIED BY THE OPTION INDICATOR IL ON THE CONTROL CARD,

ELEMENT SURFACE LOAD CARDS (7X,13,4F10,0) = ONE CARD FOR EACH ELE=
MENT IN SEGMENT W]TH REGULAR SURFACE LOANS, NO CARDS REGUIRED !f NO
REGULAR SURFACE LOQADS,

SURFACE LOACS,

coL, TO 10 = FINITE ELEMENT NUMBER, NELSL(])

coL. 11 Y0 20 DEAD LOAD (P/PLATE AREA), DL(])

coL. 21 TO 30 LOAD IN X=DIRECTION (P/AREA PROJ,ON YZ=PLANE) XL(])

Col., 31 70 40 LOAC IN Y=DIRECTION (P/AREA PROJ,ON XZ=PLANE),YL(])

COL. 44 T0 50 LOAD IN Z=DIRECTION (P/AREA PROJ,ON XY=PLANE),ZL(]?
NQTE = LOADS ARE MEASURED IN THE COORDINATE SYSTEM
SPECIFIER ON CONTROL CARD BY OPTION INDICATOR IL,

930 8

SPECIAL SURFACE LOAD CARMS (215,4F10,0) = ONE CARD FOR EACH ELEMENT
WITH LOADS IM ADDITION T9 REGULAR SURFACE LOADS, NO CARDS REOUIRED
IF NO SUCH SURFACE LOADS,

COL, 1 TO 5 = SEGMENT NUMBER, NBLSL(!)



DO ONNDITHNDDOOOCNONNOOCOODONOOON

A-8

[ I I N R |

FINITE ELEMENT NUMBER, NSLSL(I)
NEAD LCAD (P/PLATE AREA)Y), SDL(I)
LOAD IN X=NJRECTION (P/AREA PROJ,ON YZ=PLANE),SXL(I)
LOAD IN Y=NIRECTION (P/AREA PROJ,OM XZ=PLANE)Y,SYL(I)
LOAD IN Z=DIRECTION (P/AREA PROJ,0N XY=PLANE),SZL(I)

CARDS (414,F1n,0) = ONE CARND FOR EACH CONCEMTRATEN OR

DISTRIBUTED JOINT LOAD, O CARDS REGUIREN IF NC SUCH L0aDS,
4 = NODAL JOINT NUMBER, NJL(I)

coL, T0 10
col., T0 20
coL, 21 TO 31
cot. TO 40
CobL. 41 T0O 50
JOINT LoaD

cok, 1 70O

coL.. 5 TO &
coL, 9 TO 12
CokL. 13 TO 16
CoL, 17 YO 26

NMUMBER OF SECTION WHERE LOQADING STARTS, NSS(1)
NUMBER OF SECTION WHFRE LOADING ENDS, NSO(I)
FOR 4 COYCENTRATED JNINT LOAD THE LAST TWO ENTRIES
ARE 1DENTICAL, i
COMPONENT INDICATOR, NID(I), EQUAL TO
« APPLIED LCAD I X=DIRECTION

APPLTED LOAD [N Y=P]RECTION
APPLTED LUAD IN Z«nIRECTION
APPLIED MOMENT ARQUT XeaAX1S
APPLIED MOMENT ABQU'T Y=AX]S
» APPLIED MOMENT ABQUT 2Z=AXIS

[« MV AV S VR VN

LOAD INTENSITY, FIC(I)
FOR CONCENTRATED LOADS ENTER TOTAL VALUE

ALL CARDS ARk To BE REPEATED FOR THE NEXT PROBLEM, STARTING WITW THE
START CARD, FOLLOWING THE LAST PROBLFM, nNE CARD IS ADDED #ITH THE

WORD

'STOP! PUNCHED IN COLUMN & TO 4,

BB RSB BIB BN CB B R R BRI BRSO BV U RGO HRREDIDD DB BRDB IRV UERBB R OB OO
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Example Input Data
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START EXAMPLF 11 (REPORT EXAMPLE 4)
EXAMPLE 11 - WARPED,TAPERED CONTINUOUS BRX GIRDER BRIDGE WITH FRAME SUPPORT
14 10 9 3 6 0 3 5 8 6 15 1 0 i 4 31210201
1 1

0.0 0.0 Q.0

19, 3.0 0.0

20, 0:+0 0.0

32, G0 0.0

40, 0.0 0,0

52, 0.0 0.0

63, 0.0 0.0

68| ’.138 '2.28

75,99 -, 429 »4,56

82.977 -, 876 =6,56

89,949 =1,500 »8,55

96.976 =2:280 -10,5%4
103.743 -3,207 =12,53
111.74% -4,497 =14,R2
119-691 ’59979 .17.10

1 -100 0.0
2 '7! 0.0
3 ’6. 3.0
4 3,0 0,0
5 0.0 3,0
6 3.0 0.0
7 6,0 3,0
8 7.C 0.0
9 10, 0.0
1 -10, 20
2 '70 1 14
3 -5, 3,12
4 0!0 DQO
5 0!0 3.0
) 3.0 =, 06
7 6.0 2,88
8 740 =14
9 10, =,20
1 =11, !40
2 '7o 128
3 -60 3.?4
4 0.0 0,0
5 0.0 3,0
6 3,0 =, 12
7 6.0 2.76
8 740 -.28
9 10' . =,40
1 -10, 160
2 '7| |42
3 .6. 3.36
4 040 0.0
5 340 3,0
6 3,0 w18
7 6!0 2.64
8 7.0 r,42
9 10, =50
1 =10, + R0
2 *7g .56
3 "6. 3'48
4 0.0 0,0
5 0.0 3.0
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3.0
6.0
7 40
19,

=10,

-6

HNdOWOO

w ®© © o »

- ODCDO O

-1,

NOWODO
.- ® 0o e e D~
(SISO 0CTe »

Y
iR

-15.293
'7'293
6,293

Je¢0
0.0
3,646
6,293
7,293
154293
~101,586
-7,5i6
'69586
0.020
0,00
1.586
6,586
7.586
10,586

-12.842
‘7.842
’6'842

0,000
0.000
1,842
6,842
7,842
10,842

-11,100
'60100
-7,100

G,000
0,000
2,100
7,100
8,1N0
11,120

‘11.356

-8,356

-,24

- ?1 52\ X

P;lq 58

- =0
1.00
e 70
3,60
U'O
3.0
=, 30
2,40
=70
1,70
1,20

3,72
0.0
3,0
e, 36
2,28
-, %4
91'20
1,235

1 875
35,7%5

0.9

3,3
'.437
2,245
=875
=1,2%5
1,270

1910
3,790
0,080
3,020
9.190
2,210
=,910
'1.270
1,301

1941
3,821
0,000
3,000
9.221
2,179
=941
‘1:301
1,332

1972
3.8%2
0.070
3,000
9.252
2:148
=,972
’1.332
1,363
1,003
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13

4

WoooanNn

1
-1

7.356
0.000
0.000
2,356
7.356
6,356
1,356
1,613
6,613
7,613
0.000
0,000

2,613

i
-1

1
-1

7:613
8,613
1,613
1,927
8,907
7,927
0,000
0,000
4,453
7,907
8,907
1,907
2,200

=95,200

1

u

' 5
v 5
0 4
1.0

2,0

8,200
0.0C0
c.0n0
4,600
8,200
9,200
2,200

OO (s JwNwle] COo

oOco OO0 00O 00O

o

41667
66667
56333

N Hs s b
[P WY ST

3,883
0,070
3,000
=283
2,117
=1,0n3
91:353
1,394
1,034
3,914
0,020
3,000
'.314
2,086
=1,034
=1,394
1,449
1,059
3,939
0,000
3,000
=,53%4
2,061
=1,059
=1,419
1:45%64
1,104
3,984
0,000
3,000
9.552
2,016
-1,104
~1,464

432000,
432000,
4320010,
43200n,

432000,
2

3.5

14,72
i1 12 13 14 15

115
115
115
115

315



7 4 5
A8 7
s 3 5
10 5 7
4 2
107 1%
1 4 2
2 a4 4
3 05 3
& 5 5
1 3 2
2 4 2
12
1
1 0.0
2 2,0
1 12 13
2 3 5
3 5 7
4 3 10
5 7 12
1 2 3
375 7
2 3 3
3 5 7
3 01 2
10 12
6 2 2
10 12
5 3 2
10 12
6 4 2
10 12
7 5 2
10 12
8 6 2
10 12
135 7 7
13 7 7
13 7 7
13 7 7
13 7 7
3 7 7
3 9 11 13

2 2
Z 3
3 1
3 2
3 5
5 7
10 11
11 1z
6
6
1728000,
-'667
0.0
7 7
i 15
15 15
15 1%
15 15
1
1
15
15
15
15
15
15
1
2
3
4
5
é

wine

NU oD

576007,
2,569
0.0

e
RN

340
3,0

576000, 42200, 75000, 750045,
1,229 0.3 0.0 1,229

£00060111111067000111111001040112111000070111111000000141111111112111111
901010111111700070111111300000111111

7 9 1% 13
1 1
35 3 3 3
0 0 6
6 S S
6 11 .11
6 13 13
8 9 9
8 11 11
8 13 13
STOP

3

VAV RV R VRV

3



APPENDIX C

Fortran IV Listing of Program

Considerable time, effort, and expense have gone
into the development of the computer program, It is
obvious that it should be used under the conditions
and assumptions for which it was developed, These
are described in this research report. Although the
program has been extensively tested by the authors,
no warranty is made regarding the accuracy and
reliability of the program and no responsibility is
assumed by the authors or by the sponsors of this
research project.
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PROGRAM FINPLAZ2 (INPUT,OUTPUT,TAPEL,)TAPE2, TAPE3)TAPE4, TAPES, TAPES)IFINP

BRDBERIRDRBORRBICREPRBDEBROBR RO ORI NRORS
o FINPLA=Z *
#» FINITE ELEMENT ANALYSIS OF GENERAL #
® NONePRISMATIC FOLDED PLATE STRUCTURES #
# WITH INCORPORATED ARBITRARY 3D=FRAME #

PRGN BBE BTN TOOR ARV RBRDIGRANPBIBNRNORRRIERS

PROGRAMMED BY CHRISTIAN MEYER
UNIVERSITY OF CALIFORNIA, BERKELEY: JANUARY, 197%

FINP
FINP
FINP
F INP
FINP
FINP
FINP
FINP
FINP
FINP

FInP .

.GlOGGOQOQGGQQGQQQOQ’0*00#0.90’.&'6QOOQQOOQ.CCGCCO.QCGQQ..QQQOQOQQOQ..’F1Np

10

#*
*
*
&

&*

#*

COMMON AND DIMENSINN STATEMENTS

COMMON A(20200)
COMMON/SETUP/NSEG s NSECT o NEL ¢ NPTS )NS2PT ) NFETINSEsND 1 APH  NFRAME ,

FINP
FINP
FINP
FINP
FlnP
FINP

NTAD, “PLDsNCSTYP,NLC)NFORST ) NSAV ,NSCKy 1A, 1S, IM, IReJLs ISTOP, ICHK,FINP

RyNMAX,NEG,NEGS )NQ ) “BANC )NBLCK ) NDBC,JFLAGPI NDESNDS)NFSTINFCT,
NCOM »NBRsICLr1C2:1C3:1C4,1C5,1061NG]R, IREACT« IRESN,
KLsK2,K3,%4,K5,K6

DIMENSION TITLE(16)

DATA SFLAG/SHSTART/, STOPF/4HSTOP/

NEFIME SCRATCH TAPES

NCOMM=2Q000
NS2310
Kis1y
K2s2
K3=3
K4z 4
K525
K536
Kis16
K2s17
K3226
K4z27
K5s28
K6s29

READ aND PRINT CONTROL CARDS

READ 10031, CHECK
IF(CHECK,EQsSFLAG) GO TO 10
IF(CHECK,EQsSTOPF) STCP

GO 70 1

CALL SECOND (T1)

JFLAG=0

READ 1001, (TITLECI), 1=1,16)

READ 1002, NSEGsNEL NPTS,NS2PT,NFET,NSE,NDIAPH NFRAME,NTAD,NPLD,
NCSTYP NLC,NFORST ,NSAV,NSCK NGIR,14,1S)IMsIR,IL.ISTOP, ICHK,R

PRINT 2000, (TITLE(1), 151,16)

PRINT 2001, NSEG,NELI)NPTS/)NS2PT)NFET,NSE,NDIAPH:NFRAME NTADNPLD,
NCSTYP,NLLC,NFORST ,NSAY,NSCK,)NG]R

PRINT 2002, 14,1S,IMy1RaIL,)ISTOP,ICHK,R

FINP

FINP

FINP
FINP
FINP
FINP
FINP
FINP
FInP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FInP
FINP
FINP
FINP
FInNP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP

@
[y

Tl
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a0

15

c-2
1C1=0

15220

10320

10420

16520

16620 .

IF(ICHK,EQ, ) 0 TO 15

READ 1002, I1C111C2+10341C4,1C5,]1C6
FRINT 20GB, IC1+1C2,1C3,1C4,1C5,106

PREPARF CALL OF INFUT AnD SETUP SUBROUTINES

NSECTSN3EG+1

Nis1

NZSNLI+NEL
NISN2+NFL
NASNI+NSECT
NESNASNSECT+
NASNONFORST
N7SNO+NFORSTaNSECT
NASNTHNFORSTePTS |
LI9SNB+NSAV
N10=NO+'SAVENSECT
N11=N10+NSAVeMPTSs2
N12sN11+K8CK
ML3=N12+28NFL
N14sNI3+NEL
N932N14+NSES
N15NB3+NTAPH
N16=N1S+NSECT
KS2eNSECT#(MPTS+N32).
N173N16+K
N15=N17+K
N19=N18+n
NZO=SN19+4aNSERSNEL
N21SN20D+NSECT
NZ28NZ1+NSECT
NZ3sN22+NSELT
NABsN23I+6aNFET
NA9SNAB+NFET
NEGSnA9+NFET
N?42\SQ+4aNFET
N25=NZ4+NEL
NZ26SNPS+NSE
NZ7=N?26+NSE
NZ8aN27+NSE
N?29=N2B+NCSTYPaNPTS
NIJSN29+NCSTYPANPTS
N31sN30O+NS2PT
N32sN31+4NS2PT
Ka2NS28NSZFPT
N33sNI2+K
tN34=N3I3+k
N35aN34+4K
N36SNRSHK
N37=N36+NSECT
N3IBaNIT7+NDIAPA
N3IP=NIB+NTAD
N4QSNIG+NTAD
N41=N4D+NTAD

FINP
FINP
FINP
FINP
Fluwp
FInP
FINP
FINP
FINP
FINP
Fin®
FInP
FINP
FINP
FINP
FINP

- FINP

FINP
FINP
FINP
FINP
FINP
Flip
FInP
FINF
FINP
FINP
FInP
FINP
FINP

FINP’

FiInP
FINP
FINP
FineP
FINP
FINP
FINP
FInP
FINP
FINP
FInP
FINP
FINP
FINP
FINP
FInP
FINP
FIneP

FINP

FINP

_FINP

FINP
FINP
FINP
FINP
FInP
FINP
FINP
FINP
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N423N41+NTAD
NA3INA2+NTADS(NPTS+NS2)
NA4INAIHNPLD
N4B2N4a+NPLD
NA6=SNAS+NPLD
NA7=N4E&+NPLD
NNNESN4T+NP| Dy
IFCNNN,LENCOMM) GO TN 16
P36 [NMPUT
PRINT 201104, PH, NNN
GO 70 1

16 CONTINUE

CALL INPUT(ACML) JA(N2)Y ) AINS) A(NGY, ACNS) A(NE) JAINT)JA(NB)Y A(NS),
& ACNIO)»A(NM11)2ACNLIZ2)Y,A(NIZ)JAINL4),A(N20) AIN2L) AIN22),4IN23)Y,
®  A(N4B))A(NAY)IAINDOY)A(NR4) )AINDS) JA(N26)IAIN27))A(N28),AIN29))

CALL INPUT2 CACN3D),A(N31),A(N32),A(N33),A(N34),A(N35),A(N36),

* AIN37)pA(N3R)IAIN39))A(NAD)AINAL) )A(NE2)sAINS3),AIN44),AIN4S),
* A(NA6),A(MAT ) NCSTYP,NS2PTINFETNTADNFORST,NSAV,A(NB3))
IF(JFLAG,EQs1) GO TO 1

N4BEN4T+NPLD
N49=2N4B+NSEG
NSO=N49+NSEG
NB13NSO+NER
NB2=NB1+NDBC
NNN2NS2+NDBC=1
IFCNNN,LE.NCOMM) GO TO 186
pH=6H SETUP
PRINT 2004, PH, NNN
GN T0 1
18 NCOMSNCGOMM=(N1B*NEQ+24NDBC)+1

~ CALL SETUPYL (A(NL1))A(NZ2) ACN3) dA(NG),A(MNLS))AINLE)2ACNLT ), A(NLS),
# A(N19),4(N20)sAIN21Y,A(N22))AIN23),A(N24),AIN25),A(N26),AIN2T7)Y,
#  AIN2B))A(N29) s AIN3DIPA(N3IL)»AIN32))AIN33)2A(N34) A(N3IS),A(N3S))
CalLlL SETUP2 (A(N3I6),A(N37),A(N38),A(N39),A(N4D)IAIN4L),A(N42),
® AING3),8(N44)1AINAS ) A(NGE) s AINAT ), A(NAB) JAIN4B) A(NG9 ), ACNSD),
2 A(NSCG) 4(NBL)rAINS2) yNFET NSECT NMAX ,NCSTYPsNS2PTINTAD,NDBC)
NCOM eNCOMM
CaLL SECOND (T2)

CALL SUBROUTINE LOADS FOR ONE LOAD CASE AT A TIME

20 K=K4 .
IF(NLCQEGO1) KsK9%
REWIND K
DO 50 Ls=1,NLC
READ 1002, NESLsNSSLNCL
PRINT 2003,L,MNESLsNSSL NCL
N21sN20+NESL
N222N21+NESL
N233N22+NESL
NZ4SN23+NESL
N25=N24+NESL
NZ63N25+NSSL
N27=N26+NSSL
N28=N27+NSSL
NZ29=N28+NSSL,
N30sN29+NSSL

FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP

FINP.

FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP

. FINP

FINP
FINP
FINP
FInP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP

t-3
120
121
122
123
124
123
126
127
128
129
130
131
132
133
134
138
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
154
152
153
154
155
156
157
158
159
160
161
162
163
164
168
166
167
168
169
179
171
172
173
174
175
176
177
178
179
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49

&
<

&

¢-4

N31=N3D+NSSL
N32aN31+NCL
N33=N22+NCL
N24asNA3+NCL
N3I5aN24+NCL
N36SNTIDHNCL
NMNSN36+ivE 3S=1
TFIMNNLEE(NCOMMY GO T2 4
Prizbm L0OANS

P=INY 2004, Pw, MMNN
6N TO 1

CONT I NUR

CALL LOADS CAINL) 2 AUNZ) AING) JA(NTIE) )AINI7)PAINIB)A(NL9),AINRD),

A(\Zl) A(M22)98(NZ3) 2 A(N24)2AINDEY ,A(N26)PAIN2T ) ) A(NZE) ,AIN29), -

ACNIO), A(N31)ealN32),A(N33), A(MiG’n\(135)aAfN36) NESLaNSSL ) NCLy
vSh’T.\“AX kK,L)

-

50 CONTINUE

1o

7C

6o

*

*

CALL SECOMD (T3)
I=(1ST0P,F3,0) GO TO 60
PXINT 2525

Gi* TO 1

CaLL FCORMK SUBROUTINFE

NEs28MQ

IF(NGWEZGNES) NLsNa
M1GsN1B+RGeNLC

NZ0SN19+NEQ

NZ21lzn20+NNB0

NP23N21+WDSC
NZ32N22+NDaMEgaND
IF(NG,LTWNEG) N23sN23+nI8MBAND
NMNEN23+MNYeN| Sl

IFCMNYN LENCO¥M) GO0.TD 70 .
Przé- FORMK

phIMT 23&4’ pH,,N“N

ch T 1 '
CONTINUE

CALL FORMK (a(N1), AUN2) sACND) AINA) s ACNLIS) »A(NIB) JA(NID Y, ACN2A),
AUN21) s 6(N22) 24 (N2Z3 Yy NLANQINLC ) NDRCH» MR AND)
CaLL SECC™D (T4)

CALL EGUATION SOLVER uUsol

MSBsNQe (MBAND+NLC)

n19=8N13+NSH

K=MAXO(NSB NBReNG#NLC)

IF(NGEGWMED) K=28NQaNLC

N203N19+K

NAVNEN2D+NE=]

IFONNNLE(NCOMM) GO TO &)

PRz6H USDL

PR‘NT 2504. PH. NMN

GQ T0 1

CONTINUE

CALL JSOL (A(N18))AINLD),A(N20) 2 NT MBAND)NLCINBLCK,NSB,K6, KS KZ:
K3,K6)

call SEcCND (TH)

FINP
FInP
FINP
FINP
Flup
FINP
FlnP

CFINP

FINP
FInP

FINP

FINP
FINP
FIne
FIneP
FInP
Fine
FINP
FINP
FINP
FINP
FINP

FlInP

FInP

" FINP

FinP

TFINP

FINP
FINP
Flne
FINP
FInP
FInP
FINP

" FINP

FINP
FINP

- FINP

FINP
FInP
FINP
FIne
FINP
FINP

FInP

FINP

FINP
FINP
FINP
FInP
FINP
FInP
FINP
FInP
FInP
FInP
FlnP
FInP
FINP
FINP

189
181
182
1383
184
18%
136
187
18R
189
150
191
192
193
194
195
196
197
163
199
207
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
2219
221
222
223
224
225
?22¢
227
228
229
230
231
232
233
234
235
236
237
238
239



OO0

c

90

»
*

®
L

CALL SUBROUTINE OUTPUT

N19aN18+NQJaNLC
NZ20=N19+NEQ
N21aN20+N0BC
N223N21+8DBC
N232N22+NQ8MBAND
NOUTPEN23+NGe| C=1
N24=N19+67anNC
NCENCIM=N24+1

NBLSNC/ (NJaNLC)
IFCNBL LT 1) MBL=1
IF(NBL ¢ GTNELCK) BL=NBLCK
NLSNBL#NG
K=aN24+NL#N| Cel
IF(K(GT o NOUTPY NOUTP=K
Kz60sNELeNLC
NCSMCOM=N18+1
IF(NC,LT,K) JFLAG=1
KSK+N1&=1
IF(K,GTNCUTP)Y NQUTPs=w
KENSCK&#NGIRANLC
N25=N18+K

N26=N25+K

N27=N26+K

K=S6#NMAX
N26=N27+MAX0(300K)
N292N28+K

N30=N29+K
K=MAXD(30,NQ)
K=N30+KeNLC=1
IF‘K!GTINOUTP, NOUTP=K

IF(NOUTP,LENCOMM) GO TO 90

PHSAROUTPUT

PRINT 2704, P4, NOUTP
GC TO 1

CONTINUE

K=3%6NEL

FINP
FINP
FINP
FINP
Finp
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FInP
EINP
FINP
Finp
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FInP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
Fine

CALL QUTPUT (2(NL1)2A(N2I,AIN3))A(4) ) ACND) ACNE) JAINT ) ) AINB)JA(NS)IFINP
PACNLIO))AUNTIL) S ACNLI2) JACNL3) S ACNLI4), ACNLE) S ACNLE) PAINLT ) )A(NLB),FINP

ACNL9),ALN2D)9AIN21L) ) A(NR2) 0 ACND23))
CalL OUTPU2 (A(N18),A(N19),A(N24),AtN1B),A(N25),A(N26),A(N27),

FINP
FINP

ACN28)sA(N29) s AIN3DY S AIN3D) s AIN3IDY )2 (N3C) )NFORST)NSAV)NSECT ) NMAXF INP

NG ) MBANDINLCINLINSCKINGIR,KyNEB,NDRC1AINS3))

CiLl. SECOND (T6)
T13T2=T1

T23T3=T2

T32T4=-T3

T42T5=T4

153T6=T5
TEETL+T2+T3+T4+TH

PRINT 2007, T1,T2,73,T4,75,T6

GO TO 1

FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FINP
FInP
FINP

C’!’.GGO#Q00'60&}0'#.'0#00}69&0Gﬂ.lﬁG’GOQQOGl‘&ﬂﬁ“iﬁ”.#Q'.#Q.QO'0.0Q‘G.FINP

c

FORMAT STATEMENTS

FINP

CHER Bttt paalOtodasptadeRstRRsBRBORRRURODORtORNRRRNGRORDERNRNREORDOEREOBE NP

o

FInP

€=5

240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
279
271
272
273
274
275
276
277
278
279
280
284
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299



c-6
1001 FORMAT(1645)
1002 FORMAT(1614,7114F9,0)
c
2000 FORMAT(IRL1,205X,1645)
2nC1 FORMAT(////740+ NUMBER
A0k NUMBER
40M NUYIRER
40~ NUMBER
40N NUMBEKR
40= NUMBER
49~ NUVRFR
4000 NUMBER
404 NUMRER
404 NUMBFR
40K NUMBEK
4DH NQMBER
404 NUMBER
40u NUYBER
4gH NUMRER
40 NUMBER
40
40H
40H
40
40H
404
4044
40+
2003 FORMAT(1ril,24m
& 48W MUMBLR OF
& 484 MUMBFR QF
# 484 MUMRER OF

x % & & & & & & ¥ & & & & x K

2002 FORMAT(

& % Ao % %

OF
OF
oF
oF
GF
OF
OF
OF
oF
oF
GF
OF
OF
CF
CF
oF

ALIGNMENT
SKEWNESS

STRUCTURE SEGMENTSsereteset
PLATE ELFMFNTS IN A SEGMENT
PRIMARY ~0NAl POINTSsaseven
SECTIONS W, SECCNDARY N,PTS
FINITE ELEMENT PLATE TYPES,
SPECIAL PLATE ELEMENTSs s
DIAPHRAG“SI.QO'QOUQoagtooto
FRAME EL;MENTS.....:......‘
APPLIED GROUP DISPLACEMENTS
PRESCRIBFD LINE NISPLACEMTS
CROSS SECTICON TYPESssveeenn
LCAD CASFS FOR TKIS FPROBLEM
FORCE TRANSF,., SECTION TYPES
FORCE AVERAG, SECTION TYPES
STATIC CHECK SECTIONS s ees sy
GIRDERS e setvoctosessoatoney
INDICATUR s eessnnsssnotonnn

INDICATOR s enetevatosetsnes
MATERI &L CPTION INﬁIZATOQ.'-....n..,o
REFERENCE LINE INPHIT OPTIONM s esnntanes
LOAD=OISPLACEMENT IHRPUT/OUTPUT OPTION
INPUT CHECK TERMINATOIR, ssevosenetonnty
CHECK 7FTIOM INDICATOR esesotosotones
CURVATURE RADIUS OF REFERENCE LINE,,s =F12,4)
INPLUT FOR LOAD CASF NO,,147///
ELEMENTS w]TH RpGUL.AR SURFACE LOADS =,15%/
ELEMENTS wITH SPECTAL SURFACE LOADS =
CONCENTRATFD QR L1IMNE LNADS =

=15/
=15/
=15/
=15/
=15/
=I5/
=15/
=15/
=15/
=15/
=15/
=15/
=15/
=15/
s15/
z]%)
=15/
=15/
=15/
=15/
=15/
=15/
=15/

115/
»15)

FINP
FINP
FlnP
FlnpP
FlypP
FINP
FlnP
FINP
FInP
FINP
FInP
FINP
FInP
FINP
FINP
FlInP
FINP
FINP
FINF
FINP
FlwP
FInP
FINP
FInP
FInNP
FInP
FINF
FInP
FInP
FINP
FINP
FInP

2004 FORMAT(///18H a®ese FATAL ERROR//324 TOO MUCH BLANK COMMON REGUESTFINP

#ED/16H FOR SURROUTINE

2 b6y HHy
2005 FORMAT(////747H CHECK QOF INPUT DATA FOR THIS PROBLEM COMPLETED)

NNN 2,180

2037 FORMAT(///7/7/716éH EXECUTION TIMES//

#  35H INPLT SETUPR 2F10,3,10H

& 354 FORMATION OF LOAD MATRIX Sr1093,10H

® 35K FOR#ATION OF STHUCTURF STIFFNESS =F410,3,10H

#  35h SOLMTION OF EQUATIONS 2F10,3,10CH

& 354 OLTRUT GEVEQATION 2F1043,10H

# 35H TOTAL EXECUTICN TiMe 2F10,3,10H
2008 FORMAT( 404 OPTION TN PRINT REFERENCE POINT DATA,

8 4g4 OPTION TO PRINT GLNBAL NODAL CCORDS,.

# 404 OPTION TO PRINT BOUND,COND,ARRAYS. 440

# 404 OPTION TO PRINT LGAD VECTORSteosrsnss

& 494 OPTION T7 PRINT ELFEMENT STIFFNESSES,,

i 404 OPTION TC PRINT STRUCTURE STIFFNESS,.

END

SECONDS/
SECONDS/
SECONDS/
SECINNE/
SECONNSZ/
SECONDS)
s]5/
=15/
=15/
=15/
=15/
=35)

FINP
FINP

FINP

FINP
FINP
Flnp
FINP
FINP
FINP
FINP
FInP
FINP
FINP
FINP
FINP
FINP

30N
301
3p2
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338

339

340
341
342
343
344
345
346
347
343



SUBROUTINE INPUT (NPI.NPJ.NPSECoNRLK,NFORS.NFORSN:ALF.NSA.NSAVS:

c-7

[NPL

& NPAV,NCS,NGEXDIViTOSEG)XeYeGaCyTHyE FNUYKPL, ISEL) ISES,) ISET.YY, INPU

# 2) INPLU
RETURMN 1MPY

ENTRY [NPUT2 (12SEC,12PT,N2PT,SX,SYsS7)NSCTaNSDs INDT,NANF,NSAD,  [NPU

#  DTIN,%ADNJPDaNSDSNSDE» INPDPDISINCaN2sNT»NDeNFINS,10D1A) 1NPU

c INpPU
COQ'H'###%HI'#Q#DGGQ#0{00OQ#G#Q#&Q.GQ&&OQO#&Q##QQOO&GQGO#’GGQ“OQGQGG}QODQ#Q# I NP'J
o THIS SUKROUTINE READS AND PRINTS aLL INPUT EXCEPT THE LOAD DECK INPU
c0§~§%oa§50¢6*660606§§9§66»69#0G66boo&o»uﬁ#n&#ohoo&ca&oc&o&#o&coiio#’#oaINPU
o 1NPU
C COMMON AND DIMENSIAN STATEMENTS INPU
. INPU

DIMENSION X€1),Y(1)sG(1),YY(NC,1),)Z2(NCs1),12SEC(1)2[2PT (1) INPY

®  N2PTINZ2,1),SXEN291),SY(N2)1)9SZUIN2,1) o NSCT(1) o THI1),ECL)FNUCL), INPU

& CINT,12),NPI(L1) NPUCL) ,KPLIL)yNGE(2,1),ISEL(L),ISES(L),ISET(L), INPU

®  NSD(1),NCS(1)2NPSEC(L13,NBLK(1) 2 INDTL1),NANP(L),NSAD(),DTIN(CL), INPU

# NAD(ND,1)»NJPD(L1)yNSDS(1)sNSDE(1) s INPD(1)»PDIS(L)INFORS(L), INPU

®  NFORSNIMNF#1))ALF(NF,1)sNSACL) )NSAVSINS, 1) aNPAVINSI 1)) XDIVIL),y INPU

* JOSEG(1),10D14(1L) INPU

c INPU
COMMON/SETUP/NSEG)NSECTaNEL ¢ NPTS 1 NS2PT )NFET)NSEINDIAPH, NFRAME, INPU

#  NTADINPLDINCSTYP)NLC,NFORST ) NSAY,NSCKa 149 1S, IMp) IR, IL+ISTOP, ICHK, INPU

& RyNMAX,)NEG,VEQS)NG)MBAND ) NBLCK NDBC s JFLAG)P I NDE,NDS)NFSTANFCT, INPUY

&  NCOMM,NBRsIC141C221C3,1C4,1C5,1n6sNGIR,) IREACTIIRESID, INPU

# K1,K2:K3,K4,K5,K6 ' INPU
COMMON/TIAPH/NDTY(20) ,NPD(4,20) s NRSE(20),NDSD(20),NDST(20) INPU
COMMON/FRAME/ZEAC20):EIY(20),E1Z(20) 1 6JX(20)9GAY(20)2GAZ(20), INPU

& E1(3,20),EJ(3020)1EK(3,20) NFIC109)NFJLL00) NSFI(1230), INPL

® NSFJ(100)aNFTY(160)/NFSC(100) INPU

c INPU
C EQGUIVALENCE (THaC(107))2(E,C(1,8)),(FNU.C(L,9)) INPU)
o BY ALLOCATING SAME FIRST WORD ADDRESS IN BLANK COMMON AREA INPU
NS2310 I1NpPU

c INPU
¢ INPU
(H et O ER IR NROINNIEEEBBETEIRRTRARIRRIVBVVERIORGRBBIIRSRORBERROBEtan NP
c 1) READ AND PRINT INPUT DaTa ON STRUCTURAL CONFIGULRATION INPU
CQOOQ906&50906'#0*’90*'06!#0#GGQQG#G#QQGGQDGGQ#DG&G0000&00&0&0“0&!09&060#INPU
c INPU
READ 1000, (X(I),Y(1),G(1), I=1)NSECT) INPU

PRINT 2000 INPU

PRINT 2001, (X(1),Y(I),6(1), 131,NSECT) 1NPU

c INPU
DO 10 I1=1,NCSTYP INPL

DG 5 Js1,NPTS INPU

5 READ 1004, K,YY(1,K)»2Z2(1,K) INPU
PRINT 2002, 1 INPU

PRINT 2003, (JaYY(10JI0ZZ(1aJ) s J212NPTS) INPU

10 CONTINUE INPU

c : INPU
IF(NS2PT,LE.0) GO TO 30 INPU

DC 20 [=1.NS2PT INPU

READ 1002, I2SEC(1),12PT(1) INPU
JJS12PTID) INPU

DO 15 J=1!JJ INPU

15 READ 1004, N2PT(1,U)»SX(1,J)eSY(T,0),52010J) INPU

20 CONTIMNUE INPU
PRINT 2204 INPU

O BEIND U

o s
WA O

-
v

WULNNDNNNODNNDNNN R R
R OWOVINIDIPURDEUNHITODBIDP

W
[\V]

(L RV AVEV AV EVRV]
O DIV AW

D HDDBDLELLIEDL
PN DL WO

[V 08 N
iD D ¢

(LAY RV RVEV RO RV RV R
VB NN B WN -



-8

ND 25 1=s198N52PT MNPl

PRINY 2705, I2SEC(1) INPL
JJSI2RTID) 19U
IFCJJGTN82) G0 TO 270 [Np

25 FPRINT 2208, (N2PT(10U)sSXCTau)sSYL10d)eSZT0d) )y J210dd) NP

c NP1
30 RFAD 1053, (NSCT(I)y 1=1,NSECT) INPU
PRINT 2207 TN

FRINT 2008, (NSCT(I), [=1,NSECT) NPy

N 35 ]=1.NSECT INF
IF(NSCTCI), T NCSTYP, DR ¢NSCT( ) 4LF,7) GO TO 281 INPU

35 CONTIMUE INPL

c 1NpPL
C°§6#§¢6G6§66#§'DQQQQO“#%Q#4@#*&*%&6*’960'##6#6&06006!00’6“09690066695“6@INPU‘
c 2) READ AND PRINT INPUT DATA OV PLATE SYSTEM INPU
Cosra o tOaraNdadanadalPNlRITRRABRTOROBPRRBROIEBORIRIRDORBORRORBEROORe [NPY
c ’ {NPU
IFC14,E3.2) GG TO 120 INPU

DO 105 1s1,VFFET INPU

105 READ 1024, JyTHOU) HECL)oFNULLY) NP
PRINT 20613 NP

NN 115 Ts1,NFET NP
UsFNLCT) I NP
T=TH(T) INPU

PRINT 22C6, 1,Tep(l)si [ NPU
COIa1)=TRE(IN/ (1, ~UsLi) INPU
CCl,2)¥s0(1,1) NP
Cl1,3)sh(1)eTapeS/(1,+U) INPU
Ctl,a)slaC(l,1) I NP
Cll45)30,"7 1NPY
Cll.6)380,0 NP
UsTeT/12, INPU

Dpo o110 Js7,12 NP

110 Cll,Jd)=C(1,d=R)2y INPL
115 CONTINUE INPU
G2 TO 130 INPL

c INPU
120 D0 125 1s1,NFET INPU
125 READ 1004s J, (C(J»K), K=1,12) INPU
PRINT 2014 INPL

PRINT 201%, (140CC1ad)s J=1,512)0 131,MFET) INPU

c INPU
130 DD 132 Js1l.MEL INPU
132 RCAD 1010, ToNPICI)ZNPJCT) o KPLETY ZMNGE(L, 1) o NGE(2, 1) XDIV(]) INPU
PRINT 2014 INPU

PRINT 2044, (1,NFI(I),NPJCI) KPLIT)eNRECLI2]1)sNGE(2,1), INPY

¢ XOIV(1)s, Is1,NEL) 18PU

DO 133 1s1,NEL INPU
IFCNPICI)GT,isPTS,OR,MPI(1),LE,0) GO TO 282 INPJ
IFANPUCI) o GT,NPTS,0R,*PJCT),LE,.0) GO TO 282 INPU
IF(KPL(T)sGT NFET,ORXPL(1),LE 0) GO TC 283 INPL

133 CONTINUE INPU

c {NPU
IF(NSE,LE,0) GO TO 14N INPU

DO 135 121,NSE INPU

135 READ 1005, JoISEL(JI»ISES(UI»ISET(Y) INPU
PRINT 2015 {NPU

PRINT 2019, (1,ISEL(1),ISESC]),ISETC(1), 1=21,NSE? INPU

C ‘ INPU

CResatatREatsaRolatddadaRBctRBRBORRIBBIBRBDSRREDRBEDNBDABEODIRRBORBEESSs]INPY

117
118
119



c 3) READ AND PRINT DIAPHRAGM DATA NP
CoatetonpagooantatpeadodRionansonaaestonssonpndotatosadanadaseaacannoatesr NP
C [5PU
140 IF(NDIAPH,LE,.N) GO TO 150 NP
READ 1002, NDEZNDS NP
IFCNCEGT20,0R«NDS,GT,20) 6O TO 27% IMpL

READ 1003, (NSD(I)s I=1,NDIAPH) INPU

PRINT 202° INPU

PRINT 2008, (%NSD(1)s 131,NDIAPH) _INPY

DN 141 131,ND1APH 1NPU
IFENSDCI) W GT W SECT, QR NSDUI),LE.Q) 6O TC 281 INPU

141 CONTINUFE INPILY

C INPL
00 142 Js1,KDF INPL

142 READ 1005, [ NODTY(ID),(NPO(KsI)IK=114) NP1
PRINT 2021 [P

PRINT 2022, (1 NDTYCI)Y,(NPD(K)])yw=1,4), 121,MDE) NP

C ] INPH
IF(NDS.LE,Q) GO TC 152 INPL

DC 145 1=1,NCS - INPU

145 READ 1005, JoNDSECY) »NDSUCJYINDSTE YD NP
PRINT 2023 ~INPLU

PRINT 2719, (JyNDSECS))NOSDUJIyNDRTCJ)» J=1aNES) INPU

00 147 131,NDS INpPU
JENDSO( 1) INPL

147 NDSD(TI=NSH(L) INPLI

Cc INPU
CQGDG*Q#Q&G#Q#5#&#090“&0#0«}#6@0#Q#&&OG&#&Q&Q6990&066GG&G.&GG&}&O'###&59*INPU
C 4) READ AND PRINT FRAME INPUT naTa INPU
C'QGQ#OGQOG#OGG#Q#oe{"GQOGQQQGGQQQQGOGGQ&&G&QD#&G66&0#60!00606&#6’906“6#INPU
c INPU
150 IF(NFRAME,LE,0) GO TO 18 INPL
READ 1002, NFSTHNFCT INPU
IF(NFST,6T,20,0R,NFCT,GT,20,0R,NFRAME,GT,100) GO TO 230 INPU

c INPI!
PN 415% [=1,VFST _ INPU

155 READ 10110 JaFACU JEIYII)WETZCU) 9 6UX(J) s GAY(U) 4 GAZ(J) INPU
PRINT 2024 INPU

PRINT 2025, C1,EACI) EIYCI) EIZCI),GIXC1),GAY(1)4GAZCT),I51,NFST) INPU

c INPU
PRINT 20226 INPL

DC 160 1s1,NFCT INPY)

READ 1006 Jy(EI(K)d) K213V (EJCL o) o L=103) 2 (EK(M,J),M21,3) INPU

160 PRINT 20270 s (EIC(K I s KS103) 9 (EJCLJ) o L=293) ) (EK(MpJ) 4 M21,3) INPU

¢ NP
PRINT 2n2% {Npu

DT 165 1=1,NFRAME : INFYI

READ 1009 JoNFICU)oNFICIIANSFICII ZNSFUCUI)NFTY(J) WNFSCIL) INP:)

165 PRINT 2045, J,MFI(J) sNFUCY) pNSFICU) ,NSEJLU)PNFTY(J) yNFSCCY) INPI;

C INPU
R s R E B ORI OB NR NP HBON AR RDDERRERENADRLBIRROTRLNRRDOBORBG RO B REOs [NPL
c 5) DETFRMINE NUMBEF QOF NODAL POINTS FOR EACH SECTION 1NPU
c AND TOTAL NUMBER OF ERUATIOMS INPU
CH ot asataettatadasdtadnRrcslatiantastonatnsadenatapasanadosadnssoanran NP
¢ INPU
180 0£C 185 1=1,NsgCT INPU
185 NPSEC(])=NPTS INPY
NMAX=NPTS INPU
IF(NS2PT,LE.«D) G0 TO 195 INPU

DO 190 1=1,NSzZPT ‘ INPY

120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
149
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
169
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
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I1=s125EC(1) NP
JISUPTS+[2PT(]) I NP
IFCIJeGTyMMAXY NMAXEJU NP

190 NPSEC(I!)=JJ I~MPuy
195 NhLx(1)=1 INPL
DO 200 1=1,NSECT I NP

200 NRLK(I+1)=NBLK(II+NPSFC(])eh INPU
NEQENELK(NSECT+1) =1 I NPU

c [P
(H a0 Rt oacaadsatataaataradaotlbUepadaROUBBIBETQIORBIURNLORRBDRBOORBRRBaRDdRa NP
¢ 6) REAT AND PRINT 30iINDARY CONDITIANS INPU
(Ot abonntapdottoltoradassdooRBBIoRoRsdORRdRERBBLORRORBRBRRRBIROPOBORBEBO ][NP
¢ 1NPY
NDBC=2 MNP
1F(NTAD,LE,0) GO TO 225 1NpPY

N2 215 [31,NT2D INPU

READ 10N7s o INDTUUI»NANPIYIINSADCY) L TINGYY INPL
1TSNANP(J) . INPU
JUENSAD(J) INPLU
IF(OTINCJYWNEL Qo) NDBCSMNDBC+]] INPU
[FCILLE3.MPSEC(JY)) G TO 205 INPU

READ 1073, (NAD(JIK))y K=1,11) INPU

62 T0 215 INPU

205 07 210 K=1,11 I NP
210 NaglJrK) =K NP
215 CONTIMUE INPU

d ' INPU
PRINT 2029 INPY

DC 220 181,NTAD INPU

PRINT 2030, I,INDTCI),NANPCL)INSAN(1)DTIN(T) [NPU
[I=NANP(]) [NPH

PRINT 2031, (NAD(IsJd)y J=1011) INPU

220 CONTIMUE INPU

c INPL
225 IF(NPLD,LE,C) GO TO 240 INPL
DG 230 151,NPLD NP

READ 1007, NJPDCI))NSNSCI) NSDECI), INPDLUT)PDIS(]) INPU
IF(PDISCI),NEO¢) NDBCSNURCHNSDE(1)=NSPS(1)+1 INPU

230 CONTIANUE INPU
PRINT 2032 INPU

PRINT 2030, (NJPD(1),NSCSCI)ANSDECT)LINPD(I),PDIS(L), 1=1,NPLD) INPU

c NPU
C“G##*#GGGGGOQG#QGQ&ﬁd&#ib&%6&6##6QGG#Gﬂ.#l&060#&’00!&000'0%0"90'06i“*&%NPU
c 7) REAN AND PRINT INFCRMATION 0N INTERNAL FORCE TRANSFORMATION NPUY
CaaadordanaasasadossdataoledanidaRdeddlionplcsadoatiosningsadasstenadsanstas INPL!
c . I NP
240 IF(NFCRST.LE,N) GO TO 250 INMPU
PRINT 2033 INPU

DG 245 1=1,NFCRST INPU

READ 4003, K,(NFORSM(1,)J)y J=21,K) INPU
NFORS( )=k INPU

READ 1012, (ALF(I,J)s J=1,NPTS) INPU

PRINT 2034, | INPU

PRINT 2008, (NFORSN(1,Ju)s J31,K) INPU

PRINT 2035 INPU

PRINT 2036, (J)ALF(1,J)s JSI,NPTS) INPU

245 CONTINUE INPU

c INPL!

(et et RNseRNaeaREIRRAEROLURRBBRRRNITBOLOBRERDIHORRBRSROREDOCOBORRanaRea NPY
c 8) READ AND PRINT INFORMATION NN INTERNAL FORCE AVERAGING INPU

189
181
182
183
184
185
186
187
188
189
192
194
192
193
194
195
196
167
194
199
200
201
202
203
204
205
206
207
208
209
21n

211

212
213
214
215
216
217
218
219
229
221
222
223
224
225
226
227
228
229
239
231
232
233
234
235
236
237
238
239



c AMD STATIC CHECKS AND QUTPUT NPT]ONS INPY
coava#¢éw§aa§a690G6606o¢¢o&0¢o¢696b&#abao&ueioaﬁoéboG#qqoocooccaoooo#hqoINPU
c [NPU
250 IF(NSAV,LE,0) GO TO 240 INPU
PRINT 2037 1NPU

ne 25% I=s1,N8aAV INPLI

READ 1003, XK, (NSAVS(1,J)y J=1,K) INpI

NSA( )=k INPL
[Us2#NPTS INP

READ 10CG8, (NPAV(I,J)y J=1,10) INPU

PRINT 2034, | INPU

PRINT 2008, (NSAVS(!, )y J=1.:K) INPU

PRINT 223% NP

D0 252 Js1,MPTS INPL)

252 PRINT 2639, JsNPAV(1,)ZaJ=1),NPAV(T,25) INPL
255 CONTINUE INPL

o INpPU
260 IF(NSCK,LE,0) GO TO 245 IMNPUY
READ 10023, (NCS(1), [=1aNSCK) INPU

PRINT 20407 INPY

PRINT 2008, (MCS(I1), 1=4,NSCK) INPU

c INPU
265 READ 1002, IRFACT,IRESID INPU
READ 1003, (IOSEG(I)ds [=1,NSEG) INPU
IFCIREACTEG,1) PRINT 2046 INPU
IF(IREACT,ES,0) PRINT 2047 INPU
IF(IRESIC.EG,1) PRINT 2048 INPU
IFCIRESIDLZEL,D) PRINT 2049 INPU

PRINT 2080 NP

PRINT 2008, (!10SEG(!), 1=1,NSEG) 1NPY
IFINDIAPH,LE.Q) GO TO 267 INPU

READ 1003, (JODIACIY), I=1,NDIAPH) INPU

PRINT 2C>b1 INPU

PRINT 27008, (10D1A(1), 1s1,NDIAPH) INPU

267 PRINT 2052 INPU
GO TO 390 INPU

c INPL
C“*QGGG#QQQ&'69#Gb&#'“o&%#i&b“0&0Q#Ei'!#'{ﬁ609GOO#QCOGQGOGOQGOOQGGGQG#GQINPU
c 9) ERROR EX!TS INPU
C*GQGQGﬁﬁiéblioboﬁoolﬂi*66’6#5##6&669#0&06’&0'660&66.'&0060§99#6§9060§06INPU
c INPU
270 PRINT 2041 INPL
GN TO 295 INPU

275 PRINT 2C42 INPU
GG TO 295 INPU

280 PRINT 2043 INPU
GO TC 295 INPY

281 PRINT 2053 INPU
GC TO 295 INPLI

282 PRINT 2054 INPU
GO TO 295 1P

263 PRINT 2055 NP
295 JFLAG=Y INPL

c I NP
300 RETURN INPU

c INPU

CHRa B e tR OB aBe R ala Rl RO RRBRBLBOORLDIEHBTRRNBERBITRRDDOTROORDEGRBBRVBBER B NP

c

10) FORMAT STATEMENTS

INPU

CQQOG’&GQ.GG##Q#Q‘G”%“G§§§QG'““60#G#QQQGQQQQQQGGOQQGQQQG‘#i&&“"#ﬁa&#’b#INPU

c

INPU

c-11
240
241
242
243
244
245
246
247
248
249
250
251
252
253
284
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
299
2914
292
293
294
295
296
297
298
299
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1090 FORMAT(3F10,0) IMPY
1002 FORMAT(215,4F1040) : [NPU
1003 FORMAT(2513) INPU
1004 FORMAT(I110,6F10+0/10x,6720,0) INPU
10Ny FORMAT(6]4) INPU
1006 FORMAT(14,9F8R,Q) INPU
1007 FORMAT(414,F106,0) INPU
1008 FORMAT(1216) INPL
1009 FORMAT(714) INPU
1010 FORMAT(£14,F17,0) INPU
1011 FORMAT(T10,6F1040) NP
1012 FORMAT(SFR,D) 1hNpU
c INPU
2000 FORMAT(///7//727H REFERENCE LINE COARNIVATES//36H X/THETA 1MPU
Yy GAMMA) INPU
2001 FORMAT(3F12,4) INPY
2002 FORMAT(1hR1,51H4 NGOAL POTNT CCGORDINVATES FOR CRCSS SECTION TYPE NO,, INPU
& 147731~ POINT NO, Y=COORD L=COORD) NP1
2003 FORYAT(17.2F12,3) INPY
2004 FORMAT(1rH1,344 SECOMDARY NONDAL PGINT COORLDINATES//) INPLU
2005 FORMAT(//12H SECTION MU,a14//746K 2QINT NO, X=COO0RD Y=COORD INPU
s 7-CUCRD) I1NpPY
2076 FORMAT(17,3F132,3) 1NPU
2007 FORMAT(//////744 CRUOSS SECTION TYPE NUMBERS FOR ALL SECTIONMS//)  INPU
2008 FORMAT(2514) INPU
2013 FORMAT(im1,35+ PROPERT]ES OF FINITE BLEMENT TYPES//525 TYPE NO, [NpY
8TH]CKNESS ELASTIC MOD, PDISSON-3 RAT]O) [ NP

2014 FORMAT(1H1,35+ PROPERTIES OF FINITE ELEMENT TYPES//129H TYPE NO, INPY
¢ C(1,1) C(2:2) C(3,3) Ct1,2) C(1,3) Ct2:3) D1, INPU

1) D(g,2) D(3,3) D(1,2) D(1.3) D(2,3)) INPL
201% FCRMAT(17,3X,1P12E1N,3) ' INPL
2p16 FOGRMAT(1H1,584 PROPERTIES OF PLATE FLEMENTS IN REGULAR STRUCTURE SINPU

SECMENT//69d FLEMENT MO,  NCDE | NOPE J TYPE NO, 1STINPL

* GIRCER NO, 2ND GIRDER N0, XD1v) INPU
2017 FORMAT(4112,2116) : INPL
2018 FCRMAT(1+H1,33% SPECIAL PLATE ELEMENT PROPERTIFS//57TH SPECIAL ELE,INPU

#NO, CORKESP ,REGULAR ELE NQ, SEGYENT NO, TYPE NO,) INPU
2019 FORMAT(I119,2120+114) INPU
2020 FORMAT(1H1,35~ D]APHRAGMS ARE FRESENT AT SECTIONS//) INPU
20?1 FORMAT(////27% REGULAR DIAPHRAGY FLEMFNTS//70% ELEMENT NO, TYPE INPU

#M0, NCDE 1 NOQF U NODE K NGDE L) INPLJ
2022 FORMAT(16.5112) INPU
2023 FNRMAT(////27+ SPECIAL DIAFKRAGM CLEMENTS//67n SPECIAL ELE.NO, CINPU

#0RRESP,EGULAR ELE,NO, DIlAPHRAGM NO, TYFE NC,) INPL
2024 FORMAT(1HL,42+ PROPERTIES OF FRAME ELEMENT SECTION TYPES//89+ TYPINPU

&t NO, Ea El=Y gl=2 GJ=X INPY

#CA=Y GA=Z) INPU
2025 FORMAT(]17.6E14,6) INPU
2026 FDNRMAT(/////45H PROPERTIES OF FRAME ELEMENT CONNECTION TYPES//20X, INPU

& 74 NGDE 1,22X%X,7H VCD= V22X, 8R PNINT K/Z/712W  TYPE NG, INPL

# 3(22H X Ze7%X)) INPU
2n27 FORMAT(I7.3(5X.3F8, D] INPY
2n28 FORMAT(///7/7/15R FRAME ELEMENTS//121A ELE,NO, NODE I JOINT INPU

& MONE J JOINT NODE | SECT, NODE J SECT, SECTION TYINPU

2FL NO, CORNECT,TYPE NO,) INPU
2029 FORMAT(1H1,284 APPLIET GROUP DISPLACEMENTS//110FH DISPL,NO, COINPY

#MPONENT WO, NO,QF AFFFCTEDR N,PTS  SECTION NO, DISPL, INTENSIINPU

eTY AFFECTED NODAL PRINTS) INPL
ZD30 FORMAT(17,311%,F292,5) . INPU

2031 FORMAT(1H+,86X%,1014/) INPU

300
301
302
303
304
305
306
307
3ge
309
310
311
312
313
314
315
316
317
318
319
3206

21
322
323
324
325
326
327
328
329
330
331
332
333

i 334

335
336
337
338
339
340
344
342
343
344
345
346
347
348
349
350
351
352
353
354
355
354
357
358
359
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2032 FORMAT(1H1,30+ PRESCRIBED LINE DISPLACEMENTS//85H JOINT NO, INPU 360
# START SECT!ICM END SECTION COMPCONENT NG, DISPL, INTENST NP 361
2TY) INPL 362

2033 FORMAT(1H1,49 DATA FOR TRANSFCORMATION OF INTERNAL FORCE QUTPUT//)INPL 363
2034 FORMAT(///717H SECTICON TYPE NO,,14,25H APPLICABLE TG SECTINONS/) INPil 364
2035 FORMAT(///19H ANGLES 2F ROTATIOM//284 MNODAL POINT ALPHA(DEGR ) INPL 365

2036 FORMAT(18,F17,3) INPU 366
2037 FORMAT(1H1,44+ DATA FRR AVERAGING OF INTERNAL FORCE OUTPUT///) INPU 367
2038 FORMAT(///51H NODAL POINT TRANSY AVE, INDEX  LONGIT,AVE,INDEX) INP! 3638
2039 FORMAT(18,2(13x:115)) 15PL 369
2040 FORMAT(////77739H STATIC CHECKS ARE DESIRED FOR SECTIONS/) INpPU 370
2041 FORMAT(///19+H wwaasF ATAL FRROR =/48H TOO MANY SECONDARY NODAL POININPL} 371

TS5 IN THIS SeCcTIiON) INPU 372
2042 FORMAT(//719H evsseFATAL ERROR =/62H TOO MANY DIAPHKRAGM ELEMEMTS aINPU 373

#nNN/OR SPECIAL DIAPHRASM ELEMENTS) (NP 374
2043 FORMAT(///719+ awaesFATAL ERROR =/334 TOO MANY FRAME ELEMEVTS OR TYINPL 375

#PES) INPU 376
2044 FORMAT(15.3I12.2116.F14 3) INPU 377
2045 FORMAT(15,611%) [NPL 378
2046 FORMAT(//7/729+ REACTIONS kILL BE CALCU:LATED) tMpPi 379
2047 FORMATY(///77334 REACTIONS WILL NOT BF CALCULATED) INPyY 380
204R FORMATY( /77734 RESIDUAL LOANDS wWILL BE CALCULATED) INFL 381
2p49 FURMAT(////7384 RESIDUSL LNADS wllLL NOT RE CALCULATED) INPL 382
2050 FNRMAY(//7/26R SEGMENT DLTPUT INDICATNRS//) INP 383
2n%1 FORMAT(////28H DIAPHRAGM OUTPUT INDICATORS//) INPU 384
2052 FORMAT(////716H INCICATOR KEY// INPU 385

# 35k 1 CALCULATE AND PRINT STRESSES/, INPU 386

¢ 35K 2 CALCULATE STRESSES OALY /s INPI 387

# 35H 3 DO NQT CALCULATE STREESSES ) INPL 388
2053 FORMAT(///749H wvanaFATAL ERROR =/%g4 WRONG CROSS SECTION SPECIFIEDINPU 389

) INPU 390

20%4 FORMAT(///19H o4aaafFATAL FRROR =/28H WRONG NONRAL POINT SPECIFIED) INPL 361
2055 FCORMAT(///49H wa#esaF ATAL ERROR =/29H wRONG ELEMENT TYPE SPECIFIED)INPU 392
EAND INPU 393
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SUBROUTINE SETUPI(NPL, VP U NPSECINRLK, IFD, TZrTY» TX, AREA, X, Y Gy C) SETU
® KPLyISEL)ISES»ISETH)YY2ZZ,12SEC)12PT.N2PT)SX,SY,S24N5CT) SETU
RFTURN SETU
EATRY SFTURPZ (JTYPENSD, INDT, NANP,NSAR»DTININADINJPD S NSDS, NSDE, SETH
# INPD, LIS ALPH, ICLASS 1A INDCR ITYPE, INDISRC,DISPLINT, NS, NMp NG SETU

# N2,NCNA) SETH

c SETU
CRedadatasaaadataloaadasdissddpagandadpagigeadanatassdasasdpantanatoaradsnSETL
C THIS SULROCUTINE GEWFRATES GLOBAL VvEDal. COORDINATES IN THE DESIRED SETU
C COORDINATE FRAME, ESTABLISHES THE BNOUMDARY CONDITION ARRAYS, AND SETU
c CALCULATES ALL ELEMENT STIFFNESSES AND STORES THEM ON TAPE, SETU
(RoHaRRIBBELOIRBBIRRBV OISR BABHQRIBREBODUBOBGEBOROGBADBH BRI IR RO OG0B sSETU
c SETU
¢ COMMON AND DIVENSION STATEMENTS SETU
C SETU
TIMENSTON NPI(L1) W NPUCL) S NPSEC(L1) ,NRBLK{1)IFDI1), TXINS,NM, 1), SETU

B TYINS M, 1), TZ(N3,)NM 1) AREA(4,1)aX(1) o Y(1)sGf1),CANT 1), KPL(1),SETU

®  ISELC1)2I1SESCL,ISETC1),YY(NCs1)22ZZINC,1)212SECC1),12PT (1), SET!

# ONZPT(N2a1)»SXIN2,1)98Y(N241),SZEN2,1)aNSCT(1)2NSDLL1), INDCR(1)» SETU

¢ INDT(1) o NANP(L),NSANRCL),DTIN(L) »NADIND, 1) s NJPD(1) +NSDS(1), SETU

#  NSDFC1) 2 INPT(1),POIS(1),ALPH(L),AC1), IDISBCINAY,DISPLINAY), SETU

&  ITYPE(NS,1),1CLASS(1),JTYPE(L) SETL

c SETU

COMMON/SETUP/NSEG s NSECT aNEL o NPTS )NS2PT yNFETINSEIND]APH,)NFRAME , SETU
& NTADO:‘PLDINCSTYP'NLC'\:F QRST[NSA‘-/D’\JSCK' TAS IS, My IR ILIISTOP, ICHK,SETU
8 RaNYAXSNED, NEBS NG, MBAND yNBLCK » ¥DBC I JFLAGIPL yNDEJNUSINFST+NFCT, SETU
%
*

NCOMM,NRRIJC121C2410351C4,1C5:176 4 NCIR,IREACTIRESID, SETH
K1,)K2s83,K4,KD,X6 SETU

COMMON ﬁIAPH/NDTY(ZO).NPD(4'20)paDSE(20>.NDSD(20)pNDST(ZO) SETU
COMMON/FRAME/ZEAC2D) )R TY(20)4£12(20),6UX(20):6AY(20)+GA2(20), SETU

¢ EI(3,20),EJ(3:20)EK(3,20),NFI(100),NFJ(L00),NSFIC100), SETU

#  NSFU(LDD)»NFTY(10C),NFSC(100) SETU
COMMON/STIFF/T(24,24),XE(4),YE(4),2E(4):CC(6),DD(9)s8A(4), SETU

s  JFLAGIAVEIGG,XT(167) SETU
CIMENSION ST(12112),ECI(3),ECJI(3),ECK(3),CHRK(Z,3) SET!
EQIVALENCE (T4ST)a(ECI)CCYI(ECJICC4)Y) s (ECK,DD) SETU

c EGUIVALENCE C(INDCRIITYPE) » (ALPHIIZLASS )2 (NSCT,JTYPE) {SAME Fwa) SETU
LGGICAL TFLAG SETU

c SETL
Cig&*dﬁ#&#&##*ﬁ’*“&*b#&##&&06#&}Go66&G060&09”#600#&6“9#0‘664’06i¢§000§QSETU
c 1) GENERATE MISSING INPUT INFGRMATION FOR REFERENCE LINE POINTSSETU
Rt R et d s a Ot RN BeRRERIPIRBTIIRBBILIREPIRIRBOIRIRBORDRBBIOREIRERS e aSETU
C SETU
c ARBITRARY REFERENCE LINE SETU
C SETU
P123,141592565358979 SETU
pP12zPlel,5 SETU
FACSPI/181, SETU

GO TO (300,31n+352)y 14 SETY

300 DG 302 131,NSCG SETU
302 ALPH(I)SALPHAIX(I) pX(1+24),YCId s Y(1+1)) SETH
1IF(1S.EG.2) GC To 368 SETU
Gli)=ALPH(YL) SETU
IF(NSEG,E3,1) GO TO 327 SETU

D 30% 1s2,NSEG SETY

305 G(1)=N,3e(ALPH(1)+ALPR(TI=1)) SETU
3I07 GINSECTI=ALPHINSEG) SETU
GC 10 37¢ : SETU

c SETU

O DI TF B AV



c
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C CIRCULAR REFERENCE LINE SET!
C SET!
310 AR=ABS(R) SETH
SRzR/AR SETUL
XXsFaC SETL
IFCIRJER,2) XX=1,/4R SETU

O 325 I=1,NSkCT SETU

325 X(1)=x(1)sxX SETU
TETAZ2=X(NSECT)Y/2, SETU
XR=AR#SIN(TETAZ) SETU

YRz ReCOS(TETA2) SETU
IFCIS,ER,2) 60 TO 340 SETU

0O 335 1=1,nSECT SETU

33% G(li=Pl2 SETU
GC TO 343 SETU

340 DO 342 1si,NSECT SETU
342 G(I)¥=G(I1)eFaC SETU
343 DO 345 !=1,NSecT SETU
TT=STETAZ2=X(]) SETUY
X(])sXReARASIN(TT) SETU
Y(l)sYR= RaCOS(TT) SETU
IFCT,CGT 1) ALPH(I=1)ALPHA(X(I=1),X(1)aY(I=1),Y(])) SETU

345 GU1)=hG(1)=P12=SRaTT SETH
GR TO 370 SETU

c SETU
c STRAIGHT REFERENCE LINE SETU
c SET!
350 N0 355 1=1,NSEG SETU
ALPH(1)=0,0 SETU

355 ACI)sX(I+1)=X(1]) SFTU
360 DD 365 1=1,MSECT SETUL
365 G(1)=G(l)=FAC SETU
IFC(TALEG.3) G0 TO 380 SETU

C SETU
c DISTANCE BETWEEN CONSECUTIVE REFERENCE POINTS SETU
c SETU
370 0O 375 1=1,NSEG SETU
375 AC])=SQRTI(X(1+1)eX(]))oa24(Y(]+1)=Y(]))ae2) SETU

c SETU
CGQ0&’#60#0&0&660066§¢§6§6#96G§GGGGOQGOGQOG40066GQGGOGQQOQGGiﬁiﬁQOQOQOGISETU
c 2) PRINT GENERATEN REFERENCE POINT DATA IF REQRUESTED SETU
CR et R iataaaaRtanatoiadonasissdtiganoriososanaegbitdantanadrsatosnraosatesSETL
C SETY
380 IF(I1C1,EG.,0) GO TO 4n0 SETU
PRINT 2009 SETY

DN 385 [31,NSEG SETY
TT=G(1)/FAC SETil
XXSALPH(I)/FAC SETU

385 PRINT 2010, IoXC1)sYC1)sTT,1,A01),xX SETU
TT2G(NSECT)Y/FAC SETU

PRINT 2010, NSECTsX(NSECT) Y(NSECT),TT SETU

PRINT 2011 SETL

SETU

C*iQ#OOQOGG&GG#*Q*’GQ“&G&GQQQQQ6#"“.0'00“0“Q“GOQ“QO.“QGG5000§O§Q’QQ§§QQSETU

c 3) DETERMINE MAXIMUM BANDWIDTH AND LENGTH OF EQUATION BLOCKS SETU
CROs s uapaaddtatatasntodatanOletenitnttaadssntonadosadaasdosnosaannseraaSETY
c SETU
400 JJ=0 SETU
DO 405 I=1,MEL SETU
IJSTABRSINPI(I)=NPJ(1)) SETU

60
61
62
63
64
65
66
67
68
69
790
71
72

119
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LT 40DS JUs1,M8kEG SET:!
IT1s1u+wPSECY) SET!Y
IFCITLWGT,,Jdd) JJ=11 SE T

405 CONTINUF SFTU

C SETU
IF(NFRAME,LF,0) GO TO 430 SF T

50 410 121 MFRAME SFTY
IFONSFICI) L EQ.NSFU(])) GO T2 410 SETY
TJESTARSINFICIY=NFJ(T1)) SETU
IKEMINDINSFIC(T ) eNnSFJU(I)) SETL!
TISNPSEC(IKI+TJ SET!
IFCIT.GT.dd) JJds1! SETU

410 CONTINUE SETU

¢ SETU
450 MBAND=ds JJ+5 SFTU
JENEG# (M AND+MLC+1) SETU
IF(JeGT(NCOMMY GO TG 435 SETU
NRSNEA SETU
NBLCK=1 SFTL

GN TO 440 SETU

435 NOSNCOMM/Z (28 (MBANDHNLL)I*1) SETU
MRLCKSNEG/ND SET!
TF(NG#NBLCK LT, NER) NRLCKsNELCK+] SETU

440 NEQSzMQ#NRLCK SFTU
PRINT 2050, NEG#NBLCK,NA, MEaND SETU
IF(ICHK  £R,0,AND,ISTOP,,EQ,1) GO T2 85N SETU

c ' SETL
C‘éﬁi‘}##&#ﬁ&%&{6##06*“66“6#00#69##69“6G’&#QGG#QGGG##OGGGQQQGQQOGQQG(*G“&GSET!l
c 4) SeT UP BOUNDARY CONDITION ARRAYS SETU
CHRdadstasandtotodaidtpladoeadBttuandasdaedutatesndtentoeadonndnasntosndaasSFET
c SETU
DO 457 131,NEQ SETU

45p INDCR(I)=D SETU

c SETU
c APPLIED GROUP NI1SPLACEMENTS SETU
c SETU
<=0 SETU
IF(NTADLE.N) GO TO 455 SETU

DO 4610 1=1,NTAp SETU
11sNSADC]S SETU
JUENBLK(II)#IMDT(T)=7 SETU
TJsNANP(]) SET!!

DO 455 u=1,!lJ SETU
JEEJU+68NAD( ], J) SETU
IFDTINCI)LEQ,Q4) GC TO 455 SETU

1Kz 1K+] SETLi
121SBC(IK)=JK SETU
DISPLOIKI=DTINGI) SETU

455 [NDCR(JK)=1 SET!
460 CONTINUF SETU

c SETU
c PRESCRIBED LINE DISPLACEMENTS SETY
< SET.
465 JF(NPLD,LF.0) GO TO 4rg SETU
DN 475 [31,HPLD SETU
I1sNsDS(]) SETI
1J=NSDEC]) SETL
JJSE6NUPD(II+INPD(])=7 SET

DG 477 Jsll.1J SETU
JKSJJ+NEBLK() SFTU

120
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126
127
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130
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132
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134
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137
138
139
142
141
142
143
144
145
146
147
143
149
150
151
152
153
154
155

157
bLT)
159
169
161
162
163
164
168
166
167
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172
173
174
175
176
177
178
179
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IF(PDIS(I).ES,04) GO TO 470 SETU
[K=1K+1 SETU
[218SBC(IKI=JK sETU
DISPLLIKY=PDIS(]) SETU

470 [INDCR(UK)=1 SET!
475 CONTINUE SETY

C SETU
c ORDER NQON=ZERC DISPLACEMENT ARRAY IN ASCENDING SEGUENCE SETU
c : . SETU
4n0 IF(NDBC,LE,1) GO TO 495 SETU
JXENDRC-1 SETU

DD 490 1=1,JK SETH
I1=IDISRC(]) SETU

Jus1 SETU
[J=1+1 SETU

DO 485 J=1J.NDBC SETU
IFCICTSBCUU) (GEIT) GO TO 485 SETU
ITsIpIsiacay) SETU

JJdsJ SETU

485 CONTINUE SETU
XX=DISPL(JJ) SETU
I0lsec(yud=InlIsbe(l) SETU
DISPL(JJI=DISPL(T) SETUL
1I0ISBC(1)=11 SFTU

490 DISPL(I)Y=XX SETU

c SETU
C SAVE 8QUNDARY CONDITION ARRAYS ON TAPE K1 AND PRINT IF DESIRED SETU
c SETU
495 IF(IC3,6R.0) GO TO 497 SETU
PRINT 2C12 SETU

PRINT 2013, (INDCR(J),» J=1,NER) SETU
IFCNDRC,LLE,C) GO TO 497 SETU

PRINT 2014 SETU

P=INT 2215, (1D1S3C(J)»DISPL(J)» J=1,NDBC) SFTY

497 REWIND K1 SETU
WRITE (K1) (INDCR(J)s J=1,NEG) SETU
IF(NDBC.GT,0) WRITE (K1) IDISBC.DISPL SETU

c SETU
ChoraiasannandeadaaadadtadbosdooRRRRBDILROIRTDBBTROSDRNORBERaRGRRRBRBGROASETL!
C 5a) FIND aALL NODAL CONRDINATES IN FIXED GLOBAL FRAME (IlL=1) SETU
Co Rt et et aadaaRtadp Rt asaNBOBRBOIRRRRRDIBEORBBRBENORBRIDBDOLRBROUOBORBBGBSETY
c SETU
c PRIMARY NODAL POINTS SETU
c SETU
500 IF(ILJ.EG.2) GO To 530 SETU
D0 510 1=1,NSgCT SETU
[J=NSCT(]) SETU
SE=SIN(G(1)) SETU
C1sCOS(G(1)) SETU

DC 505 Js1,NPTS SETU
TXC1aJa1)3XC1) =YY (U, J)eSB SETU
TY(Iada1)=yl D +YY (I, J)eCR SETU

505 TZ(1,J01)=22Z(1J0J) SETU
510 CONTINUE SETU

c SETU
c SECONDARY NODAL POINTS SETU
c SETY
IF(NS2PT,LE.D) GO TC 544 SETU

DO 525 1=1,N\S2PT SETU
I11=12SEC(]) SETU
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1d212PT(]) SETH
SHESIN(G(I])) SETiJ
CRECOS(L5(11)) SETH

N 52N Jsi,1J SETU
JUSN2PT(1,J) SETY
TXCI1)JJe )X (1) =SY([,J)25R+SX(],J)4CB SETU
TYCIIaJJa1 )Y (LI )+SY (1, U)»CR+SX(],J)#SB SETU

820 TZ(11,JdJr1)=52¢(1,4) SkTU
575 CONTIMUE SETU
G2 TO 544 SET!U

c SETU
CHetadaoodto0aBtBRERRRIDBUBLBLIRLNECHDVBBCRIBDOTBRBRBRRBRORRGRORBOROBRsaSETL
C 5R) FIND NODAL CONRDINATES IN TRAVELLING FRAME (1L=2) SFTH
CH BN OB oI R BB NI RS BRI R BB B NE RN NBRBOTOBERI LR GDBORTREVBBRDBOROBICEOO OB aSET])
C SETU
C PRIMARY ~ipDAL POINTS SETU
SETU

530 DN 534 1=1,NSECT SETU
IJSNSCT(D) SETU

B0 531 Js1,nNPTS SETU
TX(1sJr13=040 SETH
TY(Tadat)2YY(TUed) SETH

854 T7()1,Js1)227(14rd) SETU
IF(I,FQ,NSECT)Y GO TN ©534 SETU
IXSNSCT(I+1) SETI!
ALSALPH([)=G(I) SETU
SasA{1)eSINCAY) SETU
cASA(1)eCOSCAL) SFTU
£28G(1+1)=G(]) SETY
S2sS5IN(A2) SETU
CH=COS(ag) SETU

D7 532 Js1,4PTS SETU
TXC1pde2)2CA=YY(IK,J)®SR SETU
TY(1sJ»Z2)=5A+YY( 1K, J)&CR SETU

832 TZ(1sJs2)=ZZ(1Ks J) SETU
534 CONTINUE SETU

c SETU
o] SECONDARY ~ODAL FOINTS SFTU
c SETU
IFINS2PT.LEs0) GO TO h44é SFTL

DT 542 1=1,NS2PT SETU
11=2128EC(]) SETU
14812PT(]) SETU

Do 538 Js1,1y SETU
JUSNZPRT (1, J) SETH
TXC1TaJdJda1)3SX(1 ) SETU
TY(11,JdJe1)2SY(I,U) SETU

8§36 TZ(11,JdJs1)582(1,4) SETY
IFC(I1.E%,1) GO To 542 SETU
J1sil=1 SET!!
ALSALPH(JI)=G(JI) SETY
SasA(JIresIN(AL) SETU
CAsSA(U]I)Y&#COS(AY) SETU
A2=3G(I])=G(J]) SETU
SEESIN(AZ) SETU
CH3sC0S8(a2) SETU

Do 8%4n us1, 1ty SETH
JUSNZPT( 1,42 SETU
TXCJLaJJr2)2CA=SY (] J)eSB+SX(14J)nCB SETU

TYCJL s JJs2)SSA+SY (] J)BCB+SX(1,J)8SR SET)
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260
261
262
263
264
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266
267
268
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274
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540 TZ(J1,Jur2)=282(1,J) SETI
542 CONTINULE SETU

c SETL
CR ot s R RO NS DR B RS RPN NP HR SRR BRI RBRRR R DERDBIRDDEDR RPN OEROOB8SETY
c 5C) PRINT NODAL POINT COQRDINATES IF DESIRED SETU
CHRBaRaeBROBRREB IR R MBI RBBEVEBORBBRORRBOEBUDRBbOBORDENBBRORRBBRONRRBORERGSETU
c SETU
544 1F(1C2,EG,0) GO TO 550 SETU
IFCILERWZ) GO TO 546 SETU

PRINT 2041 SETU

DO 545 1=1,NSECT SETU
JJBNPSEC(1) SETL

PRINT 2042, 1 SETU

545 PRINT 2043, (JyTXCladad)aTYCTada 1) s TZU 10 dald s J310dd) SETU
G0 TO 55C SETU

546 PRINT 2044 SETU
o0 549 1=1,NSEG SETU

PRINT 2045, 1 SETU
JWJESNPSEC(]) SETU
IT3NPSEC(T+1) SETU
1JsMINOCIT,JU) SETU

PRINT 2746, ((JaTX(1,JpK)sTY(LaJak)yT2( 1, 00Ky K21,2), J21,10) SETU
IF(JJ=11) 547,549,548 SETU

547 lJzJJ+1 SETU
PRINT 2047, (JoTX(1oJds2)0TY(14J02)TZ(10Je2) J=1J4 11D SETU

G2 YO 549 : SETU

548 lJs1]+1 SETU
PRINT 2743, (JaTX(Lodal)aTY(1awe1)»TZ(Lsdal) s JS10Jdd) SETU

549 CONTINUE SETU
550 IF(1STOP.EQ.1) GO TO ABQ SET!

c SET!U
CH et gt arRaaoREDtaRELERRRORRRRBAIBRRDELOBBRILINGBORATOROOOOERRLERGROROOORBORSETY
c 6) CALCULATE PLATE ELEMENT STIFFNESSES AND STORE ON TAPE K2 SETU
CHe ot R at O I RSP O RB DB RRBIR TR R BORRVEDOLIBUBIHORBEDROOP RO RSN RNTGOODOROOROSETU
c SETU
DO 551 1s1,NEL SETU
KsKPL(I) SETU

DO 554 J=1,NSEG SETU

551 ITYPE(J,»1)=K SETU
IF(NSE,LE,0) GO TO 553 SETU

DO 552 1=1,NSF SETU
J=ISES(1) SETU
K=ISEL(I) SETU

552 1TYPEC(J,KI=ISET(]) SETU

C SETU
c ESTABLISH SEGMENT TYPE ARRAYS SETU
c SETU
553 ICLASS(1)=1 SETU
JTYPE(1)=1 SETU
NCLASS=1 SET!H
IF(NSEG,LF,1) GO TO 561 SETII

DO 560 1=22,NSEG SETU
GG=6(1+1)=G(]) SETU
1ISNSCT(]) SETU
JJUBNSCT(I+1) SETU

DO 558 J=1,NCLASS SETU
1J21CLASS(J) SETU
GYSG(1J*1)=G(1J) SETU
IKSNSCT(1J) SETU
JKENSCT([J+1) SETU

c-19
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IFCIKONF ¢ TTa0R(JK NF,JJ) GO TO 55#

XX2ABS(Y=GG)+ABS(ACTIU)I=A(]))

IFOXX,6T,.00071) G0 TO 558

DO 557 K=1,MNEL

TECITYPE(I K) NELITYPE(TJ,K)Y) GO TO 5%8

557 CONTINUE
JTYPE(])=y
CO TO 560

558

560

561

562

&®

t

&

563
564

565

566

567

568
569
870

CONT I NUE
NCLASSsCLASS+]

ICLASS(NCLASS) =]

JTYPEL])=NCLASS
CONTINUE

CALCULATE ELEMENT STIFFMNESSES FCOR EACH SEGMENT TYPE

REw]ND K3

KJd=0

DG 562 1=1,9
CHK(I,1)=0,0

BC 570 1=1,MCLASS

lJ=ICLASS()

K<sTJeNFL=NEL
G5s0.2

IFCILWERG?2) GG6(IJI=G(1u+1)

DO 569 Js1,NEL

SETi
SETU
SET:
SETU
SETU
SETU
SETU
SETU
SFTI)
SETH
SETU
SETU
SETU
SETU
SETU
SETU
SET!
SETL
SETU
SETH
SFTU
SETH
SETU
SETU
SETU
SETU

Call ELCOCRINSECT NMAX TXaTY»TZy Iy NPI(J)WNPUCU) 040, 1L01,XE,YE1ZESETU

)
JISITYPE(TJed) .
IFCJJNE W KJ) GO TO 564

DO 563 K=1,3
XXZABS(XE(K+1)=XE(LI=CHK(K,) 1) ) +AES(YE(K+L)=YE(L)=CHK(K,2))
+ABS(2F(K+1)=ZE(1)=CHK(K)3))

IF(XX,5T.,07021) GO TC 564
CONTINUE

GO TO 567

KdsJd

DO 565 K=1,3

CHK(K 1)SXE(K+1)=XE(L)
CHK(K,2)sYE(K+1)=YE(L)
CHK(K)3)SZE(K+1)=2E(1)
DC 568 Ks1,6
CC(KI=ClJJK)
DDIKISCUJJ ) Ke6 )

CALL TOSTIF(JFLAG)
IF(JFLAGFQs1) RETURN
IF(IC5,FEG,J) GO TQ 567
PRINT 2016, J,1JrJJd
CALL PRST(Tj,24,24)
IF(IFLAG) PRINT 2048, Jir]JsavVE
DO 568 x=1,4

AREA(K ,¥K+J)=4A(K)
WRITE (K3) T,XT
CONTINUE

COPY STIFFNFSSES FOR SIMILAR SEGMFNTS
JJ=0

REWIND K2
REWIND K3

SFYTi!
SETU
SETU
SETU
SETU
SETU
SETU
SETi
SETU
SET!
SETU
SETY
SETU
SETY
SETU
SETU
SETY
SETU
SETU
SETU
SETU
SETU
SETU
SETU
SET!!
SFTU
SETU
SETV
SETU
SETU
SETH!
SETU
SET!

36N
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391
392
383
394
395
396
397
398
399
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401
402
403
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RO 580 1=31,NSFG SETU
K=JTYPE(]) SETU
KKESKeNEL = El SETU
IF(KK=JJ) 572,576,573 SETU

572 REWIND x3 SETU
IF(KK,EQWD) 6N TQ 576 SETU

JK=2KK SETU

GO TO 574 SETU

573 JUKsKKeJJ SETU
574 DO 575 Js1,JK SETU
575 READ (K3) T SETU
576 DO 577 Js1i,NeL SETL
READ (K3) T!XT SETU

WRITE (K1) XT SETU

577 WRITE (K2) T SETU
JJUSKKENEL SETU

SBO CONTINUE SETU

c SETL
DC 591 1=1,NSEG SETU
1KsJTYPE(]) SETU
JKSICLASS(IK)#NEL=NEL SETU
I1s1aNEl =NEL SETU

N0 5§N Js1,NEL SETU

DD 58% K=1,4 SETL!

585 AREA(K s 1[+JISAREA(K JX+J) SET!H
590 CONTINUE SETU

¢ SETU
(R atadatddsntastaROIBIRUBORRROLBRRURBRBBOGOBLUOGREIGRRDOEOREGOREDOSEDOROSETL)
c 7) CALCULATE DJAPHRAGM STIFFNESS AND STORE ON TAPE K3 SETU
CG&G&*aﬂ.&&##&&#.’#&&“oé&o&&9Q#bﬁGQG!Q09060#.00&0'0“0606!'“'6'GQ#O*O#Q##GSET!,}
c SETU
c SET UP IDENTIFICATION ARRAY [FD SETU
c IFD(1)=0 IF NEITHER FRAME MNOR DIAPHRAGM AT SECTION ] SETU
c IFC(LY=1 IF ONLY FRAME AT SECTION I SETU
C IFD(1)=2 IF ONLY DIAPHRAGM AT SECTION 1 SETU
d IFD(13)=3 IF FRAME AND DIAFHRAGM AT SECTION | SETU
c SETU
DO 460 1=1,NSECT SETU

660 I1FD(1)sC SETU
IFCNFRAMELLE,O) 60 TO 675 SETY

D0 665 131,NFRAME SETU
IISMINQINSFI(I)eNSFJ(1)) SETU

665 1FDC(II)=IFD(IT)+1 SETU
DO 670 1s1,NSFCT SETU
IFCIFD(1)6T,0) IFDtI)=Y SETU

670 CONTINUE SETU
675 1F(NDIAPH,LE,0) GO T0O 705G SETU
DC 680 131,NDTAPH SETU
JENSD( 1) SETU

680 IFDLJUI=IFD(J)+2 SETU

c SETU
c CALCULATE DIAPHRAG™ STIFFNESS SETU
c SETU
700 IF(NDIAPH+#NFRAME,EQG,0) GG TO 820 SETU
RFWIND K3 SETU

KJ=s0 SETU

DO 701 I=1,9 SETU

701 CHK(]+1)20,0 SETU
PO BON J=s1,NSECT SETU
11=IFD(1) SETU

=41
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454
455
456
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c

702
703

¢c-22

4

IF(IT.EN,T) GN TO 8BGO

IF(IT.En, 1y G~ TC 720

DT 715 Us1,\DE .

CALL FLCOORINSECTONMAX, TX»TYSsTZhI,NPDI1sJYINPERL2,J)sNPD(3,4),
NP4, Uy TL 29 XEWYESZF)

JJENDTY ()

IF(NPSWLEWQ) 60 TD 703

D:\ 7072 r<'-'1.?\iu.’5

TF(NDSDUIR) JNEL T ORGNDSE(K)Y ,NEWJ) 70 TO 702

JJSNDST(K)

G¢G TC 723

CONT [ MUk

IF(JJNF oKY) GO TO 707

nn o708 Ks1,3

&

XXSABRS(XE(K+L)=XE(L)=OHK{K 1) ) +ABS(YE(K+1)=YE(1)=CHK(K,2))
+ABR(ZE(K+1)=ZE(1)=CHK(K,3))
IF(XX,6T.,,00071) 6D T7 707

705 CONTINUE

707

710

712
718

GG TC 712

KJsJJ

DD 70% X31,3
CHK(K,1)sXE(K+1)=XE(1)
CHK(K,2)2YE(K+1)=YE(]1)
CHK(K33ISZE(K+1)=2E( 1)

oo 71N Ks1,4

CCIKIZClJJ,K)

DOIKIECOJJ Keh)

CALL TOSTIF (JFLASG)
IFCJFLAGF@e1) RETURN .
IF(IFLAG) PRINT 2249, J:l,AVE
WRITE (K1) XT '
WRITE (x3) 7

SETUL
SET!
SETU
SETU
SETUL
SETL
SETLL
SFT!)
SETU
SET
SFTU
SFTU
SETU
SFETL
SETU
SETU
SETU
SETL
SETU
SETU
SET!!
SFTU
SET!!
SETU
SFTU
SETU
SETU
SETU
SETL
SETU
SETU
SETU
SETU

(RO s R e OSSR RBE R R IR IR R RO RBDNIIBNBABRBURBREQCELDOIDB BB BOIBEEOB 0O uSETL!

C

8) CaLCULATE FRAMFE STIFFNESS aAND STORE ON TAPE K3

SETU

(AR p BRI BRI BE s D IO O BE I NGB I BRI EIBD BB BROTRDBNBOREENBIRORBDBBENGBSETU

C

720 IF(I1.E542) GO TO 800

75C

&

NC 760 .Js1,NFRAME

KISNSFI(J)

KJSNSFJ(J)

IF(KTNF, T ANDKJJNEZI) GO TO 760

IF(KT LT 1.0R,KJWLT,1) GO TO 780

JUSNFSC(J)

KKSNFTY(J)

CALL ELCOORINSECTSNMAX TX,TYsTZ)IoNFICI))NFU(J)oKIWKU» L3y
XEL2YE»ZF)

[s}8] 759 <=1 ,3

ECIC(KIZEI(KaJJ)

ECJIKIZEJ(KIJII)

CKUKISEK(K»JJ)

IFCILER2) GO TO 754

S=SINIG(KI))

COsCOS(GIKID)

GOSX(KI)+ECK(1)*#CO=ECK(2)8S

ECK(2)3Y(KII+ECK(L)IRS+ECK(2)%CO

FCK(1)2GG

} G1sGAY(XK)

623GA7(KK)
AVE=G(KT)

SETL
SETU
SETU
SETU
SETU
SETU
SETU
SETU
SET
SETY
SET!
SETU
SETU
SETU
SETU
SETU
SFETY
SETU
SET!
SETU
SETY
SETU
SETU
SETU

480
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490
491
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494
495
496
497
498
499
500
5301
502
503
564
505
S06
507
508
509
510
511
512
513
514
515
516
517
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520
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530
531
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534
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537
538
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c
c
c
¢
c

GG3G(KY) SETU

K=0 SETU
IF(AVE,EQ,GG.OR«IL4EQ,1) GO TO 755 SETU

K=s1 ' SETU
IF(KIGT.xJ) K=2 SFT!

755 CALL ELSTIF (FA(KK)JETY(KKIETZ(KK) )GJUX(KK)1G1»G62,10Ky Lo XXy)NLC) SETU
WRITE (K3) ST SETU
IF(I1C5,E3,0) GO TO 76C SETU
PRINT 2017, J SETU

CALL PRST {ST,12,12) : SETU

750 CONTINUF SETU
800 CONTINUE SETU
820 IF(NDIAPH,ER,N) NDES=D SETU
850 RETURN ] SETU
SETU

OO BB E RN B IR ORI BBV R EDERNBAVORFRR QIR IR B ORBOBEMBROB PR BB BBt eaCFT!)
9) FORMAT STATEMENTS SETU

B BE R RN BT AP R BIR RV HEDIVBIOVERARBERBREDOTAR BB RGGROS DRI OGOt RSETY
SETU

2009 FORMAT(1H1,31% GENERATED REFERENCE POINT DATA//116H REF,POINT GLSETU
#0BAL X=CO0RD GLABAL Y=CCORD GAMMA(DEGR,) REF,.LINE SSETU
#EGH, LENGTH ALPHA(DEGR,)) SETU
2010 FORMAT(17,3F17,4,121,2F17,4) SETU
2011 FORMAT(///45H GAMMA = AMGLE BETw,SECTION AND GLOBAL Y=-aXIS/ SETU
& 544 ALPHA = ANGLE BRETW,REF,LINE SEGHMENT AND GLOBAL X=4X!S) SETU
2012 FORMAT(1H1,25H BOUNNARY CONDITION ARRAY//23H 0 = FORCE SPECIFIESETU
#N/23H 1 = UISFL SPFECIFIED///7) SETu
2013 FORMAT(51%) SETU
2014 FORMAT(////33K SPECIFIED NON=ZERQ DISPLACEMENTS//33H EQUATION NO,SETU
#  DISPL, MAGNITUDE) ‘ SETY
2015 FORMAT(19,F20,4) SETU
2016 FORMAT(1r1,25H STIFFNFSS OF ELEMENT ND¢215,17H IN SEGMEMT w040 SETU
#  15,13H (TYPE NCo»1342H 2779 SETU
2017 FORMAT(1H2,31+ STIFFNESS OF FRAME ELEMENT NO,..15/7) SETY
24641 FIRMAT(1H1,41H FIXED GLOBAL COORDINATES OF NODAL POINTS/) SETU
2042 FORMAT(/12H SECTION NO,014,49H POINT NC, X=COORD Y=COQRSETU
*D Z~COORD) ' SETU
2043 FORMAT(16X,19,4X,3F12,4) SETU
2044 FORMAT(1H1,39H TRAVELLING COORDINATES OF NODAL POINTS//»37Xs SETU
& 10H SECTION 1,42X,12H SECTION l+1) ' SETU
2045 FORMAT(/12H SFGMENT NO,,14,102H POINT NO, XeCONRD Y=-CCOSFTU
*#RD Z=-COORN POINT WO, X=COORD Y=COORD Z=COQRSETU

#D) SETU
2046 FORMAT(16X,19,4X,3F12,4,113,4X,3F12,4) : SETUL
2047 FORMAT(565X,113,4X,3F12,4) SETU

2048 FORMAT(//8H ELEMENT, 16,13k IN SFGMENT,16,23#  FORMS WARPED SURFSETU
SACE/63H LEAST SQUARE FIT PLANE REQUIRES AVERAGE AMOUNT OF SHIFTINSETU
#G OF,F10,6) SETU
2049 FORMAT(//18H DIAPHRAGY ELEMENT16,13H AT SECTION,16,23H FORMS SETLU
*WARPED SURFACE/63W LEAST SQRUARE FIT PLANE REQUIRES AVERAGE AMOUNTSETU

# OF SHIFTING OF»F10,6) SETU
2050 FORMAT(1RH1,32+ TOTAL <UMBER OF EG'!ATIONS 2,16/ SETU
¢ 334 NUMBER OF BLOCKS =,16/ SETU

# 334 NUMBER OF EQUATIONS PER BLOCK =,16/ SETU

# 334 BANDWIDTH =,16) SETU
SETU

END SETU

FUNCTION ALPHA(X1:X2,Y1yY2) SETU

¢-23
549
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
583
589
590
591
592
593
594
595
596

597



¢c-24

XTeX2=-X1 SETU
YT=sY2-Y1 SETU
IF(XT.,ivt ,3,0) GO TO 17 SETU
ALPHASSIGN(YT,10157037%632679489) SETU
RETURN SFTU

10 ALPHAZATAN(YT/XT) SETU
RETURN SFTUL

END SETU
SUBROUTINE ELCOORINS, Mg TXyTY s TZ, 1, NI NJSNKINLpIL2IDIX,Y,2Z) SETU

SETU
g&aQQQGGQGG6*00065660“{“”“1#Q#6«6G§Q§0§§6¢#QGQGQ#QGGQi“#ﬂ&ﬂ#o#6#&66%&906%851'1_}
C THIS SUaROUTINE EXTRACTS FROM THE NOUAL POINT ARRAYS THE GLCBAL SETY
C COORDINATES FNR PLATES, DIAPHRAGM, ANN FRAME ELEMENTS, SETU
c&o%a#go##&#ﬂoG&QGGDQ‘NHNHH?&GﬁGé#ﬂb&.Gﬁ###&##&b##&##&#l0#504!#60#9660##»}551’(}
C SETY
DIMENSION TX(NS »NMpl ) ) TYINS,)NMI1)»T2Z(NSH)NM, 1), X048),Y(4)02(4) SETU

c SETU
c PLATE AND DIAPHRAG™ ELEMENTS SETU
C SETU
GO TO (10.,20,30), In SETU!

10 JlsNJ SETU
JusN] SETI!
IFCIL,EN.1) GO TO 15 SET

1121 SETU

1ds2 SETU

GG TG 25 SETU

1% J1s1+1 sETU
1Js1 SETU

GC TO 2% SETU

20 JI=NK SFTU
JJSNL SETU

1121 SETU

1Jds1 SETH

25 ¥(1)3TX(1aNI,1) SETU
X€2)3TXC(IaNJs1) SETU
X(3)=sTXC(IL,J1,1d) SETU
XC4IsTX(IL,Jdy 1) SETU
Y(1)sTYCloNI,1) " SETU
Y(2)sTY(]aNJy1) SETL
Y(3)STY(IT,J1, 1) SETU
Y(4)sTY(I1,JJs1d) SETY
ZC1))=TZ(TIaNT, 1) SETU
202)=TZC1aNVs1) SETU
203)sTZC11,J1,14) SETU
204)=T2(11,Jd,1V) SETU
RETURN SETU

c SETU
c FRAME ELEMENTS SETU
C SETU
30 11=sNK SETU
1JsNL SETU

Ji1s1 SETU

JJds1 SETU
1IFCIL,Ed.1) GN TO 40D SETU
IFINK,GT4NL) TISNL SETU

1Js11 SETU
TFANKG LT LY JUs2 SETY
IFINK,GT NL) JIs2 SETU

598
599
600
601
602
603
604
605

606
607
608
609
610
611
612
613
614
615
516
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
64R
649
659
651
€52
653
654
655



40 XC1I=TX(II,NT,UD)

605
610
615

630

650
ipn1
107

*

X(2)sTXCIJsNdsJ)
YCLISTY(LI,NT,g1)
Y(2Y=TY(1J,NJ»JW)
ZCL)=T20I1,NT, J)
202)3TZC1Jd g NJ»JIY)
RETURN

END

SUBROUTINF PRST (T,M,MN)

DIMENSION TINN,L1),FL3),FM(6)

DATA Frer( 1AMBEL15,4,6H)
FM/Z6eH( 1 6HI1DX 2B6H(30X,

MVzaM/6

DD 650 Ks31,"M

KKsKob=h

IF(K EGs1) GO TO 615

KIsK=1

[4sKK+1

[E2KK+6

DO 610 L=31,K]

LL=L»6=6

DO 6035 ws31,6

NRSLL+N _

PRINT 1001, (T(NRyNC), NC=1A,1E)

CONTINUE

00 630 [L=1,6

NR:KK#L

1A=NR

[ESKK+6

FC1)=FM(L)

WRITECE,F) (TINR,NC), NC3lA,IE)

PRINT 1008

FORMAT(6E15,4)

FORMAT( /7777

RETURN

gAD

/1

16H(45x,

) 6H( 60X,

)y 6H{75%,

/

SETU
SETH
SETU
SET!
SFTU
SETU
SETU
SETU

SETU
SETU
SETU
SETU
SETU
SETU
SETU
SETU
SETU
SETU
SETU
SETU
SET)
SET!!
SETYU
SETU
SETU
SET!
SETU
SET!
SETU
SETU
SETU
SETU
SETU
SETU
SETU
SETU

c-25

656
657
658
459
669
661
662
663

664
665
666
667
468
669
670
674
672
673
674
675
676
677
673
679
680
681
682
683
684
685
836
887
6838
689
690
691
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SUBROUTINE TOSTIF (JF) TCST

c TOST
CRedatatdaanaaetatacadpaeBRANBRBORRRRRROIRIRDBRRRRRNBRDIROBIGIONORNORo0osTOST
C TS SUIROUTINE ASSEMA2LES TWE 24424 GLOBAL STIFFNESS OF A GENERAL TOST
Cc QUADRILATERAL ELEMENT WlTW ARBITKARY JRIENTATION IN SPACE aAND 3 TOST
c TRANSLATIONAL AND 3 RATATIONAL DEGRFES OF FREEDOM PER CORNER ODPE TCST
Cc AND AN ELASTIC ANISOTROPIC MATERIAL LAW, IF THE 4 NODAL POINTS TOST
c FORM A WARPED SURFACE, THF #m3ESTe PLANE IS FITTED INBETWEEN, TCST
¢ TOST
C - INPIT = T08T
c X(4),Y(4),20(4) =~ GLOBAL CUORNDINATES OF THE 4 CORNER POJNTS TO0ST
c c(6) -~ MATERTAL LAW RELATING IN-PLANE STRESSES AND STRAIANS TOST
c D(6) - MATERIAL LAw RELATING PLATF MOMENTS AND CURVATLIRES TOST
c G - ANGLE BETWEEN FDGE I=J AND K=L (NEEDED ONLY IF TOST
c STIFFNESS 1S T0 RE EXPRESSED IN TRAVELLING COORDINATES)ITOST
c TOST
C - QUTPYT - TO8T
c T(24,24) ~ COMPLETE ELEMENT STIFFHESS IN GLOBAL COORDINATES Y087
c IFLAG - INRDICATOR FLAG TQST
c 'FALSE, = THE 4 NODAL PQINTS FORM A PLANE 08T
c +TRUE, = THE 4 NODAL POINTS FORM A WARPE[D SURFACE TOST
c AVE - AVFRAGE SHIFTING OF NONAL POINTS REQUIRED TO MWAVE THEM TOST
C FORM A PLANE (FOR [FLAG=,TRUE, ONLY) TOST
c Al4) - SUR=GUADRILATERAL AREAS OF ELEMENT T0ST
c JF - ERRQR FLAG, SET EQUAL TC 1 FOR BAD JACCBIAN TOST
c XX(%5),YY(5) = ELEMENT COCRDINATES QF ¢ CORNER POINTS AND MIDPOINT TOSY
c Al1083200¢09A33 - DIRECTIGK COSINES OF ELEMFNT COORDINATE AXES T0ST
c (CSC1aJ)ed=13,19),121,19) = PORTION DOF PLATE BENDING STIFFNESS 108T
c NEEDED IN INTFCR TO FINMD INMTERMAL NODAL DISPLACEMENTS TOST
CRatudpitontianntadosRdosttatdipsaandsNasetasasanaiaretasadrsnsesnaenrantnaT0ST
¢ TOST
C COMMCN, LIMENSION, AND EGUIVALENCE STATEMENTS T08T
C TOST
COMMON/STIFF/T(24,24),%04),Y(4):204),C(6)sD(9)2A(4)»IFLAG,AVE»Gs TOST

2 XT(167) TOST
DIMENSION XX(5)sYY(5),85(19,19),SP(12,12),CD(3.,3? TO0ST
EQUIVALENCE (CC(1)eD1),(C(2),02)2(0(3),03),€C(4)yD4)2(C(5),05), TCST

& (COR)Y,D6)alS,SF)(D,DN),y (XT(149) ) XX)e(XT(154),YY), . T0S8T

0 (XT(159),411)e(XTC160),421) 5 (XTC161),A31)2(XT(162),412), T0S8T

# (XTCL83),A22) 0 (XTE164),432) 0 (XT(165),A13),(XT(166),423), TOST

#  (XT(167),A33) T0sT

C NOTE = ARRAY XT(167) IS EQUIVALENCEN TC THE ARRAYS/VARIABLES 1087
c ((SC1,Jd0121,19),U213,19).C(6),0(9)sXX(5)aYY(529411+81254442A33 TOST
c I THAT CRDER TOST
LOGICAL IFLAG TOST

C 7CsT
c INITIALIZATION TOST
c TOST
DC 10 [=1,24 TGST

NC 10 J=1,24 TOST

10 T(],J)=0.0 TOST
IF(C(1)EG.OeANDD(1)yEG,U,) RETURN TOST

C TCST
C FIND NIRECTION CCOSINES OF ELEMENT COORDINATE AXES TCST
Cc TOST
XL3SQRT((X(2)=X(1))aa2+(Y(2)=Y(1))as2+(2(2)=2(1))®e2) TOST
A113(X(2)=X(1))/XL TOSY
AL28(Y(2)=Y{1)) /XL TO0ST
A13=(72(2)=2¢1))/XL TOST

OO NV SN
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15

XLESART(IX(4)=X (1)) 202+ (Y(4)=Y(1))ae2+(Z(4)=2(1))0e2)
A21=(X(4)=X{(1))/XL
AP23(Y(4)=Y(1))/XL
AZ3=(Z2(4)=201))/xL
A3124122423=A13822
A328A13#421-411%423
AT33A112422=A12%A21
XL.=SORT(A310A31+A32#A32+433¢433)
A3L1=A31/XL

A32=A32/XL

A33=A33/XL

A213A32¢413=433%412
422=433#A11=231%213
AR32A312412=a32%211
XLESQRT(AZ1%A21¥A228A22+423%023)
A21=421/XL

A223A72/XL

A23=A23/XL

CHECK IF THE FOUR CORMER NODES FORM A PLANE SURFACE

S1sX(3)=X(1)

§2=5Y(3)=Y(1)

S382(3)=2(1)
XLESART(S1#82+52842+33842)
DET=ARS(S1#A31+S24A32+83#A33) /X
IFLAG= FALSE,
IF(DET.LE..0000001) GO YO 20

FIND THE PLANE MINIMIZING THE SUM OF MNORMAL DISTANCES SGUARED

IFLAG=, TRUE,
CALL FITPLN (42%X2Y2Z)A3,B3,C3,AVF)

FIND MODIFIED DIRECTION COSINES OF ELEMENT COORDINATE AXES

A31z=23

A32==-133

A33z=C3
XL=SGQT((X(2)~XC;))*62¢(Y(2)-Y(1))0“2*(2(2)92(1))692)
A11=(X(2)=X{1))/XL
A123(Y(2)=v(1))/xL
A13=(2(2)=2(1))/XL
A213A324413=2A33%712
A22=0334211=431%413
A23=A314212=A32%A11
XLSSQRT(A212A21%A22#422+A2344A23)
A213A21/X%XL

A22=A22/XL.

A23=A23/7XL

FIND NODAL POINTS IN ELEMENT COORNINATES

TOST
TOST
7087
TOST
T0ST
T0ST
TOST
TOST
TOST
TOST
TOST
T0ST
TOST
T0ST
TOST
TOST
TOST
TOST
T0ST
T0ST
T0ST
TCST
TOST
7087
TOST
T0ST
TOST
T0ST
TOST
7087
T0ST
1087
TOST
10T
T0ST
T0ST
10T
1057
T0ST
7087
T0ST
TOST
1057
10ST
T0s7T
T08T
T0ST
TOST
TOST
T0ST
10T
TOST

107
108
109
110
111
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C-28

27

30

35

37

XLEXX(LI+XX(2)+XX(3)+XX(4)
CALL PARES (XL,YL»XX,YY4A)

CALCULATE PLANE STRESS STIFFNESS IN ELEMENT CCORDINATFS
AD STORE 1T IN THE TOTAL ELEMENT STIFFNESS

CALL QR12R12 (XX+YYaD1402:03,D4,05,06,8P»JF)
0O 3C 1=1,4

113]ak=6

o 30 J=l.4

JJsJ#AR=s
TCIT+1,0d+1)sSPOL od )
TCII*1,J0+2)s8P(]  ,JU+4)
TOIT+1,JJ+8)38P(] 4, U+8)
TOIT+2,U0%1)3SP(1+4,0 )
TCI142,0d+2)2SP(1+4,J+4)
TCI142,0J+8)=SP(1+4,J+5)
TOII4R,JJU+1)=SP(I+8,J )
TOII#A,Ud+2)3SP(1+8,J+4)
TCIT+6,JJ+6)2SP(+8,J+8)

CALCULATE PLATE BENDIMNG STIFFNESS 1M ELEMENT COORDINATES
AND ADD IT INTO THE TOTAL ELEMENT STIFFNESS

Dts)=2(2)

pD(3¥=N(7)

n(2)sni4)

CALL SPLATE (XXaYYaD,S8)
DC 35 I=1.,4

11=l#6=-4

1Kz 1#3=3

DO 35 J=1,4

JJs jeh=4

JKEJ#3=3

DO 35 K=1,3

00 35 L=1,3

TCII#K U+ IS IR+K ) JK*L)

BC 37 151.24
D0 37 Jz1.24
TCJa1IST(L,d)

TRANSFORMATION TO GLORAL COORDINATES

DO 40 1=s1,24

DC 40 Js1422,3
S1ST(1eJ)oAl11+T(I,U%1)8A21+T(],J+2)8231
S2ET(1oJ)*A12+4TC( s J+1)0A22¢T( 1) J*2)®#032
TOIaJ+2)3T(1 U RAL3+T(1)J+1)0A23+T(1,U+2)8A33

TOST
TOST
TOST
TNST
TCST
TOST
TOSY
TOSTY
7087
TOST
TOST
TOST
TOST
TOST
TOST
T0sT
TOST
T0SY
TCST
TOST
TOSY
TOSTY
TOsT
08T
TOSsT
T08T
TOST
1087
TOST
TOST
TOST
YOST

" T0ST

TOST
TOST
TOSY
TOST
TOST
TOSY
TOST
T0s7
TOST
T0ST
TOST
TOST
TOST
TOST
TOST
TOST
T0sT
TOST
TOsT

128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
179
171
172
173
174
175
176
177
178
179



c-29

T(l,J)=51 TOST 189

40 T(lsJd+1)=52 . TOST 181

C . TOST 182
DO 50 1=1.,24 TOST 183

DD 50 J=1,22,3 TOST 184
S1=T(Us1)#al1+T(U+1,[)0A214T(J+2,1 )31 TOST 185
S23T(Js1)#AL2+T(U+141)aA22+T(J42,1)2A32 TOST 186
TOJ+2, 1)sT(J 1) RA13+T(J+1, 1) 2A234T(J+2,1)#A33 TOST 187
T(J,1)=51 TOST 188

50 T(J+1,1)=52 TOST 189

c TCST 49N
C TRANSFORM FAR END STIFFNESS TO COMNFORM WITH TRAVELLING COORDINATESTOST 191
C TOST 192
IF(G,EQ,0,) GO To 55 TOSYT 193
SGESIN(G) TCST 194
CC=C0s(G) TOST 195

NGt 52 1=213,22,3 TOST 196

D0 51 J=1,24 TOST 197

813 TUJ1)aSG+T (U, [+1)8C0 TOST 198

TCJe 13T Uy 1)aCG=T(J, 141 )us6 TOSY 199

51 T(Jal+1):=81 TCST 200

82 CONTINUE TCST 20t

C TOST 202
D2 54 1=13,22,3 TOST 203

no 83 J=1.24 TOST 204

S12 T(1,J)aSG+T(1+1,0)#2CG YOST 205
TCLadI=T(L,)0CG=T(1+1,J)eS0C ' TOST 206

53 T(l+1,J)=S1 T0ST 207

54 CONTINUE TOST 208

c TOST 209
55 DO 6C 1=1.6 TOST 210

60 XT(133+1)=sC(]) TOST 211

D0 65 11,9 TOST 212

65 XT(439+1)=p(]) TOST 213
®=0 TOST 214

0O 70 J=13,19 T0ST 215

DO 70 1=1.19 TOST 216

70 XT(K)I=S(],J) TOST 218
RETURN TOST 219

END TOST 220
SUBROUTINE SPLATE (X,Y,CFr,S) TCST 221

c TOST 222
COntataionsnopatednaadgtistbritioadtodatadacatanedtaabasnsonatsastrnavssTOST 223
¢ THIS SUBROUTINE ASSEMBLES THE STIFFNESS MATRIX OF A QUADRILATERAL TOST 224
c PLATE BENDING ELEMENT FORMED OUT NF FOUR LCCT=11 TRIANGLES, TOST 225
c TOST 226
C = INPUT = TOSY 227
c X(4),Y(4) = CCORDINATFS OF THE FOUR CORNER PQINTS TOST 228
c C4(3,3) - CONSTITUTIVE MATERIAL MATRIX TOST 229
C TOST 230
c = QUTPUT = TOST 231
c §(19,19) = ELEMENT STIFFNESS MATRIX TOST 232
o (ONLY THE FIRST 1212 ELEMENTS ARE NEEDED FOR THE TOST 233
Cc STRUCTURE ASSEMBLY, BUT THE 19#7 RECTANGLE HAS T0 BE TOST 234
Cc SAVED FOR DETERMINATINN OF INTERNAL STRESSES) TOST 235
Coe s at ot a00d a0 aaadadatacRidcoRIRNOUIRAIRONDINBEBDREEDROBOOSDERROIRYIRENtDaTOST 236
c TOST 237
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150

230

250
250

COMMON, DIMENSION, ERUIVALENCE, AMD DATA STATEMENTS

COMMON/TRIARG/BC3) o A(3))CMT(3,3),8MT(3,3),58T(12:12)
DIMENSION X(B5),Y(5)aCM(3,3),8(19,19),L0C(11,4),IPERM(4),NC(3)
DATA IPFRM /2,314,1/
DATA LOC 74, 24 32 4y D) 6413114915,17,16,
4, 5, 64 7, &, 9,13:14,15,18,17,
7y 8y 9,17,11.12,13,14,15,19,18,
10,11,12, 15 2» 3,13)14,15,16,19/

F1dN CONRNINATES OF CFNTER PQINT

X(5)=,200(X(1)+X(2)+X(3)+X(4))
Y(5)3,253(YlL)+Y(2)+Y(3)+Y(4))

PREPARE FOR EACH TRIAMNGLE THE CALL OF SUBROUTINE SLCCT

MTR=4

NidFs11

NFF=12

NIF=?

NOF sNRF

NTF = NEF + NIF
KC(3) = NEF = 6
oo 150 121,361

S(I1.1) = O,

DD 260 Ns1,NTR

M o= IPERMIN)

NC(1) = N
NGC(2) = M

L = NC(3)

ACL) = X(L)=X(M)
ACZ) = X(N)ex(L)
A(3) = X(M)=X(N)
B(1) = Y(M)=y(L)
B(2) = Y(L)=Y(N)

R(3) Y{N)=y(M)
D6 287 I = 1,3
DO 203 J = 1,3
CHATC]I»Jd) = CM(1)
calLlL SLCCT (NRF)

ASSEMBLE TRIANGLES TO ORTAIN QUADRJLATERAL STIFFNESS

DO 259 1 s 1,NDF

K 3 LOCCINN)
STC(1,11) = =sST(I,11)
ST(11,1) = =8ST(11,1])
DO 250 J = 1,1

L = LOCtJ,IN)

C s S(K,L) + ST(].,.U}
S(K,L) = C

S(LsK) = C

CONT INUE

CONTINUE

ELIMINATE INTERNAL DEGREES GF FREEDOM BY STATIC CONDEWNSATION

DN 423 M = 1,NIF
L = NTF = o

TOST
TOST
T0ST
TCSY
TOST
TOST
T0ST
T0ST
T0ST
TOST
TOST
TOST
TOST
TOST
T0ST
TOST
TOST
TOST
T0sT
TOST
TOST
TOST
TOST
TOST
TOST
TOST
TOST
7087
7087
TOST
TOST
T0ST
TOST
T08T
TOST
TOST
TOSY
TOST
T0sT
TCST
YOST
TOST
TOST
TOST
T08T
TOST
TOST
TOST
TOSY
TOST
TOST
TOST
T0ST
TOST
T0sT
TOST
TOST
TOST
TOST
TCST

238
239
241
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
27%
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297



N s L + 1 TOST

PIVOT = S(INJN) TOST

IF (PIVCT,LE.T,C) GC TO 420 TOST

DN 402 1 = 1,L TOST

C = SC1,N)/PIVET TOST
S(IINY = C TGST

DN 400 J = 1,L TOST
S(Iad) = S(1,J) = CoSINJ) TOST

400 S(Js.1) = 5(1,0) TOST
420 CONTINUF T0ST
RETURN TOST

END 7087
SUBROUTINE SLCCT (NBF) TOST

C TOST
CoaaadtanadaotodsadasadusatanaiotssdisnpagdooetaotsasatanedonsnanodsnsaeesTOST
C STIFFNESS SUBRQUTINE FOR CCMPATIBLE TRIANGULAR PLATE ELEMENT TOST
c wITH 'N3F' SEMDING D,F, (NBF=312)11,12,9) = RIGHT~HAND SYSTEM - TOST
c ORTHOTROPIC ELASTIC MATERIAL TOSY
CoaaatndasasantotadaaoistddasddrsaattodasahosphotatasstaontsannnaatosanaeTOST
c TOSY
COMMON/TRIARG/BE3),A(3))CMT(3,3),83MT(3,3),57(12:12) TOST
DIMENSION P(21112), H(21), u(21), A(3,6), HT(3), IPERM(3), TOST

1 TX(3)y TY(3), NKNC4,30s NSN(4,3) TOST
ESUIVALENCE (CM11,CMT(1)),(CML2,CNT(2))(CMLI3,CMT(3)), TOST

1 (CM22,CMT(5)),(CM23,°MT(6) ), (EM3IZ,CMT(9)) TCST

NATA IPLRM/2,3,1/, NK /2,5,3,6, 8,2,9,3: 5,8,6,9/, 7087

1 NSN/2,3,5,6, 301+644) 1,2,4,5/ 1087

c TGST
c INITIALIZATION T0S8T
C TCST
NOF = NBF TOST

AREA = A(3)8B(2)=A(2)e5(3) TOST

FAC = AREA/T72, TOST

DC 150 I = 1,3 TOST

J 2 IPERM(]) TOST

K = [PERM(J) T08T

X = A(])pa2+B([)uw2 TOST

UlL) 2 =(A(1)ea(U)+B(T)aB(U))/X TOST

X = SART(X) TOST

H (1) = 4,08aAREA/X T08Y

Y(1) = =0,5#R(1)/X TOST

XC1) = 0.5eA(1)/X TOSTY

41 = A(1)/7AREA T0ST

A2 3 A(J)/ARESR TOST

Bi = B(1)/AREA TOST

82 = B(J)/AREA TOST
R(1.1) = Biegl TOST
Gt2,1) s A1sAl TOST
Q(3.1) s 2,#A1881 1087
G(1,1+3) = 2,481e82 TOST
G(2,]1+3) = 2,8A18A2 TOST

150 Q(3,1+3) = 2,#(A18B2+425B1) YOST

c TOST
c FORMATION OF CURVATURE MATRIX P(21,12) TOST
c TOST
po 200 [ = 1,3 TOST

J 2 IPERM(]) TQST

K = JPERM(Y) TOST

€=31
298
299
300
304
302
303
304
3p5
306
307
308
309

310
S
312
313
314
315
316
317
318
319
329
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
354
352
353
354
385
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{1 = 3]

JJ = 3

K< = 3#k

Al = A(D)

A2 = A(J)

A?‘ = A('() \
B1 = ®(I1)

B2 = R(J)

33 = R(K)

1 o= (1)

Uz = i)

U3 = U(K)

w1l = 1 =Ud

WZ s 10-U2

wl = 1,-.‘._,:3

B1D s 2,#R31

B2D s 2,%#32

BRO = 2,#53

A1D = 2,%A1

A7D = 2,%12

AZD = 2,%43

C21 = B1l=R3#U3

C22 = =31D+B2#w2+R33#0U3

€31 = ai1=4a3#y3

£32 = «A1D+A28W2+434U3

€54 = R3#W3=R?

€52 = BR0=p3ew3~-niell

C&1 = A38W3I=A2

Ce2 = A2D-A3eu3~pleU1

Ch1 s B3=-R2D=82%y2

e = B1D=-B3+i31#wl

€71 = A3=A2Nep2®i?

C%2 = AID=a3+al®int

NG 200 N = 1,3

L 3 68(]=1) + N

G111 = Qs 1)

Q22 = G(N,J)

633 = GiNaK)

312 = Gl 1+3)

BP3 = QUN)J*+3)

G31 = QIN,K*3)

32333 s 323-Q33

33133 = 331-Q3%3

P(L s11=2) = 6,8(=311+W2643334U3432333)
plL s11=1) = C21#R23+4C222233=53neQ12+32040631
P(L p11 ) = C314023+4C328G33=-A3NuN172+A208Q31
P(L s Jd=2) = 6,8(Q22+wW3432333)

P(L s JJ=1) = C512Q2333+B3D«322

P(L pdd ) = CH14G62333+43NeQ22

P(L 1KK=2) = 6,5(1,+U2)#333

PLL )KK=1) = C81e533

P(L sKK ) = £914Q33

PCL #21+9 ) = 0,

PL eJ+9 ) = HT(J)#R33

P(L 2K+9 ) = HT(K)#32333

P(L+3 ,11=2) = 6,4(Q11+1i36Q3133)

P(L*3 »11=1) = C21463133=-B3nsQ11

P(L+3 o111 ) = C31#73133«A3D%G11

P(L*3 ,JJ=2) = 6,8(=322+U1nQ@33+W32Q3133)
PIL+*3 sJJ=1) = C51#331+C52e333+B3NaN12=-31DeQ23

TOST
T0S7
TOST
TOST
TOsT
T0ST
TOST
T0ST
T0ST
TOST
TOST
T0ST
TOST
T0ST
TOST
TCSTY
7087
TOST
TOST
TGST
TAST
TOST
TOST
1087
TOsT
10sT
T0S7
T0ST
T0ST
TOST
T0ST
105

7087
10ST
TOST
7087
TOST
TOST
T0ST
TOST
TOST
7087
TOST
TOST
TOST
1087
10S1
T0ST
T0ST
T0ST
TOST
T0ST
T0ST
TOST
10S7
T0ST
T0ST
T0ST
TOST
T0S7

356
357
358
359
360
361
362
363
364
365
366
367
368
389
370
374
372
373
374
375
376
377
374
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397

399
400
401
402
403
404
405
406
407
4p8
409
410
411
412
413
414
415



o000

o000

QOO0

200

220

300

340

360

38p
400

C61#Q31+C624Q33+A3NaR12=A1D08R23
6,8(1,+wWl)#Q33

C82#033

C924Q33

ET(I)nGSS

P(L*3 »Jd )
P(L+3 +XK=2)
P{L+3 ,KK=1)
PIL+3 y%K )
P(L+3 ,1+9 )
P(L+3 ,J+9 )
P(L+3 ,K+9 )
PIN®13,11=2)
PIN+13,xK=1)
PIN®13,KK )
PIN+13,k+9 )

'
HT(K)#QR3133
2,8(Q11+U38Q12+W24731)

HT(K)#512/3,

STATIC CONDENSATIOM CF MIDSIDE DEGREES OF FREEDOM

NK 3 12 = NBF

1F (NK,LE,0) GO TO 300
DO 220 N s 1.NK

K 8 13 « N

G 220 L = 1,4
J = NKNC(LIN)?

IF (L.LEs2) ¢
IF (L.GT,2) C
pC 227 1 = 1,21

PClaJd) = P(Ll,J) + CoP(],K)

TX(K=9)
TY(K=9)

FORMATION OF MOMENT VECTOR U(21)

1,NDF
1,3

pC 402 U

It =L -6

H{KK) = {,
DC 342 N = 1,3
M = IPERMNIN)

I1 =11 + 6
Jy = 11 + 3
PL = P(11.,J)
P2 =2 P(JJsd)

StM = P1 + P2 + P3
TL = SUM + P1
TZ = SUM + P2
T3 = SUM™ + P3

H(I1) = T1
HGJJ) = T2
H(KK) = T3 + H(KK)

DO 362 N = 1,19,3

UEN) = CML11eM(N) + CMI28HIN®1) + CM13#x(N+2)
UIN+1) = CM128H(N) + CM220H(N+1) + CM23an(N®2)
UIN+2) = CM136eM(N) + CM238W(N+1) + CM3IZeR(N+2)

FORMATION OF STIFFNESS MATRIX §T(12.12)

DO 400 1 = 1,J
X & 0,
DO 380

z

s 1,21

((R1D=22D)#Q33+CBRZ#Q23+CB14031)/3,
((A1D=A2D)#GE33+C924Q23+L91#Q31)/3,

X 2 X +
ST(1,J)
ST(J. 1)
RE TURN

UINYeP (N, 1)
XOFAC
ST(I,V)

C-33

10T
T0ST
TOST
T0ST
T0Ss7
T0ST
TOST
T0ST
TOST
TOST
TOST
T0ST
T0ST
TOST
T0ST
TOST
T0ST
T0ST
TOST
TOST
T0ST
T0ST
TOST
TOST
T0ST
TOST
TOSY
T0ST
1087
TOST
TOST
YOST
TOST
TCST
T0ST
TOST
TOST
T0ST
T0ST
70T
TOST
TOST
T0ST
10ST
10T
TOST
TOST
TOST
T0ST
T0ST
TOST
TOST
1087
TOST
TOST
TOST
TOST
T0ST
T0ST
ToST

416
417
418
419
420
421
422
423

425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
44n
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
46n
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475



¢-34
END

SUBRO

HYINE FITPLN  (NSPaXsYsZeA3,83,03,AVE)

T08T

T0S8T
TOST

CResatadltaindatoRorallaletdodttooanLsdaasodeabetadoanbananosodsoaennaasooTOST

o TA1S SUSRCUTINE COMPUTES THE 3 DIRECTION COSINES OF THE NORMaL TO TOST
c THE PLAME WHICH 1S THE LEAST SQUARE FIT FOR 'NSPt SPACE POINTS, 7087
C T=E 3 DIRECTION COSINES ARE THE ELEMENTS OF THE NORMALIZED T0S8T
o EIGENVEZTCR CORRESPONNING TC THE SMALLEST EIGENVALUE OF THE TOST
C (3 X 3) NORMAL MATRIX CONSTRUCTED WITH THE COORDINATES OF THE TOST
c 1NEPY POINTS, AND ARE ORTAINER RY INVFRSE ITERATION, T0ST
C TOST
¢ - INPUT - TOST
¢ NSP - NUMBER OF SPACE POINTS ("UST BE AT LEAST =4) TCsY
C XCIY)YC1)2€¢1),151,N57 = GLOBAL CNORDINATES OF NSP SFPACE POINTS TOST
c NOT LYING IN 4 PLANE T0ST
c TOST
o - CUToUT - TOST
c A3,33,C% = DIRECTION COSINES OF PLANE NORMAL, REFERRED TO GLORAL TOST
c X)YyZ COORRINATE SYSTE™ TOST
C XCIYaY(1)s2Z81),121,N82 = GLOBAL CNOCRDINATES OF SHIFTED SPACE TCST
c POINTS NOW LYING IN A PLANF TOST
c AVE = AVERAGE AMOUNT OF SHIFTING TQST
CHEBadaatanaIaIPRBNQRRARRRBOBIOLBERORLRODIRERRRASBODOCEDORORBS0oeeesasTOST
C TOSY
DIMENSION X(1), Y1), 2(1) TOST

REAL “12, M13, M23 TOST

PRECS s 1,0E-C7 TOST

c TOSY
C FIND CEMTROID POINT (ORIGIN FCR SWIFTED GLOBAL COORDINATE SYSTEM) TgsT
c TOSY
xC = D, 7087

YC = 0, TOST

2C = O TCST

X3P = NSP TOST

D2 100 1 = 31,N5P TGST

XZ = XC + x{l)/XsP TOST

YC = YC + Y(1)/XSP TOS8T

100 2C = 2C + Z2(1)/XsP TOST

c T0SY
c FORM MATRIX OF EIGEMVALUE PROBLEM TOST
c TIS8Y
XX = Q, TOST

Yy = o, T0ST

27 = 3, TCST

XY = T4 TOST

Yz = 2, TOST

ZX = 0, TOST

D0 110 I = 1,NSP TOST
X13X(1)=XxC TOST
visY(1)=~YC TOST
21sZ2(1)-ZC T0s8T

XX = XX+X1ie®2 TOST

YY = YY+Ylau2 TOST

27 3 2L+Z18%2 TOST

XY = XY+X1la¥Y1 TOST

YZ = YI+Y1ali TOST

110 zZX 3 ZX+ZieX1 TOST

c TOST

476

477
478
479
480
481
48?2
483
4g4
485
486
487
488
489
490
491
492
493
494
495
4956
497
498
499
5gn
501
502
503
504
505
506
597
508
509
519
511
512
513
514
515
516
517
518
519
52n
521
522
523
524
525
526
827
528
529
530
531
532
533



OO0

oo

120

140
160

180

190

250

300

IMITIALIZE ITERATION
=0

EPS = §
]

[}
SEXX+YY+7Z

EVE=S#PRECS
INVERSE [TERATION ON EIGENVECTOR WITH DIRECTION COSINES

Ull = XX = Ev

ule = XY

i3 = ZX

M1i2 = Xy/u11l

M13 = Zx/li1l

UzZ2 = YY = EY « Mi128U12

U23 = YZ = M12#U313

M23 5 (YZ = M1382J12)/1:22

33 = 22 = EV = M138U43 = M238{23

IF (uU33,6T,0,) GO TO 140
EV = EV = 3,001/S

G0 YO 120

IF (NIT,ER,0) GO TO 180
B3 = R3 = M12#43

€3 = C3 = M13#A3 - M23s#B3
C3 = C3/U33

B3 = (B3 = U23«C3)/sU22

A3 (A3 = UU124B3 - yi13#C3)/ull
S = SART(A3IS#2+B32a2+03082)

A3 = A3/S

R3 = R3/S

c3 = c3/5

NIT = NIT « 3

IF (NIT.LT.2) GO TO 190

EPS = A%aXl (ABS(A3=AP))ABS(B3=BP),ABS(C3=CP))
IF (EPS,LT,PRECS,OR,NIT,6T,2%) 50 TO 25¢C

AP = A3

BP = R3

cP = C3 '

IF (ePS,GT,0,005) GO TO 160

EV =2 EV + 0,999/5%

GC TO 120

FIND NEW SPACE POINT COORDINATES AND aAMOUNT OF AVERAGE SHIFTING

AVE=0,0

DSA3#XC+B3aYC+C3s2C

DO 300 l=1,NSP
EVEDmA3eX(])=B3%Y(])=C38Z(])
X(I)sX(I)+EVeaA3
Y(I)=sY(])+EVeB3
ZC1)=Z(1)+EVEC3
AVE=AVE+ARS(EV)

S=NSP

AVE=AVE/S

RETURN
END

¢-35

TOST
TOST
TOST
T0ST
TOST
TOST
TOST
T0sT
TOST
TOST
TOSTY
TOST
TOST
TOST
70ST
TOST
T0ST
TOST
TCST
T0ST
TOST
TGsT
TOST
TOST
T0ST
TOST
TOST
TOST
TOST
T0ST
TOST
707
TOST
T0ST
T0ST
TOST
7087
TOST
T0ST
TOST
1057
TOST
70sT
T0ST
T0ST
TOST
T0sT
TOST
T0ST
TOST
TOST
TOST
TOST
TOST
T0ST
TOST
TOST
TOSTY
TOST
TOST

534
535
536
537
534
539
540
543
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
553
559

564
565

569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
599
591
592
593
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SUBRCHTINE N12R12 (X, Y,N1,D2,03404,05,06,S)JFLAG)

T08T
TOST

CROGENBIBDIDOIBBRBIRBHAHDIDLIDBDIFRQIOERRDADRNBDOROC IR NN OOERGOEEBB0028TOST

s NeXeNeNeNolgKeloReReNoXeNoNaNaeNal

o000

aoOon

THIS SUBKOUTINE CALCULATES THE 12#12 STIFFNFSS MATRIX OF A PLANF

TOST

STRESS ~UADRILATERAL FLEMENT WITH 3 DEGREFS OF FREEDO™ PER CORNER TOST

POINT,
STRESS AWM STRAIN,

- INPUT =

A ELASTIC aAMISCTROPIC CONSTITHTIVE MATERIAL LAW RELATES

Dls,ees06= ELEMENTS OF THE CONSTITUTIVE MATRIX
X(4),Y(4)= COORDINATES OF THE FOUT CORNER POINTS

ORDERED IN ACCORDANCE WITH
U(I)0lQO'U(L)'V(I)'|0l'V(L).?HETA(I"l!"

- QUTPUT =
S(12,12) = ELEMENT STIFFNESS MATRIX:
THE DOF=S
THETA(L)
JFLAG

- ERPOR FLAG, SET EQUAL TO 1 FOR BAD JACOBIAN

T0ST
1087
T0ST
T0ST
T0ST
J0SsT
7087
TOST
TOST
T0SY
T0ST
TOST

RGBS BB N BB PR F RGN AN BB BB RO R NP B LB RR BRGNP BRI DLOVOBOG e TOST

100
110

*
%
&

&
&
L]

UIMENSION,

DIMENSION P(4,2),0C(4,2):4(2,2)sETAC2Y,3(4,2),R(4,2),1PERM(2),
XKC3),WoT(3) s XX{4)aEYY(4)sEXY(4) EYX(4),EXZ(4)4EYZ(4),

EQUIVALENCE , AND DATA STATEMENTS

T0sT
T0ST
TOST
TOST
7087

FZ704)aX1(4)sX2¢4)2Y1(4),Y¥2(4)4FT6(4),FT7(4),FT3(4),PSI(4,2),T0ST

PuI(442),xC4),Y(4)aTR(12,12) 2 IM(4) ) IN(4), TEMP(12),S(12,12)

ESUIVALENCE (A11,A(1)),CA21,4(2)),(A12,4(3)),(A22,4(4))

DATA XK/=,7745966492415,
WGT/ ,3555555555556,
NC/=1,s 1,0
IM/25104,37,IN/4,342,1/

INITIALIZATION

Cd 115 I=1,12
2 100 Jsl.l2
S(I.J):Sqn
TR(1sJ)2040
TR(J, 102040
TR(I.1) = 1.0

GEOMETZ1CAL TRANSFORMATION OF nUADRILATERAL BOUNDARIES

X3101)=0,5#(X(2)=~X(1)
X1(3)=0,58(X(3)=X(4)
X1(2)=X1(1)
X1(4)=X1(3)
Y1(1)=0,5+(Y(2)=Y(1))
v1(3)=20,58(Y(3)~-Y(4))
Yi(2)=vY1(1)
Y1(4)=Y1(3)
X2€1)=0,5#(X(4)*x(1)
X2(2)=0,58(X(3)=x(2)
Xe(3)=sx2(2)
Xz2(4)=Xz2(1)
Y2(1)30,54(Y(4)~Y(1))
Y2(2)=0,5#(Y(3)-Y(2))
Y2(3)=2Y2(2)

)
)

)
)

«+0000000002020
8888838288849,
Tee=dgo=ly9=14s 1,

, 7745966692415/,
, 5555555555556/,
14/, IPERM/2,1./)

TOST
T0ST
ToST
TOST
TOST
TOST
1057
TOST
TOsT
TOST
T0SsT
T0ST
T0ST
TOST
T0ST
TOST
TOsT
TOSsT
T0ST
10T
TOST
10ST
08T
TOST
TCSsT
TOST
TCST
T0ST
T0ST
TOST
TOST
T0ST
10T
TOST

594
595
596
597
598
599
800
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651



oon

(eNeXel

120

13¢

160
170

200

Y2(4)=y2(1)

00 120 1=1,4

DET sX1([)eY2(1d=Y1(I)eX2(1)
FOT=DET+X2(1)ayY1i( D)

FT3C1)= YZ2(1)a(1,0=Y1(]1)#X2(])/FCT)
FTO(1)= X1(1)s(l,0=Y1([)aX2(I)/FCT)
FT7C1)= 3,5/DET

MONIFICATION OF ROTATIONS DUE TO TRANSLATICNS

CO 130 1=1,4

TAsIM(])

1R INC])

TRET+B, 1 )S=FT7(1)s(DC(]21)eX2(]) = nC(1,2)ex1(1))*0,5
TROI+R, 1+4)2=FTT(1)&("C(1,2)8Y2(]) = NC(],2)8Y1(]1))®(,5
TREI#B) 14 ISFT7(1)#DC(1,1)eX2(]1)80,.5
TROI#B,JA+4)=+pT72(10enCl],1)2Y2([)ed,5

TROI+B, 1B ) s=FT7(1)eNC(],2)eX1(])an,5
TROI+8,1B+4)==FT7(1)anC(],2)aY1(])e0,5

CONTINUE

pC 300 LX=1.3
DC 300 LY=1.3
ETACL)sXK(LX)
ETAC2)=¥K(LY)
WESWGT(LX)#WwGT(LY)

FORMATION OF LOCAL DERIVATIVES

pe 170 1=1,2
JEIPERM(I)
EISETA(])
EJSETA(J)
El2sEleE]
EJ2sEJ*EY
El3=E126E]
EJ3=EJ28E)
ACl.1) = O,
Alls2) = 0,
C2 = DC(L,JISETA(D)

PlLeld= D,2508DC(La1)8(1,0+C2)
ACTg1) = ACL,1) « PCL,JYeX(L)
ACTa2) = A(L122) « P(La1day(L)

GlLal)s(=1,+2,4DC(L, 1)#E]+3,8E]2)u(2,+DC(L W) (3,3EJ=EJ3))/16,
R(LaJIS3vo(=DC(L, 1) =E1*+DC(LsI)SEI2+EI3)Y2DC L ) 2(1,=EJ2)/ 16,

CONTINUE

DET = A112A22 = A128A21
FAC = wG/DET

IF (DET,LE.D,C) GO YO 1000

FORMATION OF GLOBAL DERIVATJVES

DO 200 1=1,4

PSI(1,1)=FT3(1)%R(1,
PHICI,1)=FT3(1)®Q(],
PSI(1,2) = FT6(1)aa¢
PHICI,2) = FT6(1)aR¢
DO 220 1=1,4

EXXCI) = A22eP(1,1) = A12#P(],2)

10T
TOST
TOST
T0ST
T0ST
TOST
TOST
T0ST
TOST
TOST
TOST
TOST
TOST
TOST
TOST
70sT
TOST
TOST
TOST
TOST
TOST
TOST
TOST
TOST
T0ST
TOST
TOSY
TOST
TOST
TOST
TOST
TOSY
TOST
TOST
TOST
TOST
TOST
T0ST
TOST
TOST
T0ST
TOST
TOST
TOST
TOST
TOST
T0ST
TOST
TOST
TOST
107
TOST
TCST
TOST
TOST
TOST
TOST
TOST
T0ST
TOST

=37
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
875
676
677
673
679
680
684
682
683
684
685
686
687
688
689
€90
694
692
693
694
695
695
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
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OO0

[eXaNel

FYY(]) ==s21#P(1,1) + A11#P(]1,2)
EYX(I) = EXX(1)

EXY(]) = EYY(1)

EXZ(1) = =A220PSI(1,1) + A12¢PHI(T,1)
EYZ(1) = =A216PS(1,2) + A11#PHI(1,2)

220 EZ2( 1)
FORMATION OF TRIPLE PRODUCT BT # [ » B

DO 250 1=1,4
E1=EXX(])
E23EXY(1
E32EYX(1
E4SEYVY(]
ED=EXZ(])
E6sEYZ(I)
E7SEZ2¢ 1)
DC 240 J=1,4

)
)
)

A21#PSI(1,1) = AL11#PHI(I,1) + A22¢PS1(],2)

SC1aU)=S(1,J)+FACR(FL1a(DIEXX(JI+NSHEXY(J))+E2#(DBeEXX(Y)

& #ND3epYY(U)))

SCI+4,0+4)3S(1+4,J+4)+FACR(EAe(DZopYY(JI+NESEYX(JY))+ESH(DESEYY(J)

2 +D38sEvYX(U)))

S(1+8,J+8)2S( 14D, +8)+FACR(ESS(DI1eEXZ( JI+DEREYZ(J))+0S5a(EBSFZZ(J)
¢ SE7HEXZU ) )+EOR(DAREXZ(JI+D20EYZ(JI+DOHEZZ(J)ISET#(DOREYZ(J)

& #N3SE 20D

240 CONTINUE
DO 250 J=1,4
X¥X=DHeEXZ(J)+DE*EYZ(JI+DI#EZL(Y)

Sl aJ+d)sS(],0vd)+FACH(ELS(DAREYY(UI+nS2EYX(J) )+E28(DE+EYY ()

2 +D32£vYx(J)))

S(1,J+8)=5¢(1, J#B)+FAC*(E1“(01“EXZ(J)*ﬁ4*EYZ(J)*U5*EZZ(J))*E26XX’
5(1*4 J+8)s 8(1*4 JHR)H+FACS(E48(D4»EXZ(Y)+D29EYZ(JI+D6#EZZ(J))

£  $E3IuxX)
250 CONTINUE
300 CONTINUE
D0 620 122,12
Ks]l=1
00 620 Js1,K
620 S(1.J4)=S(d, 1)

7087
TGST
TO0ST
T0ST
T2sT

-A12#PHI(1,2)TOST

T0ST
T0ST
TosT
TOST
TOST
T0ST
70ST
T0S7
TOST
T0ST
1087
TCST
T0ST
T0ST
TOST
70ST
T0ST
TOST
70ST
TOST
TOST
T0ST
T0ST
TOST
TOST
TOST
TO8T
TGST
TOST
TOST
7087
TOST
TCST
T0ST

TRANSFORMATION OF STIFFNESS DUE TO TRANSLAT, EFFECT ON ROTATICNTOST

DO 700 1=1,12

DO 640 U=1,12

XXs0,0

DO 630 K=1,12
630 XXXX+S(JsKI#TRIK, 1)
640 TEMP(J)=XX

D0 707 Jsi,1z

YY=0,9

PO 650 KsJ,12
650 YYSYY+TR(K,J)#TEMP(K)
700 S(Jal) = Yy

RETURN

ERRQR EXIT FOR BAD JACOBIAN
1090 PRINT 1200, DETs (X(1)aY(1), 131,4)

1200 FORMAT(// 30H DETERMINANT OF JACORIAN ]S
1 424 NODAL POINT COORDINATES OF BAD ELEMENT

E1543//
- /4(2F10,3/))

TOST
TOST
TOST
08T
T0s8Y
TOST
TOST
T0ST
TOST
TOST
TOST
TOST
TOST
T0ST
TOST
TOST
T0ST
7057
TOST

712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
75%
757
758
759
760
761
762
763
764
765
766
767
768
769
770
774



10

JFLAG=1
RETURN
ExD

SUBROUTINE PAREA (XL,YLiXsY,A)

DIMENSION X(4),Y(4),404),1J(4),1K(4)

DATA 1J/2,324,1/, 1K/4,4,2,3/

D2 10 1=1,4

JIJUD)
::§52355250((XL"4.§X(I))“(Y(K)'Y(J))-(YL-4.“Y(I))“(X(K)QX(J)))
RETURN

END

-39

TOST
1081
TosT

TOST
T0SY
TOST
TOST
TOST
TOST
TOST
TOST
T0ST

772
773
774

775
776
777
778
779
780
781
782
783
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SUBROUTINC ELSTIF (Fa,

ETY EIZ)GIX,GAY, 642,14, 112 1L, RINLE) ELST
ELST

9&55*90#0§G§ﬂ§§6°§§G“G4Q#%#66##69“ﬁQ”#”#G*#lﬁ##&#ﬁ&#&#ﬁ##&####0005##66#ELST

IF 1a=1l, TH1S SURRQUTINF CALCULATFS TwE 12#12 GLOBAL STIFFNESS OF ELST
A ONE=DIMENSIOMAL RBEAM ELEMEST WI!TH ARBITKARY ORIENTATIONELST

C

C

C

C
c IN SPACFE, ACCORLING TO THE MATRIX TRANSFCRMATION ELST
C T s AT » ¥ 8» 4 ELST
c IF la=2, THIS SUBRCUTINE CALCULATFES IMTERMNAL FORCES OF A ONEe ELST
C DIMENSTIONAL QEAM PELEMENT FOR GIVEN END DISPLACEMENTS, ELST
c ACCORDING TC THE MATRIX FQUATION S s K # A # R ELST
C ELST
C = INPUT = ELST
C (XCUYaYOD)aZ(C1)»121,2) = GLOBAL COORDINATES OF END WNODAL POINTS Isu ELST
c (ECCICINNECCIlTNal=143)= GLOBAL ECCENTRICITIES OF CONMECTION FOR ENMDELST
c POINTS [ anND J ELST
C (LUXK(I)Y, I=1.3) - GLOBAL COORDINATES OF AUXILIAKY POINT k¥ . ELST
C LYING Il LNCAL XZ=FLANF ELST
o EA ZEIY,FI1ZsGUX,GAY,542 = ELEMENT RIBIDITIES ELST
C RINLCal12) = NMCNAL DISPLACEYENT MATRIX (FOR 1As2 OMLY) ELST
c NEC = NUMBER QOF LQAD CASES (FOR 1452 ONLY) ELST
c 11 = TRANSFORMATION INDICATCR (FOR I1A=1 ONLY) ELST
C 7 NC TRANSFORMATION REQUIRED ELST
C 1  TRaANSFORM NODE J STIFFNESS ELST
c 2  TRANSF(CR2M WNODE 1 STIFFNESS ELST
c 1L = COCRDINATE FRAME INDICATOR ELST
c 61, 62 = ANGLE BETwWFEN GECTIONS | AND 1+3 ELST
c AND GLOBAL Y=AY!S ELST
CHesplotdnararnsptaiatiaatispdneenbttopnotonniatadoandsantesoboansantstonr| ST
c ELST
COMMON/STIFF/T(12,12)9XK(12,12)04€12,12),00144),X(4),Y(4),2(4), ELST
#  ECCI(3),ECCJI(I) s AUXK{3)»DUMMY(11)9Gt»52FILLI167) - ELST
COMMON/SETYUP/JUNK(48) ) K1 1K24K3,K4,K5,%6 ELST
CIMENSINN RINLCe1)s IPFRM(S;,JP&Qm(s) ELST
DATA IPERM/3,192/4 JPERIY/2,3,1/ : ELST
C ELST
c IMITIALTZATION ELST
c ELST
IF(TAES,2) GO TO 6C ELST
N0 3 121,12 ELST
o3 Js1.12 gLsT
ACL»JIZ0DD ELST
3 1(leu)=2,0 ELST
@ ELST

C’Q"’Q“#0!#04##}’0005&#0’##6#9660ﬁﬁ.00%.###0#0#&##9.QGGQ.G#O“GG¢606G§Q6ELST

C TRANSFORMATIOM OF CONMECTION ECCE~TRIZITIES ELST

Clasotantaotdasdadanndatodonadilacntetossasandpdntanadonndnaatnsntastsasp| ST

c

IFCILESW2) G TO 4
SIsSIN(CYL)
cl=sCOs(51)
SJaSIN(G2)
cJ=C0S(62)
G2 TO 6

4 S=SIN(G2=6G1)
C=C0S(62=G1)
IFCIIWEG.L) GO TQ 5
SJsS
cusC
G2 10 7

ELSY
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST
ELST

L eI BN MRV [ Y NRPTI L G



5 §81=S ELST
Ccl=C ELST

C ELST
6 XL2ECCI(1)eCl=ECCl(2)nS! ELST
ECCIC(2)=LCCI(1)#STI+ECCI(2)0C] ELST
ECCIC(1)=XL ELST
XLSAUXK(1)aCl-AUXK(2)#S] ELST
AUXK(2)=aluXK(1)#ST+AUXK{Z)aC] ELST
AUXK(1)=XL ELST
IFLITENW1) GO To 8 ELST

7 XLsECCJ(1)YaCU=ECCU(2)25J ELST
ECCU(2)=ELCU(1L)BSUSECTU(Z2)aC U ELST
ECCJC(1I=XL ELST

C ELST
(R e R R BRI BN B B R B U DR B BB P HERRRIBIRRBLBBERORBERR OBV DO B DBOCRORBSE] ST
C ELEMENT CRORDINATE TRANSFORMATION MATRIX ELST
C#G§¢§§90&&66%§*0§6§0“###G#6660066ﬁ“ﬁﬂ#&###o“#&&ﬁ&###ﬁ!OlﬁlﬁﬁﬁoﬂiﬁoﬁﬁﬁﬁkELST
C ELST
8 vyxXsX(2)=x(1? ELST
vYsY(2)=-Y(1) ELST
v2zZ2(2)=2(1) ELST
XL2SART(YXSYX+VYaVY+y7avZ) ELST
D=1,/XL ELST
INSFRBELD T 1) ELST
A(L1,2)=vY®]D EL3T
A(1,3)sVZeD ELST

VXS AUXK(1)=X(1)=ECC1(1) ELST
VYSAUXK(Z)=Y(1)=ECCI(2) ELST
VZ2AUXK(3)=Z(1)=ECCI(3) ELST
D=1,/5QRT(VYXeVX+VYaVY+VZayZ) ELST
A(3,1)svyXeD ELST
A(3,2)=vYe) ELST
403,3)3v8D ELST
A(2,1)34(3,2)2A01,3)=a(3:3)84(1,2) ELST
A02,2)3a(3,3)2A01,1)0=A(3,1)848(01,3) ELST
A(2,3)=a(3,1)ea(1,2)=2(3,2)04(01,1) ELST

D=1 /SORT(AC2,1)88(2,)1)+A(2,2)8A(2,2)+A02,3)82(2,3)) ELST
A(2,1)s4(2,1)s0 ELST
A(2:2)34(2,2)4D ELST
A(2,3)348(2,3)8D ELST
8(3,1)34(1,2)%Al2,3)=4(2,2)28(1,3) ELST
A(3,2)34(1,3)8A(2,1)=4(1,1)%4(2,3) ELST
a03,3)2a(1,1)82A02,2)=2(2,1)44(1,2) ELST

CC 10 13143 ELST

2C 10 J=1,3 ELST
ACT+3,J+43)=A(]1,d) ELST

A(T 6 J+6)2A(],Jd) ELST

10 A(1+9,J+9)z8(1,J) ELST

o ELST
L0 15 1=1,3 ELST

00 15 J=1,3 ELST

K= IPERM(J) ELST
L.=JPERM(J) ELST

ACT pJ+3)2A(1,K)2ECCTI(L)=ACI)L)®ECCI(K) ELST

15 AC1+6,J+F)=A(] ,K)BECCJ(L)=AC]I L) SFCOUIK) ELST

c ELST

CORBadandraaaeatatandietBondtonpoBBtbRsIBROBOBREGBBERNIPEBEEDNRBORDORORGUEL ST

c

L3CAL ELEMENT STIFFNESS (INCLUDIMG SHEAR DEFORMATIONS)

ELST

C’GQb##é.#QQQQQQGGQGQ“QGQOGQ06*0.0..0'&0.0.&666#!'.6.6&#6.#60'0’{50&'50GELST

c

ELST
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XlL.2sXL# X, ELST
XL32XL#XL2 ELST
VXS12,8: 1 Z2/XL7 ELST
VYs12,.#E1Y/XL2 ELST
PYZQ,0 ELST
IF‘GAY'GTQU.) PY=\.’X/GAY ELST
P7=0,0 ELST
IF{SAZ2,67,04) PZaVY/GAZ ELST
PYLEXL®#(1,+PY) ELST
PZL=sXLe(1,+PZ) ELST
TC1,1)=cas7XL ELST
TC7,7)=T(1,1) ELST
T(1,7)=s=T(1,1) ELST
T(2,2)3VX/PYL ELST
T(8,8)3T(2,2) ELST
T(2,8)2=T(2:2) ELST
T(3,3)=vY/PIL ELST
T(9,9)=T(3,3) eLsT
T(3,9)3=7(3:3) ELST
T(4,4)3GUX/XL ELST
T€13,10)=T(4,4) ELSY
T(4,10)==T(4,4) ELST
T(5,5)5(4,+4PZ)8E1Y/PZI. ELST
T(11,11)=sT(5,5) ELST
T(S,11)=(2,=P2)*E1Y/FZL ELST
T(6:6)=(4,+PY)RE]Z/PYL ELST
TC12,123=T(k,4) ELST
T(6412)=(2,=PY)®E1Z2/PYL ELST
T(2:6)36,#g1Z/7(XL8PYL) ELST
T(2:12)37(226) ELST
T(6,8)2=T(2112) ELST
T(8,12)=T7(6,8) ELST
T(345)z=6,8E1Y/7(XL8PZL) ELST
T(3:11027(3.5) ELST
T(5:9)5=T(3,5) ELST
T(9,11)=T(5.9) ELST

D2 35 [=1,12 ELST

DC 35 J=1,42 ELST

35 TCJ1)=T(T, ) ELST

c ELST
CRRdastataoRtRBIBaBRBtBBROIBBBGRBBRORGBLERERBNENBIONGDOBONDIGE RO OO RBEl ST
C FIND STIFFNESS IN GLORAL COODRDINATES ELST
CHutadnaapatRsBradRsRdnIBdoRIBLBRIRORBROBIESREREGBOIBDOOBRERRGIROIRORSORGRaRE]l ST
c ELST
D% 4D 1=1.12 ELST

DG 40 J=1,12 ELST
X<(1,J)s0,0 ELST

D2 40 K=1,12 ELSTY

40 XX(lpJIsXK(l )+T(]1,K)2A(K, ) ELST
#RITE (K1) XK ELST

D0 S0 1=21,12 ELST

o0 5C u=l,12 ELST
T(l.J)E0,N ELST

DO 45 K=1,12 ELST

45 T(1aIsT(I,)+ACK D) aXYK(K,J) ELST

50 T(J,1VsT(1,Jd) ELST

c ELST

(HesadaadiatdoatpaIssadettoBtstnBnRniocdoadnsasdatsdsostonatasadbsesasatoab| ST

TRANSFORMATION OF STIFFNESS FOR THE CASE OF TRAVELLING COCRDINATESELST

COaaatandsaIRNOIRIDBIRBOLBRILOLEROLBRRRGRBREDIGRRORBBOOROEBOROROODRBORRONRAE] ST

c

120
124
122
123
124
125
126
127
128
129
130
1314
132
133
134
135
136
137
138
139
140
144
142
143
la4
145
14¢
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
i7n
171
172
173
174
175
176
177
178
179



¢-43

C ELST
IFC11,Ene) GO Ty 1006 ELST

K=1 gELST
IFCIILEG.1) K=7 ELST

LsK+3 ELST

0O 54 1=KsL2 3 ELST

DO 52 J=1,17 ELST
XLeeT(Jy1)aS+T(J,1+1)eC gELST
TCJaldsT(J, 1)aC+T(Jy[+1)4S ELST

22 TlJal+l)=XL ELST

54 CONTINUE ELST

L0 S8 1=Ksf 3 ELST

DN %56 J=1,.2 ELST
XLs=T(l,J)aS+T{]+1,4)sC ELST
TCLaJ)ST(],J)eC*T(1+1,J)%S ELST

56 T(I+1,J)=XL ELSY

58 CONTINUE ELST

G2 TQ 123 ELST

C ELST
CHesal st BB sTIRBERRREIBBIRRIBBBORRQOBRBRIBRBQIREQRERRBOOINRGDEOOROBRROOEL ST
C FIND INTERNAL ELEMENT FORCES ELST
CRadadattdestantadasdtiasodadaddRaanbdoliaasnosedasadinadasotacndosntanesang| ST
ELST

60 READ (K1) XK ELST

LG A0 Ls1aNLC eLST

o0 70 1=1,12 ELST
DE1Y=9,D ELST

Do 70 J=1,12 ELST

70 DU (14K J)#REL, ) ELST

DO B0 1=1,12 ELST

80 RGLa1)=0(T) EL.ST

C ELST
100 RETURN ELST
ED ELST

180
181
182
183
184
185
184
187
183
189
i99
191
192
193
194
195
196
197
198
199
200
201
202
203
204
20%
206
207
208
209
210
211
212
213



SUBROUTINF LOADS (NPT ZNPUINBLK)TZyTY,» TXsAREANELSL )DLy XL YL 2L LOAD
o NBLSL o NSLSL»SULaSXL»SYL s SZLaNJL,N3S,NSOeNIDSFIFORCE )NESLINSSL, LDAD

& NCLsNSsNMaKL, L) L0an
c L0aD
C#oooécaoue¢¢u&ooocaoﬁoaoaao5&o&@o&oaao;«a#v»&oa&«oa«woon¢#¢6#4600009a95L0A0
c T~1S SUK=OUTIMNE FORMS ONE LOAD VECTOR AT A TIME AND STORES IT L0aD
c G4 TAPE KL (=K4 IF NLC,GT,1, =KS IF NLC.EG.1) LOAD
CHad et atdaotttatadonodadasdaanpleoetdlionatesasasadesqdaoptsonsnnesapntanl OAN
C LCAD
C COMMON AND DIMENSIAN STATEMENTS L3ap
c LOAC

DIMENSICI NPIC1)Y,NPU{L)Y s NBLK(L) g TXINS, N, 1Y, TY(NS,N",1),AREA(4,1),L0aD
& TZUNS)NMy1) o NELSLELINL L) XL Oy, YL (1) ZLEL), NBLSL(1)sNSLSL(L), LOaD
0 SDLOL)»SXLCL)eSYLCL)»SZLE1) o NJLELY ) NSS(1) NSO, NID(L),FI(L), LO0OaRD

# FORCE(1) L0AD
DIFENSION XE(4)sYE(4),ZE(4),NN(4),a4(4) LoaD
COMMUN/SETUP/NSEG s NSELTINFL NPTS ) AS2PT , NFEToNSE«NDIAPH, NFRAME, LOan

8 NTANANPLDINCSTYR  NLE»MF ORST aNSAV,NSCKy 142 1S, IMy IR0 L, ISTOP, ICHK,L0AD

& ROyNMAX)NEG,NEGS s NA ) MBAND )NBLCK ) NDIBC s JFLAG)PISNDE,NDS NFST,NFCT, L0AD

#  NCOMM,WRRsIC1s1C24103:1C4,1C5:1CH6sNGIR, IREACT)IRESIN, LA

o K1,XK2,K3,K4,K5,<6 L0Ad

o LoaD
C*G#Q“QGOGG-H»&’6#0’D#Oﬂ'o#b“##ﬁGHtQ&O&*lﬂ#é#bo{!&ﬂ*Gé&&#ob“&ﬂ.‘&é&*iQQGQ’}Q*GOLOAﬁ
c 1) READ AND PRINT INPUT HATA FOR LOAD CASE NO, L L0OaD
CHatsbntateatdsaadaantadsnalaltsaaouInsssatesgtaodbanntasadonannaasaendoal 0AN
c LOAD
DO 10 1=1,NEBS Loan

10 FORCE(])=0,0 L2aAD

c Loan
IF(NESL,LE,N) GO TO 27 LCADR

READ 1001, O(NELSLCOIY,DLCIY,XLCI), YL, 2L01), ]=1,NESL) L0an

PRINT 2001 LOAD

PRINT 2002, (NELSLCI)DLCIYXLCIY,YLCI)o2LC1), I31,NESL) LOaD

c LGAD
20 IF(NSSL,LE,D) 60 TO 25 L.0AD
READ 1002, (NBLSL(T) oNSLSLCI),SOLCT)aSXLCT),SYL.(1),SZL(1),1=21,NSSL)LCAD

PRINT 2003 LCaD
PRINT2004,(NBLSLOT Y e NSLSLITI)»SDLCTYaSYLETI) s SYL(I)aSZL(]),121,NS5L)LC0AN

o LoaAD
25 IF(NCL,LEWQ) GO TD 30 Lcar
READ 1033s (NJLOIDWNSS(IIWNSOCD) I T)WFICT), I33,NCL) LOAD

PRINT 2305 LCap

PRINT 2706, (NJL(TI)aNSSII) NSO(I)JNIDCI)LFICI)s Ts1eNCL) L0ad

30 1IFCISTOF£@s1) RETURN LoaD

C LOAD
c0605“&’660QG#OQOCQ!»&ﬁG#GG’QQ60#006606060GGQQ*&#QOOGO*iio"#l#i#&ﬁ&#.##iLOAD
c 2) CALCULATE EZUIVALENT NODAL FGRCES DUE TC SURFACE LOADS L0AD
cliﬂf#“6#0#0066&*{0960&0#066&&*G&’ﬁ#Q00#9.0#&0#6960&0.6&#&’0#6#G#GQQ&#GQ&LCAD
C LOAD
c REGULAR SURFACE L0OADS L0AD
c LCAD
IF(NESL.LF,0) GO TO 52 LOaD

11=0 L0aD

00O 45 1=1,NSEG L2AD
IKSNBLK(])=7 L0AD
JKENBLK(I+1) =7 L0an

DC 40 J=1,NESL LoaD
1JENELSL(J) Loan

NISNPICIY) L0aD



c-45

NJENPJ(1J) LOAD

caLL ELCOOR (NSECToNMAXpTX.TY.TZ»!;NX.NJoOoOo!LvloxE;YEoZE) LOAD
NN(1)SIKeN]#6 LOAD
NN(2)zIK+NJO6 LOAD
NN(3)sJK+N 86 LOAD
NN(4)2JUK+N]®g LOAD
KkelI+lJ LCAD

DO 35 K=1:4 LOaAD

35 AA(K)SAREA(K,KK) LOAD
CALL ADLOAD (FORCEWXE)YE)ZESDLCJI) o XLCJI)aYLGJI2ZLCJ 2 A4 NN) LOAD

40 CONTINUE LOAD

45 1I1sII+NEL L0aAD

c LOAD
c SPECIAL SURFACE LOADS L0AD
c L04aD
50 IF(NSSL,LE,D) GO TO 70 LOAD

DO 60 I=1,NSSL 1.0AD
11=eNBLSL(]) Loan
JUBNSLSL(]) LOAD
KK3]1aeNEL=NEL+JJ L.0aD
NIZNPI(JJ) LOaD
NJENPJ(JJ) LOAD
NN(L)SNBLK(I1)YeN]#8=7 L0AD
NN(2)=NBLK(11)eNJa6=7 LOAD
INCB)SNBLK(II+1)+NJ26=7 L0AD
NNC4)SNBLK(I1+12+N]®b>7 LOaAnD

CALL ELCOOR (NSECT NMAXsTXsTYsTZo11aNIaNJ2020,1Lr)1sXE,YEVZE) Loan

0O 55 K=1,4 LoaAD

55 AA(K)IZAREA(K,KK) L0AD
CALL ADLOAD (FORCEIXE»YESZEoSDLCII»SXLC1)aSYLCID),SZL(1)2A4,NN) L.0AD

60 CONTINUE L0AD

c LOAD
Cﬂ'00&664’.QQOQ0{60&0&'906'001!0GQQOGO!OQQ.#QO000000000’050060"00'QQOQ’QQLOAD
c 3) ADD CONCENTRATED NODAL LOADS INTO FORCE VECTOR L0aD
C’#*.“O'Q'Qﬁl&o'QO#Q#*QQ'0006DQ&QQGGQG#Q'GQ.0'0000.60.0000.90!QDQQQ&CQQQLOAD
Cc L.0AD
70 IF(NCL,.,LE,0) GO TO 1119 L0AD

DO 4100 1=1,NCL L0aAD
1I1aNSS(1) L0aD
1JENSO( 1) L0aD
NeNJL(]) LOAD
JJEGANENID(1)=7 LOAD
IFCIT LT 1J) GO TO 75 L0AD
IKENBLK(I1)Y+JJ L0AD
FORCE(IK)SFORCECIK)#FI (1) L.0aD

GO TO 100 1.0AD

c LOAD
75 1JslJy=1 LOAD

D2 90 Js!t,1J 1.0aD
IF(1L,EQ,2) GO TO 80 L.0aD
XTsTX(J*1 N2 1)eTX(JaN,1) L.0an
YTeTY(J*1)Ns1)eTY(JaNI 1) LOAD
ZTSTZ(J+1oNs1)eTZCJ,N, 1) L0aD

GO TO 85 LCAD

80 XTaTX(JsNa2)=TX(JIN21) 1.0AD
YT3TY(JeN22)=TY(JINI1) L0AD
ZTETZC(JaN:2)=TZCJWNy 1) LOAD

B5 XX2SQRT(XTaXT+YTaYT+ZTeZT) L0oAD
IKENBLK(J)+JJ LOAD
JKINBLK(J+1)+JJ 1.0AD

113
114
115
116
117
118
119
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FEsF1(1)YaXXx/2, . LOAR
FORCE(IK)I=SFORCE( K )+FF LOAT:

90 FURCE(JR)SFORCE(JX)+FF L0AD
100 CONTINUE LNas

¢ Laa"
CoORaadacatdonsadtadopalotiadaatdaastdeisnpbarratodadisstonatosetosanansdes OAD
c 4) WKRITE LOAD VECTOR ON TaAPE KL ANP PRINT GUT IF DESIRED LO&s
CHeEA4FDLEDIDEHBOBDROROBRPBRUDBURQABLBBENNBBRIBDBRUBQSBGRBBOBOBRBGEReoetea DA
o LOsN
110 I1i=1 LOAD
DO 122 T=1,NBLCK L0AD
IJsTI+NO=1 L0aH

WRITE (<L) (FORCE(J)y J=]1,10) LOAT

120 Il=11+NR} Loan
I#¢1C4,£8,0) 50 T2 130 LOAD

PRINT 2008, L LOAD

PRINT 2007, (FORCE(!), Is1,NEQS) Loan

130 KETHRN _ Loan

C LoaAr
CRrodptonasatastsadaaadolitdssdatasncdpiossbanatorattoptnaadnosssssonponrtasl OAD
c FORMAT STATEMENTS Loan
(He0stacbaanrpoieaBpIRIBRRPHLROBRBBBERROVORBIOSBORDRBORRERBENEIBBeneetea|l OAD
c Loan
1001 FORMAT(7X,13,4F1(0,0 LOAD
1002 FORMAT(Z15,4F10+0) LoaAn
1603 FORMAT(414,F1(,0) Loan
c , LOAD
20031 FORMAT(///7/7/30H REGULAR SURFACE LNAD ELEMENTS//60H ELEMENT NO, nEoal
#EAD LOAR X=LO0OAD Y=L0AC Z-1.CAD) LCAD

2002 FARYMAT(17,5X,4F12,4) LOaD
2pN3 FORMAT(///7/7/73%H SPECIZL SURFACE LNAD ELEMENTS//74KH SEGMENT NO, ELOAD
S LEMENT ~Q, NEAD LOAD X=L3an Y=L OAD Z=-L0AD) LCAD

2004 FORMAT(17,114,5X,4F12,4) L0ad
200% FORMAT(/////72%r CONCENTRATED AND LINE LOADS//A8H JOINT NO, STARTLOAD
& SECT, END SECT, COMPONENT NO, L7AD INTEMSITY) Loat

2076 FORMAT(16,3113,F27,4) Loal
2007 FORMAT(AE14,46) LCaAD
2008 FORMAT(1H1,30R LOAD VECTOR FOR LOD CASE NO,»15//7) L.OAD
EVD L0an
SUBROUTINF ADLOAD (FORCEIXE,YE,ZE,DLyXLaYLoZL ) AAINN) L90ad

0an
g"ﬂﬂﬁﬁﬁl06#QQO#QGQ6050666GGG#G0#0#60&6606&#00&##9’9&0#6&6#0’#69&66#§§§6t0AD
c TH15 SURRCUTIME ADDS %ODAL LOADS £@QUIVALENT TG DISTRIRUTED LOADS L0aD
C INTO THE LOAD VECTOR FOKRCE, L0AD
CONuRataoRtBBRIBdRcROBIRIRBPBBIRTBERNOLRQUEBERORBBNBARRDDBRRGREaDRonntael DAD
c LCAD
DIMENSION FORCEC1),XE(4))YE(4))ZE(4),84(4),NN(4) Loan

C LOAD
L=1 L0oaAD
XXSXE(1)+XEC(2)+XE(3)+XE(4) LCAD
YYSYECL)+YE(2)+YE(3)+YE(4) Leap
Z732E(1)Y+ZE{2)+Z2E(3)+2E(4) LOAD
IF(DLEB.D,) GO T3 15 L0oan

I1ND=23 LCAD

Xs0L Lean

GG To 31 L0ad

15 (=2 LOAD

IF(XL,EG.G,) 60O TO 20 LoaAD

129
121
122
123
124
125
126
127
128
129
13n
131
132
133
134
135
136
137
138
139
140
1414
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158

159

162
161
162

177



20

25

3e
40

50

CALL PAREA (27,YY,ZE,YEsAA)
140=1

X=XL

G0 TO 30

L=3

IF(YL,EG,0,) GO TC 25

CALL PAREA (Z7,XX»ZE)XE AA)
1+D=2

X=YL

G0 To 38

L=4

IFCZLLEO,Cy) GO TO 50

CALL PAREA (YY,XX,YE,XEsAA)

1MD=3
x=ZL

DC 40 K=1.,4
TJSNN(K)+IND
FCRCE(IJ)=FORCE(IJ)+aA(K)#X

GC TO (15,28,25,50), L
RE TURN
ENLD

C-47
LOAD
L.0aAD
LOAD
LoaAD
LCAD
LCaAD
LOAD
LOAD
LOAD
LOAD
LoaC
LOAD
L0AD
L0AD
LOAD
LOAD
L0OAD
L0aD
LOaAnD
L0AD
LOAD
Loan
LoaAn

17¢
17¢
18¢
181
182
187
18¢
18¢
18¢
187
1g#
186
199
191
192
193
194
195
164
197
198
199
20n
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SUBRQUTINF FORMK(MNPT ! PJy PSEC) NBLK IFD9FORCL, INDCR IDISBC,DISPL, FRMK

2 BIGK,FORCZ, ML IN7 NG ,yND ¥R FRMK

o FRMK

(R e o R R BB RN UR DO R BN IR BB BB DPIBDUIRSRIRNEDHBRERBRB DD DEGB RO BRSO oFRMK

C TU]S SURRODUTINE ASSEMHLES THE STRUCTURE STIFFNESS aND ARRANGES FRMK

c Trk EQUATION RLOCKS SiICH THAT THEY ARF READY FOR THE SOLUTION FRMK

C FROCESS Y SURRQUTIME USOL., FRMK

CoronpdasdandddttatasaiasadanadadtocdpionphpaadototssatoeatosotosadaaasssfRMK

I FRMK

C NIMENSTION aND COMMON STATEMENTS FRMK

C FRMK

DIMENSTON NPI(L) o WNPUCL)  NPSECCL) WNRLK(L1), IFD(1),BIGKINL,MB), FRMK

& FORCIINZ #™NC)FORCZ( " ZaNC)INCCRI1),IDISBCIND) e DISPLIND) FRMK

CIMENSION NMN(2)28T(12,12) FRMK

COMMON/SETUP/NSEG ) NSECT yNEL , nPTS,~S2P T, MFET ) NSEWNDIAPH  NFRAME, FRiK

& ATAD,PLDINCSTYP yMLC I NFORSTINSAY ,NSCKeTA2 IS, IMy IRV IL, ISTOP, 1CHK, FRAK

& RyNVAX,NERyNEQS NGy MBAND ) MBLCK»*DRCIJFLAGIPI o NDEJNDS)NFSTINFCT, FRMK

#  NCOMMaNRRIIC121C24103,1C421CH0106:NGIR, IREACTIIRESID, F QMK

& K1,K2)K3,K4,K5,X6 FRMK

CUMMON/NTAPH/ZNDTY(20),NPD(4,20),WNSE(20),NDSD(20) . NOST(20) FRMK

COMMON/ZFRAME/CACZ2D)EIVI20),E1Z(27)26IX(20)96AY(20)sGAZI2N), FRMK

& EI(3,20),FU(3020)4E4( 32,200 ) NF1(107) NFJCLC0) ) NSFIC100?, FRMK

& NSFJ(100),NFTY(100),nFSC(L160) FRMK
COMMON/STIFF/T(24,24),0UMMY(201) FRMK

ECUIVALENCE (T4ST) F 3K

LOGICAL L1,L2 4 FRMK

c ‘ FRm«

C“QQG#Q#6#9666&0{006040#GGGﬁiG##GGGOGO&&QDGGGGQGQGGQOGQQQQ##O&GGO&#GOQQ#FRMK

C 1) REARRANGE [.OAD VECTORS ON TAPE XS (IF NLC,GT.1) FRMK

Cﬂ'&ﬂo*&##&Qﬁoooei*&&Q“Q&l#ﬁﬁ&f&ﬁ###k&bbaOG&bQOGiOGOﬁQDGGOGQQQGOGOGQ&(HNHI-FRMK

c FRMK

LASNFRAAESNDIAPH EG, D FRMK

IF(NLC,EG,1) 6O T2 9 FRMK

REJIND K5 FRMK

CC AR Isi,NBLCK FRmk

REWIND K4 FRMK

2 READ (K4) (FORCI(Xe1), K=1,NG) FRsK

WRITE(KS) (FORC1(<s1)) Ks1,Nw) F MK

DN 6 Js2,VLC F MK

DY 4 K=1,NBLCK FRMK

4 RFAD (K4) (FORCL(L»1), L31,N3) FRMK

6 RITE(KS) (FORCI(Ls1)s L314NG) FRMK

8 CONTINUE : FRMK

¢ FRMK

C¢&§00§§0QGQQ%Q#Q!.GG“Q#GG#{&#GQGQOGQO#GGO6&QGGGQ#.QO"O#OGO#D#QQ&Qo&#“#GFQMK_

c 2) INITIALTZE STRUCTURE STIFFNESS #1GK FRMK

T T L Y Yy Y R T R R R LRl

c FRMK

c INITIALIZE LEADING BLOCK FRMK

c FRMK

9 MWL =MR$NLC FRMK

NRENRBLCK FRM«

REWIND K2 FRMK

REWNIND K3 FRMK

REWIND x4 FRMK

REWIND K5 FRMK

DO 15 J=1,NGQ FRMK

DO 15 K=1,MR FRMK

O DN T BN
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15 BIGK(JaK)=0.0 FRMK

c FRMK
C SHIFT UP TRAILING RLOCK FRMY
c FRMK
NS=NQ+1 FRMK
NESNQ+N3 FRMK

11=4 FRMK

NF IN=2D FRMK

MF IN=D FRMK

N=0 FRMK

MMF =) FRMK

DO 200 1s1,NB FRMK
[Js11+NG FRMK
IKs1J+NG=1 . FRMK
IF(!,EQ,1) GO T0 22 FRMX

DT 20 J=1,NG FRMK

NG 20 K=1,MB FRMK

20 BIGK(J»XI=BIGK(J+NQK) FRMK

9 FRMK
c INITIALIZE TRAILING BLOCK FRMK
¢ FRMK
22 IF(1,EQ,NB,OR,NB,EQ,1) GO TO 27 FRMK

DO 25 JsNSNE FRMK

DO 25 K=1.MRB FRMK

25 BIGK(J,K)=0,40 FRMK

c : FRMK
C'D’#“GGOGGQQQQ&QGOCQ*G#QQQ#QQGO!'06’06'l#OQOl’&."&i&##lil{..'...’&..GGFRMK
c 3) STORE PLATE ELEMENT STIFFNESSES FRMK
CQQQQQOQQQOG##QQOOOGGO#4“05&960’#&&900'09#0009GGOGQ&Q#QQQ“GQOQGGGOeéﬁioiFRMK
c v FRMK
c FIND POSITION OF FIRST READ RECORD ON TAPE K2 FRMX
C FRMK
27 KKs1] FRMK
KIsNBLK(NFIN+1) FRMK
IF(KI+GEZI1¢ANDKI, LT 1J) GO TO 49 FRMK
REWIND K2 FRMK
IF(NFIN,ER,D) GO TO 35 FRMK
JJUENFINaNEL FRMK

00 30 J=1,Jd FRMK

30 READ (K2) FRMK

35 N=NFIN FRMK
KK=1J FRMK

c FRMK
c STORE PLATE ELEMENT STIFFNESSES . FRMK
c FRMK
40 N=N#+1 FRMK
IF(N,GT,NSEG) GO TO 50 FRMK
NISNBLK(N)=7 FRMK
NJSNPSEC(N)®6 FRMK

DO 45 JUs1,NEL FRMK

READ (K2) T FRMK
NN(L)=68NPT(J)#N] FRMK
Nr(2)=68NPJ(JUISNT FRMK
NN(3)=NN(2)+NJ FRMK
NNC4)SNN(L)+NY FRMK

CALL STORE (NN, KK, IK,BRIGKINL14,)T:24, F RMK

45 CONTINUE FRMK
NIZSNBLK(N+2) =1 FRMK
IF(NTJLE,IK) NFINaN FRMK
N1sNBLK(N+1) FRMK

60
61
62
63
64
65
86
67
68
69



c

KK=11
IFCANTLLTID) KK=1J
IFINTLLT, 1) GO TO 4¢C

FRMK
FRMK
F RMK
FRMK

(O ot a o sdeoRARIRRNDURIRIRNBEBLEROLRBRIIORNRBUERREIRRDERSREOBBDADEREDRLERMK

9

4) ATD DIAPHRAGM AND FRAME STIFFNESSES

FRMK

CF Rt IR B s IR BB RPN R BB RGRBURBBURBRIGERTANBORERNDRRGIBOOGDBORBORS D FRMK

OO0

oo

20
60

65
70

72
75

80

90
95

1F(L2) 50 TO 100
M=MF N

Mz M+l

1F(M,6TNSECTY GO TO 100
IFCIFNC4) yEQ,N) GO TO 60
KIsNBLKIM)

IF(KI,GE,1J) 50 T2 160
KKs11

IF(K],GLe11) 50 70 70
KK=1J

REWINTD X3

IF(MMF,£G,0) GO TO 78

DO 65 K=1MMF

READ (K3)
IFCIFD(*)4E8,1) G2 YO 8N

DIAPHRAGMS

NISNBLK(M)=7

DC 75 J=1,NDE

READ (K3) T

N0 72 K=1.4

NCK)SNT+6aNPRIK, J)

CALL STORE (NN KK, IK,RIGKaNL14»Ts24411)
CONTINUE

L1sNBLK(M+1)=1 LE, 1K

IFCLL) MMFsMMF+NDE

FRAMES

IFCIFD(M™)ER,2) GO TO 95

NNES

Li=,TRUE,

DO 90 JsS1,NFRAME

KI=SNSFI(J)

KJENSFJU(Y)

IF(KI «NE M AND,KJNE M) GO TO 90
1F(CT LT M 0R KJ,LTyM) GO TO 90
RFAD (K3) ST

NNENNLSY

KISNBLK(KI)+6a8NF1(J)=1
KJSNBLK(KJ)+6aNFU(J)=1

KA3KK

JF(K],GToIKsOR,KJsGT,1K) L1=,FALSE,
TFAKT LT (KKOR KU, LT, kK) KA=]J
NN(1)=KI=6

NN(2)2KJ=6

CALL STORE (NN KA»IK,B3IGKsNL12sST»12:11)
CONTINUE

IF(L1) MMFsMMF+JJ

IF(LL) AFINSM

6o TO 60

FRMK
FRMK
F RMK
FRMK
FRMK
FRMK
FRMK
FRMX
FRMK
FRMX
FRMK
FRMK
FRMK
FRMX
FRMK
FRMK
FRMK
FRMK
FRMK

FRMK

FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK

151
152
152
154
158
156
157
158
159
160
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162
163
164
165
166
167
168
169
i7n
171
172
173
174
175
176
177
178
179
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c FRMK
coo&a64ooocao006o0#»Q#o#oooo#Goua&ﬁoéﬁoogaeoanqanwiaao»v;#eaoﬁo#oo»o&«aeFRMK
C 5) FCRM RLOCK COMBINATION OF ORIGINAL BIGK AND FORCE MATRICES FRMK
CHaRota iRt RRRtBRBRRRIHBBBIRRDOREBBIDBBRNRERORRRRBEORDOEDOBBOOBODBBRBRsFRMK
c FRMK
100 DO 117 L=l,NLC FRMK
110 READ (KSY(FORC1(K,L), K=1,N0) FRMK
WRITE (K4X((BIGK(JsK)»J=1)NB)sK=1,MB), FQORCI FRMK

200 [!1ST]+ND FRMK

C FRMK
cn#ap#eonoi»a&#&q#&&a&a#nvéao#o#ooo###ﬁ#.&g«»#oo&ﬁcﬁQ*oﬁ&*#aa»l&#&vo.GQ*FRMK
o A) SETUP FOR MODIFTICATION DUE TO BOUNDARY CONDITIONS FRMK
CPadatartoaoenedalocniosdtsnadBROIRRIBBIBBRARIIRROBERBORRDORRROBRORBIRBOFRMK
c ' FRMK
REWIND K1 FRMK
REWIND K2 ' FRMK
REWIND K3 FRMK
REWIND K4 FRMK
REWIND K5 FRMK
REWIND k6 ) FRMK

N1zK2 ‘ . FRMK

N23K3 o FRMK
NBBRS(MBe1)/iNQ+2 ‘ FRyx

11=1 FRMK

[K=1 ‘ FRMK
KC3NQ+MB=1 FRMK

c FRMK
C READ BNUNDARY CONDITION ARRAYS FROM TAPE K1 FRMK
c FRMK
READ (K1)CINDCROI), 1321,NEQ) FRMK
IF(NDRC,GT,.0) READ (K1)IDISBC,DISPL FRMK

c FRMK
c READ ORIGINAL STRUCTLIRE STIFFNESS FROM TAPE K4 F:MK
c FRMK
DC 400 1=1,NB FRMK
1JS1I+NQ=1 FRMK

READ (K&4)((BIGK(JrKYI»JS1,NQ)IK=1,MB), FORC1 FRMK
IF(NDBC,E%,0) GO TO 350 FRMK
IF(1,6T,1) 50 TO 211 FRMK

N1=K5 . FRMK

GC TO 215 FRMK

210 IF(NBR,EG,2) GO TO 220 FRMK
REWIND N1 FRMK
REWIND N2 FRMK

NIsN2 FRMK

215 DD 217 L=1,NLC FRMK
217 READ (NI) (FORCI(K,L), Ks1,NQ) FRMK
60 TO 230 FRMK

220 DO 225 k=1,NQ FRMK
DO 225 |s1,NLLC FRMK

225 FORC1(K,L)=FORC2(K,L,) FRMK

c FRMK
CQ!&CGG#96&6&99Gl'QI'GGQ“#*#6#Q&&Q&&6060#Gbl*&6*GQGQOOQD'#OOQ.GQQOGQGQOQ#Q#FRMK
C 7) MODIFY LEADING RLOCK OF L0OanD MATRIX DUE TO NON=ZERO B,4C, FRMK
ca.u.&ccooooo&oboﬁ.o Q*GGQQ6#9060.660!##&&6ﬂ&’i&&o'&b..QOQQOGOGOOQOQGG“*6FRMK
c FRMK
230 IF(IK,GT,NDBC) GO TO 282 FRMK
0o 270 JsIKsNDBC FRMK
JJZIDISAC(Jl=T1]1%1 FRMK

JI1sJdJ=M3+1 FRMK

189
181
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189
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194
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195
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199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

232

233
234
23%
236
237
238
239
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[FCJ1.GT,»Q) GO TN 280 FRMK
IFCJIWLT,1) Jis=t FRMK
KISMING(JJ s MG) FRMK

5C 24N KsJlaWK] FRMK
JRKIJJ=K+1 FRMK
XXSRIGK(K JKI#DISPLJU) FRMK

nd 240 L=s1,NLC FRMK

240 FORC1(K,L)=FORCI(K,L )=XX FRMK

c FRMK
KIsNQeuJ+l FRMK
IF(KI,LT,2) 60 To 270 FRMK
JF(KI LT MB) GO TO 245 FRMK

KIsMB FRMK
[KaIK+] FRMK

245 DT 250 XsZ2,K] FRMK
JRKEJI+K=1 FRMK
XXsBIGK{JJ,K)=DISPL(JU) FRMK

DS 250 L=3i,NLC FRMK

250 FORCL(UK,L)SFORCL(UK WL )=XX FRMK
270 CONTINUF FRMK

C FRMK
R e D e P B R R RO BB I U NI U BB DI DR LB DORBRBEBINI BB RERERE RS HIRBBOIOBORBEBEROFRMK
c B) MODIFY TRAILING BLOCK OF LOAD MATRIX DUE TO NON=ZERO DISPLS,FRMK
CoOntadpratadtnadtadaadbadatosdadcastoadatadaoadadateseiaosdranronstasnssapRMK
c FRMK
280 1F(1,EQ,NR) GO To 35C FRMK
Jas2 FRMK
JXENa+2 FRMK
IF(NBR,EQs2,0F,1,EQ,1) GO TO 285 FRMK

NT=N1 FRMK

GC TO 290 FRMK

285 IF(1+NBR=2,6T,NB) GO TO 350 FRMK
N1=K5 FRMK

c FRMK
290 DC 29 [ =1,NLC FRMK
293 RFAD (N1) (FORC2(X,L)y K=1,NQ) FRMK
IFCIK,GT,8pBC)Y GO TO 315 FRMK

00 310 JsIK.NDBC FRMK
JJSIDISRC(J)=T1+1 FRMK
IF(JJGT, 1Y) GO TO 31% FRMK
JIsJUK=JJ FRMK
KIsJI+NG=1 FRMK
IF(KI.LT.™8) GO T9 29% FRMK

K1=MB FRMK
[Ks1K+1 FRMK

295 KX=NG+1 FRMK
DO 305 K=sJlsK! FRMK
XXsBIGK(JJ,K)aDISPL(J) FRMK

DO 300 L=i,NLC FRMK

300 FORC2(KK,L)=FORC2(KK,L )=XX F RMK
305 KKsKK+1l FRMK
310 CONTINUE FRMK

C FRMK
315 IF(NBR.FQ.2) GO TO 329 FRMK
WRITE (N2) FORCZ2 FRMK

320 IF(JALERNBR,ORy1+JA=1,EQNB) GO TO 350 FRMK
IF(JA,E3,NBR=1) GO TO 330 FRMK

N1=KS FRMK

330 JAzJA+L FRMK
JKEJK+ENG FRMK

24n
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269
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274
272
273
274
275
276
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273
279
280
281
282
283
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285
286
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298
299
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GO TO 290 FRMK 309

c FRMK 301
CleorannondsntinaotondtaondaanittaoudntcnaboconoontocndcscstanabesnsanatosfFRMK 302
C 9) MODIFY STRUCTURE STIFFNESS nNUE TO BOUNDARY CONDITIONS FRMK 303
(ot a ot aan o atatandiadatBnoRaRERRRRRBORDOIURDIRBORRIVROONDERBEDRNRGORRBFRMK 304
C _ FRMK 305
350 Jsll-1 FRMk 306
355 Jsy+1 FRMK 307
JdsJel]+1 - FRMx 308
TFCJJoGT o KCyOR,J,GTyNFEG) GO TO 39N . FRMK 309
IFCINDCR(J)4EQ,0) GO TO 355 FRMK 319
JI1ZMAXQ (1, JJd=MB*+1) : - . FRMK 311
KI1sMIND(JJNQ) ‘ . FRMx 312

DO 36N K=Jl:KI] FRMK 313

360 BIGK(X,JJ=K+1)=20,0 FRMK 314
IF(JU,GT,~@) GO TO 358 FRMK 315

DO 365 K=Z,MB FRMK 316

365 BIGK(JJ.K)=0,0 ' FRMK 317
G2 TC 355 : FRMK 318

C FRMK 319
C O R R B R RO B BN G R IO REBR DRGSR ROBLILORONORBERERBRDEERBERORoFRMK 320
c 10) SAVE STRUCTURE STIFFNESS AND LOAD BLOCK ON TAPE K6 . FRmK 321
Co et n P ottt R R Rl a bRt alERBOBTBRRIERRERBODNCORNLEBRIBRREDERRRBGOOBERROEBFRMK 322
c . FRMx 323
390 WRITE(KS) ((BIGK(JsK)»J=1,NB)1K=1,M8), FORCH DR FRMK 324
NI=sNi , . FRMk 325

NisNg FRMK 326

N2sN] FRMK 327

400 11S1]I+NG FRMk 328
c FRMK 329
c PRINT ORIGINAL STRUCTURE STIFFNESS MATRIX IF DESIRED FRMK 330
c FRMK 331
IF{ICA,EQR.0) GC TN 508 FRMK 332
REWIND K4 FRMk 333

" PRINT 2000 FRMK 334

I1=4 . FRMK 335

DO 420 1=1,NB FRMK 3358

PRINT 2004, ! FRMK 337

READ (K4)((BIGK JaK) ) J21 NG IK=1,MB) FRMK 338

D0 410 U=1,NG FRMK 339

PRINT 2002, I! FRMK 340

PRINT 2003, (BIGK(J)K))K=1,MB) FRMK 341

410 I1311+4 FRMK 342
420 CONT]INUE FRMK 343

c FRMK 344
500 RETURN FRMK 345

c FRMK 346
2000 FORMAT(1H1,2iH STRUCTURE STIFFNESS? FRM< 347
2001 FORMAT(///10H BLOCK NC,,15/7) FRMK 348
2002 FORMAT(/17H EJUATION NO,,187) FRMK 349
2003 FORMAT(8E12,4) FRM« 350
END FRuK 351
SUBROUTINE STORE (NN,1A,IByBIGKyNLsL»T#NR;IC) FRMx 352

¢ FRMK 353
(et Gt EatetatoRRIRtaRQIRIDORBOERROLONROURCVRNDRBRERNBIRNDRLOBNDBIsRBREGFRMK 354
c TH]S SUBROUJTINE ADDS THAT PORTION OF ONE= OR TWO=DIMENSIONAL FRMK 355
c STIFFMESSES INTO THE STRUCTURE STIFFNESS BIGK WHICH FALLS FRMK 356

c BETWEEN EGUATION 1A AND IB, FRmMk 357
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C RSBttt a st Rl oBaR ot Bt nRORRERORRUlTBADRLRBIORtODARNOREORODRBRORORRBBFRMK 353

c

c

10
20
30
40

CIMENSION BIGK(NL,1),NNC4), T(NRs1)

1t=s0

DO 40 1=1,L

1SaNN(])

IF(1S+6,LT7,14,0R,15,6T,IB)Y GO TC 40
JEED

00 30 J=i.L

JSENN(J) .

1IF(Je.LT,18) 60 TO 30

gC 20 11=1,6

11831S+11]
IFCTIISGT, IR, ORsI!S,LT.18) GO TO 20
11estE+T]

DO 10 JJs1,6

JJS=JsS+uy .

IFCJJSLT,I1ISY Go 70 10
1JSs[18=1C+1

JJUS2JJUS=118+1

JUESJE+UJ
BIGK(IJS,JJ5)=BIGK(IJS,JUSI+T(IIE,JJE)
CONT INMUE

CONT INUE

JESJE+S

IEsIE+6

RETURN

END

FRMK
FRiK
F RMi
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRMK
FRimK
FRMK
FRMK
FRMK
FRMK
FRMK

359
360
361
362
363
364
365
366
367
368
369
370
371
372
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374
375
376
377
378
379
380
381
382
383
384
385
386



SUBROUTINE USOL (A,B,MAXB,NEGB)MB,LL»NBLOCKINSBINORG,)NBKS,NT1, usSoL

® NT2,NRST) usoL

c usoL
(o natantoRatcsatabasadalotRndlIsdastolnnalsssdodatoesbonntoassasonaeedaaJSOL
c GENERAL FQUATION SOLVER FOR SYMMETRIC POSITIVE=DEFINITE SYSTEMSUSOL
c usSoL
c - INPUT = usoL
c A4B ~ STORAGE AREAS FOR LEADING AND TRAILING BLOCKS OF usoL
c EQUATIONS, INCLUDING ALL LOAD VECTORS usSoL
c MAXB = STORAGE AREA FOR VARIABLE RANDWIDTH INFORMATION uSoL
¢ NEQB = NUMBER OF EGUIATIONS IN A BLOCK usoL
c MB = MAXIMUM HALF=BAND WIDTH OF MATRIX VySoL
¢ LL » NUMBER OF LOAD VECTORS usoL
¢ " NBLOCK = TQTAL NUMBER QF BLOCKS UsoL
c NSB=(MB+LL)®NEQB = LENGTH OF STORAGE AREA FOR BLOCK A AND B usoL
¢ NORG=6 = NUMBER OF TAPE ON WwHICH ORIGINAL EQUATIONS ARE STORED:» usoL
c ONE RLOCK PER RECORD usoL
c NBKS=5 « NUMBER OF TAPE USED FOR TEMPORARY STORAGE OF REDUCED uSoL
¢ EQUATIONS uSoL
c NT122, \NT223 = NUMBERS OF TAPES USED FOR TEMPORARY STORAGE IF usoL
(o MB,+GT,NEAB ySsoL
o NRST26 = NUMBER OF TAPE ON WHICH UNKNOWNS ARE STORED, ONE . usoL
o 3LCCK PER RECORD, IN REVERSECR ORDER ysSoL
COatadonatpnaaaiadaandonsdtettdtsodaetosnsocndianonanatasptanansnndocedan| SOl
c , uSaL
DIMENSION A(NSB),B(NSR),MAXB(NEGE) VsoL

c. usSoL
NCsMB+L L ysoL
NBR=2(MB=1)/NEQB*1 vSoL
INCINEQB=1 . ySoL
NMBENEQR#MB h usSoL
N2ENT2 , usSoL
N13NT1 ysoL
REWIND NORG uSoL
REWIND NRKS uSoL

c usSoL
c REDUCE EGUATIONS BLOCK BY BLOCK ysScoL
C usoL
DO 900 Ns1,NBLOCK ysoL

1F (N,GT,1,AND,NBREG,1) GO TO 11r usoL,

IF (NBR,EQ,1) GO TO N5 usSoL
REWIND Ni USoL
REWIND N2 USoL

195 NIsNi usoL
IF{N,EQ,1) NI=NORG uSoL

READ (N1) A ySoL

110 DO 300 !=1,NEGB uSoL
D=a(l) . usoL

IF(D) 115,300,120 ysoL

115 MSNEGB#(N=y)+] usoL
PRINT 116, M,D usol

116 FORMAT (33HO0SET OF EQUAT]ONS MAY BE SINGULAR 7/ usSoL

# 26H DIAGONAL TERM OF EGUATION 18, 8H EQUALS 1PE12,4) usoL

D=eD vSoL

120 D=SQRT(D) usoL
AC])=D ysoL

ol ) UsoL
11=1 usoL -

DO 125 J=2,NC usoL
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o000

125

130

150

175
200
300

640

650

DO 130 J=1,NMR,NEQB
IF (ACJYNEGO,) MAXR(T)=y
CONTINUE

JL=1+1

IF (JL,GT,NEGR) GO TO 300
11=1

PO 200 J=JLsNEGB
I1=1]1+NEQE

IFCIL.GT,MMB)Y GO TO 200
C=za(ll)

IF (C.EQ,0,0) GO TO 270

KK=J

MAXIMAXB(]T)

DO 150 JJ=1I,MAX,NEQGB
ACKK)=A(KK)=CeA(J)
KK=KK+NEGR

KKsJ +NMB

JUSTHNMBR

DO 175 (=1,LL
A(KK)SA(KKY=CsA(JJ)
KX SKK+NEQRE
JUSJJENEQB

CONTINUE

CONTINUE

WRITE (NBKS) A,MaXxB

SUBSTITUTE INTO REMAINING EQUATIONS

DO 800 NN=1:NRR
IF(N+NN,GT NBLOCK) GO TO 800
NI=N1

IF(N,EQ,1) MI=NORG
IFCNN,EGyNBR) NI=NQRG
READ (NIl) 8
1Ls1+NNsNEQB#NEQAR

DO 700 1=1,NEBB

11=s1L

DC 690 K=1,NEQB

1F (11,GT.NMB) GO TO 693
CsA(C]1])

IF (C,EQ?,9,0) 60 TO 690
MAX=SMAXB(K)

KK=1

DO 640 JJ=11,MaX,'EGB
B(KK)=B(KK)=CaalJJ)
KK=KK+NEQB

KKz 1+NMB

JJUIK+NMB

DO 650 L=1,LL
B(KK)=B(KK)=CralJd)
KKEKK+NEGE
JUTJJ+NEQR

uSoL
usoL
usoL
usSoL
ysoL
usoL
usoL
usoL
usSaotl
usoL
usoL
usoL
vSoL
usSoL
vSoL
uSoL
usSoL
usoL
uSoL
usoL
usoL
usoL
usSoL
usSoL
usSoL
JysSoL
usSoL
usSoL
uSoL
usoL
usSoL
ysSoL
usoL
usoL
usoL
vsoL
usoL
usoL
usoL
uSoL
usoL
usoL
usoL
usSoL
usSoL
usoL
usoL
usSoL
usoL
usSoL
usSoL
usSoL
usoL
uSoL
usoL
usSoL
usoL
usoL
uSoL
usoL

119



(aNeXe]

690
700

740

750
800

900

905

910

920

940
950
955

Il1af1=INC
IL=IL+NEGB

IF(NBR,NE,1) GO TO 750

DO 740 1=1,NSB
Al(l)=B(1)

GO TO 800
WRITE (N2) B
CONTINUE

M=N4
Ni1=N2
N2=M

BACKSUBSTITUTION

LS=LL#NEGS
NEB3NEQB®(NBR+1)
NUMaNBR#NEQR
MAX=NEB«LL

DO 905 1=1,MaAX
B(l)=n,

REWIND NRST

DO 1000 N=1,NBLOCK
BACKSPACE NBKS
READ (NBKS) A,MAXB
BACKSPACE NB8KS

DG 910 Lsi,LL
K=LaNEB

DG 910 JE1sNUM
1=K=NEGB

B(K)=B(1])

K=Kel

1=NMB

CO 920 L=1,LL
K={L=1)aNEB

DO 920 J=1,NEGB
[=1+1

K=K+1

B(K)=A(])

DC 955 1=1,NEQGB
JENEQR#1~1
MAX=MAXB(J)

IF (ACJY4EQ.0,) GO TO 955

0O 950 L=1,LL
KKsJ+(L=1)eNEB
JuIBKK+1
1L=J+NERB
C=B(KK)

DO 940 11=1L+MAX,NEGB

CsCea(]1)=#B(UJ)
JUBJJ+1
B(KK)=C/a(J)
CONTINUE

1=0

€-57
usoL 120
usoL 121
usoL 122
UsoL 123
uSoL 124
usSoL 125
UsSoL 126
ysSoL 127
UsoL 128
usSoL 129
USoL 130
uSoL 131
usoL 132
ysSoL 133
usoL 134
uUSoL 138
USoL 136
uSoL 137
vSoL 138
USoL 4135
UsoL 140
uSoL 141
USoL 142
ysoL 143
USoL 144
uSoL 145
USoL 146
uSoL 147
ySoL 148
USoL 149
uSoL 150
USoL 151
uSoL 152
USoL 353
uSaL 154
UsSoL 185
UsSoL 156
usoL 157
UsSoL 158
uSoL 159
uSoL 160
USOL 161
uSoL 162
USoL 163
USOL 164
USoL 165
USoL 166
uSoL 167
USoL 168
UsoL 189
usoL 7o
usSoL 171
usoL 172
uSoL 173
uSoL 174
uSoL 175
UsSoL 176
usSoL 17?7
usoL 178
usoL 179
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$60

1000

DO 960 L=i,LL
K=(L=1)#NEB

DO %67 U=1,NEGB
KSK+1

1]+l

ACI¥=2R(K)

WRITE (NRST) (a(]1),1=1,L18)
CONTINUE

RETURN
END

usoL
usoL
uSoL
usoL
usoL
uSoL
uSoL
usSoL
ysSoL
usoL
usSoL
usoL

180
i81
182
183
1384
185
186
187
188
189
190
191



SUBROUTINE OUTPUT (NP1,NPJ,NPSEC, NBLK,NFORS,NFORSN,ALF,NSA,NSAVS, QUTP
#  NPAV,NCS,NGE,XDIV,10SEG, IFDsTZ,TYDISs» INDCR,IDISBC,DISPLBIGK: OQUTP

& FORCE) QuTP
RETURN oUTP

ENTRY QUTPUZ2 (FsDDsDISP,GIRMOM, TENS COMP,B1,B2,B3)FF,DsEsDI, puTP

&  NY NS,NT,NM;NR,MB,NC,NGR NK) NG NFINX,NDs10DIA) ouTP

ouTP
SQGOGGOGOQOQQOOGGGQGO”0906##96##0#&6{9&6.69606660064{“000!606'06&060““6DOUTP
c THIS SUBROUTINE ARRANGES FINAL NODAL CISPLACEMENTS IN CORRECT QuUTP
c ORDER AND CALCULATES ALL UNKNOWN REACTIONS ANC RES]DUAL LO0ADS, ouTP
c INTERNAL FORCES FOR ALL PLATE AND BEAM TYPE ELEMENTS ARE COMPUTED,OUTP
c AND ALL OUTPUT 1S PRINTED QUT FOR ONE LOAD CASE AT 4 TIME, ouTP
(et IRt E DO RO EHRROEBRNOIDPI DT DABIBRIDDIL BRI BT EBRRNREGEBERRRGRMGROEOBQUTP
c ‘ ouUTP
¢ COMMON AND DIMENSION STATEMENTS ouTp
¢ ouTP

DIMENSION NPI(1),NPJ(1),NPSEC(1),NBLK(1))NFORS(1),NFORSN(NY,1), QuTP

¢  ALFC(NYs1))NSAC1),NSAVSINS,; 1), NPAVINS,1) /NESC1)/NGE(2,1) XDIV(1),0UTP

@  IFDCL) s TZINT,NMs1), TYCNT,NM 1) ,NIS(NRINC) s INDCRINX), IDISBC(ND), OUTP

# DISPLI(ND)sBIGK(NRsMB))FORCE(NR,NC),F(NF,1))DDINC,67),B1¢1), QuTP

® DISP(NGB,NC),GIRMOMINK )NG)NC) s TENS(NK)NG)NC) COMPINK,NG,NC), QuTP

# B2(1),B3(1),FF(30)NC) D(30sNCI,E(L2,NC)sDI{NRINC)aNNC4),MM(4)s OUTP

® JO0SEG(1),10D14A(1) pure

o QUTP
c EQUIVALENCE (INDCR)DD)+(DIS,FiGIRMOM) v (D,EWDIFF) ouTP
c (THE ARRAY SEGQUENCE DI1SsINDCR:IDISBC,DISPLBIGKIFORCE STARTS AT QUTP
c THE SAME ADDRESS 'AS THE ARRAY SEGIENCE GIRMOM,TENS:COMP,B1,+B82: oUTP
c B3:D, THE ARRAY SEQUENCE DD,DISP STARTS AT THE FIRST WORD ADDRESSQUTP
c OF ARRAY INDCR) ’ ouTP
¢ ouTP
COMMON/SETUP/NSEG.NSECT/NEL yNPTS,NS2PT,NFET)NSE)NDIAPH,NFRAME, ouTP

2  NTAD/NPLDINCSTYP NLC,NFORST NSAV ,NSCKs 1A 1Sy IM)IRsIL2ISTOP, ICHK, OUTP

*  RyNMAX,NEG,NEQAS,NQ,)MBAND NBLCK,NDRC,JFLAG)P1,NDE,NDS,NFSTyNFCT, OQUTP

# NCOMM,NBRs»IC141C2,1C3:]C4,1C511C64NGIR, IREACTJRESID, ouTP

* K1iK2,K3,K4,K5,K6 QUTP
COMMON/DIAPH/NDTY(20),NPD(4,20) ¢ NNSE(20),NDSD(20)4NDST(20) QUTP
COMMON/FRAME/EAL20) E1Y(20),E12€(2n),GUX(20),GAY(20)+GAZ(20), outeP

* E1(3,20),EJ03120)+EK(3,20) NFI(100),NFUL100),NSFIC100), oure

® NSFJ(100)sNFTY(100),NFSC(4100) outP
COMMON/STIFF/T(24,24),XE(4),YE(4),ZE(4)ECI(3)ECJ(3)ECK(3), ouUTP

e Q(180) ouTP
LOGICAL L1,L2,L3 oUTP

c ouUTP
CRabndaosaastoRtadastadodatatitRtesalsntoniasatenpianatgentdasnadaenssansonQUTP
c 1) ADD SPECJFJED DISPLACEMENTS INTO SOLUTION MaTR]X ouTP
CHRRaba BRI BRBIIRRRRRBRERBRNBUEIVCHBRBODRRBLDRNQVRER NP GREROBDORIRSOORsaaQUTP
c QUTP
LisIREACT,EQ,0 ouTP
L22]RESID.EQ,OD ouTP
NBESNBLCK QuUTP
NMBZNQ#+MB=1 ourp
REWIND K1 QUTP
REWIND K5 QUTP
REWIND K6 QuUTP

READ (K1) INDCR ourTp
IFCNDBC,GE,4) READ (KY) IDISBC,DISPL ourP

DO 40 1l=1.NB QuTP

10 READ (K6&) DIS ouTP

c ouTP

Cc-59
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¢-80

KKE] QuUTP
1130 QUTP
DC 30 I=1,N8 QUTP
DO 20 J=1,NQ ouTP
JIEIT+J ouTP
IF(JJGT,NER) GO TO 20 ourP
IFCINDCR(JUY,EGD) GO TO 20 ouTP
00 15 K=1»NLC QUTP
15 pIS(J,K)=0,0 purp
20 CONTINUE ouTtP
22 IF(KK,GT,NDBC) GO TO 26 ourte
IK2IDISBC(KK) ouTP
IFCIKL,GT,JJ? GO TO 26 outP
[K31K=11 ouTP
D0 24 K=1,NLC oure
24 DIS(IK,K)=DISPL(KK) puUTP
KKEKK+1 ouTP
GO Y0 22 ouTP
26 WRITE (K5) DIS QuTP
IF(1,EQ,NB) GO TO 35 outp
BACKSPACE K6 QuUTP
BACKSPACE K6 ouTtp
READ (K&) DIS QuUTP
30 Il=l1+4N@Q ouTP
c ouTP
ClodadonerotadttptadadadadidiidoasdtdoanadanpsatedasadabadaascannsnanreaQUTP
c 2) FIND RESIDUAL LOAD CHECKS AND REACTIONS puTteP
coa#cGQQQGOOOOGQQOOQQ*.660600#“#0’46’006&&96OQCGQOQGQGOOQOOGG9660#000#6#0UTP
¢ ouTP
c READ ORIGINAL STRUCTURE STIFFNFSS AND LOAD MATRIX FROM TAPE K4 QUTPR
-C ouTP
35 IF(L1.AND,L2) GO TO 142 ouTe
REWIND K4 ouTP
REWIND K5 QUTP
REWIND K6 ouTP
N13K2 ouTeP
N22K3 ouTP
JK=20 Qure
DO 140 Is1,MB ouTP
READ (K4) BIGK,FORCE ouTP
IF(1,EQ,1) GO TO 47 QuUTP
READ (N1) DIS oure

DC 4D J=1,NG ouUTP
D0 40 K=1,NLC outr
40 FORCE(J+K)ISFORCE(J)K)=DIS(.,K) ourte
NZzJJd=1 ouTP
DC 45 J=1.NZ QUTP
45 BACKSPACE K5 OUTP
47 READ (K5) pIS QUTP
¢ | ouTP
c DIAGONAL BLOCK MULTIPLICATION ouTP
c ouTP
DO 65 J=1,NQ pute
L3sINDCR(JUK*J) ,EQ,1L OUTP
IFCL1,ANDL3,0R«(.2,AND, yNOT,L3) GC FO 65 ouTP
JsJel ouTP
K13MAX0(1,JJ=MB) ouTP
DO B0 KsKI,J ouTtP
XX2BIGK(Ks JJ=K ) ouUTP
0C 50 L=1,NLC ourte



50

55
60
65
c
c
c
67
70
75
c
80
85
90
c
c
C .
100
c
105

FORCE(J,LI=FORCE(JsLI=XXaDIS(K,L)
IF(JEQ.NG) GO To 65

KKz2

KJEMIND(NG, J*+MB=1)

D0 60 KsJJ,Ky

XX2BIGK(J)KK)

IF(XX,EQ,0,9 GO TO 60

DO 55 L=1,NLC

FORCE(WJ LIZFORCE(JyL)mXXuDIS(K,L)
KKsXK+1

CONT INUE

BLOCK MULTIPLICATION FOR BLOCKS TO FOLLOW

IF(1,EQ,NE) GO T0 120
REWIND M2

WRITE (NZ) FORCE

JE2

I1=4

KJ=JK+NQ
IF(1,EQ,1.0R,JUJIEQG,NBR) GO TO 70
READ (N1) FORCE

GO TO 80

DO 75 K=1,NG

DO 75 L=1.NLC
FORCE(K.L)=0,0

IJ=114NQ
JLEMINO(NG,MB=11)

DO 90 uJusiaJb

L3=INDCR(KJ+J),EQ, 1
IF(LL.AND L3, ORsL2,AND,NOT,L3) GO TO 90
JIs1U+J ~
KI1sMAXQ(1,J1=MB)

DC 85 K=K],.N@

XX2ZBIGK(KsJI=K)

DO 85 L=1,NLC
FORCE(JsL)IFORCE(JsL ) +XXeDIS(K,)L)
CONTINUE

WRITE (N2) FORCE

IFCJJIEGINBR,OR [+JJsGTNB) GO TO 190
NNLNNIZ]

11311+NQ

KJSKJ*NG

GC TO 67

REMAINING MULTIPLICATICONS FOR RLOCK !

REWIND N2

READ (N2) FORCE
JJs2

11=NG@+]1

READ (KS) Dp!s

JLMAXO(1,11=MB*1)

DO 115 JsJLaNG

L3sINDCR(JK*J) EQ,2
IF(L1,AND,L3,0RsL.2,AND, NOT,L3) GO TO 145
Jisll=J

KI=MINO(NQ,MB=JI)

QuUTP
ouTP
oure
QUTP
ouTP
oUTP
oUTP
QUTP
QuUTP
ouUTP
oUTP
QUTP
oUTP
ouUTP
oute
ouTP
ouTP
ouTP
oUTP
ouTP
oUTP
ourte
oure
Qure
ouTP
pure
oUTP
ouTP
ouTP
ouTP
QuUTP
ouTP
QuTP
ouTe
puUTP
QuTP
ouTtP
QUTP
ouTP
ouTP
QuTP
ouUTP
ourpP
QuTP
ouTP
QuUTP
ouTP
QUTP
ouTP
ouUTP
QUTP
QUTP
QuUTP
ouUTP
ouTP
QUTP
ouTP
ouTP
oUTP
ouUTP

c-61
120
124
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
15¢
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179



DO 110 K=1,K] ouTP

XX3BIGK(Jrdl+K) QUTP

0O 110 L=1,NLC QUTP

110 FORCE(JsL)=FORCE(Jsl )=XX2DIS(K,L,) ouTP

115 CONTINUE ouTP

IFCJJIEGZNBR DRy JJ+1=1,EG,NB) GO TO 120 ouUTP

JJsdd+l QUTP

11s11+NQ ouTP

GC TO 105 ourte

c QUTP
o SEPARATE RESIDUAL LOADS FROM REACTIONS Ong
¢ ouT
120 D2 125 J31,N@ ouTP
DO 125 Kz1,NLC ouUTP

125 DIStJ.K)=0,0 QUTP

C QUTP
DO 135 Jsi,NG QUTP
IFCINDCR(JK*+J) ,EQ,0) GO TO 135 QUTP

DO 130 Kk=1,NLC ouTP
DISCJ,K)==FORCE(J,K) QuUTP

130 FORCE(J:K)=0,0 QuTP
135 CONTINUE ouTP

C ouTP
(d WRITE RESIDUAL LOADS AND REACTIONS ON TAPE K6 037:
c ouY
IF(.NOT,L1) WRITE (Ké&) DIS ouTP
1F(NOT,L2) WRITE (K6) FORCE ouUTP

NIsN1 QUTP

NizaN2 oVUTP

NZaN] QUTP

140 JUK3JK+NG ouUTP

C ouTP

ROt ed o R aDBstaRsaRenaboRinilBBtReBIBINOORORORBRERGREREROBSORRRODORRSRBGaQUTP
c 3) CALCULATE INTERNAL FORCES FNR PLATE ELEMENTS ouUTP
c09§.&oﬁonqﬁcfcooﬁoooagoono#acocoqoocooao»49«0.4000000&iiﬂoooooauQQoa&o»oUTP
¢ oute
142 REWIND K2 ouTP
N3LSNOB/NQ ouTP

L=l ouTtP

145 REWIND K5 ourp
Jis1 ouTP

DO 150 1=1,NBL ouTP
JJd3J]I+NQ=1 oure

READ (KS)((DISP(UIK)s JaJl,JJ)s K=1)NLC) ouTP

150 JI=JI1eNG ouTP
IK=0 ouTtP

Juso QuUTP
JKENBL ouTP
IF(LL,EG,2) GO To 175 ouTP

C ouTP

DO 470 1=1,NSEG ouTP

DO 4151 JsI,NSEG oure

IF(I0SEG(J) «NE(3) GO TO 154 ourte

151 CONTINUE ouTP

GO TO 171 outP

154 NIsNBLK(1+2) ouTP

CALL LOCDIS(DISP,NQ)NGBsNB NBLINLCNBLKUT) e NIy IKoJKodJs 1oKLIKS) ouTP

IF(I0SEG(I):EQ,3) GO TO 165 ouTP

NIsNPSEC(!) ouTP

JL=O QUTP

180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
209
201
202
203
204
205
20%
207
208
209
210
211
212
213
214
215
216
217
218
219
220
224
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239



OO0

c

152
153

155

156

157
158
159

160

165
167
170

[Js0

IF(NFORST,LE.Q) GO TO 153
0O 152 J=1,NFORST
LL=NFORS(J)

DO 152 Kk=1,LL
JKENFORSNC Ui K)
IFCJKLEG, 1) JLsJ
IF(JKEQ, 141) JuJ=J
CONTINUE

DO 160 J=1,NEL

NN(1)=NPICY)

NN(2)=NPJI( )

NN(3)SNPU(J)+NT

NNCA)INPT(J)+N]

CALL ELDIS (4,KL,NGBJNLC/NG/NN,DD,DISP,DIS,K5)
CALL INTFOR (DD#NLCyI1L»K1)

TRANSFORM INTERNAL FCRCES ABOUT ANGLE aALF IF DESIRED

LL=0

KK=JL

KKKs1

MM(1)=NN(L)

MM(2)=NN(2)

IF(JL,EG.0) GO TG 159

DO 158 K=31,2

JXEMMIK)

XXSALF (KK, JK)®P1/180,

S=SIN(XX)

C=COS(XX)

SS2S#S

CC=CeC

SCsSeC

I1sLL=2

11211+3

DO 157 Ls1,NLC .
T12CC#DD(L o 11)9SS2DD(L s 11+1)=2,#SCaDD(L,]1142)
T22SSoDD(L11)4CCH#DD(L ) 11+1)+2,#SCaDD(Le]1%2)
DO(L,)11+2)2SCu(DDCL 11 )=DDCL,11#+1))+(CC=SS)4DD(L,]]*2)
DD(L,11+1)372

DD(L, 110371

IF(11.EQ,LL*1) GO YO 158

LL=LL+6

IF(1J,ER.0,0R, KKK,ER,2) GO TO 160
IF(KK,EQ,0) LiLsiz

KKs1J

KKK=2

MM(2)=NN(1)

MM(1)3NN(2)

60 TO 155

WRITE (K2X((DD(L,K)s K=31,30)s L=1.NLC)
GO TO 170

DO 167 J=1,NEL

READ (K1) v

CONTINUE

ouTP
ouTP
ouTP
ouTP
QUTP
QuUTP
ouTP
ouTP
ouTP
ouTP
QUTP
ouUTP
oute
ouTP
ouTP
ouTP
ourte
ouTP
ouUTP
ouTP
ouTP
QuUTP
oure
ouTP
ouTP
ouTP
ouUTP
ouTP
ouTP
pUTP
ouTP
OUTP
ouTP
ouTP
ouTP
ouTP
ouTP
QUTP
ouTP
ouTP
ouTP
ouTP
ouTP
ouTP
ouTP
ouTP
ouTP
ouTP
ouTP
ouTP
QUTP
ouUTP
ouTP
ouTP
ouTP
QuUTP
OUTP
ourp

C*G*G’006QOGQGGQQ'OGQQOGQGO00‘000.00.00*0..6.QGGQ..00G.0.0QOCGGQOOQOGQGGOUTP

c

4) CaALCULATE INTERMAL FORCES FAR DIAPHRAGMS AND FRAMES

ouTP
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64

CH e Bt a e BB e Rt taTRIBRRDRDBVLDLORRBIBRRBROBBRCRENTOBERIGRRBVORBRROORBRsQUTP

c
¢
c

00

¢

174

172

175

180

185

190

DIAPHRAGM ELEMENTS

IF(NDIAPH+NFRAME,LE,0) GO TO 201
REWIND K3

LL=s2

J=0

00 172 1s1,NSECT

IFCIFDCT) . LT,2) GO TO 172

JEJ+l

IFCIODIACJU)WNE 1) IFDUIDISIFN(])=2
CONTINUE

GC TO 145

DO 200 1=1,RSECT

IFCIFC(I)ER,0) GO TO 200

IFCIFD(I),EQ,1) GO TO 190

NISNBLK(]+1)

CALL LOCDIStDISP,NQ¢NABINByNBL yNLC,NBLK(I) N1 1K, JKoJJ2 1y 114KS)
pC 185 J=1,NDE

DD 180 K=1,4

NN(KISNPDIK»J)

CaLL ELDIS (4,11,NGB)NLCaNGINN,DD,DISP,NIS,KS)
CALL INTFOR (DDeNLC,1.K1)

WRITE (K3)((DD(L,<)sK=1:+30)Y,L314NLE)

FRAME ELEMENTS

IF(IFD(1),E0,2) GO TO 200

NISNBLK(]1+2)

IF(TI.EQ,NSECT) NIsNBLK(I+1)

caLL LOCDIS(D]SP NQ,NOBNB,NBL »NLC,NBLK( 1)) NI:IK'JKOJJoI 11:X5)
DD 195 Js1,NFRAME

K=NSFI(J)

LaNSFJ(J)

JF(KNE.1eANDLeNE,1) GO TO 195

IFCK LY, ]14ORyL LT.I? GO TO 195

NNCL)=NF ()

IF(K,GT,1) NN(1IsNN(1)+NPSEC(])

NN(2)=NFJ(J)

IFCLGT 1) NN(2)=NNE2)+NPSEC(I)

CALL ELDIS ¢2,11,NQGB,NLC)NG,)NN,DD,DISF,DI5,K5)
CALL ELSTIF (S11S2:S3,S4,58%,56,2:n,1L.DD,NLC)
WRITE(K3) ((DD(L,X2s X=1,12% L=1,NLC)

195 CONTINUE
200 CONTINUE

OUTP
ouTP
ouTP
ouTP
ouUTP
QuUTP
ouTP
QuTP
ouTP
QUTP
ouTP
ouTP
oUTP
ouTP
ouTP
ouTtP
QuTP
QuUTP
purp
ouTtP
QUTP
QUTP
ourep
oUTP
ouTtP
ouTP
ouTP
ouTP
ouTP
ouTP
ouTP

QUTP.

oure
outp
ouTP
ouTP
ouTP
ouTe
ouTP
outP
ouTP
ouTP
ourp
ouTP
oure
QUTP
oure

PRt e PRI BB RO RPN RO D E NG R R RO H BN R IR R EBOBEROREEICINRBERNN VT RINBRRDEONEBQUTP

c

5) AVERAGE INTERNAL PLATE FORCES WHERE REGQUESTED

QuUTP

(R R aBOROGDILNBTRDRBORUTVNIBROERBIBDIDOVARDLBBBLEDETRBRORORBBRRBOTROOEsaQUTP

¢

201 IF(NSAV,EG,0) GO TO 2724

IF(JFLAG,EQ,1) GO TO 222
LASNLC+1

LBSNLC+NLC ‘
REWIND Ki

REWIND K2

DO 220 1=1,NSECT

QuUTP
ouTP
ouTP
ouUTP
oUTP
oUTP
ouTP
ouTP
QuTPe

300
301
302
303
304
305
306
307
308
309
310
314
312
313
314
315
316
317
318
319
320
32¢
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
353
352
353
354
35%
356
357
358
359



oco

oan

c

202
203

204
205

206
207

208

211

212
213

214
215

216

217

218
220

222

11=0

D0 203 J=1,NSAV

JJENSA(J)

D0 202 K=1,JJ
IF(NSAVS(J,K),RKE,]I) G0 TC 202
11y

GC TO 204

CONTINUE

CONTINUE

IF(!,6T7,1) GO TO 207
IF(I0SEGCI)eEG,3) GC TO 220
1Js1

GO0 TO 211

1Js2

GO TO 213

IF(10SEG(I=1),NE,3) GC TO 208
IF(1,EQ,NSECT) GO TC 220

GO TO 205

IF(I,EQ,NSECT) GO TO 206
IF(I0SEG(1).EG,3) GO TO 206
1J=3

TRANSVERSE AVERAGING
Ji1s1
DO 212 JUs1,NEL
JJsJ1+29
READ (K2)X((F(K,h)» K=JdlaJJd)s LELALE)
JI3J1+30
IF(11.EQ,N) G0 TG 215
CALL AVRAGE (NPAVF NPI)RNPJINELINPTS, 115 1JaNSAVINF,1,NLC)
GO TO (217,215,214) 1J

LONGITUDINAL AVERAGING
CALL AVRAGE (NPAV F NPl )NPJJNELINPTS,11,4,NSAV,NF,0sNLC)
IF(1J,EQ,1) GO TQ 217
Ji=1
DO 216 J=1,NEL
JUsJl+29
WRITE (K1IX(C(F(KoL)» K3JlpJdJd)s LS1,NLC)
JI13JI+30
IF(IJ.EG,2) GO TC 220
0O 218 K=1,NF
DO 218 L=1,NLC
FIKsLISF(K,L+NLC)
CONTINUE
G0 TO 224
PRINT 2015

ouTP
ouTP
oute
oute
QUTP
ouTP
outP
QUTP
QUTF
ouTP
QUTP
ouTP
ouTP
oute
outP
ouTP
oLYP
ouTP
ouTP
ouTe
oure
ouTe
ouTP
ouTP
QuUYP
ouTP
oute
ouTP
oure
ouTP
ouTe
ouTP
ouTe
ouTP
cute
ouTP
QuUTP
ouTP
ouUTP
OUTF
oute
ouTe
outP
ourp
oute
oute
oute
ouTP
ouTP
ouTP
ouTP
outp
oure

CQGQQQGGGQGQOGGQQ‘QG.“l“0&66l0060.*0"0..00000090000“.00’.000’00.050’§#§°UTP

c

6) CALCULATE MOMENTS FOR STATIC CHECKS

QuTP

(HORaP et ltootatsatatatRttONacrataettladacntasniatatsestasatosanasnonendsaQUYTP

C
224

KL=zK1
IF(NSAV,EQ,0,0RsJFLAG,EG.1) KLEKZ
IF(NSCK,EQ,0) GO TO 254

oQuTP
ourtp
ouTe
ouTte

t-65
360
361
362
363
364
365
366
367
368
369
370
3714
372
373
374
375
376
377
378
379
381
384
382
383
384
385
386
387
388
389
39n
391
392
393
394
395
396
397
398
399
409
401
402
403
404
40%
406
407
408
409
410
411
412
413
414
415
416
447
418
419



€¢-66

226

228

230

232

234

235
236

239
240

241 CALL ADDMOM (Z1aZJaXXaYH,FF(M1,L ) FF(M2)L) FF(MLe3,L),FF(M2+3,L),
GIRMOMCIK)NT L) s TENSCIKINL L) sCOMP(IKINLI L))

242

*

*

REWIND KL

DG 226 1=1,NSCK
DO 226 Js1,NGIR
DD 226 K=1,NLC
GIRMOM(1,JsK)=040
TENSC12JsK)=0,0
COMP(1,JsK)20,0

Ju=n
Ik=0

DCQ 250 1=31,NSECT

DO 228 Js1,NSCK
IF(NCS(J)EGQG,1) GO TO 230
CONTINUE

G2 TO 248

IFCTEQ,NSECT) JJsJd=1
IF(JJ.LELD) GO To 234
IJsJJeNEL

DC 232 u=1,1u

READ (KL) FF

Juz0

IK21K+1

IF(I,LT,NSECT,OR,JUJ:GE (D) GO TO 236

D0 235 J=1,NEL
BACKSPACE KL
DO 246 Jsi,NEL
READ (KL) FF
11sNPI(J)
TJSNPU(J)
1IF(1,EG,NSECT)Y GO TO 239
Ml1sd

M2s7

GO TO 240
M1=19

M2513
Z12T2(1,11,1)
IJsTZ(1,14,1)
YISTY(I,11,1)
Y STY(121Js1)
N1zNGE(1.:J)
N2BNGE( 22 J)
YHSYJ=Y]
ZH3ZJ=11
XXSSQRT(YHaYH+ZHeZH)

IFIN2,NE«O,4ND,YH(NE,2,) GO TO 242

DD 244 L=1,NLC

GC TO 246

AAEXDIV(JI/YH
XMz AA#XX
IMsZI+AARTH

DO 244 |.=1,NLC

FLsFF(M1aL)+aaw{FF(M2,L)=FF(M1,L))

F28FF(M1+3,L)+A0(FF(M2+3,L)=FF(ML*3,L))

CALL ADDMOM (Z1oZMpXMaXDIV(J) )FF(M10L)F1,FF(ML1+3,L)9F2y
GCIRMOM(IKaNL L) TENS(IKaNLL)sCOMP(IKaNLIL))

QUTP
ouTP
ouTP
QUTF
ouTP
ouTP
ouTP
oure
ouTP
QUTP
QuUTP
QUTP
ouTP
ouTP
ouTP
QuUTP
OUTF
ouTP
ouTP
puTtP
ouTP
cuTP
ouUTP
QUTP
ouUTP
QuUTP
QUTF
QUTP
QUTF
ourtP
ouTP
QuUTP
QuUTP
oure
ouTP
ouTP
QUTP
ouTP
ouUTP
QuUTP
ouTP
QuTP
QUTP
ouTP
QuUTP
QUTP
ouUTP
QuUTP
OUTP
QuUTP
QUTP
ouTP
ouUTP
QUTF
QuUTP
ouTe
QuTP
QUTP
ouTe
puTre

420
421
422
423
424
425
425
427
428
429
430
431
432
433
434
435
436
437
438
439
4490
441
442
443
444
445
446
447
448
449
459
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479



c

244 CALL ADDMOM (ZMaZJaXX=XM)YH=XDIV(J)sFL,FF(M2,L)1F2,FF(M2+3,L ),
GIRMOMUIK N2, L) s TENSCTIK,N2,L 2 COMP(IKINZ) L))

248
250

&

246

CONTINUE

Jus0

60 TO 250
IFCIOSEG( 1) ¢ NE,3) JUsud+l
CONTINUE

ouTte
QUTP
QuUTP
ouTP
QJTP
ouTP
ouTP
ouTP

CHa b et BB IaRadRBORBRRBBEBEIBRNOORBURERUBLIOBRBRODORBNGRENQIGDEB0OBo0aQUTP

c

7) ORDER OUTPUT ACCORDING TO LOAD CASES

ouTP

(H Do OB RBBBBIEROROOBBORIRRBRIRRIOUNBVDBIVBORRGEDDORRRBOBDNRBIGBBER 0008 QUTP

@

254 REWIND K4
252 DO 300 L=1,NLC

254

256

258
259

260
261

262

REWIND KL
REWIND K3
REWIND K5
REWIND Ké
Jdzn

DO 280 1s1,NSECT
TIaNBLK(I)=Jy
[JENBLK(I+1)=dy=1
IX=11

K=0

JUBJUJENG

JK=1J
IF(JKGToNG) UKENA
KKa2K

READ (K5) DI

DO 256 JsIKiJK
K=K+1
B1(K)=DI(uU, L)

IF(LL1) GO TO 259
KsKK

READ (K6) D!

DO 258 JsIKayK
KsK+1
B2(K)=DI(U, L)

IF(L2) GO TO 261

K=KK

READ (K6) D!

D0 260 J=21Ki»JX

K3K+1

B3(K)=DI(J,L)
IF(JKEG 1Y) GO TO 262
[K=s1

[J=1J=NG

GO TO 254

WRITE (K4)(B1(J), J=1:K)
IFCNOT,L1) WRITE (K4)(B2(J)» J=1,K)
IF(.NOT,L2) WRITE (K4)(B3(J)s» J=1,K)
IF(JK,EQ,NQ) GO TO 264

BACKSPACE K5

IFC,NOT,L1) BACKSPACE K6

1F(,NOT,L2) BACKSPACE K6

JU=JJI=NQ

QUTP
puTP
ouTP
QUTPR
ouUTP
ouUTP
ouTP
QUTP
ouTP
ouTP
ouTP
ouTP
ouTe
QUTP
ouTP
ouTP
QUTP
QuUTP
ouTP
ouTP
ouTP
ouTP
oure
ouTP
ouTP
pure
puTP
ouTP
putP
ouTP
ouTP
ouTP
ouTP
QUTP
ouTP
ouTP
ouTP
QuUTP
oUTP
QUTF
ouTP
ouTP
ouTP
ouUTP
ouTP
ouTP
ourp
ouTP
oure

C-67
480
481
482
483
4p4
485
486
487
468
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
807
508
509
510
511
512
513
514
515
516
517
518
519
529
521
522
523
524
525
526
527
528
529
530
531
532
533
834
535
536
537
538
539



c ouTP
o b

264 1F(1,FQ,NSECT) GO TN 268 gg;p
DO 264 Js1,NEL SuTe
IFCIOSEG(I) L T,3) READ (KL) D oUTF
IFCIOSEGC(IY+EB,1) WRITE (KAI(D(K,L)s x=1,30) dte

A 266 CONTINUE e
- 268 1F(IFN(1)EQ,2) GO TO 289 gg;g
IFCIFDC1),LT,2) GO TO 272 oute

oM 270 Js1,NDE oure

READ (K3) D SuTe

c 270 WRITE (K4)X(D(K,L)s K=1,30) ouTe
jTo

272 IFCIFD(I)EG,2) GO TG 280 gﬁlp
DO 275 Js1,NFRAME OUTP
KISNSFI(J) ouTP
KJsNSFJCJ) o

[IF(KI NE,1,AND,KJNE,!) GO TO 275 Ut

1F(KT LT 1 OR,KuJ,L.Ty1Y GO TO 275 o

READ (K3) E o

wRITE (K4)(E(K,L)s K=1,12) il

i 275 CONTINUF ouTP
=]

280 CONTINUF gg;P
300 CONTIMUE oute
gboﬁnGonboo50#9##¢099#¢§6*0§§6#§900#}&65&6ﬂe&@coq#uog01#66090§0940§¢06§a0372
C B) PRINT ALL QUTPUT FOR ONE LOAD CASE AT a4 TIME '““OUTQ
C.QGQQQ*Q.QGQ&&#QQGGGﬁ6#9#0QQOQQGQ060'#&“0000Q&OOQQGO‘&..QGOQQOGQQQGO gu.}’p
c ouTpP
g DISPLACEMENTS ouTP
ure

REWIND K4 gu¥p

DO 400 Ls1,MNLC i

PRINT 2000,L ouTs

o0 395 1=1,NsgcT ouTe
[F(1,6T,1) PRINT 2901 ouTP

1 I1sNPSEC( 1) oLTP
Juslle6 o

READ (K4)(B1(J)r J=1,J) oure

PRINT 2002, 1 OUTP

1J=1 :

DO 310 Jsi,!1l gg;p
e oureP

PRINT 2003, Ja (B1(K), K=1J,1K) Sre

¢ 310 [JslJ+é il
5 ouTP

g REACTIONS St
P

IF(L1) 50 TO 317 gg;p

READ (K4)(B1(J)» J=1,JJ) ki

T:E:T 2004 0372

0C 315 J=1,11 gu;P
IK=1J+5 duTe

PRINT 2003, J. (B1(K), K=1J,1K) ol

c 315 1JslJ+b i
: QuTPR

g RESIDUAL LOADS Qute

540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
59n
291
592
593
594
595
596
597
598
599



OO0

eNelql

o000

317

320

325

330
335

340

345
350

360

IF(L2) GO TO 325

READ (K4)(BL(J)r J=1,JJ)

PRINT 2005

1Jds1

0O 320 J=1,11

IKs T J+5

PRINT 2003, J» (B1(K), K=1J,IK)
1J=1J+6

PLATE FOQRCES

1F(1,FQ,NSECT) GO TC 340
IFCI0SEG(T)eNE,1) GO TO 340
PRINT 2006, 1.L

MM(1)=]

MM(2) 3]

MM(3) =]+l

MM(4)=1+1

DO 335 J=1,VNEL

NNCL)SNPICY)

NN(2)eNPYCY)

NN(3)aNPUCY)

NN(4)sNFICY)

READ (K4)(B1(k)s x=1,30)

PRINT 2007, J

1J=1

LO 330 x=1,4

JUE1J+5

PRINT 2008, NN(K) MM(K))(BLJK) ) JKSIJsdd)
1Js1J+6

PRINT 2009, (B1(UK)s JK=25,30)

Dl APHRAGM FORCES

IFCIFDCI)LWEQ,D) GO TO 375
IFCIFDCI)WLTW2) GO TO 360
PRINT 2010, 1I.L

00 350 Js1,NDE

READ (Ke)(Bi(x)e Ks1,30)

PRINT 2011, J

1Jsy

DO 345 K=1,4

JU31JU+d

PRINT 2012, NPD(K,J)» (BL(UK) s JK=1J)JJ)
1Js1,)+6

PRINT 2009, (81(UK), JK=25,30)

FRAME FORCES

IFCIFD(1),EQ,2) GO TO 375
PRINT 2013, 1.,L

D0 379 Js1,NFRAME

K1ENSFI(J)

KJEINSFJ(J)

IF(KINE,1,AND KU NE, 1) GO TO 370
IF(KI LTy I1,0R,KWJ,LT,1) GO TO 370
READ (K4)(Bi(K)s» K=z1,12)

PRINT 2014, J ‘

PRINT 2008, NFICJU) KI,»(B1(K)s» K=1,6)
PRINT 2008, NFJCJ)sKJ)(B1(K)s» K=7,12)

ourte
ouTP
ouTP
puTP
ouUTP
ouTP
ouTP
QuUTP
ouUTP
QuUTP
ouUrP
ouTP
ouTP
ouUTP
ouTP
QUTP
ouTP
oure
oure
QUTP
ourP
ouTP
ouTP
ourtp
QuTP
QuUTP
ouTP
ouTP
ouTP
ouTP
ouTP
ouye
QuUTP
ouTP
ouTP
ouTte
ouTP
ouTtP
ouUTP
ouTP
QUTP
puTP
QuTP
oure
ourp
ouUTP
OUTP
ouTP
ouUTP
QUTP
puTP
ouUTP
ouTP
ouUTP
QuTP
ouTP
ouUTP
oUTP
QUTP
ouTP

C-69
600
601
602
603
604
635
606
607
604
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659



¢-70

37C CONTINMUE pUTP

c oute
c GIRDER MOMENTS ' oure
c QuTP
375 IF(NSCK,LE,D0) GO TO 395 QuTP
DO 380 J=1,NSCK ouTP
IFINCS(J)WNE,1) GO TO 38¢p ouTP

1KsJ QUTP

GC TO 385 oure

380 CONTINUE pure
GO TO 395 ouTP

385 p1=0,n ouTP
P220,0 ouTP
F320,0 ouTP
F4=9,n ouTP

§O 390 Jsi,NGIR ouTP
P2sP2+GIRMOM(IKsJoL) outp
PISP3I+TENS(IK,Jal) ouTP

390 P4=P4+COMP(IK,JoL) oute
[F(PZ.EQ.0,) GO TO 394 ouTP

PRINT 2916, 1 ouTP

D0 392 J=1,NGIR ouTP

P56 IRMOM( 1K, J,L)/P28100, QuUTP
PlsP1i+P5 ’ QuUTP

392 PRINT 2017, JaGIRMOM(IK JsL)IPSITENSCIKIJaL) 2 COMPLIKJWL) OUTP-
PRINT 2018, P2,P1,P3,P4 puTte

o TC 395 : ouTP

394 PRINT 2019, 1 oute
395 CONTIMUE QuTP
400 CONTINUE ouTP

c ouTP
A i A A A e AL AR A A A L X Y R R R R R T L 2 2 XY RN R Yo AL ]
c FORMAT STATEMENTS ouTte
C*&“G’G#GGDQCO§¥.§6#0¢0606066069'&&0600lQ#lQQ#QGQGQ§§’C#OGOD.’QQGQ!QG#QOQUTF
c ouTe
2000 FORMAT(1H1,27+ OUTPUT FOR LOAD CASE NO,s16/////) ouTP
2051 FORMAT(1m1) ouTP

2002 FORMAT(50X,12+ SECTION NO,,15///26H NODAL POINT DISPLACEMENTS//  OQUTP
® 1124 NODAL POINT  X«DISPLACEMENT Y=D]SPLACEMENT Z-DISPLACEMEQUTP

anT X=ROTAT[ON Y=-ROTATION Z=ROTAT]ION) outeP
2003 FORMAT(17,5X,6E17,6) ' ouTP
2004 FORMAT(////10H REACTIONS//412H NOnAL POINT X=FORCE ouTP
sY=FORCE Z=FQRCE X=MOMENT Y=MOMENT ourp
#Z=MOMENT ) ouTP
2005 FORMAT(////15H RESINUAL LOADS//112H NODAL POINT X=FORCE oute
o y=FQORCE Z=FORCE X=MCOMENT Y=MOMENT  QUTP
b Z=MOMENT ) ouTP
2006 FORMAT(1H1,494 INTERNAL FORCES IN PLATE ELEMENTS OF SEGMENT NO,: OUTP
# 16,45Xs14H L0DAD CASE NO,,15) QUTP
2007 FORMAT(////10X,12H ELEMENT NO,,15//12nH NPCINT  SECTION NXQUTP
#-FQORCE NY=FORCE NXY=FORCE MX=MQOMENT MOUTP
#Y=MOMENT MXY=MOMENT ) oure
2008 FORMAT(15,140+3X,6E17,6) ouTP
2009 FORMAT(18H MIDELEMENT NODE ,6E17,6) ouTP
2010 FORMAT(1H1,53W INTERNAL FORCES IN DIAPHRAGM ELEMENTS AT SECTION NOQUTP
#,9]16,41X,14% LOAD CASE NG.s15) ouTP
2011 FORMAT(////10%,12H ELEMENT NO,,15//120H NODAL POINT NXQUTP
#~FORCE Ny=FORCE NXY+FORCE MX=MOMENT ~ouTe
#Y=MOMENT MXY=MOMENT ) oure

2012 FORMAT(17,11X.6E17,6) oure

660
661
662
663
664
665
666
667
668
669
670
671
672
£73
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
693
699
70C
701
702
703
704
708
706
707
708
709
710
711
712
713
714
715
716
717
718
719



2013 FORMAT(141,49H INTERNAL FORCES IN FRAME ELEMENTS AT SECTION NO,s» QUTP

# 16,45X4144 LOAD CASE NO,415) ouTP
2014 FORMAT(////10%X,12H ELEMENT NO,»15//120H N,POINT SECTION AXIQUTP
#AlL. FORCE Y=SHEAR 2-SHEAR TORQUE QuUTP
#  YaMOMENT Z=-MOMENT ) QUTP

2015 FORMAT(////61H SQRRY = MNQT ENOUGK CORE STCORAGE FOR INTERNAL FORCE OQUTP
®AVERAGIMG/8X,49H (FOR THIS SIZE OF A PROBLEM IT=S QUITE A JO0B,.))0UTP
2016 FORMAT(/////60W GIRDER MOMENTS ANN AXIAL STRESS RESULTANTS AT SECTOUTP

¢ 10N ] =14//762H GIRDER nNO, MOMENT PERCENTAGE TENSION ouTP

#* COMPRESSION) : oure

2017 FORMAT(16+EL6,61F9,242E16,6) ouTP
2018 FORMAT(//6H TOTALJE16,6:F9,2,2E16,6) ourte
2019 FORMAT(////27H STATICAL MOMENT AT SECTION,16,10H 1S ZERO) ouTP
RE TURN v puTe

END ouTte
SUBROUTINE ELDIS (MyKK,NGB,NLC)NQ,NN,NDsDISP,DIS,KT) ouTe

pUTP
gogﬁeﬁaééooagcocoGﬁ#oﬂo#ooao«oaoooooo&&soﬁ&ooaeuab&ao&o&aa&ao&&acooa¢6440UTP
c THIS SUBROUTINE EXTRACTS THE NODALL DISPLACEMENTS FOR ANY puUTP
C STRUCTURAL ELEMENT FROM DISPLACEMENT MATRIX DISPL ouTP
CGQQ'}#&####QQ#*QQ*G0064’6#Qi&iﬁ’béo&#&&ﬂb'%Gébﬂ#ﬁ&#toi“.b.“*&o##&u§§§6§#GOUTP
o ouTPR
DIMENSION NNC4)2DOINLZ,67),DISPINABINLC) DIS(NGINLC) QuUTP
MMZEBM ouTP
NBENGSR ‘ ouTP

JJz0 pure

1J=0 ouUTP

DO 30 l=1.,M ouTP
11368NN(] ) =6+KK ouTP

DO 20 J=1.:6 OUTP
IF(11+J.GT,NGR) GO TO 30 ouTP

DO 10 K=1,NLC ouTP

10 DNUK, 1J+J)=DISP(]1¢,),K) ouTP

20 JJsJJ+i ouTP

30 1JslU+6 ouTP
IF(JJLERMM) RETURN ouTP

c ouUTP
c SEARCH FOR REMAINING DISPLACEMFNTS IN SUBSEQUENT BLOCKS ouTP
c TO BF TEMPORARILY STORED IN BUFFER ARRAY DS outp
c puTP
JK=4 QuTP

35 READ (KT) DIs ouTP
1J80 QUTP

DO 50 I=1,M out®
[1368NN(])=6+KK ' ouTP

DO 45 J=1,6 ouTte
INE11+J=NR ouUTP
IFCINGLE,D) GO TC 4% oure
IFCINGGTNQ) GO TO 5C QUTP

DD 40 K=1,NLC ouTP

40 DDIK, 1J+JI=DISCINIK) outP
NNLINNLS] ouTP

45 CONTINUE outP

50 1Js1J+6 : . ouUTP
IFCJUGER«MM) GO TO 60 QuTP
JKEBJK+1 ouTP
NBsNB+NG puTP

GO TO 35 ouTP

c-71
720
724
722
723
724
72%
726
727
728
729
730
7314
732
733
734

735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
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764
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770
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777



=72
c
60
70

¢

oLTP
DY 70 1=1,JK ouTP
RACKSPACE KT QuTP
RE TURA ouTP
EnD QUTF

SUBROUTINE LOCDIS (DISP,NI NGB YNB,NBL,NLCINLIIN2 1K, UK JJa 1, 1],KT) QUTP
ouTP

L R e L Ly Ty L T R Y Ty T Ty X e[Vh 4~

c THIS SUAROUTINE SHIFTS THE EQUATION BLOCK IN WHICH THE DISPLACE- OQUTP
C MENTS FOR SEGMENT/SECTION I STaRT, INTO THE FIRST BLOCK OF THE QuTP
c DISP=ARRAY, [F POSSIBLE QR NECESSARY, aND FILLS THE REST OF THE  OQUTP
c DISP=ARRAY YITH THE SUCCEEDING BLOCKS, OUTPUT GQUANTITY & I e [SQUTP
c THE ROW N'UMBER MINUS 1 IN DISP=ARRAY 0OF FIRST EQUATIOM OF SECTION/QUTP
c SEGMEMT I, ouTP
(Rt aoR st Rt atosadaRoRaBOtOBBBIIRSIRIRIRNIBBATGDEDBDORTEDEDBRDERSENsROa(LITP
o oure
NIMENSION DISP(NQ@R,NLEC) ouTP
1]sN1=1 oute
IF(NBL,EG,NB,ORs1.EG,1) GO TO 50 ouTP
KIsN2=JdJ=1 guTP
IF(KI.LF,NGR) GO TO 51 ouTP
[JSNL/NG=1K ' ouTre
IF(IJUER,D) GO TQ 50 oure
NIS(NBL=1J)eNS . ouTP
JIZ1JeNG , ouTP
IF(MI)Y 25,20,10 ouTP

10 DO 15 J=1,Nl oure

DX 15 K=1,NLC ‘ ouTP

15 DISP(JsKI=pISF(J+J]+K) ourp

20 1KsIK+]J ouTP
KI=NT+31 outp

GG TO 35 CUTP

25 Kl=1J=NBL+1 QuTP
IFCJUK+KT,GTNR) KIzMB=UK ouTeP

D72 30 J=1.K! ouTP

30 READ (KTHI((DISP(K L)) K=1)N@)» L=z1.NLC) ouTP
JXKSJK+K ] QuTP
TF(NBL,EQs1) GO TO 45 ouTP
K1sN@+1 outP
IKa1K+1. ouTP
1JsNBL=1 ouTP

35 IF(JK+1J.GTeNB) TJSNBmJK ouTP

LD 40 Jsi,1Jd ’ OUTP
KJEKI+NA=1 oure

READ (KT)I((DISPIK,LY, K=K1,KJ)s L=1sNLC) cuT"

40 K1sK]+NAQ QUTF
JKsJK+1J oure

45 JJdsJdJd+Jl ouTP

50 11s11=yuy oure

RE TURM oute

END ourp
SUBROUTINE ADDMOM (X14X2, XL ¢ XHsXNL»XN22XM1,XM2,6,T,C) ourtep

c ouTre
Fiz,54XN1eXL ouTP
FZ2s,5axN2exl. ouTte

GEG+(Fla(X2+X1+X1)+F28(X1+X2+X2))/3, ouTP
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790
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794
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796
797
7938
799
300
801
802
803
RO4
B35
806
807
808
809
840
811
812
B13
314
815
816
817
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819
820
821
822
823
824
825
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827
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829
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832
833



GG+ HR(XML+XM2) e XH QUTP

c ouTPR
IF(F2.,EG,0,) GO TO 10 ouTP
IF(F1/F2,GE.0,) GO TO 10 oUTP
X=ABS(XLSXNLI/(XN1=-XN2)) oure
Fl13,54XNleX ouTP
F2s,58XN2#(XL-X) QUTP

10 1IF{F1,GT.0,) GO 70 20 ouTte
C=C+F1 ouTtP

GO TO 30 QUTP

20 T=T+F1 ouTP

30 IF(F2.6T,0.) 50 TO 40 ouTP
C=C+F2 QUTP

GO TO 55 ouTtp

40 T=T+F2 ouUTP

50 RETURN ouTe
] ouUTP
SUBROUTINE AVRAGE (NPAV)F,NPI)NPJ,NEL,NPTS,11,KA,NS)NF,MM,NLC) ouTP

ouTP
g’##&“o&’ii’b&’bitbéd&Q#QQG#G##GOGQOQQQQQ'O%QGO#QOG’GDb*ﬂ“.&&“b#&ﬁb#&##éOUTP
c THI1S SUBROUTINE AVERAGES INTERMNAL FORCES IN PLATE ELEMENTS ouTP
c FOR MM=1 - TRANSVERSE AVERAGING QUTP
C MM=(Q - LONGITUDINAL AVERAGING QUTP
C’#OQ*OGGGGQ#G#&G’G#6’0#0&6*90050ﬂ&#“###lﬁQ#GOO#OQQ#GQG*}O”QQQG&GGDOQ*QQOUTP
C ' QuTP
DIMENSION NPAVINS 1),FINF,1))NPL(1)yNPJ(1) o NN(S) ouTP
LOGICAL LI(6) oure

C ouTP
D2 100 J=1,NPTS QuUTP
NTEMP=NPAY(1],28J=MM) ouTP
IF(NTEMPE3,0) GO TO 100 ouTP

1420 puTP

DD 10 Ks1,NEL QuUTP
IFINPI(K) ' NE«JAND NPJ(K) NE,J) GO TO 10 QuUTP
[JslJ+1 ouTtP
IFCIJsGTS) GO To 100 QuTP
IF(IJeGT+2,AND,KA,LT4) GO TO 100 ouTP

NN (1) =K ouTe
IFINPJ(K),EGJ) NN(1J)3=K oure

10 CONTIMUE outP
IF(1JNE,2.4ND,KA,LT.4) GO TO 100 ouTP

c ouTP
M=8 ouTP

DO 20 K=1.6 ouTe
KKZMeak ouTP
KLSNTEMP/10#*#KK ourp
LI(K)= ¢ TRUE s QuUTP
IF(KL.ER,1) LI(K)=,FALSE, ouTP

20 NTEMPENTEMP=KL#102#KK ouTP

c oure
25 KC=g QuTP
IF(KAEQ,4) KC=1Y QuUTP

D2 70 N=1.,KC ouTP
IF(KA.EG,2) GO TQ 60 oUTP

14330 oure

1B=24 ouTP

[C=sNLC ouTP

30 KI1SNNI(N)#30=12 oUTP
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854
855

856 -
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Cc-74

35

40

60

7C
100

TFCUNONY LTo0) Ki1z=NN(N)2303=]13
IF(KALEQ.4) GO TO 3%
K23NN(2)e3p=1A

IF(NNC2)Y,LT0) K2==AN(2)830=18
IN=1¢
GO TO 43

K23K1+18

TFONNIN) LT 0) K2=2K1+56

1020
N0 50 K=1,6

IFCLICKY) GE TO 50

o 4 =1,!
g(KiEK%L+Ig)SQ.SG(F(Ki*K'L*IC)+F(%2*K.L*ID))
FUK2+K,) L+ID)sF(K1+K,L+]C)
CONTIMUE '
IF(KAEG,1,0R,14,E3,12) GO TO 100
IF(KAEG.4) GO To 70

1az12

18=18

1620

G0 TO 310

CONTINUE

CONT INUF

RETURN

£ND

QuUTP
oQuTP
ouTtP
ouTte
ouTP
guTP
ouTP
QUTP
ouUTP
QuTP
ouTtP
QuUTP
QUTP
pure
QUTP
QUTP
ouTP
ouTP
ouTP
QuUTP
ouTP
QUTP
oUTP
guTP
ouTP

492
893
894
895
896
897
398
869
900
901
902
903
904
905
906
907
908
909
9190
911
912
913
914
915
915



NIMEVSION, EQUIVALENCE, AND DATA STATEMENTS

CNXCTYaNYCT)aNXY O MXCT ), MY L)y MXY(T) 0131, JaKaL s CYINTF

L Y Ry e T Ry Yy R R e R R T R LR e R R D ke

INTF
INTF

SUBROUTINE INTFOR (DIS,NLC,IL«N) INTF
¢ INTF
CHaoaanttoaesnatsdanadadRtaseRBRRORILBRNBRQRETIBRERBRRERRRbOROBRRORRBRontan NTF
c TH]S SUBROUTINE CALCULATES THE INTERNAL STRESS RESULTANTS aND INTF
C MOMENTS AT THE FQOHR CORNER POINTS AND THE MIDPOINT OF A GENERAL INTF
c RUADRILATERAL ELEMENT WlT= ARBITRARY ORIENTATION IN SPACE, FQR INTF
@ NLC DIFFERENT [ 0aAN CASES, INTF
c INTF
c - INPUT = INTF
C DIS(NLCs24) = GLOSAL “ODAL DISPLACEMEMT MATRIX, ORDERED AS FOLLOWSINTF
c CUCI) pVEI) aWlT) o XRATCT Y, YRCTCIDI L ZROTCL) p 1210 d0 KoL) INTF
c ClesserCh - PLANE STRESS MATERIAL LaW INTF
c D(3,3) - PLATE BENDING MATERIAL LAM INTF
c A(3,3) - DIRECTINN COSINES OF ELEMENT AXES INTF
c X(5),Y(3) - ELEMENT COORDINATES OF 4 CORNER POINTS anND MIDPOINT [NTF
C S(19,7) - PORTION OF CONDENSEN PLATE BENDING STIFFNESS INTF
C NOTE = ALL INPUT EXCEPT THE DIS=MATRIX IS STOQRED ON INTF
C TAPE N AS ONE RECORN, EQUIVALENCED TO DuUMMY ARRAY XTINTF
c NLC - NUMBER 2F L0OAD CASES INTF
¢ INTF
C = QUTPUT = INTF
c DIS(NLC,3C) = STRESS RESULTANT MATRIX, ORNERED ROW=WISE 4AS INTF
c
c
c
C
c

DIMENSION XT(167),ST(1957)0D(3,3),X(5),Y(5)eA(3,3),U(24),
* DISINLC167), IPERM(24) ) JPERM(3)
EGUIVALENCE (XTC1),ST) o (XT(134),C1)0(XT(135),C2),(XT(136),C3),

0 (XTC137),C4),{XT(138)sC8),(XT(139),C6),E(XT(140),D):(XT(149),X),
# (XT(154),Y),(XT(159),4)

LOGICAL ™

DATA TPERM /1,7013,19,218414,2046,12,18,24,

# 3041509910+0114151916117,21422,23/2JPERM/2,4,3/

TRANSFORM DISPLACEMENTS FROM GLOBAL TO ELEMENT COORDINATES

o000

READ (W) XT
T22X(3)=Xx(4)
Ti=Y(3)=Y(4)
M=, TRUE,
IFCIL.EQ,1) G0 TO 5
M= ,FALSE,
SSESART(T1aT1+T272)
§=T1/S8
C=T2/8S
5 DO 50 L=1,NLC
1120
03 20 1=1,8
1F(M,0R,1.LE,4) GO TC 8
T2zD]S(Ls11+1)8C+DIS(L,]1+2)0S
DISCL,11+2)==D]IS(Lal1+1)2S4DIS(Ls1]142)2C
DISCL,1I+1)=T2
8 DO 10 J=1,3
10 UGJISACJs1)oDISIL 11 +1)+4(J32)%DIS(L11#2)¢A(Js3)2D1S(La11+3)
DO 15 J=1,3
15 pIS(L,II+0)=U()?
20 1121143

INTF
INTF
INTF
INTF
INTF
INTF
INTF
INYF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
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¢-76

c
C
¢

25

30

50
c
C
C
c
c
c

60
C
c
c

70

&0
c

100

OO0

SEPARATE IN=PLANF FROM BENDING DISPLACEMENT COMPONENTS

DG 25 1=1,24
utsprsdiL.
po 30 [=1,24
JEIPERM(])
DIS(L,1)=UCd)
CONTINUE

CALCULATE BENDING MOMEMNTS AND IN~PLANE STRESS RESULTANTS

CalL FPLATE (X,Y,D,87,015(1,13),D18(1,32),D18(1+,44),D15(1,53),

& DIS(1,38))INLC?
CALL PLAG12 (X, YsC1sC2,C3,C49C5,C6,D1S(1,2)eDIS(1,53),NLC)

REORDER STRESSES AND MOMENTS ACCORNING TO NODAL POINTS

D7 60 L=1sNLC

pDC 60 [=1,5

11s124=6

1Js1#3+34

GO 60 J=1,3
KesJPERM(J)I+1J
CISCLyIT1+J)=DIS(L,K+15)
DISCL,I1+J+3)=2DIS{L,yK)

TRANSFORMATION TO LOCAL COORDINATES OF EDGE KeL

1F(T1,E5,0,) GO TO 400

$§Ss8+85

CCsCea(C

SCaS«C

CSsCC=S8

DO 80 L=1,.NLC

GO 70 1=13,24,3

T13CCoDISIL 1) +SSHDIS(LII+1)=2,450aeD[S(L,[+2)
T2=2SSeDIS(Ls1)CCaDIS{L ) +1)+2,9SCaDIS(L,1+2)
DIS(L,1+2)2SCe(DIStL,1)=DIStL,I+1))+CSoDIS(L,I#2)
DIS(L,I)=T2

DIS(LyI+1)=T2

CONTINUE

RETURN
END

SUBRONUTINE PLAGL2 (X,Y,01,02,03,D04,05,06,D15,ST4NLC)

- INPUT. =
D14,402D6 = ELEMENTS OF THE CONSTITUTIVE MATRIX

X(5),Y(5) - ELEMENT COORDINATES OF 4 CORNER POJNTS AND MIDPOINY

CIS(NLC,»12)=DISPLACEMENT MATRIX FAR =NLC- LOAD CASES, ORDERED

ROW=WISE A4S (UCT) oLt UCK) JUCL) g VT ) ey g3 ZROT(L)?

NLC - NUMBER OF DIFFERENT LnAN CASES

INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTE
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF

INTF
INTF

N NE DRI P RO RN RN RN OO NN ROONERIINRIINONGEREDBBBIBOOGHRBDTOBREBO[NTF
TR]S SUBROUTINE CALCULATES INTERNAL STRESSES OF A PLANE STRESS
QUADRILATERAL ELEMENT WITH 3 DEGREES OF FREEDOM PER CORNER NONE.

INTE
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF

105

112
113

117



c - QUTRAUT = INTF
C DIS(NLC,15)=NODAL POINT STRESS RESULTANTS, ORDERED RGW-WISE AS IMTF
c NXCTYONYCTIONXYCT ) gNXEJ) 0 e e o NXY (D) INTF
CHovetosadnadratotasodobtaodRentoassoabosabRsntatansaiotatdaatanguonatos [NTF
¢ INTF
c DIMENSION, EQUIVALENCF, AND DATA STATFMENTS INTF
c INTF
DIMENSION  DISINLCs1) #1X(4),Y(4),P(4,2),DC04,2),402,2)4ETA(2), IMNTF

1 Q(422)1R(412),EXXCA)1EYY(4),EXY(4) ) EYX(4),EXZ(4),EYZ(4), INTF
2 EZZ(4))X31(4)sX2(4),¥2(4),Y2(4),TR(4,8))IM(4),IN(4),FT3(4), INTF

3 FT6(4))FT7(4),PSI(4,2),PHI(4,2),FX(4,2),FY(4,2),4X(5),AY(5), INTF
4 STI(NLC1) INTF
ESUIVALENCE (A11,8(1)),0421,4(2)),(CA12,4(3)),(A22,A04)),(EX,EXX), INTF

1 CEXCE)IEYX) ) CEY FYY) W (EY(S),EXY),(PHI,Y2) INTF

DATA AX/=1,0 140 Ly9=399 O04/74AY/«19=14s 143 140 D4/, INTF

1 NC/=142 140 Lea=tao=lsr=lyr 149 31:70 IM/241,4,3/, IN/4232201/71INTF

c INTF
c INITIALIZATION INTF
C INTF
D% 1010 1=1,8 INTF

DO 10N J=1,4 INT

100 TR(Js1)=0.0 INTF
DD 113 I=1,NLC INTF

D0 110 J=1,15 INTF

110 ST(1,J)=C,0 INTF

c : INTF
c GEJOMETRICAL TRANSFCRMATION OF GUADRILATERAL BOUNDARIES INTF
¢ INTF
X1¢(1)s0,58(X(2)=X(1)) ] INTF
X1(3)=0,58(X(3)=%X(4)) . INTF
X1(2)=X1(1) INTF
X1¢4)=X1(3) INTF
yitids OgbﬁtY(Z)'Y(l)) INTF
Y1(3)20,52(Y(3)=Y(4)) INTF
Yi(2)=Y41(1) . INTF
Y1(4)=2Y1(3) INTF
X201)20,54(X(4)=x(1)) - INTF
X2(2)20,5#(X(3)=x(2)) : INTF
X2(3)=2X2(2) INTF
XZ2(4)=X2(1) INTF
¥Y2(1)20,52(Y(4)=y(1})) INTF
Y2(2)20,5#(Y(3)=Y(2)) INTF
Y2(3)sY2(2) INTF
Y2(4)=Y2(1) INTF

nDe 120 1=1,4 L INTF
DET =X1([)eY2(1)=YLi(])aX2(]) INTF
FCT=DET+X2(1)=2vi(1) INTF
FT3(1)=s v2(1)e(1, 0-Y1(I’*X2<I)/FCT) INTF
FT6(1)= X1(1)a(1,0=Y1(10eX2(1)/FCT) INTF

120 FT7(1)= 0.5/DET INTF
C : , INTF
¢ MODIFICATION OF ROTATIONS INTF
c : INTF
DO 130 Is1,4 INTF
1asImMeI) INTF
ISSINC(I) INTF

TROI o1 )==FT7(1)#(DCCI,1)ex2(]) = DCC1,2)8x1(]2)%0,5 INTF
TR(T S 1+4)==FT7(1)e(DCCI,1)eY2(]) = NC{1,2)*Y1(]))*0,5 INTF

TREL ala IS+FT7(1)1a0CC1a1)eX2(1)20,45 INTF

TR(I  »1A44)=+FT7(1)snCC1,1)8Y2(]1)20,5 INTF

Cc-77
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OO0

o000

[eXeRe

c-78

130

135
140

145
150
200

210

22p

TR(D  HIB J=z=FT7(1)anC(],2)8X1(])a0,5 INTF
TR(1 S IB+4)z=FT7(1)enNC(],2)aY1(])an,5 INTF
DG 140 L=1,M.C INTF
DO 14N 1:1,4 INTF
RR30,0 INTF
DC 135 J=1,R INTF
RRERR+TR(1,J)=D1S (L) INTF
DIS(L,I+8)2DIS(L,1+8)+RR INTF
INTF

FORMATION CF LOCAL DERIVATIVES INTF
INTF

1439 INTF
DT 350 11=1.5 INTF
ETA(L)=aX(11) INTF
ETA(2)=AY(]]) INTF
RO 150 1 2 1,2 INTF
J=3-1 INTF
A(Iii) s :}c INTF
all,2) = 2, INTF
EISETA(I) INTF
El2=gleF] INTE
EI3=E124E! INTF
EJZETA(Y) INTF
EJ23EJery INTF
EJ3sEJ28EJ INTF
DO 145 L=1,4 INTF
XXsNC(L,J) INTF
YY=oC(L,1) INTF
C2sXX#EJ INTF
P(L,1)=D,258YYal(1,0+C2) INTF
ACla1) = ACLl,1) + PUL,1daX(L) INTF
ACl1,2) = A(1,2) + PCL,DIBY(L) INTF
QULeI)S(=1,42,0YYaET+3,0012)8(2,+XXe(3,#EJ=EJ3))«0,0625 INTF
RILaJIZN 1875 (YYS(E]2=14)=El+EI3)aXX(1,=EJ2) INTF
CONTINUE INTF
DET=1,/(A119422~A12%A21) INTF
INTF

FORMATION OF GLOBAL DERIVATIVES INTF
INTF

DC 207 1=1,4 INTF
PSICI,1)SFTI(II®R(],1) INTF
PHICISL)SFTI(1I®G(],42) INTF
PSI(1,2) = FT&(1)2a(],1) INTF
PHI(],2) = FT6(1)eR(1,2) INTF
o0 220 1=1,4 INTF
00 212 J=1,2 INTF
EX(1oJ) = A226P(101) = 212#P(1,2) INTF
EY(1,J) ==a21sP(],1) + A11eP(],2) INTF
EXZ(I) = =A22#PSI(1,1) + A12#PHI(1,1) INTF
EYZ(1) = =A21sPSI(],2) + A11#PHI(',2) INTF
EZZ(I) = A214PSI(1,1) = AL1#PHI(1,1) + A22#PS[(1,2) =A12#PHI(1+2)INTF
INTF

COMPUTATION OF NODAL POINT STRESSES INTF

- INTF

OC 300 L=31,NLC INTF
XXs0,0 INTF
Yv=0,0 INTF
2Z=0,10 INTF
DO 255 1=1,4 INTF
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DX=DIS(L.1)
VXX=EXX{1)#DX
VXYSEXY(])aDX
DXsDIS(L,1+4)
VYYSEYY(])aDX
VYXSEYX([)aDX
DX=DIS(L,1+8)
VXZ=EXZ(]1)aDX
VYZzZEYZ(])anX
VZZ=EZ7Z(]1)adX
DX=aVXX+¥X7
DYsVXY+yYX+VZ7
DZsVYY+YYZ
XXSXX+D1aDX+D5eDyY+D4enZ
YYSYY+DA4sNX+DeaDY+D2e07

250 Z2=3Z22+4D54DX+D3aDY+D6eNZ
ST(Ls1A+1)=XX2DEY
ST(Ls1A+2)3YYaDET

300 ST (L,1A+3)3ZZ4DET

350 1as1A+43

KE TURN
END

SUBROUT INE

CM(3,3)

CCMMON,

OO0 OO 0O OO00

X(5),Y(5)=

BMINLCs15)=

FPLATE (X,Y,CM,S5,R1,R, VT, CVaBMaNLE)

ELEMENT CONRDINATES OF 4 CORNER POINTS AND MIDPOINT

- CONSTITUTIVYE MATERIAL MATRIX

- PORTION OF CONDENSED ELEMENT STIFFNESS FOR INTERIOR

DISPLACEMEMNT MATRIX FOR «NLC= DIFFERENT LOAD CASES,
(w1 XROTCII, YROTCLY » 1T JhKalk)

St19,7)
DEGREES OF FREEDOM
R1(NLC,12)~
ORDEREN ROW=WISE AS
NLC - NUMBER QOF DJFFERENT LOAD VECTORS

- QUTPUT -

NRNERED ROW=WISE AS

(MXCI)aMY (1) aMXY(T) 131 ,U0KyL,0)

DIMENSION, EQUIVALENCE,

AMD DATA STATEMENTS

COMMON/TRIARG/B(3),A(3)sCMT(343),DUMMY(153)

DIMENSION JPERM(4),NC(3),FAC(3)eX(5),Y(5):CM(3,3),5(19,7),

& R1(NLC,1)sRINLC,12,.0 VY(NLCoI)aCV(VLCoi)cBM(\LC 1)
DATA IPERM /2,3+441/, FAC /,5,,5,,257

OO0

NTR =

4
NRF = 11

INITIALIZATION

DG 130 L=1,MLC
DO 130 1=13,55

130 Ri(L,1)=

0.0

INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
1NTF
INTF
INTF

INTF
INTF

“§0§§§66i900§Q&’“G#&QQGQGlo&b&ﬁ!G#GGQ&#QG&GQGG##GGG0‘*#’“6#6#&“#60#0#6&INTF

THIS SUBROUTINE DETERMINES BENDING MOMENTS IN A QUADRILATERAL
PLATE BENDING ELEMENT FORMEN OUT OF FCOUR LCCT=11 TRIANGLES,

INTF
INTF
{MTF
INTF
INTF
INTF
INTF
INTF
INTF
INTE
INTF
INTF
INTF

BENDING MOMENTS AT THE CORNER POINTS AND ELEMENT CENTERINTF
FOR =NLC= |OAD CASES.

INTE
INTF

FE OBt R BB RBR AR RAROI B AN I RREBRVILTITRVI IR LBBRGRBOBQGORORNGBORRERBLRERs[NTF

INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF

Cc-79
238
239
240
241
242
243
244
245
246
247
2413
249
250
251
252
253
254
255
256
257
2518
259
260

261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
2838
289
2910
291
292
293
294
295



(4
1

(024

o

eNeXe]

o000

aooo

140

180
196

250
260
300

359
400

RaCKSUBSTITUTION FOR ELIMINATED DFEGREFS OF FREEDOM

NO 147 1L=13,19

M=L~1
D0 147 K=i,M
C=S(K,L=12)

DC 14N N=z1,NLC
RIIN,LI=RI(N,L)=CeRI(*,K)
NC(3)=NidF=6

PREPARE CaLL OF SUBROUTINE FLCCT FOR EACH TRIANGLE

DO 300 #is1,NTR
M = IPERM(N)

NC(L1) = N
NC(2) = M

L = NC(3)

A1) = X(L)=X(M)
A(2) = Xx(N)=x(L)
AL3) = X(MY=X(N)
RI1) = Y(M)=Y(L)
B(2) = Y(L)=Y(N)
B(3) = yY(i)=y(M)

0O 190 L=1,NLC

DO 180 «x=1,3

RIL)»K )3 RI(L23eN+K=3)
RILiK+3)3 RI(L,38M+K=3)
ROLaK*+6I3 RI(LK+12)
RIL210) = RI(L M+1B)
R{Le11) =2=R1(L,)N+15)

CALL FLCCT (NBFaR,CVT,NLC)

ACCUMULATE AND AVERAGE ~ODAL CURVATURES

DS 260 J=1,3

LeNC(J)®u3=35

CSFAC(J)

Mz Ja3=3

DO 250 K=y, ,NLC

DO 250 1=1,3
CVIK)L+I)=CVIK, ) L+]1)+CoCVT(K,M*+])
CONTINUE

CONTINUE

CALCULATE SENDING MOMENTS

DO 400 L=s1,NLC
J=1 '
Dy 359 K=1,5
M=J

0C 350 1=1,3

BYCLaJISCHCT 1) #CVILaM)+CM(T12)8CY (L M+ 1)4CM( ], 3)8CV L M+2)

JEJ+L
CONTINUE

RETHRN
EAD

INTF
IMNTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTFE
INTF
INTF
INTF
INTF
INTF
INTF
[NTF
INTF
INTF
INTF
INTF
INTFE
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF

INTF

INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF
INTF

» INTF

INTF

296
297
298
299
300
301
3p2
3p3
3p4
305
3p6
3p7
308
309
310
311
312
313
3314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
334
332
333
334
335
338
337
338
339
340
341
342
343
344
345
346
347
348
349
356
351
352
353



SUBROUTINE FLCCT  (NBF,R,CVT,LNLC) INTF

C INTF
CO#QQ*Q§6666066##“Gb#“ﬂﬁ6##6#0#00&6&6000&#066“§6§#60Q0§6§G¢¢0Q66099¢QGQ# INTF
o THIS SURROUTINE COMPUTES CURVATURES FOR A LCCT TRIANGULAR INTF
C PLATE BENDING ELEMENT wlTH 'NBF' BENDING D¢F, =RIGHT HAND SYSTEM INTF
C“&GG“#%G&GGQ#&ﬂ##b##“&##b%e#9#0#&QOGG###QOG#G##QQ#“#“G#O*¢§#§§§#6§§§46§XNTF
C INTF
COMMON/TRIARG/B(O3)Y,A(3),CHMT(3,3),DUvMY(153) INTF
DIMENSION U(3), HT(j)p’xtj) TY(}) N(3,48) ) IPERM(3), NKN(?;3): INTF

#  RINLCs1), ch(VLC 1) INTF

DATA IPERM/2,341/7 NKM/2,5, 68,2 5,3/ INTF

o INTF
c INITIALIZATION INYF
c INTF
AREA = A(3)#B3(2)=A(2)eB(3) INTF

DO 127 1 = 1,3 INTF

Jd = IPERM(]) INTF

X S A(])ae2+5()as2 INTF

ULT)Y = =(ACI)ealU)+R(I)aB(UI)I/X INTF

X 3 SART(X) INTF

TX(1) = 0,%e4(1)/X INTF

TY(1) = =0,5#5(1)/X INTF

HT(1) = 4,Ne8aAREA/X INTF

A1l = A(])/AREA INTF

Bl = B(])/ARE. INTF

A2 = A(J)/ARESA INTF

RZ2 = B(J)/AREA INTF

AL, 1) = B1eR1 INTF
G(2.1> = Aleal INTF
Q03,1) = 2,8p1081 INTF
Q(1,1+3) = 2,881832 INTF
Q(2,1+3) = 2,841842 INTF

120 G(341+3) = 2,8(A18B82+A2451) ISTF

c INTF
c RECOVER DISPLACEMEMT DOF-S ELIMINATED By KINEMATIC CONSTRAINTS [MNTF
c INTF
M s 12 = NBF _ INTF

1F (M,LE.0) G0 TO 167 INTF

DO 140 [ =1,NLC INTF

D 140 N=1,M INTF
Kz13eN INTF
LISNKN(1,N) INTF
L23NKN(2,0N) INTF

140 ROLaKISIR(LILIIFRILIL2)IIOTX(K=9)+(RILLI+1I*RILaL2+1))2TY(K=9) INTF

c INTF
c DETERMINE CURVATURFS aT THE NONES INTF
c INTF
160 M=1 INTF
DG 302 I=1,3 INTF

J = IPEPM(I) INYF

K = IPERM(J) INTF

I1 = 3e1 INTF

JuJ = 3ey INTF

KK = 32K INTF

AZ 3 a(y) INTF

A3 = A(K) INTF

B2 = B(J) INTF

B3 = R(K) INTF

u? = (J) INTF

U3 = il(K) INTF

c-81

354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
3710
371
372
373
374
575
376
377
378
379
380
381
382
383
384
385
386
387
388
38¢
360
391
392
393
394
39%
396
397
398
399
400
401
402
403
454
405
406
407
408
409
410
411

413



c-82

w2 = 1,-U7 INTF 414
W3 = 1,=-u3 INTF 415
C21 = =(Z2.+wW2)8B2=(2Z,+L3)eB3 INTF 416
C22 = B2aw2=-R3ely INTF 417
C31 = =(2,+W2)842=(2,+U3)aA3 INTF 418
C32 = A2®W2=A%eU3 INTF 419
CR1 = 4,#33=B2+B34,3 INTF 420
Ct2 = B2=KH3#w3 INTF 421
CAL = 4, 8A3=pA2+A3%N3 INTF 422
C6Z2 = A2=A3®u3 INTF 423
C81 = B3=4,#82=-B2#U2 INTF 424
CR2 = B22U2=83 INTF 425
C91 = A3=4,8p2-426U2 INTF 426
C92 = AZ2#112=A3 INTF 427
bct 200 N = 1,3 INTF 428
311 = QIN, ) INTF 429
922 = QN Y? INTF 430
Q33 = QINIK) INTF 433
312 = GIN,1+3) INTF 432
G23 =2 GIN.J*3) INTF 433
331 = GINSK*3) ' INTF 434
61 = 222-833 INTF 435
G2 = Q22=G23 INTF 436
63 = 133=023 ' INTF 437
G4 = G23+451 INTF 438
G2 = 223«01 INTF 439
R12=6,8511+43,0((U3=12)e01+(U3+W2)2Q23) INTF 44D
RZ2s 6,8#322+3,243804 ’ INTF 441
R3z 6,#(333+43,42e35 INTF 442
RA4SC248:1+C224023+4,4(R24631~-B3#312) INTF 443
R53C31#G1+C324023+44,#(A24331~A3¢G12) INTF 444 2
RE2CH160224C52803 INTF 445 T
R72C614222+C624033 INTF 446 :
RA=C812333+C824032 INTF 447
R3=2C910:33+092402 INTF 448
0C 180 L=31,NLC INTF 449
180 CVT(L,MISRL#R(L J1=2)+R29R(LsJJ=2)+R3#R(L)KK=2)*+(R4SR(| 1 1=1) INTF 4530
¢ +R58R(L,]1)+R68R(LJUTLI+RT2R(L, JJ)+RAGR(L 1 K<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>