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MHYFECS, an acronym for Manitoba HYdro Finite Element Computer $imulation, is a
group of interactive computer programs that have been developed to model the loads,

teactions, and stresses of a typical sluice gate. The programs have been developed to

perform three distinct tasks. One, to better quantify the hydraulic forces acting on a
typical sluice gate. Two, to examine the reaction forces and stresses resulting from these

loads. Three, to design suitable reinforcements, if necessary, for any highly stressed

regions.

Steady state flow moclel results were used to show that under the prescribed maximum

closure rates, the total dynamic effects caused by the gate closure were always less than

one percent of the total force acting on the gate. This justified modeling the sluice gate

with a hydrostatic pressure as the maximum loading force to determine the roller

misaligmnent angles caused by the deflection of the gate. These misalignments along

with initial and journal bearing clearance misalignments create lateral forces which are of
great interest. The initial design parameter for the lateral forces acting on older gates was

less than thirty percent of the maximum normal force which is used for newer gates. The

application of these lateral forces are the final modeling step to determine the structural

integrity of the gates. The results of the application of the lateral forces show

unacceptable stresses in the supporting structure of the bottom side rollers. To alleviate

this problem, a reinforcecl design of the side roller supporting structure was modeled and

shown to experience more acceptable sftesses than the existing design. The side roller

suppoft integrity was the main premise of the work. The resulting finite element elastic

sffess program was developed to the level that it can be used for a quick and easy proof

of concept design analysis. To make the PC based program more useful, an improvecl

bandwidth reduction algorithm was cleveloped. The new algorithm, tested on a wide

range of test problems, outperformed the widely used GPS algorithm and producecl some

as of yet unfound reductions in bandwidth in the test problerns.

It is recommendecl that Manitoba Hydro either reinforce the existing side roller support

areas or design a roller path that includes constraining edges. The constraining edges,

such as a heavy channel, would eliminate lateral forces and hence even the need for side

rollers.
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1.1 What is a Sluice Gate?

An integral part of any hydro generating station is the control of the reservoir water level.

The reservoir water level, which must be maintained to ensure adequate head for the

hydro generating turbines, is regulated by the opening and closing of sluice gates. These

gates are large metal structures that are adjusted by cables or screw jacks. A picture of a

typical sluice gate, with a person on it to indicate scale, is shown below n Figure I .l .

CF{APTER. X

{NTR.OÐUCTTON

We can see the relatively large size of these gates, about 45 feet wide by 50 feet high, ancl

can immediately understand the large forces generated by the water on the upstream side

of the gate. We can also see in Figure I.l the cables typicaliy used to lift a sluice gate. To

facilitate motion, 2 sets of rollers are mounted along the edges of the gate as depictecl in

Figure I.l Typical Sluice Gate



Figure 1.2. Th'e main rollers transfer the water forces from the gate to the embeclded

suppofts. Notice the spacing of the rollers decreases near the bottom of the gate. The main

rollers are complemented with smaller side rollers used to ensure the gate tracks vertically.

Figure 1.2 shows the typical positions of the main and side rollers on a spillw ay gate.

rirtcaarcã

MainRollers

Upsffeam Face

Side Rollers

Figure 1.2 Rollers on a Sluice Gate

Downsffeam Face



1.2 Need for Study

One problem in an existing sluice gate design is the control of its vertical motion. The two

lifting cables are normally employed to raise or lower the gate, but if the main rollers do

not track parallel to the vertical motion, the gate will not move in the desired manner. This

rnethod of lifting requires the use of the side rollers to guide the gates in their vertical

motion. The side rollers are much smaller than the main rollers as the force thought to be

acting on them is relatively small. It is this originat assumption of only a small force acting

on the side rollers that has caused the most concern in existing sluice gate installations.

Since 1968, all gates have been designed to withstand, a side force of at least 30Vo that of

the normal force applied from water pressure. Some specific concerns relate primarily to

sluice gates designed and manufactured before 1968. The reason for these concerns is that

the older gates may not have had such a large design factor to account for lateral loading.
'Whether or not a 307o fîgure is necessarily accurate is not yet known so the structural

integrity of some older gates may be in doubt. To address these concerns, three specific

questions must be answered and applied to the older gate clesigns.

1. What is the maximum normal force acting on a sluice gate? The normal force created

by the water on the upsffeam face of the gate must be accurately quantified so that the

reactions of the main rollers, and then the side rollers, can be determined. hesently,

the maximum dynamic force acting on the gate during closure is not known, and

neither is the question of how the magnitude of the dynamic forces compares with that

of the static forces.



2. How does the deflection of the gate affect the misalignment of the main roller axles

and hence, the sicle roller load? The main rollers, if misaligned, will cause the gate to

want to track at an angle off vertical. The side rollers will want to resist the sideways

motion by creating a reaction force equal to the main rolier lateral force. The factors

affecting the magnitude of the main roller lateral force are the normal force, the

angle of misalignment, and the coefficient of friction. T\e 30Vo figure now used is a

rough estimate of the coefficient of friction of 0.3.

3. Once a reasonable estimate of the acting lateral force is found, what is the resulting

stress distribution in the existing gate structure? It should be noted here that onsite

inspections of some gates have found localized permanent deformations around some

side roiler supports. This would indicate that incleecl, some older gates were under-

designed for the actual side roller force. If the estimated side roller forces are shown

to cause comparable results in an analysis of the side roller support area, then a

reinforcement design must be done to strengthen appropriate areas of the gate.

1.3 Scope of Investigation

The scope of this thesis will entail the review of the three basic questions outlined above

ancl make recommendations based on those findings. The study will concentrate on the

Kelsey generating station spillway gates since this station has been the focus of a past

investigation and as a result there is considerabie existing information that can be usecl for

comparative purposes. The bulk of the work revolves around the development of a group

of user-friendly finite element computer programs that will provide Hydro the tools not

only to investigate the Kelsey gates, but other gates at other stations as well.
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At present, the peak forces acting on the gate are unknown. To better quantify the water

pressures acting on the Eate, a fluid model was developed in Chapter 2 to find the

relationship between the hydrostatic pressures ancl the clynamics effects of gate closure.

To calculate the main roller reaction forces, determine the effects of roller misalignments,

and find side roller reactions on the gate, an elastic soiid finite element model program was

developed in Chapter 3. This program emphasizes a graphical user interface for the

development of structural models ancl the display of results. To make this program more

useful' a wide variety of both two and three dimensional elements were developed. Also,

to allow the program to be used on a PC, an improved bandwidth minimization algorithm

was cleveloped in Chapter 4 to save memory, computational time, and computational

effort.



2.1Literature Survey

A literature suvey revealed a great many papers dealing with the topic of numerical

modeling of fluid flow. Due to the abundance of literature on the subject, the scope of the

search was narrowed to the specific topic area of potential flow modeling by the finite

element method. This topic aÍea was considered appropriate only after careful

consideration of the physical problem to be modeled. Two journal papers with specific

use of the potential flow finite element method applied to relevant flow situations were

chosen. The first paper is by Chan, Larock, and Herman¡(l) ¿¡¿ the other is by Diersch,

Schirmer, and Busch(2).

CE{APTER. 2

F'T,UM T,C}.AD MOÐÐLXNG

The first paper presents the problem of solving a free surface flow with an unknown final

surface geometry. The authors' solution method sets out specific criteria that a solution

for this type of problem must satisfy. These criteria clictate that the method should hanclle

free surfaces with gravitational effects and be adaptable to complex geometries. The

example problems in the papers, as well as in this study, all involve flow situations in

which an ideal fluid is assumed valid. The use of an ideal fluid means the existence of the

velocity potential, Q , and hence the variational principle to describe the flow field. The

element derived in this paper is a 6-noded triangle that lends itself to descretize irregular

geomeffic boundaries readily. To handle the free surface flows, two specific boundary

conditions must exist on that surface. The conditions for free surface flow are that the

normal flow across the surface must be zero and the pressure along the surface must be

constant. This constant pressure surface will require the specification of velocity



potentials at all nodal points on the free surface. Since the fluid is assumed ideal, the

Bernoulli equation can be used to calculate the difference in speed between any two

points, and hence their potential, as shown by the clerivations in the original paper and

later in the next section. The use of the Bernoulli equation sets the constant surface

pressure and takes care of gravitational effects, but the problem of the ensuring zero

normal velocity still exists. This is taken care of by iteratively moving the surface nocles

into a sfreamline representing the surface of the flow. The results of this first paper give a

flexible method that solves free surface flows with velocity and presstue fields for the

entire modeled area.

The second paper addresses all of the problems of the first paper as well as considering

the problern of an initially unknown flow rate. In the first paper, flow rates were fixecl,

but in the second paper, the objective is not only to describe the flow, but also to find the

unknown flow rate. By simply relating the inlet and outlet flows through the Bernoulli

equation and the continuity condition, the flow rate can be iteratively found. The existing

difference in flow depth and free surface height gives the flow rate, and after a solution

for the new free surface flows, the values are recalculated. The calculations are repeated

until convergence occurs. These derivations are only briefly shown in the next section

but in much more detail in the original paper.

The flow problem to be solved is that of water flowing under the sluice gate during gate

closure. The first of two major assumptions was that the speed of gate closure is

sufficiently slow to result in no noticeable hydro dynamic effects on the pressure

dismibutions in the flow and the second is that an ideal fluid model woulcl provide

acceptable results. The assumption of no noticeable hydro dynamic effects is justified by

employing the solutions of several pseudo-steady-state solutions. Since the flow field is

known at each point in time, the hydro dynamic forces necessary to affect such a flow



were estimated. If the dynamic forces caused by the closure of the gate are found to be in

the range of one to two orders of magnitude lower than static forces, the assumption will

be valid. Also, the ideal flow assumption are checked though comparison of calculatecl

clischarge rates versus Manitoba Hyclro's own discharge suweys

2.2Denvation of the Potential Flow Element

The element used in this study is a 6-noded triangle for two reasons, it is simple to derive

and can be used to model unusually shaped geometry. The variational principle

describing two-dimensional potential flow is:

r(ú)=l!51ø.f *Ø,,)'ld*¿y plþØ.)"d, (r)

where I(Q), Q, Q,*, p, A, andc are the functional of velocity potentiar Q, the velocity

potential, the x velocity component, the fluid density, the area of entire flow region, and

the boundaries with specified normal velocities respectively. Derivatives of Q, say with

respect to n, are denoted by 0,,.

The potential flow theory assumes an irrotational flow of homogeneous, inviscicl, and

incompressible fluid. This is a valid assumption for large bodies of water as is the case in

this study. The variational approach requires the first variation of Equation (1) be set to

zero. This yields the following equations:

0,_+þ,u=0 (2)

V, = Q., and V, = Q, (j)

To discretize the continuous field problem, we must use a technique to reduce the

problem to a descrete system. This is accomplished by employing shape functions with



the natural triangular coordinates. The natural coordinates used for the six noded

triangular element are shown in Figure 2.1 .

3

Figure 2.l Potential Flow Element Nodes and Shape Functions

From this figure, the shape functions can be derived as follows:

yt=\t(2n,-I)
Yz=\z(2nt-I)
Y.r=î:(2nt-l)
Y q = 4\,\z
Y s = 4\z\s

Y a = 4\t\t

This allows the calculation of the value at any point

Equations (5) and (6)

where

in which

Q = 0,T, (i = 1,6)

Q, is the nodal value of Q

N

1(Q) = ä¡"(Q)
e=l

1" is the elemental functional of1(Q)

in the element through the use of

(4a)

(4b)

(4c)

(4d)

(4e)

(4 f)

(5)

(6)



where N ís the number of elements. The components of Equation (6) are in the local

coorclinates of the element. Since Equation (l) is in global coordinates, a tranformation

method must be applied. One such transformation method is a Lagrange transfo¡mation

matrix (X). t, is simply the shape function in a vecror for:

(x)' = (n,(2n, - l), \r(2\, - I), \3(2113 - I), 4\t\r, 4\r\,, 4\:\,,)

o = (x)'{o} (B)

This now allows the components of the Equation ( 1) to be found through the following

equations:

in which

where

10

where

and

{i;,}={i;} 
= rDryt{þ}

tD*yl:ILR]tDil

r¿^r= *l? ?, ?,)

l¡-lr ì c¡= xt -xj; 2A= b,co-brc,

for í - ( 1,2, 3) j = (2,3,1 ) k = ( 3, 1,2)

004\z04rh1
4\r-l 0 4\t 4\, 0 

I

0 4t1,-I 0 4\, 4r1,l

The x and y values used in Equatton (12) can be seen in Figure 2"2.

ln,l =

b,=

(7)

4\,-l
0

0

(e)

Q0)

(r 1)

( r2)

(r 3)



Substituting Equations (8) and (9) into Equation (l ) and taking the variarion ro minimize

the function yields,

Figure 2.2 A 6-Node Tríangular Element

11

b
Ĵ

2

This is analogous to structure mechanics in that 1S/ is the element stiffness

{SL} is the load vectot. Since the variation is to be minimized, the result can

the more standard form:

[s]{0} = {s¿}

#=^stoi -^s¿r

The components of the 15/ matrix and {SL} vector are described in the appendix in more

cletail. The calculation of the potential values on the free surface uses Bernoulli's

Equation as shown in Equation (16).

iqi +î* tr,=iq|*?* tr,

(14)

matrix and

be put into

Qs)

(r6)



where i is any clownsteam point on the free surface and d is the downstream reference

point on the free surface. Since the pressures p are constant and the height y are known,

the speed qi can be founcl at all the free surface points. Assuming the velocity varies

linearly between any two adjacent nodes, the potenti aI at aIIthe free surface points can be

found from:

where Â s is the surface clistance between the two nodes and Q, is the known potential.

This solves the constant pressure requirement on the free surface but, if the initial guess

of the free surface position is incorrect, the resulting velocity vectors from Equation (3)

have a non-zero normal component. To correct this problem, the nodes on the free

surface are continually moved into the position dictated by the direction of the upstream

velocity vector by solving the problem iteratively. If only the surface nodes were rnoved,

the problem of an unacceptable element shape could arise. To alleviate this concern, a

flexible network of nodes is used. That means that if a free surface node is moved up,

then the nodes below that free surface node woulcl move proportionally up relative to

their distance between the surface and the fixecl boundary of the flow. This is shown in

Fígure 2.3 in which a flexible network of four nodes moves upwards. Notice how the top

node moves the most and that the other nodes movement clecreases linearly towards zero

movement at the fixed boundary.

Q¡ =Q, - tn'tn'' 
O,

12

(r7)



Original Positions

@

The last problem in the flow model is the unknown flow rate. This is solved from the

combined use of the Bernoulli Equation, (18), and the Continuity Equation, (19).

Updated Positions

@1,

@t

æ1'

^1'
Figure 2.3 Flexible Network of Nodes

Movement

where qo is the approach speed, q¿is the downstream or exit speecl, z is the elevation, ancl

å is the depth of the flow at the approach and exit. Substituting Equation (19) ínto

Equation (18) yields qo:

73

q:,--q',,-
-.T 

¿ 
--1- 

z,
29"29a

hoqo = hoqo

The entrance flow is calculated ancl prescribecl

changes in the flow rate and the free surface

criteria value.

(18)

(re)

at each iteration of the solution until the

position are less than the convergence

(20)



2.3 Potential Flow Program

The complete MHYFECS consists of two modules, the fluid modeling module, ancl the

structural modeling module. The fluid modeling module is a potential flow finite elernent

program described in this chapter. The sffuctural modeling module will be presentecl in

the next chapter.

2.3.I Graphic Input Interface

To facilitate the development of flow models, a user-friendly graphical interface was

developed to avoid the tedious editing of data files. All programming in this study was

performed in FORTRAN using the GSS-GKS graphics library. This graphicai interface

allows the user not only to visually check the model but also modify all the element and

node data without actually seeing the data file. The program consist of four menus of

options. The first is the FILE menu which includes the options to OPEN, CHECK, and

SAVE the data file. The CHECK function was added to insure the cor¡ectness of data

files before the solution phase. The NODE ûrenu contains the CREATE, DELETE and

MOVE features necessary for manipulating the nodal data. The ELEMENT menu

contains two element creation functions and a DELETE function to build and modify the

model. The last menu is the VIEW menu. This menu allows the user to view the model

with any center of view point and zoom factor. The graphical interface is shown in

Figure 2.4 wherc the VIEV/ menu containing an example data file is depicted.

t4



15

2.3.2 Solution Program

Figure 2.4 Graphical Input Interface for VIEW Menu

The solution program, as the name implies, contains not only the solution algorithm, but

also includes some graphics. The programs' graphic abilities visually demonstrate the

approach to convergence, and once converged show the velocity vectors and pressure

contours. Each elemental matrix is calculated in the main solver of the fluid program and

all the elemental matrices are assembled together to produce the global matrix, S. The

load vector Sl, is then created from the specified velocities on the boundaries. The last

step before solving the global system of equations is the setting of the potential value



conditions. The potential values are calculated as described earlier and applied to the

matrix using the penalty method. The well-known penalty method works as follows. If a

solution value for a specific node is to assume a value of say, 45, then the stiffness matrix

diagonal for that node is set to a very high values, say 1020, and the force vector is

45*(,20. This forces the solution value for that node to be 45 or at least infinitesimally

close to 45. The matrix vector equation, once assembied, is solved using Gauss-Jordan

elimination to solve for the potential values. The program iteratively loops through the

calculations until the change in the free surface is within the convergence criteria ancl

then displays the final velocity and pressure fields. The operational flow chart of the

program is shown in Figure 2.4. The program listing can be found in the appendix.

Examples of a solved flow are shown in Fígures 2.6 and 2.7 which correspond

respectively to a velocity vector plot and a pressure contour plot. The geometry depicted

in Figures 2 .6 and 2.7 is that of a typical sluice way. Notice the gate rests on a small step

at the bottom of the channel. Also notice how the flow model captures the rising water

level in front of the gate as would be in reality, and that the magnitude of the velocity

vectors is proportional to the length of the vectors. To facilitate printing of he results, the

graphic output of the solved model can be saved in graphic metafiles.

16



Calculate Flow Rates
for Existing Geometry
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Velocity Vector Plot

Figure 2.6 Outputfrom Flow Module: Velocity Vector Example Plot

r8

Pressure Contorn Flot

Figure 2.7 Outputfrom Flow Module: Pressure Contour ExampLe Plot
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2.4 Results of F'luid Modeling

To verify the fluid modeling module and to assess its accuracy, comparison of flow rates

predicted numerically with measured field data is next. This section also includes a

discussion on the validity of the assumption of neglecting dynamic effects in computing

the fluicl pressure.

2.4.I Comparison of Flow Rates

The sluice gate at Kelsey Generating Station normally operates with openings of twenty

feet or less. Due to this operationai procedure, the rnodeling completed in this study is

the gate closing from an opening of 20 feet to a complete closure. The rnodels were

solved with the forebay elevation of 605 feet relative to sea level, the highest operational

depth of the forebay. A demonsfation of a sluice gate opening and closing showed that

closing times are in the order of at least 5 to 10 minutes. The actual design speed for gate

closure as set out by the designers, Canadian Vickers Limited, is approximately 2.5 feet

per minute. This speed means that closure from a 20 foot opening takes about 8 rninutes

which is expectecl to be too slow to çreate any significant dynamic loads. A more detailecl

discussion will be presented in the next section.

t9

To ease calculations and avoid effors, the meffic systom of units was used in the flow

model computations. The flow was modeled with the gate in positions from an opening

of 7 meters ( 20 feet ) to closure in 1 meter increments. The flow rates for each opening

were found to be relatively close to those found in Manitoba Hydro's L97I Report on

Discharges as well as the 1963 Spillway Rating Curves. The resuits are in Figure 2.8



which shows the two Hydro flow measurements versus the prediction of this study. It

was expected that due to the use of an ideal fluid model, this stucly's preclicted flow rates

would be slightly higher than the actual flows. Note that the predicted flow rates are no

more than 20Vo higher than the two Hydro sources. The slightly higher flow rates will

cause a slightly higher estimate of gate forces which will result in a more conservative

design. Observe that at small openings near the bottom of the gate closure, the numerical

model is quite accurate. This accuracy is particularly important since the forces are

maximum near closure.
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2.4.2 Dynamic Effects

The solutions of the flow models are for a series of steady state flows. To justify using a

series of steady state flows to model a time clependent flow, the dynamic effects of the

fluid flow must be shown to be negligible. To do this, the momentum equation for a

control volume can be used to calculate the dynamic effects. The rnomentum equation in

its standard form can be written as:

1S where F is the reaction force, p the fluid density, V is velocity, CV is the conffol

volume, and CS is the control surface. In a steady state flow the first part, the part with

partial derivative with respect to time, is zero and the remainder of the reaction force is

clue to the constant momentum flux through the control surface. The first part of the

equation is the dynamic part used to estimate the possible dynamic forces acting on the

gate. Since the x axis forces are thoso of interest, Equation 2I can be reduced to its x

components:

F_ ! ¡rpav * [vpv at
uo cv cs

2t

where ø is the x velocity component. The conffol volume used is the region in front of

the gate contained by the concrete superstructure out to the forebay. The inlet velocity in

the forebay is taken to be approximately zero and so is ignored. Thus, the ø velocity is

estimated to be, on average, the same as the enffance velocity since the enffance area is

the whole upsffeam cross section. For each time interval between static gate positions,

the ¿¿ velocity is estimated to be the linear interpolation of the before ancl after speeds.

F,=+ lupdv + lupvdA
dt å/ ðt

(2t )

(22)



For example, for the forth time interval of approximately 68.6 seconds, the initial speed

is 3.6 m/s and the end speed is 2.8 m/s. This would produce an estimation of r¿ as:

using the above assumptions, the estimate of a dynamic force caused

deceleration becomes: 
â

F, = 
- 

[(3.6 - 0.0] 167.t) . 998. CV l" dt

F, = (0.01 167 ). 998 . 3175 = 37kN

u, = 3.6 - 0.01 167 .t

This dynamic force of 37 kN is quite small compared to the maximum hydrostatic force

of the water which is 12000 kN. The results for each time step are shown inTable I and,

reveai that the dynamic portion of the flow never rise above 0.5% of the static pressure

force.

22

Gate Positions (m)

7-6

6-5

5-4

4-3

J-¿

2-I

1-0

(23)

Table ] Estimated Gate Forces

Dynamic Force (kN)

by the fluid

(24a)

(24b)

28

30.5

34

3l

41.5

46

41.5

Static Force lkN)

57 5t

7 r00

859 1

r0224

tt999

r39t6

15975

7o Dvn.lStat

0.48

0.44

0.34

0.31

0.30

0.30

0.26



To see how smali and insignificant the estimated dynamic forces arc,Figure 2.9 shows

their relative magnitudes. It is important to note that the dynamic forces can only be

ignored for the slow closing situation assumed in this study. For higher closure speeds or

a clifferent control gate, the dynamic forces rnay be significant.
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2.5 Conclusions of Fluid Modeling

Figure 2.9 Estimated Gate Forces from Flow Model

Two dimensional irrotational gravity flows of ideal fluids is studied with the use of finite

elements. The computer code described herein allows the generation and analysis of flow

models having unknown flow rates, complex geometry, and unknown free surface

locations. Useful physical properties, such as velocities and pressures, can be computed
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for the entire flow region. The developrnent of a graphical input interface allows the user

to visually modify ancl check the model prior to solving. The solution phase shows the

user the progress of the solution and the final results in a graphical form.

The flow rates for the various gate positions agroe quite closely with Manitoba Hydro's

estimates and surveys. The resulting clynamic loads causecl by the maximum rate of

closure for normal operation are always less than half of a percent of the total pressure

force on the gate and hence can be neglectecl. The rnaximum loading acting on the sluice

gate is the hydrostatic pressure when the gate is fully closed with the resewoir at

maximum forebay elevation.
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3.1 Structural Modeling Programs

The structural modeling has been accomplished with the use of an elastic finite element

package consisting of three independent programs. The first program is an interactive

graphical pre-processor usecl to develop the sffuctural models. The second program is the

solution or solver program and the third an interactive graphical post-processor. This

program group has been named MHYFECS (pronouncecl "miffecs"), âfl acronym for

Manitoba HYclro Finite Element Computer Simulation.

S TR.{JC TUR.,{{, MOÐEN,TNG

CH.APTER.3

3.1.1 Program Requirements

The initial scope of this study required the caiculation of reaction forces, roller

misalignrnents, and sffesses in the solid modeling phase. The requirements immediately

clictated the use of the well-known finite element methocl as the resulting complexities

are most easily accounted for by this method. As the project proceeded, many structure

design related questions were raised, ancl the need for a finite element methocl program

that was more flexible than just a gate model became apparent. A discussion of the finite

element method will not be given here as it can be founcl in many standard books and

texts dedicated solely to this topic (3-7) 
.
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3.1.2 The PRE-PROCESSOR Program

The first program is the PRE-PROCESSOR program that is used to build the solid

model. A great deal of time and effort were devoted to this program as the development

of large models in the text data fiie is not only long and tedious, but also prone to errors.

The PRE-PROCESSOR program's graphic interface was developed to also allow the user

to visuaily check the model, to insure that the model is indeed codecl. Also, the PRE-

PROCESSOR program allows the user to develop and change the finite element model

without actually seeing the data file. The featues and use of the PRE-PROCESSOR

program are described in detail in the users manual in the Appendix. Figure 3.1 depicts

an example of the PRE-PROCESSOR graphic interface showing a model in
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development. The window on the left is the on screen display of the model being worked

on. The function menu which allows mouse driven use of the program is on the right.

3.1.3 The SOLVER Program

The SOLVER program is the program that generates the elemental stiffnesses, assembles

the global stiffness matrix, generates the load vector, solves the resulting system of

equations, calculates the resulting sffesses, and prints the results to an ouq)ut file. It is

modular in design so as to ease future program deveiopment and employs the use of a

vector scheme for efficient storage. The listing of the SOLVER program can be seen in

the Appendix. The SOLVER program contains no graphics as it is written to be portable

between the PC and UNIX hardware. The program asks for an input data file but creates

the output fiie automatically to which the solution is written. If any errors occur,

command line messages are generated to describe the problem so that appropriate action

can be taken. The program also continuously updates the user on the status of the

solution progress with respect to the assembly progress, the matrix solution progress, and

the sffess caiculations progress. A more detaiied description of the SOLVER program is

given in the Appendix.
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3.1.4 The POST-PROCESSOR Program

The last program in the soiid modeling group is the POST-PROCESSOR program. This

program is a graphical interface based program designed to show the displacements ancl



stresses of the solved model graphically. The program reacls in the output from the

SOLVER ancl allows the user to view any one of the 6 primary stresses or the Von Mises

equivalent stress in an undeformed or deformed configurations from any orientation in

space. The data can also be reviewed in this program to allow the user to check model

parameters to better interpret results. Figure -J.2 shows an exaggerated plot of the

deformed shape of an example model. Figure -3.3 shows the equivalent sffess contours in

an undeformed shape of the same exampie. The POST-PROCESSOR program is listed in

the Appendr-r where it is explained in greater detail in the manual.
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3.2 Modeling Procedure

Figure 3.3 POST-PROCESSOR Stresses Example

The modeling of atypícal sluice gate is presented here. Two models are employed in this

study, the first is a coarse mesh and the second is refinement around the edge beam and

the roller support area. An existing Hydro gate model from a July 1991 report is also

cliscussecl here.

MHYFECS OUTFUT



3.2.1 MHYFECS Models

The models in this study were developed and solved using the MHYFECS package. The

MHYFECS models consist of a mixture of elements in three dimensions with the end

plates included since it is the ends of the gate that are of most interest. The first

MHYFECS model contains 590 nodes and 696 elements, while the second MHYFECS

model which doubles the mesh density around the side rollers and the supporting area,

contains 707 nodes andll4 elements. These discretizations are shown in Figures 3.4 and

3.5. Due to symmefiy, only half of the gate is modeled. Notice the increased refinement

of the mesh around the edge beam and roller supports. Both of these models are loaclecl

by hydrostatic pressures. The nodal values of the forces are calculated in a separate

spread sheet program to insure each node on the upsffeam surface received its correct

load. The resulting loads for the second MHYFECS model are tabulatedinTable 2.

3.2.2 The Existing Hydro Gate Model

30

The key to accurate assessment of the lateral forces acting on the side rollers is the

accurate calculation of main roller reactions. An estimation of the main roller reactions

was found in a stucly by Hyclro in their July 1991 report(8) and will simply be referred to

as the Hydro ModeL in this study. This Hydro Model which is also based on the finite

element method, employed a hydrostatic pressure distribution on the gate to find its

reaction forces. Recall that the results of the fluid modeling in this study confirmed the

assumption of hydrostatic forces as the principle fluid loacling on the gate. The main

clifference between the Hydro Model ancl this work is that, in the former, a 2 dimensional

beam structure was used to simulate the actual three dimensional gate whereas, in the

latter, a three dimensional model was used. Several additional beam elements in the
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Figure 3.4 MHYFECS I Model (590 Nodes & 696 Elements)
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Figure 3.5 MHYFECS 2 Model (707 Nodes & 774 Elements)
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Hydro Model were specifically used to simulate the end plates and other stiffening

members which could not be properly modeled in a two cÌimensional moclel. The results

of the Hydro Moclel are discussed in the next section.

3.3 Numerical Results

Results of numerical simulation for main roller reaction forces are presented here.

Comparison with the Hydro Model is also given. The main roller axle deflection is also

discussed.

3.3.I Main Roller Reaction Forces

The three gate models results are listed inTable 3 and shown in Figure 3.ó. Notice how

the two MHYFECS results are nearly equal which indicate convergence of the solution.

Note that the converged MHYFECS solutions are quite clifferent from that of the Hyclro

Model results.
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The difference in the total applied force of the two studies is less than2o/o, even though

the Hydro Model uses a deeper than normal head water depth. The largest clifference is in

the bottorn roller reaction force which is quite important considering the bottom sicle

roller is located beside the bottom main roller. The Hydro Model predicted this force to

be 225 kips whereas the final MHYFECS value ls 277 kips, a difference of 20Vo. This

difference can be partially explained through the application of the load in the models.

The Hydro Model has its loads applied at the 13 cross beams in the gate, which although

gives the correct total force, cloes not represent the distribution very accurately. The

MHYFECS rnoclel uses the redistributed pressure on the plates at 23 separate horizontal

levels. Thus, the MHYFECS model is especially moro detailed in the lower regions of

the gate. The lowest fotces, that act mostly on the last two rollers, are modeled with four

instead of two loading positions. Figure 3.2 shows the respective loadings in the two

moclels, Hydro Model and MHYFECS model respectively. This combination of more

H MHYFECS2

Figure 3.6 Comparison of Roller Reaction Forces
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accurate loaclings and the refined plate model instead of a simple beam model created the

difference between the Hydro Model ancl MHYFECS models.
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Figure 3.7 Comparison of load application in the Hydro Model and the MHYFECS moclel
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3.3.2 Main Roller Axle Deflections

A major limitation of the Hydro Model is its inability to model the angular deflections of

the roller axles. This is quite important as the angular deflection of the axles is believed

to play a major role in the creation of lateral force. The two MHYFECS models, which

clo have this ability, hacl nearly identical roller center cleflections ancl the results are

shown inTable 4.
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The roilers themselves were modeled as very stiff beams fixed to the roller path, and thus

resulting in zero deflection in the Z direction. The rollers were free to roll, slicle, ancl

rotate on thefu crown as they would in the real situation. The largest deflections seen are

the X axis deflections of the roller centers. This is expected as the rollers are closer to the

rear of the gate than the front and the resulting bending of the gate and axles will tencl to

move the contact side of the rollers out. The Y-axis deflections are insignificantly small.

The angular deflection of most interest is the rotation about the Z-axis as this is the angle

that determines the misalignment of the rollers. The maximum angular cleflection found

is 0.01o which is very small in consideration of the following two factors. The initial

alignment of the axle holes that are bored into the suppofts is expected not to be exact.

The angular deflection caused by the journal bearing ciearance will also easily be greater

than 0.01o. Due to these two factors, the lateral force is thought to be quite independent

of the misalignment caused by the gate deflection. Figure 3.8 shows a typical

misalignments of a gate roller.
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3.4 Lateral Force Estimation

This section presents an estimate of the lateral forces. It starts by discussing the worse

case, which proves to be unrealistic. A more realistic model is cleveloped through a more

accurate lateral force coefficient and other refinements.

3.4.I Worst Case Scenario

The minimal angular deflections of the rollers due to gate deflections creates the

possibiüty of the following worst case situation. If, during the hoisting of the gate, one

lift cable or screw jack lifts slightly more than the other, all of the main rollers may be

misaligned in the same direction due to their journai clearances. This worse case scenario

was modelecl with a 30Vo lateral force coefficient as is presently used in the design of

new gates. The MHYFECS model used to compute the main roller reaction forces is also

used here. The lateral loads of 30Vo of the main roller reactions are applied at the main

rollers ancl on the symmetry boundary to account for the roller forces from the other side

of the gate. The resulting solution yields side roller reaction forces of 224 kips for the top

side roller and 485 kips for the bottom roller. To gain more accurate results in the side

roller suppoft area, a refined submodel for the bottom sicle roller support area has been

developed as shown in Figure 3.9.The model represents the bottom corner of the gate

from the bottom skin up to the first cross beam. The model includes the mounting for the

bottom main roller ancl the bottom side roller. The result of applying the 485 kips side

rolier reaction force to the submodel is shown inFigure 3.I0.The resulting sffesses ale

far past the yield point for the steel used in the construction of the gate. This implies that

the situation of al1 main rollers producing lateral forces 30Vo of their normal load in the

same direction would cause a catastrophic failure. Since no failures of this magnitude
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have occurred, it is obviously quite an

predicted would probably never exist

before such regions could develop. A

recent experiments must be developed

forces.

impossible situation. A1so, the large platic regions

as the sluiceway sffucture would suppofi the gate

more realistic model that consiclers some past and

to gain a better estimate of the actual acting lateral

40

Figure 3.9 Section of Gate used in Submodel
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Figure 3.10 Effictive Stress ín the Worst Case Scenario

of 485 Kips Side Roller Reaction Force

3.4.2 Determination of a Realistic Lateral Force Coefficient
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Due to the obviously impossible situationinFigure 3.10, a more realistic moclel of the

lateral loading is required. The only field data available is that of the Hydro's inspection

of a Kelsey sluice gate. Their inspection repofis only minor plastic deformations around

the side roller supports without specific details. The only conclusion that can be drawn

form the inspection report is that in an accurate lateral load model, only iocalized yield

stresses would exist. This qualitative assessment could be used as a rough guideline for

the acceptance of a model as accurate.



More recent data is from Manitoba Hydro's roller tests at the University of Manitoba's

Civil Engineering Lab. The main purpose of these tests was to determine ultimate loads

capable of being supported by the rollers. The test also provided the opportunity to

measure the coefficient of friction of the rollers. The rollers used were in clean condition

and a new piece of steel was used for the roller path. The main loading actuator, applying

a normal load, and the side force actuator, applying a lateral, were simultaneously

controlled by a computer. The resulting strains were also continuously recorded by the

computer. The experimental setup is shown in Figure 3.11 .
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Lateral

Normal Force

The results of the experiment showed that slippage between the roller ancl roller path

occurred in the range of a 0.18 to 0.20 coefficient of friction. This however does not

directly translate into a coefficient of lateral force of the same magnitude as there is a

difference between the coefficients of friction and lateral force. This is demonstrated in

the 1963 ASME paper 'Experimental Determination of Lateral Forces Developed b)z a

Misalignecl Steel Roller on a Steel Raii', by Cress and Talber¡(9), yy¡iç¡ outlines their

experimental lateral force determination method. Their experiment drives a misaligned

roller down a roller path, with the roller rolling, while simultaneously measuring the

lateral forces. The range of misalignment angles covered is from 0o to 3o with varying

surface conditions of roughness. Hydro tested the coefficient of friction, p, of the

Figure 3.1I FrictionTesting Setup

Axle

Roller

Roller Path



different surface conditions in the same manner as the 1963 experiment. In the paper, a

coefficient of friction test showed fine ground steel surfaces to have a ¡r of 0.16 and

rusted surfaces a ¡r of 0.22. These compare favorably with results of the Hydro test. The

paper's results show that the lateral force coefficient rise quickiy with misalignment and

level off at a value of 0.27 at about 1o of misaiignment for all of the surface types. This

is shown in Figure 3.12.
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From this graph it is obvious that the misalignments causecl by the gate cleflections woulcl

have a negligible effect. However, an initial misalignment of as little as one degree coulcl

cause the maximum lateral force of 2lVo of the normal force. The most important detail

pointed out by this paper is the fact that the lateral force coefficient is not a function of

the friction coefficient but the misalignment angle. Due to the agreement of the friction

Figure 3.12 Lateral Force Determina¡¡o, pss¿¡s(9)

11.52
Misalignment Angle (degrees)



coefficients between the paper and the Hydro tests giving credibility to the laterai

coefficient of 0-2'/, this value will be used in creating a realistic lateral force moclel.

3.4.3 A RealisticLateral Force Model

The use of a lateral force coefficient of 0.27 instead of 0.30 will still cause unrealistic

sÍesses in the side roller suppoft area. The situation where all the rollers are misaligned

in the same direction is also thought to be rather unlikely as the initial misalignrnent from

installation would be a random process causing misalignments in both directions. Due to

the initial misalignments, the journal bearing clearances, the unevenness of the roller

path, and the very small deflection caused misalignments, a less simplistic model must be

used to predict a typical situation. This situation is that one half of the rollers have

enough misalignment to croate alateral force coefficient of 0.27 either through deflection

or initial misalignment. Some ¡ollers on the othe¡ side of the gate also create lateral

forces, but due to their opposite deflections, they are to be modeled as having lateral

forces acting the other way. The main rollers with the largest deflection causecl

misalignments, 6, J, and 8, are assumecl to acting the other way. This combination results

in all of the rollers on one side of the gate creating a laterul force and the other side

rollers with reactions of 103, 138, and I23 kips acting the other way. This combination

reduces the side roller loacl to 126 kips at the bottom roller. The realistic lateral force

moclel is shown in Figure 3.13. This result has only a limited area in which yield stresses

were exceedecl which agrees with the findings by the Hydro inspection.
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3.5 Broken Lift Cable Situation

Another situation that can cause lateral loadings is that of a broken lift cable. If one of

the two lift cables breaks, or is very slack, the resulting lifting force will be off center

and will create other side ro11er forces. This is quite an easy situation to analyze as all the

necessary data is known. The weight of the gate is 190 kips. The two tifting cables are 42

feet apart at the lifting lugs on the top corners of the gates and the two side rollers arc 40

feet vertically apart. The resulting free body diagram is shown ín Figure 3.I4.In this

figure fluid loadings and reaction forces are not included as this is strictly the case of

supporting a Bate with one broken lift cable. The gate would never be moved with a

broken lift cable.
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The resulting side force, F.t, can now be easily found by taking moments about point A.

This moment equation is as follows:

The 99.15 kip load created by a broken cable is less than the estimated side roller loacl

ancl hence can safely be assumed as an acceptable load once the side roller support area is

reinforced to withstand the estimated side roller loads from other sources.

Zt t^ = F5. 40 - I9o.2I = o

3.6 Redesign of Side Roller Support Area

.'. Fs = 99.75 kips

The results in Figure 3.13 showed a limited area of yield stresses consistent with Hydro's

observation of a limited area of yielding in the Kelsey gate. The situation of half of the

main rollers lateral forces acting one way and three rollers on the other side of the gate

acting in the opposite direction will be used to model the side roller support

reinforcements since it closely matches the observed gate reactions. The existing

structure must be reinforced not only to meet the structural requirements, but the cost

factor and field operations such as cutting and welding must also be considered. The

existing structurai member behincl the side roller support tabs is a 8" by 8" by ll2" angIe.

To reinforce this member, a simple solution is to increase the thickness of the angle from

the bottorn skin to the first cross member. The first reinforcement design cloes just that

with an 8" by 8" by 1.5" piece of angle. A schematic of the reinforcement is shown in

Figure 3.15. The 1.5" thick angle in the reinforcement meets the needs of supporting the

side roller suppoft tabs as can be seen in the reduced peak effective stress rn Figure 3.16.
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The probiem in the Figure 3.16 design is that the actual sicle roller support tabs

experience unacceptable sffesses. The next logical clesign step is to use the same type of

material to reinforce the support tabs as the use of common sizecl materials may possibly

have a cost benefit. The sfiesses resulting in the new reinforcement design are shown in

Fígure 3.17. From this figure, not only is it evident that the side roller support area is

now sftong enough to withstand the estimated lateral loacls, but that the low peak stresses

show a conservative design with a large factor of safety.
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4.1 Need for Bandwidth Minimization

E ANÐ WTÐTF{ R.EÐUC T'TÛ N,AT,G OR.TTHTVT

Most realistic engineering analyses involve the solution of a large system of algebraic

equations in matrix form on a computer. That is, solving the following set of equations,

IK]{u}={f}

where K is assumecl to be a symmetric matrix. The storage and solution of K are of great

interest as the available storage, computational effort, and computational time are

nonnally the limiting factors in an analysis. Since most modem storage schemes store

only a specific portion of the matrix, it is desirable to minimize the size of the stored

matrix. The amount stored is determined by the maximum distance from the major

cliagonal of the matrix to a non zero term as shown in Figure 4.I.Utilizing symmetry,

only the part of the rnatrix N by the half banclwidth is stored versus the entire N by N

matrix, where N is the order of the matrix.

CF+APTEN 4
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DX 0 0 0 0

XDXX O O

OXDXXX
OXXDOO
O O X O DX
OOXOXD
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0 0 0 0 0x
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DX
XD

(a) Original Matrix

Figure 4.1 Example Matríx with Half bandwidth of 4
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InFígure4.I (a), the diagonaltermsaredenotedbyD,theoff-diagonalnon-zeroterms

with X, and the zero terms with 0. Notice how in the third row, and third column, the

farthest non-zero term is 3 terms away from the diagonal. This results in a half-

bandwidth of 4 which is the width of the storago maffix also depicted in Figure 4.1(b).

Such a storage scheme can become very inefficient if the matrix to be stored is a very

sparse matrix as many zero terms have to be stored. The execution time of a 'bandsolver'

is çx1¡*92) where N is the size of the matrix, B is the banclwidth, and C a time constant

for the computer used. Note that the B factor in the solution time of a matrix is relatecl by

a squared relationship. Both the storage requirements and solution time can be drastically

reduced by lowering the bandwidth through a reordering of the equations in the maffix or

as more commonly done, a renumbering of the nodes. The need for bandwidth reduction

is especially acuto when one considers that the vast majority of engineering

computations, including the MHYFECS programs used in this study, are performecl on

PCs that have limited memory. Another reason to automate the bandwidth reduction

process is that during the development of a finite element model, the mesh is usually

built in sections with automatic meshing and mesh refinement procedures that are

designed to be convienient for the user. These refinements and automatic procedures are

indeecl helpful, but do not generally produce the smallest bandwidths.
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4.2 Existing Algorithms

The most important existing algorithms are outlined in brief in the following sections.

More details can be founcl in the original papers listed in the references. Most existing

algorithms can be grouped into two main categories, direct reduction algorithrns, graph

theory algorithms, or a hybrid of the two.



4.2.1 Direct Reduction Algorithms

These algorithms work by directly interchanging the rows and columns in the matrix for

reduction of bandwidth. For example, let's say the maximum bandwidth of a problem

was 11 dueto avalency* between nodes 10 and 20.In this case nodes 11 to 19 would be

iteratively renumbered above 20 or below 10 in hopes of bring the old nodes 10 and 20

closer together in the new numbering. Such algorithms have been presented by

Groomsl0 and Puttonenll. They produce good results but take an inordinate amount

time in calculation.

4.2.2 Graph Theory Algorithms

This second category of algorithms use concepts of graph theory to create level sffuctures

that arc used in the renumbering process. The main algorithms based on these concepts

have been presented by Cuthill and McKee (CM)12, Gibbs, Poole and Stockmeyer

(Ge5¡13, ancl a relatively new algorithm by Burgess and Lai (Bt-¡i4. The graph theory

rnethod creates level structures in the following manner; first, a start node is selected and

labeled as a level one node, then, all the nodes with connectivity to the start node are

labeled level as nocles in level two. Next, the nodes connectecl to last calculatecl level are

assigned the next level number if not yet assigned to a previous level. This is repeated

until all the nocles are assigned to levels from i to n, the number of levels. This level

creation is demonstrated in the simple example of Figure 4.2.
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tenn defined on next page



Notice how nodes 2, 4, and 5, which are connected to the start node 1 due to the use of

quadrilateral elements, are all in level 2 and the remaining nodes in level 3. The nodes

are then renumbered from ievel I to n through each level by a variety of criteria outlined

later. This description is obviously oversimplified but cloes allow us to break the graph

theory method down into its three basic steps as follows:

@Start Node

@Level2 Nodes

@Level3 Nodes

Figure 4.2 Level Structure Creatíon Example

Quadralateral Elements

i) start node selection

ii) level structure creation

iii) renumbering of the nodes

-s3

Many different algorithms do each step differently, so each step will be described in

more detail below, but first we will define some relevant terms. The first term to define

is level structure width. This term describes the maximum number of nodes in any level

of the structure and hence, the width of the sffucture. In Figure 4.2, the level structure

width for the second level is 3, for the 3rd level, the level structure width is 5. The next

term, Ievel length, is the number of levels in the sffucture, and hence the length of the

sftucture. In Figure 4.2, since there are 3 levels, the ievel iength is 3. Lastly, the term

valency of a node is the number of other nodes connected to that node. For example,

node2 in Figure 4.2 has a valency of 5 since it is connected to nodes 1,3,4,5, and 6.



The start node selection is very important as a poor selection will result in an

unnecessarily high level width which in turn results in large bandwidths. The selection of

a starting node in the CM algorithm is as follows. First, the valency of all nodes is

calculated and the level structures for all the nodes with the lowest vaiency are created.

These level structures are renumbered and the one of minimum half bandwidth is

selected. The great many level structure creations and respective renumberings make this

methocl overly slow in most large problems. Another shortcoming of this is that the half

bandwidth can never be iess than the width of the level structure.

The GPS algorithm, an improvement over the CM algorithm, uses an improved methocl

to fincl the start nocle. GPS starts with an arbitrary node v of minimum valency and

creates a level structure stafting at node v. Level sffuctures are started from each node in

the last level of the first structure. If any node ø of the last level creates a longer level

structure than the original level structure, the node y is set to u and the search process

repeated. If no new start node is found, then the minimum width level structure starting

at node v ancl ending at node ø is used. These two nocles represent the start and end of a

pseudo-diameter of the graph of the problem. The two level structures, staftin g at v and u

respectively, àre created and combined to produce a level structure possibly smaller than

a sirnple level structure created from either nodes v 01 u or as a start nocle.
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Level Structure Creation is the next step in the reduction process. The level structure

creation process is, in most methods, the sraight forward method described previously

except for the GPS algorithrn. The GPS algorithm comparing the position of each node

in the two level structures created from nocles v and u. These nodes that are in

overlapping levels in both structures are not moved. Those nodes that do not overlap are

callecl disjointed nodes. The disjointed nodes are put in the levels that result in minimum



level widths. This final structure is renumberecl for the reduced bandwidth. The BL

algorithm also uses the GPS stafiing node search as presented. The GPS start node search

is superior to the CM method in most cases and hence is more widely accepted. Ail the

graph theory methods find the peripheral nodes of minimum degree and work from there

to find a minimum wiclth path.

Renumbering of the nodes in the level structure is now performed to create the new noclal

orclering and reduced matrix banclwidth. This procedure differs between methods

significantly as do the results. The CM algorithm numbers the nodes connected to the

lowest numbered node in the previous level in order of increasing valency until all nodes

in the present level are numbered. It is important to remember that the CM algorithm

renumbers each of the level sffuctures generated for comparison. This method has the

obvious clraw back of not recognizing that the nodes that do not connect to the next level

should be numbered first to keep their numbers closer to those of the previous level and

to assign the nodes connected to the next level higher numbers. The GPS renumbering is

very similar to CM but with a few additional constraints since the level sffuctures

produced by the GPS method are not simple structrres as in the CM method. First, the

numbering begins at the node v or u, the one of lower valency. The nodes are then

ordered in the next level stafting with the nodes connected to the lowest numbered node

in the previous level. When all the nodes connected to the previous level are numbered,

number the nodes connected to the already renumbered nocles from lowest to highest

number. Repeat this for all the levels in the sffucture. This method rectifies the short

comings of the CM algorithm. The BL algorithm stafts with the GPS start node search

but then uses a Level smoothing method to produce lower level smuctures and then

possibly lower bandwidths. Note thaf a lower structure width does not always cleafe a

lower bandwidth if the renumbering is not done carefully. The BL aigorithm takes

advantage of the factthat many nodes in a level have no connection to the next level but
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only to the previous and same ievel. These nodes can be moved back into lower levels to

smooth the level structure. The renumbering of BL is done using the criteria set clown by

ChenglS and CM.

4.2.3 Hybrid Algorithms

A hybricl algorithm presented by Armstrongl5 uses the GPS algorithm to initially

renumber the nodes ancl then uses row column permutations to improve the ordering.

This is a very logical step in development as Armstrong observes that graph theory

algorithms quickly give the gross pattern of an optimum numbering but fail to produce

the finer cletails of a row column permutation algorithm. Armstrong's method is presently

the only well tested algorithm that outperforms the GPS method. Well tested is clefined

here as algorithms that have been tested with Everstine's16 collection of problems. The

rnost important point to note about Armstrong's aigorithm is the way in which the direct

iterations are carried out in two distinct manners. The first iteration is a simple node

switching that only proceeds if the bandwiclth reduces. The second is a jiggling

component that attempts to over come local minima that can not be directly reduced. The

bandwidth is allowed to slightly rise in the hope that the new order can be reduced to a

smaller bandwidth with more direct reductions. This jiggling does produce reductions,

but at a cost. The time for jiggling reductions can be between 10 and 50 times as long as

non-jiggling reductions which, unless used for repeatedly solvecl matrices such as

eigenvalue problems, can be longer than the solution of the matrix itself.

-s6



4.2.4 Ponderation Algorithm

This algorithm is niether a direct recluction or graph theory but deserves mention as the

results in some cases are quite good. The method presented by Akhras and DhattlT oses

the concept of Ponderation and Span. Ponderation is found such that if node 1 is

connected to nodes 2, 3, and 4, then the sum of I+2+3+4=10 divided by 4 equals the

ponderation of 2.5. The span is the sum of the largest and smallest numbered node

connected to a node including itself. For example, the above node connected to nodes 2,

3, and 4 would have a span of l+4=5. The method works by alternately sorting the nodes

by increasing poncleration and span. The nodes are renumbered from the sort and the new

values for ponderation and span found. The process is repeated until no further

reductions occur. The results are quite good but this method has the disaclvantage of

being slow compared to graph theory methods.

4.3 New Algorithm
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Since the most successful and well tested algorithms to date are the GPS and

Armstrong's, which actually uses GPS as its starting routine, an initial graph theory based

renumbering is believed best to create the gross structure of near optimum numbering of

nocles. A different approach will be presented here which attempts to further draw on

graph theory and mimic the way a person can look at the whole mesh of a structure at

once. This new method is similar in concept to GPS but fundamentally different in

execution. 'Whereas the GPS algorithm finds a pseudo-diameter, the new method works

at determining the pseudo-radíøs to find possibly the same start node as GPS but in a

more efficient manner. The new algorithm will also limit the amount of iteration that is



done compared to Armstrong's method. The increased time used to make the finest

refinements in Armstrong's method may not always be recovered in the static problems

solved with the MHYFECS programs. Some iterations are to be used as Armstrong's

results compared to GPS are impressive in just the non-jiggling reductions.

4.3.1 New Start Node Selection Method

The new start node search method works as outlined in Figure 4.3. The philosophy

behind this methodology is that the 'center node'found represents the pseudo-center of

the graph such that the resulting level sffucture made from it will have one of the end

nodes from the GPS method or even a superior choice in the last level. The resulting

search for the minimum level structure will therefore not restart as is possible in the GPS

algorithm saving execution time. The advantages and disadvantages of this new method

are shown later in the test examples.
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As an example, Figure 4.4 shows the same 9 node mesh as used previously. Now notice

how node 5 has been selectecl as the center nocle since it has the highest connectivity. In

this example, all the nocles except 5 are in the last level of the resulting level structure S

starting from node 5. Since node t has its level structure created first and no other level

structure wiclth would be less, the final start node selected would be nocle 1.



Calculate the Valency of all Nodes

Flag all Nodes with higliest Valency

to Present Level

Decision Based on

Numbe¡ of Nodes

in Present Level

Set first Node in previous
Level to be'Center Node'

Recalculate Valency of all

Nodes in this Level but only

count connections to nodes

in present level and advance

level counter
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Set first or only Node

tobe 'Center Node'

Create a Level Sfucture called S

Starting atthe Center Node

Figure 4.3 Start Node Selection and Level Structure Creation methodfor New Algorithm

Create Level Structures of all the

Nodes in the last Level of S and

select the minimum width level structure



4.3.2 Hybrid Level Structure Creation and Node Renumbering

Figure 4.4 New Start Node selection method example

@Center Node

Hybrid level sffucture creation is done through a new level st¡ucture sorting method to

simplify later operations. The new method draws on the merits of both the GPS and BL

algorithms levei sfructure and renumbering operations except for the part of GPS which

is not possible due to only one starlend node selection. It can be seen that in both of the

GPS and BL algorithms, much effort is expended in creating a minimum width path

which is of course expected. After the level structuro has been created, both algorithms

renumber the nodes according to their own specific logic and then stop. Armsffong's

algorithm continues at the end of GPS to use an iterative row column manipulation

technique that generates the fine details of a good numbering order that graph theory

methocls just cannot produce. Due to Armsffong's succoss, an iterative reduction scheme

will be added after initial number so the hybrid level structure creation and renumbering

can be simpler than necessary in either GPS or BL. The hybrid method must still create â

near optimum structure with good initial renumbering to insure that the iterative

refinements clo not stal1 at any local minima. In consideration of all the contributing

factors, the new level structure creation and renumbering logic work as outline in Figure

4.5 .

Quadralateral Elements
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Create a Level Structure starting

at the previously selectecl Start Node

The initial Level Structure will only

have odd level numbers 1,3,5...etc.

Move Nodes with no forwarcl Valency

into previously empty even levels

Renumber Nodes within each Level

similar to GPS Algorithm

Recalculate Bandwidth
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occurs in-between two odd levels'?

Is maximum Bandwidth

Move one of the Nodes in the

intermediate even level back to

lower odd level as long as this

does not raise the peak bandwidth

of the level structure

continued next page



Is maximum bandwidth

befween two odd levels'?

If a node is in the even intermediate

level, move it two levels back.

Renumber Nodes within each Level

similar to GPS Algorithm

Save this renumbering

Recalculate Bandwidth
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ls bandwidth reduced?

Figure 4.5 Level structure creation and node renumbering logic in LOOK algorithm

Undo latest node movement

An advantage of the above method is that it simplifies the node movement logic

compared to BL. The new method rnay also be easier to implement in an object orientecl

approach. Each ievel sffucture or nocle can be treated as an object ancl can be easily

manipulated in this manner. This new method is not expected to be nearly as good as



Armstrong's results but should be superior to GPS if the stafting node selected by this

method is the same as that of the GPS method. The algorithm up to this point will be

named LOOK as this represents an attempt to mimic the way in which a person looks at

an entire structüe or mesh. The LOOK algorithm attempts to mimic the way a person

will determine the highest density area of a mesh, use that area as a center point, find a

periphery, and then attempt to find the path of least level width through the sffucture

starting from the periphery. The level smoothing also attempts to mimic the way in

which a person has the ability to consider the effects of node movement on bandwidth in

a level structwe usecl for renumbering. It should be noted here that the LOOK algorithm

is clesigned to work only with continuous sffuctures. Five of the problems collected by

Everstine are not continuous and could not be used for comparison.

4.3.3 Direct Reduction Component

The final stage of the reduction process will be a direct reduction component to fine tune

the details necessary to approach the optimum nocle ordering. The direct recluction will

be comparable to Armsffong's NSAS ( node shuffling algorithm short ) as it uses no

jiggling components. The direct reduction component simply moves the nodes in-

between the two nodes causing the bandwidth above or below these two nodes to cteate a

reduction. The LOOK algorithm with the direct reduction component will be named the

LOOK_DIRECT algorithm.
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4.4. Numerical Comparison Results

These LOOK algorithm is a graph theory reduction method similar to GPS with level

smoothing features similar to BL. A useful comparison to show the sfrengths ancl

possible weaknesses of the LOOK algorithm would be a comparison of the LOOK results

versus the GPS results for the Everstine sel. The Everstine set is the group of 30 test

problems collected from military and indusmial sources used in his comparison paper16.

The problems statistics are described in Table 5. Note that only the 25 problems used, as

earlier explained, are listed.

Number of nodes

59

66

72

File Number

Table 5 Test Problem Statistics

87

r62

193

6

209

15

221

12

@

Descriotion

245

l

2-D frame

307

t6

Truss

310

I7

Grillaee

361

10

Tower

419

30

29

Plate with hole

492

Knee Prosthesis

20

503

Console

592

11

Hull-tank region

158

13

Orisinal Bandwidth

Tower with olatform

869

24

Power supplv housins

878

26

Hull with refinement

918

2

26

Cvlinder with can

992

t9

45

1005

Barse

2I

13

Piston shaft

1007

14

64

1242

Baseplate

2l

t5l

2680

CVA bent

4

63

no description

18

185

no description

J

188

Plate with insert

22

49

Beam with cutouts

9

64

Mirror

1

29

Baseolate

51

no description

357

Sea chest

436

Destrover

453

260

201

581

520

840

514

852

987

937

2500



The results of the comparison between LOOK and GPS are listed in Table ó below.

Table 6 Comparison of bandwidth results for GPS algorithm versus LOOK algorithm

File Number

6

15

12

br Everstine test problem set

7

GPS result

t6

Halfbandwidth

l7

9

10

4

30

7

29

n

20

LOOK result

I4

11

43

65

t3

8

43

24

4

t6

26

40

Percentage

Improvement

1

2

16

4T

19

l9

i5

2I

47

15

14

IIVo

32

55

27

0Vo

L6

29

4

0Vo

59

66

18

67o

40

3l

-36Vo

-l

T3

27

22

-97o

15

39

34Vo

9

34

28

Summation

1

0Vo

18

50

-47Vo

50

36

2.5Vo

5t

108

I5Vo

26

35

0Vo

51

100

-3Vo

34

10

38Vo

47

922

257o

49

0Vo

77

47o

30

-3lVo

87

-2lTo

66

6Vo

882

-36Vo

29Vo

l4Vo

13Vo

6Vo

4.3Vo



Figures.l.6 through 4.30 ue reproductions of

problems.

rll
Ftgure 4.6 2-D frame

the plots from Everstines paper of the test

ft4-.êãêuê,\

Figure 4.7 Trws

Figure 4.9 Tower

FÌgure 4.8 Grillage

Figure 4.1I Knee prosthesis

Fígure 4.10 plate with hnle

Fí,sure q,..;; Co^ou



Figure 4.13 Hull-tank region

Figttre 4.14 Tower withplatform

67

Figure 4.16 Hull with rfi.nement

Figure 4.15 Power supply howing

FÌgure 4.17 Cylínder with cap

Figure 4.18 Barge



Figttre 4.19 PÌ,ston shaft

68

Figure 4.22 File 2I

Figure 4.20 Baseplate

Figure 4.21 CVA bent

rr.'rtrrttrr.

Figure 423 File 14

Figure 4.24 Plate wíth insert



Figure 4.25 Beam with cutouts

Figure 426 Mirror
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Figure 4 28 File 22

Figure 429 Sea
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There are some problems that show much higher banclwidths than GPS and this, after

some testing, was found not always to be a factor of the starting node selection, but the

feature of GPS excluded in the LOOK algorithm. The GPS method, as discussed earlier,

procluces smaller level structures than possible with a single start level sffucture used in

LOOK. This feature is felt to explain some of the higher bandwidths found in LOOK.

Since some of the bandwidths are extremely higher in LOOK than GPS, the GPS starting

node selection method was tested to see if that produced any further reductions to the

LOOK results. The results, see Table 7, were a reduction in problem 29 ftom 59 to 34

and a reduction in problem 27 from 34 to 33. The remaining GPS advantages can be

explain via the disjointecl node positioning ability of GPS.

Table 7 Further R

File Number
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The results of the LOOK algorithm, even using both the start node selection methods,

still lags behincl even the direct reduction method of Armstong in most problems. It is
important to note that 5 LOOK results tied the best yet found bandwidths and one case

even produced a new reduction never before founcl. This can obviously be attributed to

the new staft node selection process. A useful comparison of the LOOK_DIRECT

algorithrn is the NSAS (Node Shuffling Algorithm Short) from Armstrong. In NSAS

only a direct reduction scheme is used similar to LOOK_DIRECT. The Results are

shown inTable 8.
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4.5 Bandwidth Reduction Algorithm Development Summary

The bandwidth reduction algorithm present here, although not always creating the best

possible reductions, reveals four important findings that shoulcl be used in future
recluction algorithms.

1. The new 'humanistic' starting node selection method presented here normally selects

equivalent or superior starting nodes than the GPS selection method.

The use of single start node level structures is in many cases incapable of producing
good reductions as compared to the level structures created by the GPS rnethod.

The odd-even-odd hybrid level structure presented here simplifies the iterative level
sfructure minimization process and is easily coded.

2.

J.

4. Armstrong's jiggler method for iterative reduction, not used in this study, appears

useful to fincl the finer details of bandwidth reduction.

The four findings here are not all unique, but do set down the guidelines for the further

development of a hybrid bandwidth reduction aigorithm. An improvement over the

LOOK-DIRECT algorithm would include; both the GPS and 'humanistic' sta.rting nodes

selection, the GPS method of level structure creation, an odd-even-odd level structure for
iterative level sffucture reduction, and a jiggler recluction scheme similar to Armstrong's.
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5.1 Conclusions

CONCT.{JSIONS ANÐ R.EC OV{N/TE NÐAT'TONS

The fluid modeling showed that the difference between the dynamic effects of gate closure

ancl the static pressures acting on the gate were negligible for the range of gate closure

operating speeds employed by Hydro. Thus, the maximum force acting on the gate can be

assumed to be the hydrostatic pressure distribution acting on the fully closed gate. The

hyclrostatic force is applied to a sluice gate model and the main roller normal reaction

forces determinecl. The bottom main roller reaction force is found to be 2ll kips which is

larger than previously cletermined by Hydro. The main roller misalignments caused by the

deflection of the gate are found to be negligibly small, less than 10Vo ol one degree.

CHAFT'ER.5

The loading situation in which all the main rollers creating a lateral force of 0.27 thek

normal force is modeled and found to be unrealistic. To better model a realistic loading, a

comparison of the deflections reported by the Flydro onsite inspection and selected

loadings is performed. The selected loadings model arrives at a maximum lateral loading

on the bottom side roller of 126 kips. The case of a broken lift cable shows lower forces

than the selected loadings model and is therefore not of concern. The resulting stress is

confined to the immecliate area around the side roller support sffucture. The reclesign of

the sicle roller support structure, using 1.5" thick reinforcement steel produces lower

sÍesses with a generous factor of safety. It is recommended that Manitoba Hydro consicler

the reinforcement design shown in this study as it not only addresses the side roller

suppofi structural safety concerns, but is also a simpie and probably cost effective design.
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A major limitation of the MHYFECS programs is the limited memory available on a PC

for solving the large gate models as well as the inordinate amount of time it takes to solve

a large problem. To address this concern, a hybrid bandwidth reduction algorithm is

developed to minimize storage space and reduce solution times. The algorithm, named

LOOK-DIRECT uses an improved start node selection method, and easier to implement

level structure iterative reduction method, and a direct reduction componont. The

LOOK-DIRECT algorithm, on average, creates smaller final banclwidths than either the

GPS or NSAS algorithms. The stucly performed here produced four recommendations on

useful components of future hybrid reduction algorithms. They are; both the GPS and

'humanistic' starting nodes selection, the GPS method of level structure creation, an odd-

even-odd level structure for iterative level structure reduction, and a jiggler reduction

scheme similar to Armstrong's. The algorithm developed in this study shows the necessity

of the second and fourth features, but also presents the original 'humanistic' starting node

selection method and the method of odd-even-odd level structure for iteration.

74



5.2 Recommendations

The finclings of this study reveal the possibility of unacceptable lateral forces developing in

existing sluice gate installations. The reinforcement design presented herein addresses the

existing situation by treating the symptom of the problem, lateral forces, not the cause of

the problem, the development of lateral forces. It is recommended that future stuclies be

undertaken to consider the redesign of the roller paths such that the main rollers are

directly guided in their movement path. Such a roller path may be made of heavy channel

or a combination of stock sections of steel. If the existing installations a¡e to be maintained

in their present configuration, the best use of resources may be to prevent the development

of the lateral forces instead of reinforcing the gates to withstand high lateral loading. It can

now be confidently stated that the lateral forces do not result from main roller

misatgnments caused from the bending of the gate. The major source of main roller

misalignment is the initial misalignment from roller axle installation and the journal bearing

ciearance. If these can both maintained to a combined tolerance of 1 degree, the result

would be a possible maximum of only 120 kips total lateral force. The ability to maintain

this accuracy is doubful so the original recommendation of a channel like roller path may

be necessary.
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1. INTHODUCT¡ON

1.1 What is MI-IYFECS ?

Welcome to MHYFECS, the Manitoba HYdro Finite Element Computer
Simulation computer program. MHYFECS is a general purpose solid modelling stress
analysis program written for linear elastic problems.

MHYFECS is used to model structures made of components such as plates,
trusses, beams, and solid structures. The model of the structure is made of a finite
number of components each known as an element, hence the name, finite element.
Each element in the structure models the stiffness that its respective component adds
to the total structural stiffness. When all of the structures stiffnesses are combined, the
deflection behaviour of the whole structure can be modelled.

Since the finite element method is an approximate numerical method, the
deflection behaviour is not calculated for every point in the structure. Each element is
defined by a number of specific points in space known as nodes. The deflection is
calculated at each node and any deflections between nodes is found from interpolation
between the adjacent nodes. To link the elements together in the numerical model, the
same node is used to define the end of one element and beginning of another. Since
each node can only have one set of deflections, the elements that share this common
node are said to be linked. ln Figure One below, we can see two truss elements linked
at node two but free at nodes one and three.

Once the total structural stiffness has been modelled, loads and restraints can be
applied to the model. Loads are modelled simply by applying the desired load at a
nodal location. All models must have some restraints or the structure would not resist
the force and would have a rigid body motion. To restrain the model, we apply
restraints known as boundary conditions. For example, if a beam was pinned at an end,
the node at that end of the beam would not have a lateral or vertical deflection but can
still exhibit a rotational deflection. More specific details are explained in the rest of the
manual.
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1.2 ['low do I use M¡-IYFECS ?

MHYFECS is broken into three major sections known as the lnput, Solver, and
Output sections. Each section is a separate program that can be run independently or
more easily by the main menu program included. This three section approach is useful
in using all of the computers available memory in the DOS enviroment.

The lnput section is used to generate the input data file for the solver section. ln
the lnput section, the model is built from nodes, elements, then forces and boundary
conditions.

The solver section is the program that solves the equations modelling the
structure. This is the most complex part of the MHYFECS package and the most
important. lt calculates the displacements, element internal forces, reaction forces, and
stresses.

The last main section of the program is the Output section. This section is used
to graphically display the displacement of the structure, in reality or exaggeration, and
display the stresses present in the structure. This section can also produce graphic
outputs of the generated graphics.

The three main sections are described in detail in the following three sections of
the manual. Also included in the manual is section six, a step by step example of how
to generate a model, solve the problem, and display the output. After reading the
manual and completing the example, you will be ready to use MHYFECS to solve your
solid model stress analysis problems.
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2. GETTING STARTED

This section is designed to show you how to load MHYFECS on your computer
and run the Main Menu. After loading the program on your computer, it is suggested
that you read the entire manual and do the example problem before attempting a real
problem.

2.1 Loading MHVFECS on your machi¡le.

To load MHYFECS onto your machine you must have a colour VGA monitor and
graphics card, a Microsoft@ compatible mouse, and at least 2.0 Mbytes free disk space
for the executable codes. The program also requires more disk space for the virtual
solver. lf you have I Mbytes of memory, this can be overcome by using a ram disk.

Start by putting the MHYFECS disk labelled INSTALL into your machine. At the
floppy drive prompt, type installJ ( the symbol ¡ is used to denote the return or enter
key in this manual ). The installation procedure is automatic and needs no attentions.
After about one minute all the files should be in place and ready to go.

The installed program has created a directory on your machine called
MHYFECS. Three more subdirectories called INPUT, SOLVER, and OUTPUT have
also been created. The information contained in the MHYFECS directory is the graphics
drivers and the main menu program.

2.2 The Main Menu

To start the main menu, change to the MHYFECS directory and type MENUJ.
The main menu will appear on the screen and your ready to try it out. The part of
MHYFECS you wish to run is selected by using the <- and -+ keys to highlight the
number in front of the program name and then pressing enter. The three main sections
available are: 1) The INPUT program 2) The SOLVER program 3) The oUTpUT
program. Also available is a call to the DOS Editor if on your machine. The use of each
of these sections is shown in the example. Below is a simple drawing of the main menu.

Figure Two: Main Menu
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3. lnput

The INPUT routine is run either by the main menu or in the INPUT directory by
typing INPUTJ at the dos prompt. Once in lnput, the program is menu driven and
intuitive button names have been used.

The first part of the INPUT program is the setup variables. These are initial
choices that tell the program what you want to do. The first choice is problem type, you
can select 1 if your going to retrieve an existing data file, 2 if you wish to model a two
dimensional problem, or 3 for a three dimensional model. Next, you can choose
whether or not you wish to include the forces of gravity in your model, and lastly you
can select the type of marker for nodes you wish to see. The program will ask if these
choices you have made are OK, and if you responde y, you will begin the rest of the
program. lf you have made a mistake in selecting, respond n at the check request and
you can enter all three choices again. Now you can start your modelling procedure.

Note: The gravity function has not yet been fully implemented. Do not use!

3.1 Nodes

Before creating any elements, applying any loads or forces, the nodes must be
created. Nodes are the points in space that are used to define the physical geometry of
the problem, and the points at which the deflections and stresses are calculated at.
They are then used to define the elements that make up the model of the structure and
used as places to apply loads and boundary conditions.

To create a node, select the button named NODE. The buttons below will now
have functions printed on them which correspond to node functions. To create a node,
select the button named CREATE NODE. The program will now prompt you for the
coordinates of then node. lf you didn't select 2 or 3 for the problem type in the setup
routine, an error message will tell you to first select the problem type. This is done with
the SELECT DIMENSIONS button in the FILE routine. Once the coordinate system is
set,, a right handed rule X-Y-Z system is used. The created node will automatically be
numbered as the number of nodes plus one.

lf you typed in the wrong coordinates, it's ok, because the move node routine,
selected by the MOVE NODE button allows you to reenter the coordinates.

lf you have created too many nodes you may wish to delete some nodes. This is
accomplished by using the DELETE NODE button. The prompt will now ask for the
number of the node you wish to delete. You may also pick the node to delete with the
mouse. This is done by first selecting the MOUSE button at the bottom of the menu
before selecting DELETE NODE from the menu. To return to using keyboard input,
select the KEYBOARD button instead.
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To speed the tedius task of entering nodal coordinates, a special function,
DUPLICATE NODES has been included. This feature allows existing node patterns to
be duplicated at specific distance from the original. Select the DUPLICATE NODES
button and you are prompted for the starting node, the end node, the increment, the X
distance, the Y distance, and possibly the Z distance. The start node is the node
number of the first node in the series you wish to duplicate and the end node is the last.
You may sometimes wish to only duplicate every second node, so you can enter the
increment as 2. Normally, you will want all the nodes, so just enter 1. The pattern is
copied in space at the X,Y,Z distances away you now specify. The new nodes will be in
same numeric order but will start at the former number of nodes plus one.

To view the nodes, exit the node routine by selecting DONE. Now select the
VIEW ALL icon and all the nodes will appear in the graphic box. To turn the node
numbers on or off, select the NODE# button and then REDRAW. lf you wish to see one
section of the graph in more detail, you can use the ZOOM lN button to select a small
viewing area, or ZOOM OUT to see twice as much of the graph. To rotate your view in
space, the < ^ v > rotation buttons can be selected. lf you have rotated the view to a
confusing viewing angle, you can select the RESET ANGLE button to return to the
default XY plane view. Later on you may wish to not view the nodes so, you can select
the NODE 0/1 button to either activate viewing of the nodes or hide them from sight in
the next drawing.

3.2 Groups and Elements

Many elements may be used to model a structure and many elements may have
the same properties such as, moments of inertia, elasticity, etc. To store the information
about each element more efficiently, the elements are grouped together by type and
material properties. Before creating an element, a group must be created to describe
the elements in that group. To create elements and groups, select the ELEM button.
The blank buttons below will now have functions printed on them for group and
element functions. The CREATE GROUP button will let you create a group describing a
type of element with specific properties. Before creating a group, first try the DEMO
button. This button simply gives an online plot of all the available elements. Now select
the CREATE GROUP button and the program will now prompt you for the element type
number. The element details are listed in the appendix.

To create, for example, a 3D truss, select number 5. The program will now
prompt you for the two material properties, elasticity and the cross section area of the
member. If you have made a mistake in entering the material properties, it's ok. The
MODIFY GROUP button can be used to modify the material properties of a group. The
program will prompt you for the group number you wish to modify and then ask you to
reenter the material properties. Note: Changing the element type after a group has
been defined is not allowed. All other element groups are created this way and more
detailed information on elements is given in the appendix.
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Once groups are created, one specific group must be selected to create
elements of that type. This is accomplished by selecting the SELECT GROUP buttons.
Type in the group number from which you wish to create an element and then select
CREATE ELEMENT. The program will now prompt you for the node numbers of the
nodes used to create the element. Like the node functions, you could first select the
MOUSE button so that instead of entering the node numbers to create the element, you
would simply select them with the mouse. lf you make a mistake, it is ok. You can
modify the elements you have made by using the MODIFY ELEMENT button but, make
sure you have redrawn the elements with the element numbering on so you know
which element to modify. lf you make too many elements or the wrong kind, you can
always delete a wrong element by using the DELETE ELEMENT button. The delete
element routine will ask you for the number of the element to be deleted.

The viewing of the elements is the same as the viewing of the nodes with a
ELEM# button for turning the numbering on/off and an ELEM 0/1 for viewing the
elements or not. Another feature is the REDRAW button. After using other view
manipulation functions, you may just want to redraw the view without changing it. The
REDRAW button does just that, it redraws the screen. Just like nodes and elements,
groups viewing can also be turned on and off using the GROUP ON/OFF button to turn
on or off the presently selected group. This is sometimes helpful to see the internal
structures of a model by turning off the outer covering elements. Remember to select
DONE to return to the main menu when finished in the element routine.

3.3 Loads

Once you have created the model of a structure, you will obviously want to apply
some loading to it. This is accomplished by use of the APPLY FORCE button in the
node routine. The program will prompt you for the number of the node on which you
wish to apply a force, or if MOUSE was selected, you can pick the node to load with the
mouse. The program then asks which degree of freedom you wish to load. You can
responde X, Y, Z, l\ÅX, MY, or MZ. These represent linear forces in their respective
directions and the moments about their axis. To view the forces, use the FORCES
ON/OFF button. On the next redraw the forces will show as solid yellow lines and the
moments as dotted purple lines in their respective directions.

lf you notice an error, you can delete an applied force by using the DELETE
FORCE button which prompts you for the node, or selection with the mouse, and dof to
unload. lf all you have done is type in the wrong value of force, you can redefine the
force on a specific node and dof by simply using APPLY FORCË on the same node and
dof again.

3.4 Bour¡dary Conditions

Now that you have created and loaded your model, you must fix the model so as
to represent its real life supports and restraints. Depending on what element you are
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using, only certain degrees of freedom will exist and fixing nonexistent dofs has no
effect on the solution. The dofs are defined as the linear displacements in the X, y, and
Z directions, and RX, RY, RZ rotations about the x, y, and z axis respectively.

To model a support under a structure, you would probably want to restrain the y
movement, and the x and z axial rotations. To do this, select APPLY BC. The program
will now prompt you for the node at which you wish to apply a boundary condition, or
selection with the mouse. Select the node and then the computer will prompt you for
the dof to fix, enter Y to fix the y displacement. Repeat this for dofs RX, the x rotation,
and RZ, the z rotation.

_ After applying boundary conditions, you can view them by selecting the BC
ON/OFF button and then REDRAW. The boundary conditions are graphically ãisplayed
as DX,DY,DZ,RX,RY,RZ'tor each fixed dof respectively beside their corresponding
node.

lf you notice an error, you can remove a boundary condition simply by selecting
the DELETE BC button. The program will ask you for the number of the node, or
selection with the mouse, and then the dof to free.

3.5 Lists

Sometime during your modelling procedure, you may want to review nodal
locations, material properties, etc. To do this, you can use the LIST button. The
program will show a menu containing NODES, ELEMENTS, GROUPS, MATERIALS,
FORCES, and BC. By selecting the topic you wish to view, the information is displayed
lS lines at atime in the graphic box area. Select DONE when finished to return to the
main menu. The last graphic plot will automatically be redrawn.

3.6 File Functions

Once models are created, they are saved as files using the functions in the FILE
menu. The file that is saved is an ASCII file that is used in the solver section of
MHYFECS and can be read back into INPUT. Before saving a file for the solver, you
must check the file by selecting the CHECK button. The check routine will do a num-ber
of operations such as renumbering of nodes and elements, checking for repeated nodal
positions, checking for repeated nodes in elements, missing forces and boundary
conditions, etc. The renumbering of the nodes and elements is optional as you may
wish to leave the node or element number pattern constant to ease understánding of
results even though several intermediate nodes or elements may have been deleied.
The errors, if any, will be written to the file WARNINGS.OUT. There is more details on
errors in section 2.8. The gravity modelling, if you selected it at the start of lNpUT, is
done in check. The gravity modelling must onty be done once your modet is completed
and ready for solving!
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The files that INPUT generates and reads are by default in the directory in which
INPUT resides. To change this, use the PATH function. This function prompts you for a
new path for reading and writing files to. The default is . and this should be typed in to
return to the default directory. An example would be b:\data to read and write from the
data directory in b drive.

Once the file has been checked and found to have no errors, and you have set
the desired path, you can save the file by using the SAVE AS button. The program will
prompt you for a file name (8 characters max . 3 extension) and then save the file as
that file name. lf later on you change the model and wish to save your changes, you
simply select SAVE and the program will save the model under the present file name.
The program may sometimes ask you to reenter the path so as to ensure safe data
storage.

The files that are saved are not only formatted for the solver section, but can be
read back into INPUT for more model building by selecting OPEN. The program will
then print a list of all the data files in the INPUT directory with the extension .dat. For
this reason it is recommended that you save models as .dat files in the input directory.
Next, type in the filename you wish to open.The file will be read in and will be drawn on
the screen. lf you are done with a file and wish to create a new file, select the NEW
button. This will erase all of the data in memory and change the title to untitled.

Also in the FILE menu is the SELECT DIMENSIONS button. This lets you select
the number of dimensions you wish to model. This is necessary if you selected NEW or
did not enter dimensions in the starting of INPUT.

The last function in the FILE menu is the QUIT button. This is how you exit the
program. lf you have changed the file since you have last saved it, the program will
prompt you whether you want to quit with out saving the new changes. lf you do wish to
quit without saving, respond y, else respond n, save the file, then quit.

Another file that can be created is a Computer Graphics tuletafile. This allows
the onscreen plot to be redirected to a file for later manipulation andior printing. The
desired plot must first generated on the screen and then the META FILE button is
selected. The resulting data is sent to the file METAFILE.DAT in the INPUT directory.
The file can then be renamed to an appropriate name (for example - girders.cgm ) and
used with most commercial drawing packages. The .cgm files are readily imported by
both Word for WindowsO and GorelDrawlO. One note, sometimes the data transfer
isn't that smooth and the drawing programs initial imported picture is quite different
from the onscreen look. lt is suggested that you ungroup the drawing once imported
and delete the background. After that, regroup the remaining drawing so you can scale
the drawing as you wish.
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3.7 Ðata File Stnuct¡.¡re

The files that are generated are standard ASCII text files so that they can be

user manipulated. The data files also have end of line comments to ease
understanding. The following page outlines their structure:

first line ( control data )
-number of nodes ( user defined )
-number of actual nodes ( internal )
-number of elements ( user defined )
-number of actual elements ( internal )
-number of dimensions
-number of groups
-number of nodes with boundary conditions
-number of materials ( same as number of groups )
-1 (future solver control function )

list of nodal numbers and coordinates

_ element type, number of elements in group, group number

_ list of element numbers and node numbers in element ,in group

_repeated number of groups

list of nodes with b.c. and there fixivity (0=free , 1=fix, in dof order )

_ material number, number of properties

_ list of material properties

_repeated number of materials

elastic foundation constant (0.0 for not used )

number of loaded nodes ( all nodes) 0 (future load functions )

list of all nodes with their force values ( in dof order )

This file can be edit by the user provided they knows what they are doing. The
file is documented with words at the end of each data line. An example of this file is
given in the example section of the manual.

3.8 Error Control

One of the user friendly features of MHYFECS is the error control system. As
stated earlier, the CHECK function checks your model for completeness and for
repetition errors. The errors, if any are written to the DOS file, WARNINGS.OUT. Also
written to WARNINGS.OUT is certain control data you can look at to ensure that the
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model is consistent with what you wish to produce. After some practice you will
probably never need to look at this file but it is of great help while learning. Let's take a
look at the file from a model with no errors on the next page.

NUMBER ACTUAL NODES 21

NUMBER OF FORCES 1

NUMBER OF BOUNDARY CONDITIONS B

NUMBER ACTUAL ELEMS 23

The above data tells us that the total number of nodes in the model is 21. You
may have created 30 nodes, then deleted 9. The check routine can renumber the
nodes to make the storage of the data file as compact as possible. This compaction is
also the case with the elements. The number of forces and boundary conditions are
also printed out to ensure that your loading and restraining is as you planned it to be.
Now let's look at some possible error messages from WARNINGS.OUT

** * ** * tr* * * ****** * * * **** * ** * * * **** * * *
****** WARNING!! ERROR!! ******
****** ******
****** REPEATED POSITIONS FOR ******
****** NODES 1 5 ******

This is an example of an error message generated when two nodes have
accidentally been assigned the same position in space. This error must usually be
correct but sometimes two separate nodes at the same point in space. This could be
used for modelling the very tip of a crack or another unjoined opening.

************************************
****** WARNING!! ERROR!l ******
******
****** NO FORCES

******
++++++

J. r. J. J. t J. ìlr J. J. ìk ìk ìk ìk Jr Jc J. J. J. J. ìk * * ìk r. J. J. J. J. * ìk ìk t( J. J. J. ì¡.

This is the warning generated when there is no loading on the model. Since
there is no use in a model without a physical load, this error must be corrected.

* rk * * * * Jr Jr Jr * * * * * * * tr * * * * * * * * * * * * * * * * * * *

****** WARNING!! ERROR!! ******
****** ******

i i i i i i "T?.??YT?îTT"î?T?*ï*?Ti. i i i i i i

This is the warning generated when there are no restraints on the model. Since
the model must be restrained, this error must be corrected.
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*ìk * ** * * * * ** * * * i(* ** * * * * * * * ** * * * * * * * * *
****** WARNING!! ERRORII ******

*ir**** REPEATED NODE IN ******
****** ELEMENT 1 ******
*x**-;;--; 

exampte of an error message generated when an element has
accidentally been assigned the same node twice. This error must usually be corrected
as the element stiffness can not be properly generated with repeated node numbers.
Some future elements may allow repeated nodes to reduce their shape from a
quadrilateral to a triangle or the like.

There is also much online error control. For example, if at any time you enter a
wrong value or impossible selection, the program will display a red error message and
prompt you to continue.

Remember, the program does what it is told to do, if it appears to do othen¡irise, it
is 99% likely to be something small that you have overlooked. lf the program flat out
crashes or hangs, check your data for anything that is not exactly standard. Although
the program is designed to be robust and will normally display an error message when
reading in bad datafiles, some data may be read into memory and do weird "mysticaf'
things. Try NEW or rerunning the INPUT program to correct these "mystical'
occurrences. lf the graphicly written words in the menus appear to be "disintigrating",
that is a sign that saving twice and rerunning the program might be very wise. ( DO lT! )

3.9 Units

One important point to remember when using finite element modelling is to be
consistent in your use of units. You must be very careful to define all of the nodal
positions in the same units. Once this is done you must also insure the element
properties are entered in the same units for such details as elasticity, moments of
inertia, etc. The forces and moments applied to the model must also be kept consistent
with respect to the rest of the model. On the next page is Table One which
demonstrates consistent units in both the english and metric systems.
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Table O¡re. Unit Consistency

Q¡.JAI{T'!T'V ENG¡.ISh{ ruTETRIC

UN ITS NAME UN ITS NAME

FORCE tb POUND N NEWTON

MOMENT lb'in POUND INCH N'm NEWTON
METER

LENGT¡-I tn INCHES m MËTER

MOMENT'OF
INERTIA

in4 INCH4 m4 METER4

MODULUS OF
ELASTIC!TY

lblin2 POUNDS PER
SQUARE INCH

N/m2
or Pascal

NEWTON PER
SQUARE
METER

STRESS lblin2 POUNDS PER
SQUARE INCH

N/m2
or Pascal

NEWTON PER
SQUARE
METER
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4. SOLVER

4.1 Theory

The MHYFECS SOLVER is based on the stiffness-displacement method better
described by the equation [Kg]{u}={f}. This is the basis of all structural finite element
programs in that the stiffness ' displacement = force. The stiffness is the combined
stiffness of all the elements which is known as the global stiffness matrix [Kg], the
displacements are the nodal displacement vector {u}, and the force is the global force
vector {f}.

The global stiffness matrix is made by combining the local stiffness matrices
together. For example, a 3D truss has 3 degrees of freedom at each end. lf two trusses
are joined at a common node, the 3 dofs at the first truss end are concurrent with the 3
dofs at the beginning of the other truss. This would result in the stiffnesses for the first
truss and second truss being added together at the concurrent node in the global
stiffness matrix. A problem occurs when the two elements are not inline with the
coordinate axis. The stiffness of the trusses, or beams, or plates must be rotated to the
global coordinate system. This is accomplished through the use of rotation matrices
calculated for each element. Once an element is rotated to the global coordinate
system, it can be added to the global stiffness matrix. This process of rotating the local
stiffness matrix to global coordinates and adding it to the global stiffness is known as
'assembling the global stiffness matrix'. The generation of the local stiffnesses and
assembling of them is a computationally expensive process which on a large problem
can takes a few minutes on a workstation and much longer on a PC.

The force vector that causes the structure to displace is also in global
coordinates since the global stiffness matrix is. lt is also easier Íor a user to apply global
coordinate forces to the structure since the global coordinates are thr real world
coordinates. The forces are either linear forces at nodes for linear dofs or moments for
rotational dofs.

The solution for the {u} vector is done by Gauss-Jordan elimination in which all
the elements of the matrix below the major diagonal are set to zero after which back-
substitution is used to find the solution.

Once the global displacements are found, the global displacements can be
rotated into local coordinates to find the elemental internal forces, the reaction forces at
fixed nodes, and finally the stresses. The internal forces are found simply by:

IKlocal ]'{Ulocal }={F¡nternal }

lf one of the internal forces is in a fixed dof, it is then a reaction force on the supports of
the struciure.



The stresses are found from the relationship:

{ 6 } = tEl'{t } where t=stressvectorandt=strain vector

I E ] = stress strain relationship matrix

wherethe strains come from: { t} = t B I' { u }
where { u } = local nodal displacements

and I B ] = part of the local stiffness

For some simpler elements, the stresses can be found from internal forces. For
example, the axial force F in a truss gives the stress from the equation:

O = F / A where A = rnêrnber cross sectional area

ln the above equations, the stresses are found at each node and stresses in
between nodes are found using the elemental shape functions as interpolation
functions.

4.2 Pragram Structure

The program is a modular multi-subroutine program using dynamic memory
allocation. The modular format of the program allows new subroutines for new functions
or elements to be added with only the addition of the subroutine code and a calling
statement where necessary. The use of dynamic memory allocation allows previously
used but no longer necessary data to be overwritten with new data without using any
more memory. These features are only of interest to people modifying the main code,
most people will be interested in the use of the code as outlined in the next section. As
of June 1992, the virtual solver has been developed for RAMdisk solutions of problems
upto 4 Megs of memory or even larger hard-disk solutions. The only problem with
virtual solutions is the very slow solution process that can stretch from hours to over a
day. Expected date of completion is September 1992 along with the bandwidth
minimization code. The bandwidth minimization code will allow minimum memory
usage so that a smaller matrix can be solved by the fastest solution method available.

People interested in modifying the main code should look at Klaus-Jurgen's base
program STAP in his book on Finite Elements as its skeleton structure is almost
identicalto MHYFECS.

4.3 Frogram Usage

The SOLVER program is run either through the main menu or by typing solverJ
at the dos prompt. The program will open up a message box on the bottom of the
screen. ln this box will appear all the prompts and messages generated in the solver
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process. The first thing the program does is prompt you for the name of the data file
you wish to solve. An example is DEMO.DAT, the program will then automatically name
the detailed output file to DEMO.OUT, and name the graphic output file to DEMO.STS.
The detailed output is used by people programming and is not generally of interest to
normal users unless errors occur. The graphic output file is used as input for the
OUTPUT program to show displacements and stresses.

The first message is 'READING lN DATA'. lf there are any errors in the data, the
program will print an error message describing the problem in the data. An example of
a data error message is ' ERROR OCCURRED WHILE READING COORDINATES '

which will be printed in yellow with a red background. This means that your nodal
coordinates are incorrect in the data file or you have inconsistent control data ( the first
line of the data file ) .

The program then writes the maximum dynamic memory allocated to the
SOLVER program. lf the end of the memory used is greater than that allocated, the
program prints in yellow on red 'PROBLEM TOO LARGE FOR MEMORY' and stops.
The allocation must be increased in the code and recompiled if possible. lf the problem
does not fit into the maximum possible sized PC based version, either a UNIX
workstation version or the future virtual version must be used. lf the problem does fit, a
green message, 'PROBLEM FITS lN MEMORY'is printed.

The program then writes'CREATING LOCAL STIFFNESSES' , '<== PRESENT
ELEMENT' and echoes the present element number. lf an error occurs during local
stiffness creation it most likely not caused by the code but by the data being used for
the element creation. The most probable causes are repeated node numbers in
connectivily or zero property values. This kind of error, and NDP math or FORTRAN
error writes an unformatted error message to the screen. The program has failed and
you will return to the main menu upon the next keystroke.

After the local stiffness creation, the program begins to assemble the global
stiffness matrix. This involves rotating the local matrices into global coordinates and
adding the resultants into the global matrix if that global dof is not restrained. Any errors
here should be reported to the software contact person as this is an extremely unusual
case and should be looked into.

The next step is the loading of the model. The loads are now read from the data
file. Errors here are normally an error in the input data file and not in the code. An
onscreen message,'LOADING' will appear.

After the loading, the 'INCORE SOLVER WORKING' message is displayed as
the Gauss-Jordan elimination and back substitution takes place. The normal error
message displayed here is 'NON-POSITIVE PIVOT' which means an ill-conditioned
global stiffness matrix exists. This is a sign of poor local stiffness matrices and hence
the reasons outlined in that section above are suspected. This could also be a sign of a
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lack of proper boundary conditions which is easily solved by adding more restraints to
the model.

Once the global matrix is solved, the displacements are written, the internal
forces and stresses are calculated, and lastly the reaction forces found. All of the output
is written to the detailed output file which can be viewed in any text editor. The graphic
output file contains the model information, the displacements, and the stresses to be
displayed graphically in the OUTPUT program.

5. OUTPLIT

5.1 lntroduction

The OUTPUT program can be run either from the main menu or from the DOS
prompt by output"J. The main menu and the command line both execute the batch file
output.bat which loads the graphics drivers, list the .STS files to a data file, then
actually runs the output program OUTSHOW.EXE.

5.2 File Fu¡rctions

The OUTPUT program only has two file functions. The functions are OPEN and
PATH. The PATH function is the same as the INPUT program's PATH command. Since
the SOLVER generates the .STS in its own directory, you must either copy them to the
OUTPUT directory or enter the path as ..\solver. The other function is OPEN that is
used to read in the .STS files. Only .STS files can be read into the OUTPUT program.

5.3 Ðisplacement Functions

The model, once read in, can be displayed four different ways. The view
manipulation buttons at the top of the menu work with the undisplaced model in either
wire-frame or solid shading. To view a displaced shape, you must select the DISP
button.

The WIRE FRAME button will prompt you for an exaggeration factor. This factor
multiplies the displacement for easier viewing. For example, 1.0 will show the true
displacement, 100.0 will show 100 times the displacement, and 0 will show the
undisplaced shape. The WIRE FRAME displacement will be a color wire frame drawing.

The SOLID DISP button does the same as above but this time the drawing is a
color solid model.

The SUPER IMPOSED button is the most useful of the viewing functions. lt
allows you to create a color solid drawing of the undisplaced shape with the
exaggerated displaced shape superimposed in black and white dotted lines.
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You may want to turn certain groups on and off so that you can better see parts
of your model. This can be done with the GROUP ON/OFF button. lt will prompt you for
the group number to show or hide.

A graphics meta file can be created by selecting the META button. You can enter
a title for the plot.

5.4 Stress Functions

To view the stresses present in the structure, select the STRESS button. The
stress menu contains the six primary stresses, Sx Sy Sz Sxy Syz Szx, and the criteria
by Von-Mises for equivalent stress Seq. Selection of these buttons causes the stress
contours to be plotted on the model in the last displaced shape viewed.

After a contour plot has been created, you can save it to a graphics meta file with
the META button. You will be prompted for a title, and then either color or grey scale.
Grey scale is normally preferable unless you are going to use a color printer or create
slides from your drawing program. Remember that only on meta file can be generate
per execution of the program and you must rename the metafile.dat file to something
appropriate like STRESSES.CGM before rerunning OUTPUT or it will be lost.

Examples of all the above sections are in the following section.



6. EXAfuIPLE PROtsLEM

6.1 trntroduction

The problem we will model here is relatively simple but will show all the aspects
of the programs. The problem is that of a cantilever beam with a vertical tip load. We
will show how through mesh refinement progressively better answers can be found.
Remember, all finite element meshes should converge to the theoretical answers with
mesh refinement. Below is a drawing of the real life physical problem.

Figure Three: Physical Problem

Wewill usealength of 120, heightof l0,widthof 4, anelasticityof 1,000,000,
and a vertical tip load of 100. Notice that this problem could be in any units as long as
we keep consistency intact. Next we will develop this model in the INPUT program. You
should now run the INPUT from either the main menu or the DOS prompt.
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6.2 lnput

The first thing to do is enter the start up information. We will enter 3 for a three
dimensional problem, N to gravity, 1 To 4 for your choice of nodes, and Y if these
choices are acceptable.

Next we will enter the nodal positions. Enter the nodal menu by selecting NODE.
We will choose x=0 for the fixed end so, enter:

node 1 at 0,0,0
node 2 at 0,5,0
node 3 at 0, 10, 0

To view these nodes select NODE# then VlËW ALL. For the first model we can
use just one element so we must generate the nodes at the end of the beam. To save
work, we will use the DUPLICATE NODES button. We will enter:

1, 3, 1, 120.0, 0, 0

We entered nodes 1 to 3 incrementing by 1 to get all of 1,2,3. Then we entered
the increments for x,y,z. They are 120,0,0 which is simply down the length of the
beam.

We must now create an element to join the nodes. To create an element, we
must first create a group. The element we wish to use is #6, 3D BEAM, so we will exit
the node menu by selecting DONE, enter the element menu with ELEM, then select
CREATE GROUP. The program will prompt you for the element type of this group,
enter 6. You must now enter the material properties. It is a good idea to have all of
these ready ahead of time. We will enter:

elasticity, 1000000.0
Bulk Modulus,384600.0
cross section area,40.
Cxx maximum, S.

Cyy maximum, 2.
lx ( twisting ), 1.0 ( not important so why bother calculate ? , but don't enter 0! )
ly ( minor bending ), 53.33
lz ( major bending ), 333.33
p ( density ), 1.0

After creating the group, you must then select that group to tell the program from
which group you wish to create elements. So, select SELECT GROUP and enter 1. You
can now create the element. lf you wish to simply enter the node numbers, select
KEYBOARD or else select MOUSE. KEYBOARD is the default. lf you are going to use
MOUSE, insure that all the nodes you require are visible on the screen. Now select
CREATE ELEMENT and enteT:



123456
Yikes! The element is wrong! Notice that the element is twisted. This is because

the natural ordering for the element is a top node, middle node, bottom node ---> other
end ---> bottom node, middle node, top node. We must correct this error by selecting
MODIFY ELEMENT and then entering:

321456
The element is now correct. Note again the correct connectivity. This is very

important.

Next is the application of the load and boundary conditions. Select DONE to
leave the element menu and NODE to return to the NODE menu. Now select APPLY
FORCE and enter:

5 y 100.0

We entered 5 for node # 5, y for the dof to load, and 100.0 for the force value. As
you can see, this would get rather tedious for large models. ln the future, a loading
feature that can distribute pressures and such may be developed. This is also similar to
the gravity function presently being developed.

Now select APPLY BC and enter:

1a
again APPLY BC

2a
and again APPLY BC

3a

We entered all three fixed node #'s and fixed "a" for all dofs. This applying of
boundary conditions could also be tedious so a fixed or symmetric plane function is also
envisioned for a future version.

Out model is now complete and ready for testing. Select DONE to exit the nodal
menu. You might now want to turn on the force and bc viewing to look at the complete
model. Rotated it around a bit and look at it. To check the model, select FILE, and then
CHECK. Since no nodes or elements have been deleted, it is not necessary to
compress either but we can do it anyway, enter:

vv
We have compressed to nodes and elements ( well not really since they are

already consecutively numbered from 1 ) and check the rest of the data. You should
see the message in green "NO ERRORS FOUND". Now before saving the file, let's
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select the path one more time as . using PATH just to be sure. Now use SAVE AS to
save the file as, for example, DEMO.DAT. "save" should appear on the screen right of
DEMO.DAT to indicate it was saved. We could also set the path to "..\solver" to save it
in the solver directory.

We are now ready to solve the problem modeled here with the SOLVER
program. Now select QUIT.
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6.3 Datafile

The datafile is relatively simple for this problem, so let's take a look. The datafile
is listed on the next page.

(;

1
2
3
4
5
6
6

I
I
2
3

0.
0.
0.

120.
r20 .

r20.

3

000
l3l3

0 - 000 0.000
5 - 000 0.000

10.000 0-000
0.000 0.000
5.000 0.000

10_000 0.000

I I 1+NODES<U&A>.SELEM *DIM *GROUP *BC #I'4AT
NODES POSITIONSXYZ
NODE* POSITIONSXYZ
NODES POSITIONSXYZ
NODE* POSITIONSXYZ
NODEif POSITIONSXYZ
NODE# POSITIONSXYZ
IN CROUP CJROUP*

000
000
000
000
000

ELEM TYPE+ #
456

lÌ1
111
111

r NODEtf DOFS
L NODE+I DOFS
I NODEI| DOFS

I 9 GROUPJ+ iiOF MAT PROPS
1000000 - 00 384600 - 00 40. 00 5 - 00 2.40 1.00 53 .33 333 .33 1. 00

O.OOOOOO ELÀSTIC FOUNDATION CONSTANT
6 O # OF PORCES UNUSED {f

I 0.000
2 0. 000
3 0. 000

0.000
0.000
o _ 000

0 _ 000 0.000
0. 000 0. 000
0. 000 0.000

0.000 0. 000
0.000 0. 000
0. 000 0. 000
0. 000 0.000

0 _ 000 0. 000
0.000 0.000

4 0.000 0_000 0.000 0.000
5 0.000 100.000 0.000 0.000(, 0.000 0.000 0. 000 0. 000

The first line is the control data. lt stands for:

6 nodes in total
6 used nodes
1 elements in total
1 used element
3 dimensional
'1 group
3 boundary conditions
1 material
1 < future solver control function >

The next 6 lines are a list of the nodes and their coordinates.

After that comes the group and element connectivity lists. We only have one and
it is:

6 3D beam element type
1 number of elements in group
1 group number
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With each group line, comes the list of elements and their connectivity in that
group.

1 3 2 1 4 5 6 element #1, and nodes 3,2,1,4,5,6 just like we entered.

After the elements, the boundary conditions are listed by node number and the
dofs in order. 1 for fixed, 0 for free.

1111111
2111111
3111111
This is the list of the first three nodes with all of their dofs fixed, just like we entered.

After that is the material property listings. They are the group # and the # of
material properties and then the property listings. This is repeated for the number of
groups used.

19
1000000.0 384600.0 40.0 5.0 2.0 1.0 53.33 333.333 1.0

This is for group 1 with 9 properties and there they are!

Last is the forces. The control data here is the number of nodes and an unused
number.

60
1 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 100.0 0.0 0.0 0.0 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0

Here we have 6 nodes, the unused 0, and the list of forces.

We will now take this data file to the solver directory and run it.
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6.4 Solver

lf you did not save the DEMO.DAT file in the
over now. Then start SOLVER from either the main
prompt type:

DEMO.DAT

solver directory from INPUT, copy it
menu or from DOS. At the first

The SOLVER will respond with:

ENTER INPUT FILENAME...DEMO.DAT
OUTPUT FILENAME IS DEMO.OUT
STRESS FILENAME IS DEMO.STS

READINGIN DATA
MAX-DYNAMICMEMORYALLOCATED=29000 PROBLEMFITSINMEMORY

CREATING LOCAL STIFFNES SES

CREATINGELEMENT# --> 1

AS S EMBLING GLOB AL STIFFNESS
ASSEMBLING ELEMENT # --> 1

LOADING
INCORE SOLVER WORKING
WRITING DISPLACEMENTS
CALCULATING STRESSES
Stress for element # --> 1

CATCULATING REACTION FORCES
Reaction for element # --> L

SOLUTION FINISHED

The solution is now finished and the file DEMO.STS can be copied over to the
output directory. We can now look at the results in the OUTPUT program.



103

6.5 Output

After running the OUTPUT program, select FILË then OPEN and type

DEMO.STSJ

Notice how the .sts files are listed when OPEN was selected.

The beam should now be drawn on the screen. Select DISP to enter the
displacement menu. Select SUPER IMPOSE and enter an exaggeration factor of 100.0.
You should see the following:

Now leave the displacement menu by selecting DONE and enter the stress
menu by selecting STRESS. Now rotate the view so it is on an angle and then let's look
at the major bending stress by selecting Sx. Theoretically the stress should be +180.0

based on the equation o=Mc/|. You should get the below drawing of the stress:

0.18008+03tl
0.14408+03

II¡EI
t:::::::::::l

0.10808+03
f,--=l
l::::::r:l

0.?2008+02

ffi
0.36008+02

f:::::ül

0.00008+00

-0.36008+02

ffi
-0.7¿008+02

ffi
-0.10808+03

ffi
-0.14408+03

ffi
-0.18008+03
SX

Figure Four: Displaced Shape

Figure Five: Beam Bending Stress
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We can now refine our "mesh" to a two element model moving nodes 4,5,6 to
X=60 and creating nodes 7,8,9 at x=120. After that add in a second element, remove
the force on node 5 and add a force on node 8. This new model will produce the output
shown below:

Or even a 4 element mesh:

Figure Seven: Four Element Mesh

The tip displacement does not change with mesh refinement because the one
element model has a shape function capable of capturing the linear bending moment.
The only improvement in the two and four element meshes is that they show the
curvature of the beam more accurately. The stress contours should also stay the same.

For other elements, a refined mesh will give markedly improved results and you
must consider the physical problem carefully before developing your final model mesh.

Figure Six: Two Element Mesh
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7. APPEzuDIX

7.1 Elemer¡t Descniption and Ðetalls

This section of the manual is designed to provide detailed information about the
elements available in MHYFECS. There are elements for three types of problems and
the problem types are:

' TWO DIMENSIONAL

' GRID
. THREE DIMENSIONAL

The rest of this section is divided into three subsections, each for a type of
problem and the elements used for that type of problem. Section 7.1.2D is devoted to
two dimensional elements, Section 7.1.G is on the grid elements, and 7.1.3D is on
three dimensional problems. Remember, elements can only be mixed with other
elements from the same type of problem.
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7.1.2Ð T'wo Ðirnerrsiona! Fnoblerns

Two dimensional problems are problems that lie on a plane or can be modeled
as a planer problem. A simple example is an "4" frame horizontally or vertically loaded
but not loaded in or out of the plane on which it lies. The structures modeled in a two
dimensional problem only have lateral displacements in the XY plane and possibly
rotations about l.he Z axis. The following is a detailed description of the available two
dimensional elements in MHYFECS.

2D Truss

The 2D truss element is used to model truss problems in which the structure of
the problem lies in one plane or can be modeled as only one plane. A truss is defined
as a member that has stiffness in axial compression and tension but is joined at its
ends with pins so that there is no rotational stiffness. The loadings on a 2D truss are in
plane forces with no moments. Typical problems modeled with 2D trusses are
scaffolding and crane type structures.

ial force

Y degree of freedom

X degree of freedom

Figure Seven:2D Truss Element

The element properties required to describe 2D truss element are the elasticity
of the material, E, and the cross sectional area of the member, A, and the material
density, p.
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2D tsearn

Like the 2D truss, the 2D beam is used in modeling structures that are all in one
plane. The 2D beam has stiffness in three directions at each end. The first is the axial
compression or tension, the second is the lateral deflection, and the third is the rotation
at the end of the beam. When modeling a structure with 2D beam elements, the end of
beams are joined with what is the equivalent of welding the two elements together. This
means that the rotation of one beam member will rotate the connecting beam and
deflect it in the other two degrees of freedom. See the below figure.

Figure Eight: 2D Beam Element Degrees of Freedom

The loading of the 2D beam can be in any of the three dofs. An axial load, a
lateral load, or a moment applied to the end of the beam. The material properties
required for the 2D beam element are the material elasticity, E, the cross sectional area
of the member, A, the moment of inertia for bending, l, and the material density, p.

The 2D truss and 2D beam elements can be used in the same model if a mixture
of beams and trusses is to be modeled. The joint between a beam and a truss will only
join the first two ( linear deflection ) degrees of freedom and not the rotational dof of the
beam since the truss has no rotational stiffness due to its pinned end.

Note:2D Plane Strain and Plane Stress not documented and not yet implemented.

Element 2

Common Node
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7.1.G Grid Fnoblerns

Grid structures are a special case of a two dimensional structure. They can not
be mixed with normal two dimensional elements as they have different degrees of
freedom. The grid is used to represent a roof like structure in which the loading is
normal to the plane in which the structure lies. Loadings applied to grid structure
generally represent distributed loads such as snow loads. The degrees of freedom of a
grid are the deflection normal to the plane and the rotations along the axis in the plane.
Fixing the normal deflection dof is like a rigid pillar under a node and fixing the
rotational dofs represents clamped edges or symmetry conditions. To model a grid, two
elements are provided, a grid beam and a grid plate.

Grid Beam

The grid beam is used to model a flat roof like structure that is made up of
beams. The beams are joined together as if welded and are loaded with loads to
represent snow or other weights. The grids have three degrees of freedom at each
node. They are the axial twist, the length wise bending rotation, and the vertical
deflection. These are better shown in the following figure.

3,/

Figure Nine: Grid Beam Degrees of Freedom

The material properties required for this element are the elasticity of the material,
E, the bulk modulus, G, the beam bending moment of inertia, lxx, and the twisting
moment of inertia, lzz, and the per unit length weight, W. Since no cross sectional area
is asked for, the per unit length weight must be entered instead of the material density.
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Gnid Flate

The grid plate is used to model the stiffness of the plates lying on the plane of
the grid. They have three degrees of freedom at each corner which are the out of plane
deflection and two corresponding rotations matching the grid beams degrees of
freedom. They can be used with or without the grid beams to model grid structures. An
example of the grid plate's degrees of freedom is shown below.

Figure
Ten: Grid Plate

Degrees of
Freedom

The
material
properties
required for a
grid beam are
the elasticity, E,

the bulk
modulus, G, the

thickness of the plate, t, and the material density, p.

Remember, since the deflections and loadings for the grid are not the same as
the two dimensional elements, the grid and two dimensional elements must not be
mixed in a model. lf you wish to model a grid with supports other than just fixing the
nodes, you can develop a 3D model using 3D beams, 3D trusses, and 3D plates.
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7.1.3Þ Three Dlme¡'¡slona! Froblems

Three dimension problems are the most common in real life so the selection of
three dimensional elements is the largest in MHYFECS. Three dimensional elements
all have at least three linear deflections at each node, and most of the time, three more
rotational deflections. The elements available are:

' 3D spring

' 3D truss

' 3D frame

' 3D beam

' 3D plate

' 3D brick.

3D Spring

The first 3D element is the spring. lt is exactly what its name implies, a spring
element. The element connects two nodes and the stiffness between them is the spring
constant. The spring is actually just like a truss but instead of elasticity and area, the
only element property required is the spring constant, K. The spring's output is simply
the deflection of the nodes connected by the spring.

3D Truss

The 3D truss is just as the 2D truss but is used in problems that can not be
modeled in one plane. The ends are ball joint connections instead of pins so there is no
rotational stiffness, just axial stiffness. The material properties are the elasticity of the
material, E, the cross sectional area, A, and the material density, p.

Y

X

Z
Figure Eleven: 3D Spring or Truss
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3Þ Eeacn

The 3D beam is used to model beams in 3D structures. One of the major
problems in 3D beam modeling is how to align the major and minor bending axis
properly. This is accomplished by having the 3D beam element have 6 instead of the 2
nodes the 2d beam has. The element has 3 nodes at each end as shown in figure
twelve. Note the alignment of the axis of bending with respect to the element
numbering.

Figure
Twelve: 3D
Beam Node
Numbering

and Bending
Axis

Orientations

The major
axis can now
easily be fixed

into the model to insure accurate modeling. The beam has 6 dof at each node from,
vertical, lateral, and axial deflections, rotations due to vertical and lateral deflection, and
lastly rotation due to axialtwist.

There are nine material properties for the 3D beam element. The first two are the
elasticity of the material, E, and the bulk modulus of the material, G. The last seven
properties describe the geometry of the beam. These are the cross sectional area, A,
the maximum C values for the x and y axis, the three moments of inertia, lzz, lyy,lxx,
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and lastly, the density, p. The following figure shows what Cxx and Cyy would be in
some typical beam sections.

List of Material Properties:

Elasticity, E
Bulk Modulus, G
Cross Sectional Area, A
Cxx max
Cyy max
lzz (twisting)
lyy (minor bending)
lxx (major bending)

) Material Density

Restrictions:

Length to height ratio: The ratio of the length to the height should not be less
than 5. lf the ratio is physically less than this, that part of the structure should be
modeled as a plate, or group of plates. Remember, beams are good for modeling
lengthwise bending where as plates arc better in shorter length shear transfer
modeling.

Node positioning: The node positions of the 1,3 and 4,6 nodes must be the same
y distance apart in both the beam table or property input as in the physical model of the
system. For example, if a standard beam with a height of 24 inches is to be modeled,
this beam must only occupy 24 inches in the model an have the 1,3 and 4,6 node
distances equal lo 24 inches.

1)
2)
3)
4)
5)
6)
7)
8)
I

Cxx

_r

<-
Cyy max

€E

SectionsFigure Fourteen: Typical Cross

...4E
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3D Frame

The frame element is very similar to the beam element in that it represents a
beam in reality. The main difference between the frame and beam is that unlike the
beam element, the frame only has two nodes. The two nodes are on the neutral axis at
each end of the beam. Due to the lack of the other defining nodes, the lyy bending axis
is always normal towards vertical and the lxx normal towards horizontal. See figure
fifteen. This limits the positioning of the beam, but for most orthogonal systems, the
frame provides a fast and simple beam element. The material properties are the same
as the beam element and the degrees of freedom are also the same.

Figure Fifteen:3D Frame Degrees of Freedom Orientation

3D Plate

The 3D plate element is used to model structures that are made of plates. The
plate element included in MHYFECS is a 4 node rectangular plate with 6 degrees of
freedom at each node. The dof are three linear displacements, the two rotation
displacements in the bending planes, and a pseudo sixth stiffness. These are better
shown in figure sixteen.

Restrictions:

Shape: The first, the rectangular shape, must be kept at all times since it is
assumed rectangular in the element stiffness calculations. ( This is in revision, a non-
rectangular plate is under development )

Flatness: The second, the flatness of the plate, must also be obeyed at all
times since this plate model can not deal with curvature. A curved plate is considered a
shell which may be added to MHYFECS in the future.

Aspect Ratios: The third, the planar aspect ratio or width to length ratio, should
always remain between 1/5 and 5. lf the structure is out of this range, a 3D beam model
is more appropriate. The last restriction on the plate element is the thickness ratio. The

lzz
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thickness ratio, thickness over length, should never be less than 1*10e-5. When the
plate is thinner that this limit, the stiffness calculations done by numerical integration
begin to degrade and erroneous results will occur.

The material properties for the 3D plate element are the elasticity, Ë, the bulk
modulus, G, the plate thickness, t, and the material density, p.

Figure Sixteen: 3D Plate Degrees of Freedom

The sixth degree of freedom, not shown above, is the inplane twisting of the plate which
is in comparison to all other degrees of freedom, much stiffer. Due to this, it is modeled
as a pseudo stiffness to prevent zeroes in the global stiffness matrix and to ease use of
the plate with other three dimensional elements.
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3D Solid

At this point in time, the 3D solid has been implemented on a testing level only to
investigate it's usefulness and accuracy. The 3d solid is an B node brick as shown below.
The only material properties to enter are the elasticity, E, the poisson's ratio of the
material, v, and the material density, p.

Mixing Elements

All of the 3D element types can be used in the same model since the same 6 dof's
are used in each element. Stresses are available for all elements except the 3D spring.



1t6

7.2 Element Fropentles Qulck Heference Table

ELEMENT NUMBER
OF NODES

MATERIA!-
PROPERTIES

DEGREES OF
FREEDOM

2D Truss 2 Elasticity
Section Area
l)ensilv

X,Y

2D Beam 2 Elasticity
Section Area
Bending Moment
Densitv

X, Y, RZ

Grid Beam 2 Elasticity
Bulk Modulus
Bending Moment
Twisting Moment
Weiqht / unit lenqth

Z, RX, RY

Grid Plate 4 Elasticity
Bulk Modulus
Thickness
Densitv

Z, RX, RY

3D Sorinq 2 Sorino Constant x.Y.z
3D Truss 2 Elasticity

Section Area
Densitv

x,Y,z

3D Frame 2 Elasticity
Bulk Modulus
Section Area
Cxx max
Cyy max
lzz (twisting)
lyy (minor bending)
lxx (major bending)
Material Densitv

x,Y, z,
RX, RY, HZ

3D Beam 6 Elasticity
Bulk Modulus
Section Area
Cxx max
Cyy max
lzz (twisting)
lyy (minor bending)
lxx (major bending)
Material Densitv

x, Y, z,
RX, RY, RZ

3D Plate 4 Elasticity
Bulk Modulus
Thickness
Material Densitv

x, Y, z,
RX, RY, RZ

3D Brick I Elasticity
Bulk Modulus
Material Densitv

x,Y,z
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Appexadix Bå

GEOMMAKE PROGR.AN,{ LISTM{G
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PROCRA.M CEOMCEN_2OON_l OOE

c
C THIS PROGRAM IS USED TO GENERATE 6 NODED
TRIA¡"CULAR
C ELEMENTS FOR A TWO-DIMENSIONAL MESH ONLY!
c
CNE NUMBEROFELEMENTS
CNN NUMBEROFNODES
CPN NODALLOCATIONS
C NEC NODAL ELEMENTAL CONECTIVITY
CINF NODALFTÀGVECTOR
CIEF ELEMENTALFLACVECTOR

REAL
PN(200,2),DUM,YI\,f XJl,Yl X2,Y2.XMN,YMN,DYXÀO(,DX,X(5),Y(5)

INTEGER NEC(I OO,O,NE,NN,NUM,INF(20O),IEF(1 OO),TEST,FN,FE

c coLoRs
INTECER WHITE,RED,LTBLUE,CREEN,BLACK,YELLOW
INTECER DKCREEN,DKBLUE,DKRED,ORANCE,PURPLE

C SECMENTS
inbBcr

FI LE,ELEN4S,NODES,VIEW,QUIT,HELP,SEC,BACK,FILEIN,FILEOUT
INTEGER

ZOOMI,ZOOMO,ZOOMA,MOVEU,MOVED,MOVEL,MOVER,MAKE
N,DELN

INTEGER
MOVEN,MAKEET,MAKEBS,DELE,OK,CANCEL,COMP

CHARACTER*I 2 NAME,WORD,BUF
NE=0
NN{

DO 1 I=1,200
INF0)=0
PN(l'l)=0.0

r PN(1,2)=0.0
DO 2 l=1,i 00
IEF0)=0
DO 3 J=I,6

3 NEC(l.j)=0
2 CONTINUE
c
C *** OPENING GKS ENvIROMENT ***
c

)o,{N=0.0
)G¿fl=10.0
YMN=0.0
YMX=10.0
DX=XMX-XMN
DY=YMX-YMN
CALL OPEN(XMN,YMN,XMX,YÌ\D0

c xr* coloR INDEXES ***
C
C RED

CALL GSCR(I,1,1.0,0.1,0.1 )

C PURPLE
cALL GSCRO,I 2,0.70,0.0,0.70)

C CREENTEXT
CALL CSCR(1,2,0.1,1.0,0.1 )

C BI.ACK
CALL CSCR(1,3,0.0,0.0,0.0)

C LIGHTBLUE
cALL GSCR(1,4,0.3,0.3,0.O

C DARK BLUE
CALL GSCR(1,10,0.,0.,0.5)

C WHITB
CALL GSCR(1 ,5,1.0,1 .0,1.0)

C CREY
c CALLCSCR(1,6.0.5,0.5,0.5)
C DARKCREEN

CALL CSCR(1,7,0.,0.5,0.)
C DARKRED

CALL CSCR(1,8,0.5,0.,0.)
C YELLOW

CALL CSCR(1,9,1.0,1.0,0.)
C ORANGE

CALL GSCR(1,1 1,1.0,0.5,0.)
c
C SET COLORS
c

RED=l
GREEN=2
BL,ACK=3
LTBLUE-+
WHITE=5
DKGREEN=7
DKRED--8
YELLOW+

DKBI-UE=l0
ORANGE=I1
PURPLE=I2

c
C FILL COLOR,STYLE

CALL GSFACI(LTBLUE)
cArL GSFATS(0)

CMARKER TYPE, COLOR
CALL GSMK(1)
cáLL CSPMC(ORANCE)

C TEXT REPRESENTATION
C FONT,HEIGHT,COLOR¡.LICNMENT

C¿,LL GSTXFPGlOI.l)

. CALLGSTXC(WHITE)
CAIL GSTXAL(I,5)
CAIL GSCHH(2.0)
CALL CSELNT(2)

C BACKCROUND BORDER
CALL BOX(-05,-0.5,33.5,100J,Vr'H1T8)

C MESSACE BACKCROUND
CALL BOX(0.,57.,33.,1 00.,LTBLUE)

C INPUTBACKGROUND
cALL BOX(0.,50.,33.,56.,8r-ACK)

C ICON BACKCROUND
CALL BOX(0.,0.,33.,49.,8r-ACK)

c
C SET SEGMENTS
c

NODES=1
EI-EMS=2
FILE=3
VIEW-4
HELP=5

QUIT<
ZOOI,tl='I
zooMo-_8
ZOOMÁ=9
MOVEU=I0
MOVED=11
MOVER=12
MOVETF'I3
BACK=14
FILEOUT=l 5

Fll-EIN=I6
MAKEN='17
DELN=18
MOVBN=I9
OK=20
CANcEL=-21
MAKEET=22
MAKEES=23
DELE=2A
COMP=25

cÁr-L GsLwsc(3.0)

C MAKE NODB AND ELEMENT MENU SELECTION ICTONS

c
CALL GCRSqNODES)
CALL GS\.'IS(NODES,o)

CAIL GSPLCI(LTBLUE)
CALL GSFAC(DKBLUE)
x(1)=4.
X(2)=14'
x(3)=14'
x(4)=4'
x(5)=xO)
Y(1)=3s'
Y(2)=3s'
Y(3)=45'
Y(4)=45'
Y(5)=Y(1)
cá,LLGFA(5,X,Ð
CALLGPL(5.X,Ð
cÁLL GTX (5.0,36.0,'M E N r..r)

CA,LL GTX(5.0,40.0,',NODE)

CALL GCLSG

CALL GCRSG(ELEMS)
cALL GSVIS(ELEMS,o)
x(lÞ19.
x(2Þ19.
x(3)=29'
x(4È29.
X(5)=X(l)
Yo)=35'
\(2)=45
Y(3)=45'
Y(a)=35.
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Y(5)=Y0)
CALL GFA(5X,Ð
(}.LL CPL(5,X,Ð
c¿.LL GTX(20_0,.10.0,', ELENI',)

cÁtL GTX(20.0,36.0,',MENtr)
Cì{LL GCLSC

c
C MAKE FILE AND VIEV'¡ MENU SELECTION ICONS
c

CALL CCRSG(FILE)
câLL GSVrS(FILE,0)
x(l)=1'
x(2È14.
x(3)=14'
x(4)4.
x(5)=x(l)
Y(1)=20.
Y(2\=20
Y(3)=30'
Y(4)=30'
Y(s)=Y0)
CALL CFA(5,X,Ð
CALL GPL(5,X,Y)
cALL Gfi (7.0,23.0,',FIL8)

C.ALL GCLSG

CALL CCRSG(VtEW)
cj.LL CSVIS(VIEW,o)
x(1 )=19'
x(2È29.
x(3Þ29.
x(4)=19'
x(s)=x(1)
YO)=20'
Y(2\-'20.
Y(3)=30'
Y(4)=30'
Y(s)=Y0)
CALL GFA(5JT,Ð
CÁLL CPL(5.X.Y)
cALL GTX(22.,23.0,'VIEW')
CALL CCLSC

c
C MAKE QUIT/IIELP ICONS
c

cArL GCRSC(QUrT)
cAIL GSVrS(QUrT,o)
cALL CSPLC(YELLOW)
câLL GSFACT(ORANCE)
x(lFl9.
x(2)49.
x(3):29 '
x(4ts19.
x(s)=x(l)
Y(1)=5.
Y(2)=5
Y(3)=1s'
Y(4)=15'
Y(s)=Y0)
CALL GFA(sX,Ð
CALLCPL(5,X,Ð
cALL GTX(22.,8.,'QU 11)
CALLGCLSC

CALL GCRSC(HELP)
cÁIL GSVrS(HELP,0)
CALL GSPLC(LTBLUE)
CALL GSFAC(DKBLUE)
x(1)=4'
x(2)=1+'
x(3)=14'
x(4)+.
x(5)=x(1)
Y(l)=5'
Y(2)=s'
Y(3)=ls'
Y(4)=1s'
Y(5)=Y(1)
CALL CFA(5X,Y)
CALL CPL(5,X,Ð
cALL CTX(7.0,8.0,',HELP)
CALL GCLSC

c
C NÍAI(! MOVE BUTTONS
c

CALL GCRSqMOVEI,)
cALL cSVtS(MOVEU,0)
x(l )=13'
x(2È21.
x(3Þl?.

x(4)=x(1)
Y0)=40.
Y(2)=40.
Y(3)=.48.
Y('t)=40'
CALL GFA(4X,Ð
cAr-L GPL(4X,Ð
CALL GCLSC

CâLL GCRSqMOVER)
CALL GSVTS(MOVER,o)
x(rÞ21.
x(2Þ21.
x(3ts29.
x(4YJ1.
x(5)=x(l)
Y(1)J¡.
v(2)42.
Y(3)=36'
Y(4)=Y(1)
câr-L GFA(4¡,Ð
cÁLL GPU4,X,Ð
CALL GCLSG

CALL GCRSG(MOVEL)
cALL GSVIS(MOVEL,o)
x(1)=13'
x(2)=13'
x(3)=s'
x(4Þ13.
x(5)=x(l)
Y(1)=1O'
v(2)42.
Y(3)=36'
Y(4)=Y(1)
CALL GFA(4,X,Ð
CALL CPL(4,X,Y)
CAIL OCLSG

CALL CCRSC(MOVED)
CALL GSVIS(MOVED,0)
XO)=13'
x(2)=21
x(3)=17'
x(4Þ13.
Y(l)=32'
Y(2)42.
Y(3)=25'
Y(4)=Y(1)
CA.LL GFA(4,X,Ð
cá,LL CPL(4,X,Ð
cárL GTX(14.,33.5,',MOVE)
CALL CCLSC

c
C MAKE ZOOMS AND RETURN TO MAIN ICONS
c

CALL GCRSG(BACK)
CALL CSVIS(BACK,o)
x(1Þ23.
x(2\42.
x(3È32.
x(4Þ?3.
x(5Þ23.
Y(1)=l'
Y(2)=1 '
Y(3)=10'
Y(4)=10'
Y(s)=Y(1)
CALL GFA(5,X,Ð
CALL OPt (5X,Ð
cALL CTX(25.,3.0,',MENU)
cât_L cTX(25.,6.0,',MAt N)
CALLGCLSG

CALL GCRSG(ZOOMT)

cALL GSVTS(ZOOMr,0)
x0)4.
x(2È14.
x(3Fl4.
x(4)=+.
x(5)=X(l)
Y(1)=3'
Y(2)=3'
Y(3)=1 1 '
Y(4)=1 l '
Y(s)=Y0)
cAl-L GFA(5,X,Y)
CAIL GPL(5,X,Ð
câLL cTX(4.1,5.0,',2oOM IN)
CALLCCLSG
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cALL CCRSC(ZOOMA)
cq,LL csvrs(zooMA,0)
X(l)=19.
x(2Þ29.
x(3È29.
x(4)=19'
X(5)=1 9'
Y(1)=15'
Y(2)=1s'
Y(3)=23'
v(4)=73
Y(5)=Y(1)
c,{LL CFA(5,X,Ð
CALL GPL(5,X,Ð
CALL GTX(22.,1 6.,', ArL)
câLL GTX(22.,1 9.,VIEW)
câl-I- ccl-sc

CALL GCRSqZOOMO)
CALL CSVIS(ZOOMO,0)
x(1)=4
x(2)=14'
x(3ts14.
x(4)=4'
x(s)=X(1)
Y(l )=15
Y(2)=15'
Y(3)=æ'
Y(4)=23'
Y(5)=Y(l)
cj.LL GFA(sX,Ð
cÁtL cPL(5,X,Ð
C¡rLL CTX(5.5,1 9.0,'ZOONI)
CALL CTX(5.,16.0,' OUT)
CALL CCLSG

c
C MAKE FILE MENU ICONS
c

CALL CCRSC(FILEIN)
CALL GSVIS(FILEIN,O)
x(1)=10'
x(2F10.
x(3)=æ'
x(4È23.
X(s)=x(1)
Y(l)=37'
v(2)-4s.
Y(3)=45'
Y(4)47.
Y(s)=Y(l)
CALL CFA(s.X,Y)
CALL GPL(5,X,Ð
CALL GTXO 0.5,38.o,'DATA FILE)
cÀLL CTX(10.5,4r.5,' READ IN)

CALLGCLSG

CA.LL GCRSG(FILEOUÐ
CALL GSVTS(FILEOUT,o)
x(1)=10'
v/1\-11

x(3È?:t.
x(4F10.
X(s)=x(1)
YO)=25'
Y(2)=25'
Y(3)=34'
Y(4)=34'
Y(5)=Y(l)
CALL CFA(5X,Ð
CALL CPL(5X,Y]
CALL GTX(1 0.5,26.o,'DATA FILE)
c¿,LL GTX(r 0.5,29.5,'WRITE OUT)
CALL GCLSC

cALL GCRSG(COMP)
CALL GSVIS(COMP,o)
x(1)=10'
x(2Þ23.
x(3ts3.
x(4ts10.
x(5Þ10.
Y(l)=13'
Y(2)=13'
v(3)=22'
Y(4)=22'
Y(s)=Y11¡
CALL CFA(5,X,ì1
CALL GPL(sX,Ð
CAIL GTX(1 0.5.14.,' DATA )

CALL GTX(10.5,17.,' CHECK
CA]-L GCLSC

c
C MAKE NODE MENU ICJCNS

c
CALL CCRSG(MAXBN)

CÀLL GSVIS(MAKEN,O)
CALL CSPLCI(GREEN)
CALL CSFAC(DKGREEN)
x(l )=12
x(2È21.
x(3Þ21.
x@)=12
x(5)=12'
YO)=13'
v(2)=r3'
Y(3)42.
Y(4)=22'
Y(5)=Y(1)
CALL GFA(5,X,Ð
CALL CPL(s,X,Ð
CALL GTX(r 3.,r 4.0,'NODE)
CALL GTX(1 3.,1 7.o,'MAKE)
CALL GCLSG

cA.tl- ccRSG(DBL¡.t)
CALL GSVIS(DELN,O)
cAl-L GSPLCT(RED)
CALL GSFACl(DKRED)
x(1)=12
x(2)=21'
x(3)=21 '
x(4)=12
x(5F12.
Y(i)=37'
y(2)4'7.

Y(3)45.
v(4)-45.
Y(s)=Y(l)
CALL CFA(5X,Ð
cALLcPL(5X,Ð
c¡.LL GTX(13.J8.0,' NODE)
cá,LL GTX(1 3.,41.o,'DELETE)
CALL GCIJG

CALL C'cRSG(MOVEN)
Cj'LL CSVIS(MOVEN,0)
CAIL CSPLCI(YELLOW)
cALL CSFACT(OR.ANGE)
x(1)=12
x(2Þ21.
x(3ÞiZt.
x(4)=12
x(5)=12'
Y(1)=25'
Y(2)=25'
Y(3)=34'
Y(4)=34'
Y(s)=Y0)
CALL GFA(5X,Ð
CALL GPU5X,Ð
cj'LL GTX(1 3.,26.0,',NODE)
CALL CTX(1 3.,29.o,',MOVE )
CALL CCLSG

c
C MAKE OK AND CANCLE ICONS
c

CALL 6CRSC(OK)
CALL CSVrS(OK,0)
cÂrL csPLc't(oRANcE)
cALL GSFACT(YELLOW)
x(1)=l'
x(2)=10'
x(3ts10.
x(4)=1 '
x(s)=l '
Y(l)=1.
v(2)=1'
Y(3)=10'
Y(4)=10'
Y(s)=Y(l)
cArL cFA(5,X,Ð
CALL CPL(5J,Ð
CALL GSTXC(BTACK)
CALL GTX(3.,4.,'OK?)
CALL GSTXCT(WHITE)
CÀLL GCLSG

CALL GCRSqCANCEL)
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cALL GSVIS(CANCEL,o)
CALL GSPLC1(RED)
C¡.LL GSFACI(DKRED)
X(1 )=12.
X(2)=2r.
x(3Þ21.
x(4)=12'
x(5Þr2.
Y(1)=i'

Y(3)=10
Y(a)=l0
Y(5)=Y(1)
CALL CFA(5,X,Ð
CALL GPL(5X,Ð
cAtL GTX(1 2.5,4.,',CANCÊL)
C¿.LL GCLSG

c
C MAKE ELEMENT MENU IC]ONS
c

cALL 6CRSC(MAKEET)
cALL GSVIS(MAKEET,0)
CALL CSPLCI(GREEN)
cALL CSFACT(DKCREEN)
x(l)=11'
x(2È22.
x(3È22.
X(4)=11
x(5ts11.
YO)=13'
Y(2)=13'
v(3)=22'
v(4)=22
Y(5)=Y(1)
CALLaFA(sX,Ð
CALLCPL(5,X,Ð
CALL GTX(1 1.5,14.0,',3 NODES)
cqLL GTX(r l.5,l7.o,',MAKE BY)
CALL GCLSG

chrL c'cRsc(MAKEES)
cÁLL CSVIS(MAKEES,0)
x(l)=11'
x(2)=22'
x(3)=22'
x(4)=11'
x(5tslr.
Y(l)=37'
v(2)3't.
Y(3)=45'
Y(4)=45'
Y(s)=Y11¡
CALLCFA(5,X,Ð
c¿.LLCPL(5,X,Ð
CALL CTX(1 1.5,38.0,'? NODES)
CALL CTX(1 1.5,41.o,',MAKE BY)
CALL CCLSG

cá,LL GCRSG(DELE)
CALL CSVIS(DELE,o)
cArL csPLc't(RED)
CåI-L GSFAC(DKRED)
x(l)=11

x(3)=22.
x(4Þ11.
x(sÞ11.
Y(l)=25'
v(2)=25'
Y(3)=34'
Y(4)=34'
Y(s)=Y(1)
CALLCFA(5,X,Ð
CA.LL GPL(5.X,Ð
cALL GTX(1 1.5,26.0,',ELEMENT)
cÂLL GTX(1 1.5,29.0,'DELETE)
CALL GCLSC

CALL GASGWK(1,NODES)
cArL GASGWK(l,ELEMS)
CALL CASCWK(1.FILE)
c .LL GASGWK(1,QUtÐ
CALL GASGWK(I,HELP)
CALL GASGVr'K(l,VrEW)
CALL GASGWK(I,BACK)
CALL GAScWK(l,ZOOMI)
cALL GASGWK(1,ZOOMO)
cArL GASGWK(1,ZOOMA)
CALL GASCWK(1,MOVEÐ

cArL cAsGwK(l,MOVED)
CALL GASGtr'K(1 ,MOVER)
CALL CASGWK(l,MOVEL)
cAlL cAsGwK(l,FILEI¡Ð
CALL GASGWK(I,FtLEOUT)
CALL GASGWK(1,MOVEN)
CAIL GASGWK(1,MAKE¡Ð
CALL CASGWK(1,DELN)
CALL GASOWK(I,OK)
CALL GASCWK(1,CANCEL)
CALL CASCWK(r,DELE)
CAIL CASGWK(I.MAKEEÐ
cALL CASCWKO,MAKEES)
cArL GASGVVK(1,COMP)

CALL GSDTEC(NODES,1)
CALL GSDTEqELEMS,I)
CALL GSDTEC(FILE.1 )
CALL GSDTEC(VIEW,l)
CALL GSDTEqHELP,I)
CAIL GSDTÊC(QUIT,1)
CALL GSDTEC(ZOOMt,r)
cALL GSDTEC(ZOOMO,l)
cALL CSDTEC(ZOOMA,l)
CALL GSDTEC(MOVEU.l)
c¿LL CSDTEqMOVED,I)
cArL GSDTEC(MOvER,l )
CALL GSDTEqMOVEL,I )
CALL CSDTEqBACK,I)
CÁLL GSDTEC(FILEIN,I)
CALL GSDTEC(FILEOUT,I )
CALL GSDTEqMAKEN,I)
CALL GSDTEqDELN,I)
cALL GSDTEqMOVEN,I)
c¿,LL GSDTEC(OK,1)
CALL GSDTEC(CANCEL,1)
CÁI-L GSDTEC(MAKEET.l)
CALL CSDTEqMAKEES,I)
cArL GSDTEC(DELE,r)
CALL CSDTEC(COMP.I)
coTo 99

c
c *** MovE NoDE ROUTINE x**
c'10 FN=l

CALL
DRAW( PN,NEC,N N,NE.XMN,XIvfX,YMN,YMX,INF,IEF,FN,FE)

DY=YÀ4X-YMN
DX=)G4X-XMN

11 CALL GSVIS(OK,0)
c¿.LL BOX(0.0,59.0,33.0,i 00.0,LTBLUE)
cALL Gfi (0.0,90.,'PrCK NODE)
CALL GTX(0.0,80.,'MENU ARFA=QUIT)
CALL CRQLC(1,2,lr,JJ,Xl,Y1)
lFcK1.CT.0.74) THEN
cÂLL GSVTS(OK,o)
cALL GSVIS(CANCEL,0)
coTo 300
END IF

Xt=X110!731aú8
Yt=YU0348139+
X'l=Xl*DX + XMN
Yl=Yl *DY + YMN
cÁrl FIND(X1,Y1,PN,NUM,Nfi)
cALL BOX(0.0,50.0,33.0,56.0,8LACK)
WRITE(BUF,+) NUM
CALL GTX(0.0,50.0,8UF)
CALL GSVIS(OK,t)
CALL GSVIS(CANCEL,T)

12 CALLCRQPK(I,2,[,SEG,JÐ
IF(SEG.EQ.CANCEL) GOTO 11

rF(SEG.EQ.OK) CjoTO 13

cloTo 12
13 CA|L CSVS(OK.o)

CALL BOX(0.0,59.0,33.0,1 00.0,LTBLUE)
CALL GTX(0.0,90.,'PICK POSITION)
CAIL CRQLCO,2,rr,JJ,Xl,Yl)
){t=Xt/0:73146'78
Y1=Yllo:1a81394
Xl=Xl"DX + XMN
Yl=Yl *DY + YMN
PN(NUM,1)=XI
PN(NUM,2)=Yi
c'oTo 10

c
c *+* NoDAL JNPUT ROUTINE ***
c
20 FN=l
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FE=0
CALL

DRAW(PN,NEC,NN,NEXMN,XMX,YMN,YMX,INF,IEF,Fn*,FE)
25 CALL BOX(0.0,59.0,33-,100.,LTBLUE)

DY=YMX-YMN
cALL CTX(0.0,90.,',NODA1 CREATTON)
CALL CTX(0.0,84.,',tNPUT NODAL ir)
CALL cTx(0.0J8.,' ENTER=QUIT )

21 FORMAT(IO
22 FORMAT(F6.2)

CALL GRQST(1,1,II,] O,NAME)

READ(NAME,21,ERR=25) NUM
IF(NUM.CT.0) l.FlEN
INF(NUì!1)=I
IF(NUM.GT.NN) NN=NUM
IF(NUM.LT.NI\) THÊN
CALL CSTXCI(RED)
CALL CTX(O,O,7O.,1ilARNING! REPBATED NODE)
CALL CSTXCI(Þ'IIITE)
END IF

23 CÁLLGTX(0.0,60.,'INPUTXCOORD)
CALL GRQST(r,r,il,1 0,NAME)
RF'{D(NAME,22,ERR=æ) PN(NUM,t)
CALL BOX(0.0,59.0,33.0,ó9.0,LTBLUB)

24 CÁIL GTX(0.0,60.,',tNPUT Y COORD)
CALL CRQST(1,1,II,1 O,NAME)

READ(NAME,22,ERR=?a) PN(NUM,2)
câLL BOX(0.0,59.0,33.0,89.0,LTBLU8)
CAIL SEARCH(N N,PN JMN JMX,YMN,YMÐ
GOTOæ

ELSE
coTo 300

END IF
c
c *** ELEMENT INPUT ***
c
29 TEST=I
30 FN=t

FE=l
CáLL

DRAW(PN,NEC,NN,NE,XMNXMX,YMN,YMX,INF,IEF,FN,FE)
3r CALLBOX(0.0,59.0,33.,100.,LTBLU8)

cALL GTX(0.0,90.,',ELEMENT CREATION)
cALL CTX(0.0,84.,',tNPUT ELEMENT #)
CALL Gfi (0.0J8.,' BNTÊR{UrT )
CALL CRQSTO,r,il,1 0,NAME)
READ(NAME,2I,ERR=31 ) NUM
IF(NUM.CT.O) THEN

IF(NUM.CT.NE) THEN
NE=NUM

END IF
IF(NUM.LT.NE) THEN

CAIL GSTXC(RED)
CALL CTX(0.0,70.,WAR NING!

REPÊATED ELEMENT)
CáLL CSTXCìOilHITE)

END IF
DX=XMX-XMN
DY=Ylvl](-YMN

CALL GTX(0.0,60.,',PIß FIRST NODE)
CALL GRQLq1,2,tr,JJX1,Y1)
IF(XI.GT.0.?4) GOTO 31

Xl=Xl/D 314618
Y1=Y1þ1441394
X1=Xl*DX + XMN
Yl=Yl*DY +YMN
cA.LL FINDCXI,YT,PN,SEG,Nt9
C.ALL BOX(0.0,50.0,33.0,56.0,8t-/\CK)
WRITE(BUF,T) SEC
cALL CTX(o.o,5o.o,BUÐ
NEqNUM,I)=SEG
cArL BOX(0.0,s9.0,33.0,69.0,LTB1U8)

CALL GTX(0.0,60.,'PICK SECOND NODE)
CALL GRQLC{1,2,[,JJX1,Y1 )
tF(xr.GT.o.74) GOTO 31

Xt=Xl/0.73144'18
\1=\1ñ.7441394
Xl=Xl *DX + XMN
Yl=Yl*DY + YMN
CALL FIND(Xì,Y1,PN,SEG,NN)
CALL BOX(0.0,50.0,33.0,56.0,8 LACK)
WRITE(BUF,*) SEG
CALL GTX(0.0,50.0,8UÐ
NEqNUM,2)=sEG
c.Ar_L BOX(0.059.0,33.0,69.0,LTALU8)

CALL GTX(0.0,60.,'PICK THIRD NODE)
CALL CRQLq1,z,rr,JJ,Xl,Yr )

IF(X1.CT.0.74) GOTO 31

X1=Xlßil314618
\t=Y1/0.7487394
Xi=Xl *DX + XMN
Y1=Yl*DY + YMN
CAIL FIND(XI,Y1,PN,SEC,NN)
cÁtL BOX(0.0,50.0,33.0,56.0,8l.ACK)
WRITE(BUF,*) SEG
CALL GTX(o.0,50.0,8UÐ
NEc(NUM.3)=SEG
CAIL BOX(0.0,59.0,33.0,69.0,LT8LU8)

IF(TEST,EQ.1) TT{EN
C AUTO NODES

NEC{NUM.4)=NN+1
NEC{NUM,5)=NNt2
NEC(NUM,O=NN+3
INF(NN+1)=1
INF(NN+2)=1
INF(NN+3)=1
NN=NN+3
coTo 33

END IF
CALL BOX(0.0,59.0,33.,83.,LTBLUE)
CAIL GTX(0.oJ5.,'PICK NODE IF EXISTS)
cÀLL CTX(0.0J0.,' OR MENU AREA FOR )
CALL GTX(O.O,66.,ALITO NODE GENERATION)

cá.LL GTX(0.0,60.,'PICK FORTH NODE)
CALL CRQLq1,2,Û,Ji¡l,Yr)
IF(Xr.CT.0.74) THEI{

NEqNUM,4)=NN+1
INF(NN+l)=1
NN=NN+1
GOTO 32
END IF

Xl =Xl¡O-7314678
\1=YtlD:74a7394
Xl=Xl *DX + XMN
Y1=Y'l*DY + YMN
câ!L FI ND(X 1,Y 1,P N,S EG,N l.Ð

CALL BOX(0.0,50-0,33.0,56.0,8t ACK)
WRITE(BUF,*) SEG
CALL GTX(o.o,5o.o,BUÐ
NEqNUMI)=SEC

32 CâLLBOX(0.0,59.033.0,66.0,LT8LU8)

CALL GTX(0.0,60.,',PICK FIF rH NODE)
CALL GRQLq1,2,u,JJ,X1,Y1 )
IFCXI.GT.0.74) TIIEN
NEQNUM,5)=NN+1
INF(NN+1)=1
NN=NN+l
GOTO 34
END IF

Xl=X1rO.731a6?8
\r=Y1/0;7447394
Xl=Xl *DX + XMN
Yl=Yl *DY + YMN
CALL FIND(X1,Y1,PN,SEG,NI.Ð
cAtL BOX(0.0,50.0,33.0,56.0,8 L.ACK)
WRITE(BUF,*) SEC
CALL GTX(0.o,5o.o,BUÐ
NEqNUM,5)=SEC

34 CALLBOX(0.0,59.0J3.0,66.0,LT8LUE)

câI-L GTX(0.0,60.,',PICK SD(TH NODE)
c¿rl- GRQLq1,2,[,JJ.Xl,Y1)
IF(XI.GT.0.74) TIIEN
NEqNUM,O=NN+1
INF(NN+l)=1
NN=NN+1
GOTO 33
END IF

X1=Xl/0;73146'78
Yl =YlrO.74S739a
X1=X'l*DX + XMN
Yl=Yl*DY + YMN
CAIL FINDCXI,Yl,PN,SEG,NN)
CALL BOX(0.0,50_0,33.0,56.0,81,ACK)
wRrTE(BUF,*) SEC

CALL GTX(0.0,50.0,8UÐ
NEc(NUM,O-.sEC

33 IEF(NUM)=I

c
c *** GENERÁTE MIDSTDE NODES x**
c

l=NUM



PN(NEc(I,4),ì ){ PN(NEc(],1 ),1 ) + PN(NEC(I,2),1 )
)/2.0D+00

PN(NEC0,4),2){ PN(NEc(l,l ),2) + PN(NEc(1,2),2)

)P.0D+00
PN(NEC0,5),1 ){ PN(NEc(1,3),1 ) + PN(NEc(I,2),1 )

)2.0D+00
PN(NEC(r,5),2)< PN(NEC(r,3),2) + PN(NEC(r,2),2)

)Ê.0D+00
PN(NEC(r,6),1 )< PN(NEC(t,3),t ) + PN(NEC(r,1),1)

)2'.0D+00
PN(NEc(I,O,2){ PN(NEC(I,3),2) + PN(NEc(l,l ),2)

)r2.0D+00
c

c,oTo 30
ELSE
TEST=4
c,oTo 350
END IF

c
c *aa NoDAL DELETION ***
C
40 FN=l

CALL
DRAW(PN,NEC,NN,NE,XMN,XMX,YMN,YMX,INF,IEF,FN,FE)

DX=)CvlX-XMN
DY=YÀO{-YMN
CALL BOX(0.0,59.0,33.,1 00.,LTBLUE)
CALL CTX(o.0,90.,'NODAL DELETION )
cj.I-L GTX(0.0,84.,' PICK NODE )
CALL CTX(0.0,78.,'MENU ARFA=QUIT)
cAlL GRQLc(1,2,ll,JJXl,Yl )
lF(x1.GT.0.74) COTO 300
X1=X1/0J314678
\t=YU0i4A139a
Xl=X1*DX + XMN
Yl=Yl*DY +YMN
CAIL FIND(XÌ,YI,PN,NUM,NI'])
cÁLL BOX(0.0,50.0,33.0,56.0,81ACK)
WRITE(BUF,T) NUM
CALL GTX(0.0,50.0,8UF)
DUM{
DO 42 I=1,NE
DO 42 J=1,6
IF(NUM.EQ.NECO,J).AND.IEFO).EQ.1 ) THEN
c¡.LL GSTXCI(RED)
c{LL GTX(0.0J4.,'NODE BELONCS TO ELEMENT)
CALL GTX(0.0,66.,' DELETE ELEMENT FTRST! )
cALL CSfiCI(WHrrE)
DUM=l
cALL GSVÌS(OK,1)

41 CALLCRQPK(1,2,n,SEG,JÐ
rF(sEc.EQ.OK) C'oTO 45
coTo4l
END IF

42 CONTINUE
IF(NUM.GT.NI.I) THEN
CALL GSTXC(RED)
CALL GTX(0.0,70.,'NODE DOES NOT EXIST)
CâI-L GSfiCIffr'HITE)
DUM=1
cALL GSVIS(OK,1)

44 CALLGRQPK(1,2,II,SEG,JÐ
IF(SEG.EQ.OK) C,oTO 45
coTo 44
END IF

45 CALLCS\4S(OK.o)
IF(DUM.EQ,O) THEN

CALL CSVIS(OK,l)
cAt_L csvÌs(cANcEL,l)

47 CALL CRQPK(I,2,il,SBC,JÐ
IF(SEG,EQ,CANCEL) THEN

CALL GSVTS(OK,o)
c{LL CSVIS(CANCEL,0)

ELSE IF(SEC.EQ.OK) THEN
INF(NUM)=0
cALL cfi (0.0J0.,'NoDE DELETED!)
CALL CSVTS(OK,o)
cALL GSVIS(CANCEL,0)

ELSE
coTo47
END IF

END IF
coTo 40

c
c *** ELEMENTAL DELETTON ***
c
50 FN=o

FE=1
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a^t I

DRAW(PN,NEC,NN,NE,XMNXMX,YMN,YMX,INF,IEF,FN,FE)
cAIL BOX(0.0,59.0,33.,1 00.,LTBLUE)
CALL GTX(0.0,90.,'ELEMENTAL DELETION )
CALL GTX(0.0,&4.,' INPUT ELEMENT II)
CALL GTX(0.0,78.,' ENTER=QUIT )
cALL BOX(0.0,59.0,33.0J8.0,LTBLU8)
CALL GRQST(1,r,rr,1 0,NAllB)
READ(NAME,2I,ERR=299) NUM
IF(NUM.LT.l) GOTO 350
IF(NUM.CT.NB) THEN
cAlL csTxct(RED)
CALL GTX(0.0J0.,'ELEMENT DOES NOT EXIST)
C¿.LL CSTXCI(WHITE)
CALL GSVIS(OK,1)

53 Cj,LLGRQPK(I,2,[,SEC,JJ)
IF (SEG.EQ.OK) C'oTO 54
c,oTo 53

END IF
CALL GTX(0,0,70.,'ELEMENT DELETED! )
IEF(NUM)_{

54 CALL CSVIS(OK,o)
c,oTo 50

c
c *** IMPORT DATA FILE ***
c
60 cArL BOX(o.0,59.0,33.0,r00.0,LT8LU8)
6l FORMAT(AIo)

FE=1

FN=l
câLL GTX(0.0,90.,', FILE INPUT )
cÁLL GTX(o.o,8o.,',ENTER FTLENAME)
CA.LL CRQST(1,1,1Ì,1 o,WORD)
READ(WORD,61,ERR=299,8ND=250) NAIVE
oPEN(UNIT=2,FlLE=NAME)
READ(2,*,ERR=299,8ND=250) NE,NN,NBC
NBC=NBCrl
DO 64 I=l,NE

READ(2,.,8RR=299,END=250)J,NEC(J,1 ),NEC(J,4),NEC(J,2),NBqJ,s),
&NEC(J,3),NEqJ,O

64 IEF(¡=r
DO 66 I=1,NN
READ(2,*,ERR=299,END=250)J,PN(J,r ),PN(J,2)

66 INF(Ð=I
DO 68 I=l,NE
PN(NEC(I3),t ){ PN(NEc(Ì,1),1 ) + PN(NEc(I,2),1)

)/2.0D+00
PN(NEc0,4),2)< PN(NEc(l,l ),2) + PN(NEC(Ì,2),2)

)/2.0D+00
PN(NECo,5),1 )< PN(NEC(r,3),1 ) + PN(NEC(r.2).1 )

)2.0D+00
PN(NBC(r,s),2){ PN(NEC(1,3),2) + PN(NEC(r,2),2)

)¿.0D+00
PN(NÊC0,O,1 ){ PN(NEC(Ì,3),1 ) + PN(NEc(Ì,1 ),1 )

),2.0D+00
PN(NEc(1,O.2){ PN(NEc(Ì,3),2) + PN(NEc(1,1 ),2)

)2.0D+00
INF(NEc(14))=l
INF(NBC(1,5)=1

68 rNF(NEC(I,O)=1
CÁLL SEARCH(NN,PN,XMN.XMX,YMN,YMX)
CALL

DRAW(PN,NEC,NN,NE,XMN,XMX,YMN,YMX,INF,IEF,FN,FE)
æTO 250

c
c *+* zooM RoUTINE ***
c
70 DY=YIID{-YMN

DX=XMX-XMN
CALL BOX(0.0,59.0,33.0,r 00.0,LTBLUE)
CALL CTX(0.0,90.,',PICK CENTER)
cj'LL GRQLC(1,2,rr,JJXr,Y1)
X't=X1/0i7314678
f1=\1/0!7487394
Xl=Xl*DX + XMN
Yl=Yl*DY + YMN
cAl-L GTX(0.0,80.,'PICK RADIUS)
cqLL GRQLC(r,2,rr,JJX2,Y2)
X2=X401314678
Y2E\210:74A7394
XÈX2*DX + XMN
Y2=Y2+DY + YMN
DUM{ (Y 1 'Y2)**2.0 + CX1-X2)**2 0 )*"0.50
YMN=Yl-DUM
YMX=Yl+DUM
XMN=X1-DUM
XlvD(=X1+DUM
DY=YlvD(-YMN
DX=XMX-XMN
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CALL
DRAW(PN,NEC,NN,NEXMNXMX,YMN,YMX,INF,IEF,FN,FE)

coTo 200

c
c *ra END MENU *i*
c
99 CAI-L BOX(o.0J9.0,33.0,100.0,LT8LU8)

CALL GSVIS(NODES,l)
CALL CSVIS(ELEMS,1)
C¿,LL GSVIS(FILE.1)
clA,LL CSVIS(VIEW,r)
CALL GSVIS(QUIT,I)
CALL CSVIS(HELP,I)

c CALLCRSGWK(r)
CALL CSLWSC(3.0)
CALL CSPLC(PURPLE)
CALL GTX(0.0,90.,',MAtN MENU )
CALL GRQPK(1,2,II,SEG,JJ)
rF(SEG.EQ.NODES) GOTO 300
IF(SE6.EQ.ELEMS) GOTO 350
rF(sEG.EQ.FILE) GOTO 2so
rF(sEG.EQ.VIEW) COTO 200

rF(sEG.EQ.Qtn'r) GOTO 999
IF(SEG.EQ.HELP) THEN
CALL GSTXCI(RED)
cAIL CTX(0.0,50.0,'READ MANUALT)
cALL CSTXCI(S'HITE)
END IF
coTo 99

c
c "* WRITB DATA FrLE +*r
c
134 CALLBOX(0.0,59.0,33.,',I00.,LTBLU8)

ci,LL GTX(0.0,90.,', FILE OUTPUT )
cALL CTX(0.0,80.,'ENTER FILENAME)

CALL CRQST(1 ,r,[,r o,WORD)
READ(WORD,6r,ERR=r34,END=134) NAIVE
OPEN(UNIT-_4,FILE=NAME)
WRITE(4,*) NE,NN,NN
DO 135 J=l,NE

wRr TE(4,14s)J,NEC(i,1 ),NEqJ,4),NEC(J,2),
NEqJ,s),NEC(J,3),NEqJ,O

DO lao I=1,NN
wRrTE(4,150) I,PN(r,1 ),PN(t,2)
FORM¡.T(717)
FORMATO7,F10.3,Ft0.3)

CÂLL Gfi (O,OJO.O,'GEOMETRY FILE WRITTEN)
coTo 250

CALL GTX(0.0,70.0,', ERROR HAS OCCURED )
CALL GTX(0.0,65.0,', IN DATA READTNC )

135

&

140
't45

150

cArL csvts(zooMA,o)
cALL CSVIS(MOVEU,0)
c¿.LL GSVTS(MOVED,0)
cAtL osvts(MovER,o)
cALL CSVTS(MOVEL,o)
CALL CSVIS(BACK,0)
coTo 99

END IF
DY=YMX-YMN
IF(SEG.EQ.ZOOMO) THEN

YMX=YMX+0.5*DY
YMN=YMN-0.5*DY
XlvÐ{=XMX+0.51DY
XMN=XMN-0.5*DY
CALL

DR.AVr'(PN,NEC,NN,NEXMN.XMX,YMN,YMX,INF,IEF,FN,FE)
coTo 205

END IF
IF(SEG.EQ.MOVEU) THEN

YÀ.D{=YMX-0.2'DY
YMN=YMN-0.2rDY
CAl-L

DRAW(PN,NEC,NN,NEXMN.XMX,YMN,YMX,INF,IEF,FN,FE)
GOTO 205

ÊND IF
IF(SEC.EQ.MOVED) THEN

YN4{=YMX+0.2*DY
YMN=YMN+0.2*DY
CALL

DRAW(PN,NEC,NN,NE.XMNXMX,YMN,YMX,INF,IEF,FN,FE)
GOTO 205

END IF
IF(SEC.EQ.MOVER) THEN

XMX=XlVfi-0.2*DY
XMN=XMN-0.2"DY
CALL

DRAW(PN,NEC,NN,NE,XMN,:{MX,YMN,YMX,INF,IEF,FN,FE)
GOTO 205

END IF
IF(SEG.EQ.MOVBL) THEN

XNO(=Xlvf{+0.2rDY
XMNÐ(MN+0.2rDY
CALL

DRAW( PN,NEC,NN,NEXMNXÀÐ(,YMN,YMX,INF,IEF,FN, FE)
GOTO 205

END IF

60T0 205
c
C FILE MENU
c
250 CALL BOX(0.0,59.0,33.,100.,LTBLUE)

cALL CSVIS(NODES,0)
c{rL GSVTS(ELEMS,0)
cALL GSVIS(FILE,0)
c¿,LL CSVrS(VrÊW,0)
cALL GSVrS(QUIT,0)
CALL GSVrS(HELP,0)
ci,LL 6SVIS(FILEIN,l)
cALL GSVIS(FILEOUT,l)
CAIL GSVIS(COMP,1)
c¿,LL GSVIS(BACK.1)

255 CALLCTx(o.o,9o.,',FrLBMENU)
CALL CRQPK0,2,[,SEC,J¡
rF(sEG.EQ.FrLErN) 60TO 60
IF(SEC-EQ.FTLEOUT) GOTO l 34
IF(SEG.EQ,COMP) THEN

CALL CHECK(NN,PN,NE,NEC,INF,IEÐ
FN=l
FE=l
CÁLL

DRAVr'(PN,NEC,NN,NE,XMN.XMX,YMN,YMX,INF,IEF,FN,FE)
END IF

IF(SEC,EQ,BACK) THEN
cALL CSVIS(FILElN,0)
CALL CSVrS(FTLEOUT,0)
CALL CSVrS(BACK,0)
cALL CSVIS(CûMP,0)
c,oTo 99

END IF
coTo 255

C NODAL MENU
c
300 CALLBOX(0.0,59.0,33.,100.,LTB1U8)

CALL GSVIS(NODES,0)
cAIL GSVTS(ELEMS,0)
Cj.LL GSVIS(FILE,O)
câLL CSVIS(VIEW.0)
cArL csvts(QUrT,0)

PAUSE
c,oTo 250

c
CVIEW MENU
C
200 cArL Box(0.0,59.0,33.,100.,LTBLU8)

cá,LL CSVIS(NODES,0)
cALL GSVIS(ELEMS,o)
CALL 6SVIS(FILE,0)
c¿,LL CSVIS(VIEW,0)
cAIL CSVIS(QUIT,0)
CALL GSVIS(HELP,o)
CALL GSVTS(ZOOMI,l)
câLL GSVrS(ZOOMO,l)
CALL GSVIS(ZOOMA,1)
cÂLL CSVIS(MOVEU,1)
CALL GSVIS(MOVED,I)
c¿'LL GSVIS(MOVER,I)
cALL GSVTS(MOVEL,t )
CALL GSVIS(BACK.I )

205 CALL GTX(0.0,90.,',VrEW MENU )
CALL GRQPK(1,2,[,SEG,JJ)
rF(SEG.EQ.ZOOMD GOTO 70
rF(SEc.EQ.ZOOMA) rHEN

C¿.LL
SEARCH(NN,PN,XMNXtv0{,YMN,YMÐ

FN=1
FE=l
CALL

DRAW( PN,N EC,NN,NE.XMN.XMX,YMN,YMX,INF,IEF,FN, FE)
GOTO 205

END IF
IF(SEC.EQ.BACK) THEN
cALL GSVTS(ZOOMI,0)
cALL GSVTS(ZOOMO,0)



cÂtL GSVIS(HELP,0)
CALL GSVIS(MAKEN,I)
CALL CSVIS(MOVEN,I )

CALL CSVrS(DELN,l)
cé.LL CSVIS(BACK,1)

305 CÁ.LL CTX(0.0,90.,'NODE MENU )
cÂLL GRQPK(1,2,U,SEC,J¡
IF(SEC.EQ.MOVEN) C'oTO 1o

rF(sEG.EQ.MAKEt9 COTO 20
rF(sEc.EQ.DELN) C'oTO 40
IF(SEG.EQ.BACK) THEN
cALL CSVTS(MAKEN,0)
CALL GSVTS(MOVEN,0)
c¿,LL csvrs(DELN,0)
CALL GSVIS(BACK,0)
æTO 99

END IF
coTo 305

c
C ELEMENTAL MENU
c
3s0 cALL BOX(0.0,59.0,33.,100.,LTBLUE)

TEST{
CALL cSVIS(NODES,0)
cALL GSVIS(ELEMS,0)
CáIL GSVIS(FILE.O)
cArL csvts(vtEw,o)
CALL CSVTS(QUrT,0)
CALL GSVTS(HELP,0)
CALL CSVIS(MAKEET,1)
CALL GSVIS(MAKEES,T)
CALL GSVIS(DELE,1)
cALL GSVIS(BACK,l)

355 CALLcTX(0.0,90.,'ELEMENT MBNU)
CALL CRQPKO,2,II,SEG,JÐ
IF(SEG.EQ.MAKEET) GOTO 29

lF(SEc.EQ.MAKEES) GOTO 30
IF(SEG.EQ.DELE) C,OTO 50
IF(SEG.EQ.BACK) THBN
CALL CSVTS(MAXEET,O)
CALL CSVTS(MAKEES,0)
CALL CSVTS(DELE,o)
CALL GSVIS(BACK,o)
coTo 99
END IF
c,oTo 355

c999 CALLCLOSE
999 END
c
c **xx***************+****x*xxxx**
c

SUBROUTINE
DRAW(PN,NEC,NN,NE,XMN,XMX,YMN,YMX,INF,IEF,JN,JE)

REAL PN(200,2),XÀO{"XMNX(4),Y(4),DY,\ A4X,yMN
TNTECER NEC(100,6),NN,NE,rNF(200),rEFO 00),JN,JE
CHARACTER*12 BUF

C LOOPS TO DRA'W CRAPHIC CHECKS OF CEOMETRY
c
c +** Dtu{wtNG ELEMENTS ***
C

C{LL GSELNT(I)
CALL CSLWSC(1.0)
CAIL CSWN(1 XMNXMX,YMN,YMÐ
CAIL BOXCXMN,YMN Xì\0(,YlrD(,3)
cAtL cSFAIS(1)
DY=YMX-YMN
CALL GSPLCI(5)

CALL GSTXC(s)
c¿,LL GSFACI(10)
cALL CSCHH(DY/50.0)
IF(JS.EQ.I) THEN
DO 4 l=l ,NE
lF(rEF(r).EQ.0) GOTO 4
x(1 )=PN(NEC(l'l),1)
x(2)=PN(NEC(l'2),1)
x(3)=PN(NEC(1,3),1)
Y(l )=PN(NEql,l)'2)
Y(2)=PN(NEql,2),2)
Y(3)=PN(NEC(l'3)'2)
x(4)=x(1)
Y(a)=Y0)
CALL GFA(4X,Ð
cALL CPL(4,X,\')
X(4){X(1 )+X(2) +x(3))Ë.0
Y(4){(l )+Y(2)+Y(3))/3.0
WRITE(BUF,*) I
CALL cTX(X(4)-DYt.0,Y(4),BUÐ

4 CONTINUE
END IF

tz5

C DRAWING NODES
c

rF(JN.EQ.1) Tl'tEN
CALL CSTXCI(I I )
DO 2 I=I,NN
IF(rNF0).EQ.0) COTO 2
x(1)=PN0,1)
Y(l )=PN(1,2)
WRITE(BUF.+)I
c¿'LL GTX (X( 1 )- DYr.0,Y ( 1 ),8 U Ð
CALL GPM(1,X,Y)

2 CONTINUE
END IF

c
CALL BOXo(MN,YMNXMX,YMX,l 2)
c¿.LL GSCHH(2.0)
CALL GSELNT(2)
CALL CSTXCT(5)
CALL CSLWSq3.o)
cAtL GSPLCt02)

RETURN
END

c
c********************+************
c

SUBROUTINE
SEARCH(NN,PNXMN.XÀD(,YMN,YTDO

REAL PN(200,2) j{MN,XN.fX,YMN,YMX,DY,DX
INTEGER NN
YMN=100.0
XMN=100.0
xÀ4{{.0
YMX={.0
DO 50 l=l,NN
IF(PNO,1).CT,XMX) THEN
XMX=PN(1,1)
END IF
IF(PNO,2),CT.YMÐ THEN
YMX=PNO,2)

END IF
rF(PN(l,r).LTXMN) THEN
XMN=PN(l,1)
ENIJ IF
IF(PN(I,2).LT.YMTÐ THBN
yMN=pN0,2)

50 END IF
DY=YMX-YMN
DX=XMX-XMN
IF(DY.CT.DÐ THEN
XMX=XMN+DY

ELSE
YMX=YMN+DX

END IF
DY=Y¿¡.YY¡¡
DX=XMX-XMN

l14N=YMN-0.05*DY
YMX=YMX+0.05*DY
XMN=XMN'0.05*DX
XMX=XMX+0.05*DX

DY=YMX-YMN
DX=)GIX-XMN

RETURN
END

cxxx********************xxx*****************xx*x*********

SUBROUTINE CLOSE

* CLOSEGKS
CALL CDAWK (O)

cArL GDAVr'K (r)
CALL GCLWK (o)

CALL GCLWK (1)

CALL GCLKS 0
cLosE (14)

RETURN
END

SUBROUTINE OPENCXMN,YMN,XMX,YMÐ
C OPENGKSANDSETVIEWPORTANDWNDOW

INTEGER+2 ERR,DCUNITXRAS.YRAS



REAL
XDcMx,YDcMX,SCALEXNDC,Y NDcXMN Xlvo(,YMN,YMX

CHARÂCTËR*I2 PROMPT

Pfompti
OPEN (14,FILÊJERRORS)
CALL COPKS (14,1 024)
CALL GOPWK (0,0,0)

CALL COPWK (1,0,1)

CALL GACWK (0)

CALLCACWK (l)
CALL CQDSP (I,ERR,DCUNIT,XDCMX,YDCMXJRAS,YRAS)
IF CXDCMX.GT.YDCMX) THEN

SCALE=XDCMX
ELSE

SCj.I-E=YDCMX
END IF
XNDGXDCMX/SCAI-E
YNDGYDCM)VSCALE

c
C TRANSFORMATION #1

c
c¿,LL CSWN (1 XÀ4N.XMX,YMN,YMÐ
CALL GSVP (1,0.0,0.73*XNDC,0.0,YNDC)

c
C TRANSFORMATION #2
c

CALL GSWN (2,-1.0,34.0,-1.0,1 01.0)
CALL GSVP (2,0.74*XNDC,XNDC,0.0,yNDC)

CALL GSWKWN (r,0.0,XNDC,0.0,yNDC)
cALL GSWKVP (1,0.0XDCMX,0.0,yDCMÐ
CALL CSELNT (1)

CALL CSTXFP (-101,2)

CALL GSLCM(r,2,0,r)
CALL

GINST(1,1,1 2,PROMpT,l,0.75*XDCMX,XDCMX,0.5*yDCMX,0.6*yD
cMx,12

&,1,10,PROMPT)
CALL

GINPK(1,2,r,1,r, r,0.?5*XDCMX,XDCMX,0.0,yDCMX,l0,pROMpT)
RETIJRN
END

c
c****x*************************************************x*

c
subroutinc box (miD,YMlN,xmx,yru,lC)
rcâI xmiD, tmi¡r Max, ynux,x(5), y(5)
INTECER IC

c
x(l) = min
y(t ) = ynin
x(2) = xMx
v(2) = vm¡
x(3) = ¡6¡
y(3) = ymx
x(4) = min
y(4) = ymx
x(5) = miD
v(5) = vm¡
rF 0c.EQ.l2) THEN
cÁtl- GsFAls(0)

ELSE
CAIL GSFAIS(1)
ÊND IF
CALL GSFACI(IC)
catl gFA (5, x, y)

Ètum
cnd

c
c* *** * * * *r*******

c
SUBROL'TINE RND(X,Y,PN,NUM,NM
REAL X,Y,PN(200,2),DIST,TEST
INTECER NUM,NN

c
C THIS SUBROUTINE FINDS THE CLOSEST NODE TO THE PICK
POINT
c

NUM=l
TEST{(X-PN(1,1)**2.6*(Y-PN(1,2)**2.0)*+0.50
DO l0 I=2,NN
DIST{(X-PN(l,l ) )**2.0+(Y-PN(1,2))**2.0)**0-50
IF (DIST.LT.TESÐ THEN
TEST=DIsT
NUM=I

END IF
1O CONTINUE

RETURN

20
25

15

10

c
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END
c
c ********+******xxx**f **+**********x*x*

c
SUBROUTINE CT{ECK(NN,PN,NE,NEC,INF.IEF)

c
C THIS SUBROUTINE CHECKS THE DATA FOR DOUBLE NODES
AND
C COMPRESSES THE DATA TO ITS LOWEST NUMERICAL ORDER.
c
C ¡*A AS OF OCTOBER 24 1991, THERE'S A BUC IN THIS ROUTINE
C I** T}IE BUG DELETES SOME MIDSIDE NODES FOR UNKNOWN
REASONS!!
c

REAL PN(200,2),TEST,D UM
INTEGER

NN,NE,RNE,RNN,NECO 00,O,tNF(200),tEF(1 00)
TEST=0.01

c
C HERE, THE NODES ARE CHECKED FOR REDUNDANCY AND IF
REDUNDANT,
C THEY ARE ELIMINATED AND THE NEC VECTOR RENUMBERED
ACCORDINCLY.
c

DO l0l=l,NN-l
tFoNF(t).EQ.o) GOTO r o

DO 15 J=l+l,NN
rF(rNF(J).8Q.0) COTO rs
DUM< (PN(I,1 )-PN(J,1 ))**2.0 + (PN(I,2)-PN(J,2))*"2.0

)**0.50
IF (DUMTT,TEST) THEN

INF(Ð=0
DO 25 II=l,NE
IFOEF(II).EQ.O) GOTO 25

DO 20 JJ=l,6
IF( NEc(ll,JÐ.EQ.J) NEc(ll,JJ)=l

CONTINLIE
END IF

CONTINUB
CONTINUE

C NEXT, THE NODES ARE COMPRESSED TO THE LOWEST ORDER
POSSIBLE
c
C FINDING TOTAL NUMBER USED NODES

DO 27 I=l,NN
INF(l)=0
DO 27 J=l,NE
DO21 Jr=1,6
rF(NEqJ,JÐ.EQ.r.4ND.r EF(J).EQ.r ) rNF(r)=l

21 CONTINUE
RNN=0
DO 301=1,NN

30 IF(lNF(l).8Q.1)RNN=RNN+l
NN=RNN

c
CSHIF'I'¡NG DOWN NODES

K{
DO 35 I=I,RNN

3l K=K+l
rF(rNF(K).8Q.0) GOTO 31

PN(l,l)=PN(K.1)
PN(1,2)=PN(K.2)

c
C RENUMBERING ELEMENT CONNECTVITY MATRIX
c

DO 33 J=l,N8
DO 33 JJ=l,6

33 rF(NEC(J,X).EQ.K)NEqJ,JÐ=r
INF(l)=l

35 CONTINLIE
DO 40 I=NN+l,200

40 rNF(r)=0
c
C ELEMENTS ARE NOW CÐMPRESSED TO LOWEST NUMERICAL
ORDER
c

RNP=0

Do 50 I='l,NE
50 lF(lEF(l).8Q.1) RNE=RNE+l

NE=RNE
c
CSHIMNGDOWN

K=0
DO s5 I=1,RNE

51 K=K+1
rF(rEF(K).EQ.0) COTO 51

NEql,1)=NEqK,1)
NEql,2)=NEqK,2)
NEql,3)=NEqK,3)
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NEql,4)=NEC{K,4)
NEql,5)=NEC{K,s)
NEc(1,6)=NEc{K.O

55 rEF(Ð=]
DO 60 l=RNE+1,100

60 IEF(I)=0
c
C RESEÏfING MIDSIDE NODES
C

DO70l=1,N8
PN(NEc(I,4),1 )< PN(NEC(l,l),1 ) + PN(NEC(1,2),1)

)2.0D+00
PN(NEco3),2){ PN(NEC(l,l ),2) + PN(NEc(1.2).2)

)2.0D+00
PN(NEC(r,5),1 )=( PN(NECo,3),1 ) + PN(NEC(r,2),1)

)2.0D+00
PN(NEc0,s),2)< PN(NEc(1,3),2) + PN(NEc(1,2),2)

)2.0D+00
PN(NEco,O,l)< PN(NEC(r,3),1) + PN(NEC(r,1),1)

),2.0D+00
10 PN(NEC(1,6),2)=(PN(NEC(Ì,3),2)+PN(NEcr(I,l),2))/2.0D+00

RETURN
END
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PROGRAM UNDER-GATE_FLOW READ(2,+) (NvA(D,l=l,LENCTll-1)
c cLosE(UNIT=2)
C FINITE ELEMENT PROCR¡"V TO SOLVE POTENTIAL C
C FLOW TLIEORY 2-D PROBLEMS C *T* OPEN OUTPUT FILES ***cc
C NOMENCI-ATURE o¡æn(mie4,hlcJVALUES.OUT)
C OPEN(UMT=5,FILE:NEWGEOM.DAT)
C NE NUMBER OF ELEMENTS OPÊN(UNIT=6,FILEJANIN{ATE.DAT)
CNN NUMBEROFNODES
CNDN NUMBEROFDEFINEDNODES C
CPN NODALLOCATIONS C***OPENINGOKSENVIROMENT***
C KL LOC¿,L STIFFNESS MATRIX C
c QL LOCAL FORCE VECTOR C *** SEARCH FOR I-ARGEST DIMENSTONS *'*
CNOC NUMBEROFBCfiPE0=ENTRANCEEDGE XÀ.{X=0.0D+00
C t =EXITEDGE YMX=0.0D+00
CNOE NUMBEROFELEMENT DOSOI=I,NN
CNOS NUMBEROFSIDEONELEMENT ÍF(PN0,I).GTJC\,íX)THEN
CKE GLoBALSTIFFNESSMATRIX XMX=PN(I,l)
CQE GLOBALFORCEVECTORANDRETURNEDPOTENTIAL ENDIF
C NEC NODAL ELEMENTAL CONECTIVITY IF(PNO,2).GT.YMÐ THEN

YMX=PN(1,2)
CU HORIZONTALVELOCITYATNODÊ 50 ENDIF
CV VERTICALVELOCITYATNODE DUM=1.36111*YMX
CP PRESSUREATNODE IF(XMX.LT.DUM)THEN

XMX=DUM
CA AREAOFELEMENT ENDIF
C C,B DISTANCES USED IN B MATRIX DUM=0,73694*XNÎX

IF(YÀd(,LT.DUM) THEN
CSL SIDELENGTHOFANELEMENT YÌvD(=DUM
CNHIT TOPNODEOFHEADIN ENDIF
CNHIB BOTTOMNODEOFHEADIN CALLOPENCX]ID(,YMÐ
CNHOT TOPNODEOFHEADOUT C
CNHOB BOTTOMNODEOFHEADOLTT CCOLOURINDEXES
CQI FLOV/IN C GREENTÊXT
cQo FLOWOLT CALLGSCR(1,13,0.2,0.9,0.2)
CzI FREESURFACEHEIGHTOFFLOWIN C LICHTBLUEELEMENTSANDNODES
czo FREESURFACEHEIGHTOFFLOWOUT C¿,LLCSCR(1,11,0.9,0.0,0.9)
CHI HEADIN C REDVELOCITYVECTORS
cHo HEADOLr CALLCSCRO,14,1.0,0.6,0.O

C BLACK
czLR I-AGRAINGIAN MATRIX CALLGSCR(1,15,0.0,0.0,0.0)
CZDL SHAPEFUNCTIONDERIVATIVEMATRIX C
C ZDXY REAL IVORLD DERIVATIVES C PRESSURE CRADI ENT CÛLOURS
cc
C CKS VARIABLES OPBN (UNIT=9,FILEJCìOLOUR.MAP)
C X Y POSITION ARRAYS rcad(9,*) CCN
c xMx YNrx MAXTMUMS rF(CCN.CT.I2) CCN=I2
C DO 5I I=,I,CCN

REAL*s READ(9,*)RED,CRN,BLU
KE(190,190),QE(r 90),PN0 90,3),KI{6,O,QL(O,SUM 51 CALL cSCR(l,r,RED,CRN,BLU)

REAL*8 C(3),8(3)/4!U(190),V(190),P(1 90),\¡IVLAX,SF(15) CLOSE(UNÌT+)
RÊAL*8 C

DUM,CRAV,HT,HO,Z,ZO,QO,QÌ,DENS,Q(I90),TEST,MAX C FrLL COLOUR,STYLE
REAL*8 CALLCSFACT(12)

ZLR(2,3),ZDL(3,6),2ÐXY(2,O,TEMP,CTONCRI,DIFF CALL CSFATS(0)
REAL*S SH,SL,PA,PB,ST,PMIN,PMAX,PSCA C LINE CÐLOUR,STYLE
REAI X(7),Y(7),XN[X,YMX,S,T,RED,CRN,BLU CALL GSLN(I)
II'ITECER CALL cSPLcI(Il)

NEq100,6),NOq100),NOSO00),CCN,NrS(10),NVA(6) C MARKER TypE, COLOUR
INTEGER CALLGSPMCI(I])

n\OE(100),NFN(7,4),ITLIM,LENGTH,DEPTH,WIDTH CÁfL cSMK(l)
CHARACTER*32 BUF C TEXT REPRESÊNTATION
ITER{ C HEIGHT,COLOUR,ALIGNMENT
PMAX=o.0 CA,LL GSTXFP(-101,0)
PMIN=IOO.O CALL GSCHH(YMXß2.50)

c CÂLLCSTXC(I3)
CALL GSTXAL(1,5)cc

OPEN(UNIT=2,FILEICEOM.DAT) C **************4 *********
REÄD(2,1 NE,NN,NBC CLOOPS TO DRAW GRAPHICCHECKS OFCEOMETRY
DO l0 l=l,NE c

10 READ(2,*) C DRAWING NODES
J,NEC(J,1),NEqJ,4),NEC(J,2),NEqJ,5),NEC{j,3),NEqJ,O C

DO2ot=l,NN CALLC,CLRWK(1,1)
20 REÁ.D(2,*)J,PN(J,1),PN(J,2) CÁLL6TX(-0.1*XMX,-0.1*YMX,'NODALPL9T)

Do 30 t=l,NBc cAr-L cscHH(yttfx/48.75)
30 READ(2,*) J,NOC(J),NOE(J),NOSU) DO 2 r=t,NN

READ(2,*)NHIT,NHIB PN0,3)=PN(I,2)
RFAD(2,*)NHoT,NHoB WRITE(BUR*) I
RFAD(2,*)WIDTI.I X(l)=PN(I,l)
READ(2,') (NIs(l),1=1,wlDTH) Y(I)=PN(I,2)
READ(2,T)LENGTH,DEPTH CAIL CTXTX(1)-XMX/IO.O,Y(I ),BUÐDO33I=1,LENGTH 2 CALLGPM(I.X,Ð

33 READ(2,") (NFN(I,J),J=1,DEPTIÐ PAUSE
READ(2,*)CONCRI,ÌTLÌM cj,LL ccLRwK(1,1)
REAq2,*)GRAV.DENS C
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c *'r DRAWTNC ELEMENTS **i
c

cArL GSCHH(YÀfiÆ2.50)
CALL CTX(,0.1*Xt"D(,-0.1*YMX,', ELEMÊNT PLOT)
cÁI-L cscHH(YMX/48.75)
DO 4 I=1,NE
x(1)=PN(NEC0'l)'1)
x(2)=PN(NEC0'2)'l)
x(3)=PN(NEC(l'3)'1)
Y(1 )=PN(NEC(1,1 ),r)
Y(2)=PN(NECrl,2),2)
Y(3)=PN(NEC(l'3)'2)
X(a)=X(l)
Y(4)=Y0)
CALL GFA(4,X,Ð
x(4)<xO )+x(2)+X(3)/3.0
Y(4)={Y(i )+Y(2)+Y(3))Æ.0
WRITE(BURT I
cé,LL GTXø(4)->G4X/t 0.0,y(4).ìî,f X/50.0,8UÐ

4 CONTINUE

c
c r**+rrr*x*****xx*********r******
C *** ì\,f]A]N LOOP TO CALCUTATÊ STFFNESS MATRTX ***

c
C *** CALCULI\TING FLOWVAIìLABLES **+
c
I5 ZI=PN(NHIT.2)

ZO=PN(NHOT,2)
HI=PN(NHIT,2)-PN(NHIB,2)
Ho=PN(NHoT,2)-PN(NHoB,2)

c
c *** cALcuLA't]NC FLOW IN AìVD OUT ***
c

QI=2.0D+00*GRAV*(Z-ZO)
QI=QI/(HI/tlO)*12 - 1 .0D+00)

Ql{QI)**0.sD+00
QO=Qt*HrlHO

c
c *** REGENERATE MIDSIDE NODES ***
c

DO 35 I=1,NE
PN(NEC0,4),1 ){ PN(NEc(I,1),1 ) + PN(NEc(I,2),1)

)/2.0D+00
PN(NEc(l'4),2){ PN(NEc(1,1 ),2) + PN(NEc(1,2),2)

)/2.0D+00

)r2.0D+00

)2.0D+00

PN(NEc0,5),1 )< PN(NEC(1,3),1 ) + PN(NEc(1,2),1 )

PN(NEc0,5),2){ PN(NEc(1,3),2) + PN(NEc(1,2),2)

PN(NEc(1,O,ì)=( PN(NBc(I,3),1) + PN(NEc(l,l),1)
)r2.0D+00
3s PN(NÊqÌ,6),2)< PN(NEC(Ì,3),2) + PN(NEC(Ì,1 ),2) )/2.0D+00
c
c *** RESET CLOBAL MATRIX +.'
c

DO 39 t=l,NN
PN(1,3)=PN(l'2)

QE(l)=0 0D+00
DO 39 J=1,NN

39 KE(1,Ð=0.0D+00

c
C *** LOOP THROUGH ALL OF ELEMENTS ***
c

DO 55 I=l,NE
c
C *** RESET'NNG LOCAL VALUES *+*
c

DO 60 K=1,6

QUK)=o'oD+oo
DO 60 li=l,6

60 KL(K,I)=0.0D+00
c
c *** cALcutATtNc c's B's A¡tD AIìEA ***
c

cArL AB q I,PN, NECiA, B,C)
c
C *** CALCUIATING KL MATRTX *+*
c

CALL LOCAL(KL,A,B,C)
c
C *TT CALCULATING LOCAL LOAD VECIOR ***
c

DO 65 J=l,NBC
tF(NOE(J).EQ.r) THEN

tF(Noc(J).8Q.0) THEN
cArL slDE(NOS(Ð.C,B,SL)
CALL FoRcE(QL,Nos(J),-1.0D+00"QI,sL)

ELSE
cALL SIDE(NOS(Ð,C,B,SL)
cALL FORCE(QL,NOS(Ð,Qo,sL)

END IF
END IF

65 CONTINUE
c
C **+ ADDINC LOCAL MATRIX INTO CLOBAL N,ÍATRIX '**
c

DO70 J=l,6

QE(NEc(l,J))=QE(NEql,J))+QL(J)
DO ?0 K=l,6

KE(NEc(l,J),NEc(l,K))=KE(NEc(l,J),NEQI,K))+KL(J,K)
7O CONTINUE
c
C *T* END OF MATRIX GENERATION ++*

c
55 CONTINUE
c
C *"+ CONSTANT PRESSURE ON FREE SURJIACB ***
c

KE(NFN(LENGTH,l ),NFN(LENGTH,I ))=1.0D+30
QE(NFN(LENGTH,I)) = l.0D+32

c

Q(NFN(LENGTH,1))=Qo
DUM= 1.0D+02

c
DO ll0J=LENGTH,Z,I
I=NFN(J-I,I)
K=NFN(J,I)

c
Q(l){ 2.0iGRAv*(PN(K,2)-PN(1,2)) +Q(K) **, )*'0.50
sL< (PN(K,1 )-PN(r,l))**2 + (PN(K,2)-pN(r,2))**2

)*+0.50
DUM = DUM - (Q(K)+Q(l).sl/2.0
KE(lJ) = l.0D+30

110 QE(D =DUM*I.0D+30

c
c
C *** THE SOLVER WE USE IS A CAUSS-JORDAN SOLVER ***
c
't4 CALLGSCHH(Y¡/X/32.50)

cArL CLEARWORDSTXÀ4X,Y MX)
CALL JORDAN(KE,QE,NN,XMX,YMÐ

c
C LOOP TO CALCUI"{TE VELOCITIES AND PRESSURES
c

VMAX=0.0D+00
DO 80 t=l,NE

c
C *** CALCUT/\TING C's B's AND AIìEA ***
c

cALL AA q I,P N, N EC¡,,8,C)
c
C *** N4AKE L{CfuA}IGIAN MATRTX ***
c

cq,LL MAK EZL R(A,B,C,ZL R)
c
C T*T LOOP AROUND E¿{CH NODE ***
c

DO 90 J=l,6
c
C *** MAKE SHAPE FUNCTION DERIVATIVES '**
c

CALL MAKEZDL(J,ZDL)
c
c *** MAI(Ê REAL WORLD DERIVATMS ***
c

cALL MAKEZDXY(71,R,7ÐL,T)XY
c
C *** CALCUIÁTE U A]\TD V VELOCITIES ***

U(NEC(l'¡)=0.0D+00
v(NEql,J))=0.0D+00

c *** LooP THROU
DO t00 K=I,6
u(NEC(l,J)=U(NEc(l,J))TZDXY(1,K)"QE(NEC(l,K))
v(NEql,Ð)=v(NEc(1,Ð)+zDXY(2,K)*QE(NEql,K)

1OO CÐNTINUE
c
C.** CALCUIATE N¿{K VELOCITY ***

DUM< U(NEql,J)*x2 + V(NEC(I,Ð)r12 ) **0.5D+00

IF(DUM,CT.VMAX) THEN
VMAX=DUM
JJ<NEC(I,¡)
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END IF
90 CONTINUE
80 CONTINUE

c
c 'r* PLOïn^ûG VELOCTTIES ***
c

CALL GCLRWK(1 ,r )
c
C DRAWING ELEMENTS
c

CALL CSFACI(I2)
DO 94 I=i,NE
x(1)=PN(NEC(l'l )'1 )
x(2)=PN(NEC(l'2)'l )
x(3)=PN(NEC(l'3)'l )
Y(1)=PN(NEql'1)'2)
Y(2)=PN(NEql'2)'2)
Y(3)=PN(NEql'3),2)
x(a)=X(l)
Y(4)=Y0)

91 C'ALL CFA(4.X,Y)
c
C DRAWING VELOCITY VEC'TORS
c

CALL CLEARWORDS(XMX,YMX)
CALL GTX(-0.1 *XMX,-0.r*YMX,', VELOCITY VECTOR

PLOT )
CALL GSPLCT(14)
cALL CSTXCT(13)
DO 111 I=l,NN
x(1)=PN(l'l)
Y(1)=PN(l'2)
X(2)=X(1 )+(U(l)/1 0.)*m/w
Y(2)=Y(l )+0fi0)/l 0.)*mx/\mx
c.{tL cPL(2X,Ð
IF(I.EQ.JJ) THEN

s=PN0,r)
T=PN0,2)
END IF

111 CONTINUE
cALL cTX(S,T,,MAX)

c
c *** NoRMAL VELOCITY ON FREE SURFACE **+
c

cArL GSPMC(3)
SUM=0.0

C LOOP THRU SUR¡ACE
DO 125 I=2,LENGTH

C DEPTH OF NETWORK
DUM=PN(NFN(1,1 ),2)-PN(NFN(I,DEPTH),2)

C SET SCALE FACTORS
DO 127 J=l,DEPTH
TEMP=PN(NFNO,I ),2)-PN(NFNO,¡,2)
TEMP=TEMP/DUM

1N SF(J)=I.GTEMP
C FÌND FLOW AND SURFACE SLOPES
c
C THIS VERSION USES AN MIDSIDED NODE VELOCITY SLOPE
c

DUM=V(twA(r-r ))/U(NVA(t-1 )
TEMP{PN(NFN0,r),2)-PN(NFN(r-

1,r),2)/(PN(NFN(r,l ),r)-PN(NFN
&(r-r,1),1)

DIFF<DUM.TEMP)
SUM=SUM+0.2*DIFF+(PN(NFN(l,l ),1)-PN(NFN(l-

1,1 ),r )
C MOVE NETVr'ORK LINE

DO 128 J=l,DEPTH
128 PN(NFN(I,Ð,2)=PN(NFN(l,J),2)+sUM*sF(J)

c
C PLOT NEW NODE POSITIONS
c

DO 130J=l,DEPTH
x(l )=PN(NFN(l'J)'l )
Y(l )=PN(NFN0'J)'2)

130 CALL CPM(IX,Ð

125 CONTINUE
C
C IN SURFACE BY PRESSURE HEIOHT VARYINC
c
C F¡ND PRESSURÊS

DUM=QI*QI*DENS2.0 + PN(1,2)*DENS*CRAV
DO 120 l=1,NN

Q(l){ U(l)**2.0 + V(l)**2.0 )**0.50
120 P0)=DUM - Q0)*Q(I)*DENS/2.0 - PN(1,2)*DENS*GRAV
c
C MOVE SURFACE

DO r2r I=t,WÌDTH
121 PN(NIs(l),2)=PN(NIs(l),2)+P(N¡S(l))/GRAV/DENS
c
c *** cHEcK FOR CO
c

MAX=0.0D+00
DOll5I=2,LENGTH
TEST= DABS (PN(N Fnù( l, I ),2) - P N (NFN( I, 1 ),3)
lF(TEST.GT.MAÐ MAX=TEST

II5 CONTINUE
DO I16 I=I,\¡r'IDTH
TEST=DABS(PN(N IS(I),2)-PN(NIS(D,3)
IF(TEST.GT.MAX) MAX=TEST

116 CONTINUE
WRITE(BUF,*) MAX
Cá'LL GTX(0.0,'1.01 *YMX,BUÐ
IF(MAX.LT.CONCzu) COTO 98

IF0TER.CT.tTLtM) GOTO 97
ITER=ITER+1
coTo 15

c
c *** CoNVERGENCE HAS HAPPENED ***
c
98 CALLCLEARWORDS(XMX,YMÐ

CALL GTX(.0.1 *XNfX,-0.1 *YMX,', CONVERCENCE
HAS HAPPENED )

croTo 135

c
c *** END OF ITERÁïONS *1+

9'7 CALLCLBARVr'ORDS(XMX,YMÐ
CALL CTXCo.l *XMX,-0.1 *YMX,' END OF

ITERATIONS )
c
c *** cALcuL/tTE PRESSURE LOOP **+
c
I35 PAUSE

WRITE(4,*)' ITERATION 

"tTERWRITE(4,+)'Vin =r,QI
WRITE(4,*)'Vout =',QO
wRrTE(4,*)
vTRITE(4,*)' NODAL VALUES '
vTRITE(4,*)
DO 137 I=l,NN
,F( P(l).LT.PMIN ) PMIN=P(l)
rF( P(D.GT.PMAX ) PMAX=P(r)
wRrTE(4,*) FOR NODE #"r
WRITE(4,Ð' X VELOC'ITY IS (rqls),U0)
.tr'RlTÊ(4,*) y VELOCITY tS (m/Ð"V(t)
WRITE(4,*) PRESSURE lS (kPa)',P0)/1000.0

137 WRITE(4,*)
c
c **1 WRITE NEW GEOMETRY FrLE ***
c

Vr'RITE(5,1 NE,NN,NBC
wRITE(6,*) NE,NN
DO 140 J=l,NE

r40 WRITE(5,141)
J,NEC(J,l),NEqJ'4),NEqJ.2),NEC(J,s),NEC(J,3),NEC(J

&,o
r4r FoRMAT(7I8)

DO 142 J=l,NN
P(J)=P(J)/1 000.0D+00
wRITE(6,*) J,PN(J,r ),PN(J,2)

r42 WRITE(5,r) J,PN(J,1),PN(J,2)
PMIN=PMIN/I000.0
PMAX=PMÐVI000.0
DO 144 J=1,NN

144 WRITE(6,*) U(J),V(J)
cl-osE(UNIT=s)
cLosE(uNIT=6)

r43 FORMAT(F7.2)
c
c *** PRESSURE PLOT.flNC ROU'ÌlNE ***
c

CALL GCLRWK(1,1)
CALL GSFAIS(3)
x(l)=20 0
x(2)+(1)
x(3)=21'3
x(4)=x(3)
x(s)=Y11¡
Y(ì)=16'0
Y(2)=5'0
Y(3)=5.0
Y(4)=16 0
Y(s)=Y(1)
CALL CSFAC1(t2)
CALL cFA(s,X,Yl
ci,LL GSFAIS(t)
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c
C SETSCAIE
c

PSCA{PMAX-PMIN)f LOAT(CCN)
Vr'RITE(4,i)' PMAXJ,PMAX
wRITE(4,*)' PMINT,PMIN
wRITE(4,*)' PSCAT,PSCA

c
C LOOP THRU ELEMÊNTS
c

CALL CSTXFP(-1 0r,0)
DO 155 I=1,NE

C wdte(4,*)'cle¡ftnt./iJ,i
c
C LOOP THRU CONTOURS
c

DO ló0 J=l,CCN
cALL CSFACT(Ð
K=0
SH=PMIN + PSCA*FLOAT(Ð
SL=SH-PSCA

C rvritc(4,*)'scuchvaluesj,sl,sl:
c
C LOOP THRU SIDES OF ELBMENT
C

DO 170 lFl,3
C SET NODB NUMBERS

NA=NEC0,L)
NB=NEc(l,L+l )
rF(L.EQ.3) NB=NEqr,l)
pA=p(NA)

PB=P(NB)
IF(P(NA).EQ,PMAX) THEN

S=PN(NA,1)
T=PN(NA2)
CALL GTX(S,T,',MAX)
END IF

IF(P(NA).EQ.PMIN) THEN
s=PN(NA,l)
T=PN(NA,2)
CA,LL CTX(S,T,'MtN)
END IF

C writc(4,*)'prc.ru*sæ=',pa,pb
c
C IF STRUCTURE FOR FINDING VALUES
c
C IF BOTH OTJT OF RANGE

IF(PA.LT.SL.AN D.PB.LT.SL) THEN
c wRrTE(4,*) BOTH OLn',

ELSE I F(PB.GT.SH.AND.PACT.SH) THEN
c WRITE(4,*)'BOTH OUil
CIF BOTH IN RANGE

ELSE
IF(PA.LE.SH"4,ND.PA.CE.SLáND.PB.LE.SH.4ND.PB,CE.SL) THEN
c wRtTE(4,*)'BOTT{ IN',

K=K+1
x(K)=PN(NA'1)
Y(K)=PN(N4,2)

C IF THRU RANGE I
ELSE IF(PA.LT,SLáND.PB.GT.SH) THEN

c WRITE(4,*)'THRU l'
K=K+l
cALL I NPL(pA,SL,pB,X,y,K,pN(NA,l),pN(NA,2),

& PN(N8,1),PN(N8,2)
K=K+1
cAr-L INPL(PA,SH,PBX,Y,K,PN(NA,1),PN(NA,2),

& PN(NB,I),PN(N8,2)
C IF THRU RANGE 2

ELSE IF(PB.LT.SL"A,ND.PA.CT.SH) THEN
c WRITE(4,*) THRU 2',

K=K+1
CALL r NPL(PA,SH,PB,X,y,K,pN(NA,l),pN(NA,2),

& PN(N8,1),PN(N8,2))
K=K+'l
CALL INPL(PA,SL,PB,X,Y,K,PN(NA,1 ),PN(NA,2),

& PN(N8,1),PN(N8,2)
C IF PA IN BUT PB OIIT

ELSE IF(PA"CE.SL.A,ND.PA.LE.SH) THEN
c wRrTE(4,*) PA rN PB OUT'

K=K+ì
x(K)=PN(NA'i)
Y(K)=PN(NA'2)
ST=SL
rF(PB.GT.SH) ST=SH
K=K+1

cÁIL INPL(PA,ST,PB.X,Y,K,pN(NA1 ),pN(NA,2),
& PN(NB,I),PN(N8,2)

c wRrTE(4,*)'rN MArN 

"X(K),Y(K)C IF PB IN BUT PA OTJ-T

ELSE IF(PB.GE,SL.AND.PB.LE.SH) THEN

c wRrTE(4,*)' PB rN PA OUT'
K=K+l
ST=SL
IF(PA.GT.SIÐ ST=SH

CALL tNPL(PA,ST,PB,X,Y,K,PN(NA,1 ),pN(NA,2),
& PN(N8,1),PN(NB,2)

END IF
C NEXTEDCEOFELEMENT
I70 CONTNUE
C INSURECLOSEDPOLYGON??

IF(K.GT.O) THEN
K=K+1
x(K)=xo)
Y(K)=Y(1)
END IF

c
C PLOTTING À C]ONTOIJR

c
IF(K.GT.o) CALL GFA(KX,Ð
K=0

C NEXTCONTOUR
IóO CIONTINUE
C NEXTELEMENT
155 CONTINTJE
c
C DRAWING ELEMENTS
c

CALL GSPLCI(r 2)
CALL GSCHH(YMX/37.5)
CALL GTX(-o.1 *Xt!fi 

,-0.1 
*YMX,' PRESSURE

CÐNTOUR PLOT )
DO 174 I=1,N8
x(l)=PN(NEC(1,1 )'1)
x(2)=PN(NEC(r,2)'1 )
x(3)=PN(NEco'3)'1 )
Y(1)=PN(NEql'1)'2)
Y(2)=PN(NEql,2)'',)
Y(3)=PN(NEql,3)'2)
x(4)i((1)
Y(4)=Y(1)

c CALL CPL(4,X,Ð
174 CÛNTINUE
c
C DRAVr' LEGEND
c
C SET X COORDS

XW=l.01+XMX
XO)=1.05*XMX
X(2)=¡'¡6*¡Y*
x(3)=x(2)
x(4)=x(1)
x(5)=x(1)
CALL CSCHH(YMX/37.5)

c
C LOOP THRU CONTOURS
c

cAtL GSCHH(Ytfx/4.o/FLOAT(CCN))
DO 180 I=l ,CCN
Y(3)=FLOAT(l) *YÀD(ÆLoAT(cCl.Ð

Y(l )=Y(3)-YNorÊ.0ÆLoAT(cc19
Y(2)=Y(l)
Y(4)=Y(3)
Y(s)=Y(l)
vTRITE(BUF,l43) (PMIN+l *PSCA)

cÁLL cTX( XW Y(3), BUF)
cArL GSFAC(Ð

r80 CALL GFA(s,X,Ð
WRITE(BUF,143) PMIN
CALL OTX( XW, 0.0,BUÐ
CALL CTX(XW+0.95,-0.05*YMX,'miß = kPâ')
PAUSE

CLOsE(UNIT=4)
CALL CLOSE

c
STOP
END

c
c******a********r ***+******r*****8*****

SUBROUTlNE CLBARWORDS(XMX.Y MX)
REé,L XÀ.O(X(4),Y(4),YN.O(
X(1)='0'1*XMX
x(2)=x(1)
X(3)=t'¡ +¡;ç1¡

x(4)-J(3)
Y(1)=4'1
Y(2)-01xYMX
Y(3)=Y(2)
Y(4)=Y(1)
cÁLL csFACl(15)
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c**'t'**4*4144444CALL GSFATS(1)
CÂLL GFA(4,X,Y)
CAIL CSFAIS(O)
RETURN
END

c f i ' 
r 
' '* 

* * *+ 8** * *

SUBROUTINE MAKEZLR(A,B,C,ZLR)
REAL*8 A,B(3),q3),ZLR(2,3)
A=A*2.0D+00
zLR(l.l)=B(l)/A
zLR(l'2)=B(2yA
ãR(1'3)=B(3)/A
7LR(2,1\4(rYA
zLR(z,2)<(2\/A
7-t R(2,3)1(3y^
RETURN
END

c
c** ** * * ** * * x* * * * +

**f**********

SUBROUTINE MAKEZDL(I,ZDL)
INTEGER J

REAL*8 ZDL(3,O,L1,L2,L3
Ll=0.0D+00
L2-{.0D+00
L3=0.0D+00
IF(J.EQ-I) THEN
Ll=1.0Dr00
ET.sE IF(J,EQ.2) THEN
L2=1.0D+00
ELSE IF(J.EQ.3) THEN
L3=l.0Dr0O
ELSB IF(J.EQ.4) THEN
L1=0.5D+00
L2-{.5D+00
ELSE IF(J.EQ.5) THEN
L2-{.5D+00
L3=0.5D+00

L1=0.5D+00
L3=0.5D+00
END IF
ZDL(I,t )=4.0D+00*Lll.0D+00
7ÐL(2,2Þ4.oD + oO* L2-1.ÛD+OO

ZDL(3,3)=4.0D+00*L3l .0Dr0'0
mL1,4)=+.0D+oo*L2
ZDL(1,O=4.0D+00*L3
7.DL(2,4)=4 OD+}0*L1
ZDL(2,5)=4.0D+00*t3
ZDL(3'5)-4.0D+00*L2
zDL(3'O=4.0D+00*L',l
RBTURN
END

c
c* i * T * *****+ * ****** * ******** * ***** I * I ** *** * * * **** * ****** *

SU BROUTI NE LOCAL(KL,A,B,C)
C THIS SUBROLNINE CA.LCUL.ATES THE
C LOCAL K MÀTRTX

REAL*8 KU6,O/4,,q3),8(3),s(3,3)
INTEGER I,J
DO 15 I=1,3
DO 15 J=I,3

15 s(1,¡<c(l)*c(Ð+B(l)*B(J))/M2.0D+00
c

KUI,r)=3.0D+oo*s(r,1)
KI-(1,2)-1.0D+00+S(1'2)
KU1,3)-1.0D+00*S(1,3)
KU1,4)=4.0D+00'S(1,2)
KU1,5){.0D+00
KUl,O=4.0D+oo*s(1 ,3)

c
KU2'2)=3.0D+00*S(2,2)
KU2,3)-1.0D+00*S(2,3)
K U2,4)=4.0D+00*S(1,2)
Kt{2,5)=4.0D+00*S(2,3)
KI{2,6){.0D+00

c
KIl3,3)=3.0D+00*S(3'3)
KL(3,4){.0D+00
KU3,5)=4.0D+00*s(2,3)
Kt(3,O4.0D+00*S(1,3)

c
Kl-(4,4)+.0D+00*(S(3,3)-S(1,2)
KU4,5)=8.0D+00*S(1,3)
KU4,O=8.0D+00*S(2,3)

c
KU5,5)--8.0D+00*(S( 1,1 ). S (2,3))

KU5,O+.0D+00*S(1,2)
c

KI-(6'O=8.0D+00*(S(2'2)-S(3,1 )
c
C FILLINC IN LOWBR HALF OF MATRIX
c

DO20l=2,6
DO 20 J=1,t-1

20 KL(r,J)=KL(J,Ð
RETURN
END

c
c* xxx ** * * ************ * +** * * *** ****

SUBROUTINE SIDE(NOS,C,B,SI)
C THIS SUBROUTINE CALCUI-ATBS THE
C LENGTH OFTHE SIDE NEED FOR THE
C BOUNDARY CONDITION CALCUTÀTION
c

REAL+8 C(3),8(3),Sr
INTEGER NOS
rF(NOS.EQ.l) THEN
sl{ c(3)xx2 + B(3r*2 ) **0.5D+00

ELSE IF(NOS.EQ.z) THEN
sl{ q1)**2+ B(l)*+2) tr0.5D+00

ELSE
sl{ q2)r*2 + B(t)**2 ) **0.5D+00

END IF
RETURN
END

r * * * * * * * * * ******* *** * * * * * +** ** ** * * ******

S uB ROUTINE JORDAN(A,Y,N,xu,ynx)
Ml*8 A(190,190),T,PlVOT,Y(t 90),8(l 90)
REAI- xmx,ym
INTECER I,N,NCOL
CHÀR-A,CTER*]2 BUF

s u B Ro urn N E MAK EzÐX\ (ZLR,DL,ZDXY)
REAL*8 ZL R(2,3),ZDL(3,O,ZDXY(2,O
INTEGER I,J

DO 5 l=l,6
ZDXY0,Ð=0.0D+00

5 ZDXY(2,D=0.0D+00
DO l0 I=ì,6
DO 10 J=I,3
zDXY(1,0¿DXY(1 J)+zLR(1,J)*ZDL(JJ)
mXY Q,I)=ZÐXY (2J)+zLR(2, J ) 

*ZDL( J,l)
1O CONTTNUE

RETURN
END

c
c* *** * ************* * * ***** * * * ** ** *

SUBROUTINE ABqI,PN,NEC"A,B,C)
C THIS SUBROUTINE CALCUIATES THE DISTANCES
C USED IN CALCUI.ATING K MATRIX AND Q VESIOR

REAL*8 PN(1 90,2),q3),8(3),A
INTECER I,N8C000.6)
c(3)= PN(NEC(1,2),1) - PN(NEc0,t ),1)
C(t)= PN(NEQI,3),1) - PN(NEC(I,2),1)

Q2)= PN(NEc(1,1 ),1) - PN(NEC(I,3),1 )
B(1 )= PN(NEql,2),2) - PN(NEC(I,3),2)
B(2)= PN(NEql,3),2) - PN(NEC0,1 ),2)
B(3)= PN(NEc(l,l ),2) - PN(NEC(I,2),2)
A=DABs(c0 )*B(3).c(3)*B(l ))/2.0D+00
RETURN
END

c

c-- --- - - - - - - - - - - - - - - - - -.

C Thìs subrouLiæ itrvctu m n x n mblx oû top
C of i$lf uing Câss-JordmclimiMtion tcchni$¡c
c-------------------------
c -.2 .1, .3 .5:7

CALL CSfiFP(1,0)
cALL GTXG0.1 0+XMX,-0.1 f yMX,',SOLVER

WORKINC)
cALL GTX(0.i 5'XMX,-0.1 *yMX,'tùisrJ)
w;tc(buf,*) n
cALL GTX(0.25*XMX,-0.1 *YMX,buf)
CALL cTX(0.55*XMX,-0.1 *YND(,'prc*rf )

do 50 i=1,n
WRITE(BUF.*) I
CALL GTX(0.65*Xìrd{,-0.1 *YMX,buf)
pivotd(i,i)
T=1.0d0Þivot
do 10 n@l=l¡

10 A(i¡øl)=A(i¡æl)/pivot
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do 40 k='l,D SUBROUTINE INPL(PASV,PB,X,Y,KXA,YAXB,YB)
if(k-Ð 20,40,20 c

20 pivot=A(K,i) c THIS SUBRoTJTINE Is A LINEAR INTERPoTATER
do 30 nøl=l¡ CTO FIND THE CÐNTOUR CORNER LOCATIONS

30 A(k,ncol)=A(k,næl)-A(i,ncol)+pivot C
A(k,i)-pivot"T REAL*8 PA,SV,PB,XA,XB,YA,YB

40 continuc REALX(?),Y(7)
50 A(i,i):T x(K){xA+(xB-xA)'(sv-pA)/(pB-pA))

CìALL GSTXFP(-101,0) y(K){yA+(t¡B_yA)*(sv_pA)/(pB_pA))
C RETURN
CMULTILPYTOGETANS\¡/ER END
c

DO 11 l=1,N
B(l){.0D+00
DO 31 J=l,N

31 B(l)=B(l)+A(l,J)*Y(Ð
11 CONTINUE
c

DO41 I=t,N
4l Y(l)=80)
c

RETURN
END

c* * * ******** * * * * *

SUBROUTINE OPEN(XMX,YMX)
C OPEN CKS AND SET VIEVr'PORT AND WINDOW

INTEGER*2 ERR,DCUNITXRAS,YR-AS
REAL XDCMAX,YDCMAX,SCALEXNDC,YNDCXMX,YMX
OPEN (la,FILE='ERRORS')
CAI_L GOPKS (14,1024)

CALL COPWK (0,0,0)

CALL C,OPWK (1,0,1)

CALL GACWK (o)

CAI-L GAC1VK (1)

CALL GQDSP
(T,ERR,DCUNITXDCMAX,yDCMAXXRAS,yR¡'S)

IF CXDCMAX.GT.YDCMAX) THEN
SC.ALE=XDCMAX

ELSE
SCALE=YDCMAX

END IF
XNDGXDCMAX/SCALE
YNDGYDCMÐVSCÁIE
C.ALL CSWN (1,-0.1 *XÀÐ(,1.1 +XMX,-0.1 *YMX,t.1 *yMX)
cALL GSVP (r,0.0XNDC,0.0,YNDC)
CALL GSWKWN (l,o.0XNDC,0.0,YNDC)
CALL CSWKVP (l,0.0,XDCMAX,0.0,yDCMAÐ
cÀLL GSELNT (1)

CALL GSTXFP (-101,2)

RETURN
END

SUBROUTINE CLOSE

* cl-osBcKs

CALL GDAWK (0)

cArL GDAWK (1)

CALLCCLWK (0)

CALL CCLWK (l)
CALL CCLKS 0
cLosE (14)

RETURN
END

c***x************ *****x*r*************x
SUBRoUTINE FORCE(QL,SN,VAL,St)
REAL*8 VAL,QL(O,SI
INTECER SN

IF(SN.EQ.1) THEN

QL(l)=sl*vAU6.0D+00
QL(2){L(r)
QL(4)=4.0D+oo*QL(t )

ELSE IF (SN.EQ.2) THEN

QL(2)=SI*VAI-/6 0D+00

QL(3){L(2)
QL(5)=4.0D+00iQL(2)

ELSE

QL(3)=SItVAt /2.0D+00

QLO){L(3)
QL(6)=a.0D+00rQL(3)

END IF
RETURN
END

c
cr * + * ********** *** ********** * * + + * x** * * * * ******* * xx* * + f I * *

c
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Appexadüx B3

N\PUT PROGR.AM



PROCRAM MHYFEC_INPUT
C
C THIS IS THE PREPROCESSOR FOR MMiroba HYd¡o Fi¡ri(c Elcmnr
Code
C
C Vr'RITTEN BY:
c Douct-A.s c. scoT'r
C MECH.ENG.GRADUATESTUDENT
C NOVEMBERIDECEMBER/JANUþRY 1991/1992
c
C ITIS DESIGNED TO DEVELOPE FINITE ELEMENTMODELS
OF
C 2 AND 3 DIMENSIONAL STRUCTURES AS WELL AS AXIS.
SYMMETRIC
C OBJECTS.AS OFJANUARY 1992,THE2DAND 3D HAVÊ
BEEN
C IMPLEMENTED. AXISYM \¡/ILL DEPEND ON FURTHER
DEVELOPEMENT
C AS ITNOTREQUIRED BYHYDROAND NOTIME FOR
WR]TING EXISTS.
c
c
C VARIABLELIST
c
C COUNTERS
c
C NOG NUMBBROFGROUPS
C NOE NUMBEROFELEMENTS
C NON NUMBEROFNODES
C NBC NUMBEROFBOUNDARYCONDITIONS
c
C POINTERS
c
C NPRESG CROTJP#
C NPRESE ELEMENT#
C NPRESN NODE#
C NPDOF DEGREE OFFREEDOMÍ
C NODIM NUMBER OFDIMENSIONS
c
C ELBMÊNTPROPERTIES
c
C NUMMAT NUMBBROFMATERIALCONSTANTS(TYPEI)
c NUMNOD NUMBER OF NoDEs lN ELEi\4ENT (TYPEti)
C NUMCOL NUMBEROFCOLOUROFELEMENT(TYPE/})
C NEC ELEMENT CIONECTIVITY,GIi (9)

c
C CROUP
c
C NOEIG NUMBEROFELEMENTS]NTHISGROUP
C NOETY NUMBEROFELEMENTTYPEINTHISCROUP
C NoGAc ACTIVITYSTATUSOFGROUP(SHOW=1/NO=-1)
c
C GRAPHICFLAGS
c
C KNN FT.AG FOR NODE NUMBER I=ON -'I=OFF
C KEN FLACFORELEMNUMBERI=ON-l=oFF
C KNS FI-ACFORNODECRA?H I=ON-I=OFF
C KES Fr-AGFORELEMGRAPH 1=ON-I=OFF
C MOKB FI.AGFORMOUSEORKEYBOARDINPTIT
C I=MOUSE0=KEYBOARD
c KGRAV 1 FOR GRAVITY 0 FOR NOT
C NOTE: K*S MUST=I FOR NUMBERINC TO FUNCTION
C KSAV FLAGFORSAVEDI=SAVEDO=NOT
C KSow FIAGSOLIDORwÌREFRAMEo=wlRE,ì=SOLID
C KBC BoUNDARY CONDITIONS SHOW=IAlO-i
C KFOR FORCESSHOW=1f{O-1
c
C BOLNDARY CONDITIONS
c
C ID BOUNDARYCONDITIONARRAY 6dof
C IDL B,C, LOCATIONS
C SD SPECIFIED DISPTACEMENTARRAY ( NOTUSED! )
c
c oTt{ERs
C PN NODAL POSITIONS(s)(3D+2 FOR CRAPHIC)
C PMAT MATERI.ALSPROPERTIES
C F NODALFORCEARRAY
C INF NODAL FL.A'G IF EXISTS O=NO
C IEF ELEMTFLAGIFEXISTS I=YES
c
c700 NoDEs pN(700,s) cx,y,z)ü,yy)
C XYZAREREALCÐORDINATES
C XX YYARE MAPPED ONTOSCREEN COORDS.

c
c
c

c
c
c

c
c

c
c
c
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c 700 ELEMENTS NEC(?00,9) (8 NODES, GROUp/i)
C 25 CROUPS AND MATERTALS IlELM IN CROUP, ELEMT\'PE,
MATI], ACTIVITY
c70o FoRcES F(NODE/?, 6 DOF FORCES)
c 200 BoUNDARY CONDITTONS ID(6 DOF FtX), rDL(NODE WHTCH
FIÐ

DECLARATIONS

CHAÌACTER+20 TITLE,BUF
INCLUDE'NCOMMON.F

OPEN CKS ENVIROMENT

XMN=0.0
YMN=O.0
)OvfX=30.0
YlvD(=22.0
XDIS=Xli0(
YDIS=YlvD(
CALL OPENIXMN,YMN,XMN,YMÐ
cÂLL GSELNT (2)

INCLUDE COLOR,BUTTON,INFO
INCLUDE 'COLOUR,F

DRAW BACKCROUND

cAlL BOX(-1.0,31.0,-21.0,1 00.0,GR8Y,1 )

INCLUDE'BUTTONS.F
INCLUDE'NEWINFO,F
CALLGSTXC(r4)
CALL GSCHH(3.0)
cALL GTX(1.0,-20.0,'MHYFECS INPLrf)

c
C SETDEFAULTS
c

T]TLEJUNTITLED
KNN=-1
KEN=-1
KNS=1

KES=l
MOKB=0
AS=0.0
ÞJ=l.5'7U79
KSAV=1
KsOW=]
KBC-l
KFOR=-1
NODIM=1
KCRAV=O
DO 3 I=1,700

3 NOOSE0)=I
c
c *** TYPE OF PROBLEM SETUP ROUTINE r*x
c

CAIL GSWN (I,XIMNXÀ-D(,YMN,YMÐ
CÂLL GSELNT (1)

CAIL GSCHH ( YDIS/]5.0 )
c CALLBox(xm¡,mx,)m,ymx,black,1)

CALL GTX(I.0,I9.0,' MHYFECS STARTING VARIABLE
SETUP MENU )
C PROBLEM TYPE
17 CALL GSTXCI(WHTTE)

CALL BOX(mr¡xm,)am,l 8.9,black,'l )
CAIL GTX(2.0,17.0,' ENTER PROBLEM TYPE)
CALL GTX(2.0,16.0,' l=SAVED FILE )
CALLGTX(2.0,15.0,', 2=2D 3=3D ',)

CALL CRQST(1,1,K,J,BUF)
READ(BUF.*,ERR=99) r

CALL BOX(m4xw,ym41 8.9,black,1)
lF(t.GT.3.OR.lIT.l) THEN
CALL CSTXC(RED)
cÁtI- cTx(2.0,17.0,' you MUST ptcK 1-3)
cj,LL cTx(2.0,16.0,', ENTER TO CONTINUE)
CALL GRQSTO,I,K,J,BUÐ
CALL BOX(uam,ym,1 8.9,black,l )
coTo 17

END IF
NODIM=l
IF(NODIM.EQ,I) THEN
CALL GTX(2.0,17.0,'SAVED FILE )
ELSEIF(NODIM.EQ.2) THEN
cqLL cTX(2.0,17.0,', 2 DIMENSIONAL')



FORCES? )

DIRECTION )

ELSEI F(NODIM,EQ,3) THEN
CAIL CTX(2.0,17.0,' 3 DTMENSTONAL')
END IF

CAILCTX(2.0,15.o,', DO YOU WANTCRAVITy

CAJ-L GTX(2.0,14.0,' NOTE: ALWAYS IN -Y

CALLGTX(2.0,13.0,' Yforycs Nforno')
CALL GRQST(1,1,K,J,8UÐ
BUF=BUF(1:1)
CALL BOX(m,xu,)rm,1 6.9,bÌâck,1)
IF(BUF.EQ]Y.ORAUF.EQ.'Y) THEN
KGRAV=I
CALL GTX(2.0,15.0,'GRAVTTY ON )

KCRAv={
CALL GTX(2,0,I5.0,' GRAVITY OFF)
END IF

11 CALL CSTXCT(WHrTE)
CALL BOX(nm,xu,yrù\1 4.9,b1âck,1)
CALL CTX(2.0,13.o,', WHAT TypE OF NODE MARKÊR

l
cALLGTX(2.0,12.0,',PICK 1 2 3 4)
C\LL GSMK(I)
c¿J-L CPM0,4.0.11.0)
CALL CSMK(2)
CAIL CPM(1.ó.0,11.0)
CALL GSMK(3)
CALL GPM(l,8.0,11.0)
CALL CSMK(-r)
CALL GPM(1,10.0,il.0)
cÀLL CRQST(r,l,K,J,BUÐ
READ(BUF,*,ERR+9) KU
CALL BOX(xrm,xu,yru,i 4.9,black,l)

IF(KIJ.GT.4.OR.KIJ.LT.1 ) TIJEN
CALL GSfiCt(RED)
cáJ-L GTX(2.0,]3.0,' YOU MUST ptCK 14)
cA.LL CTX(2.0,r 2.0,' ENTER TO CONINUE)
CALL CRQST(1,1,K, J,BUÐ
CALL BOX(m,xm,yfm,'I4.9,bÌâck,'l)
coTo 11

END IF
IF(KIJ.EQ.4) KIJ-1
CATLGSMK(KIÐ
CALL GPM(t,4.0,14.0)
c,oTo44

C ERROR CONTROL
99 CALLCSTXC(RED)

CALL BOx(m,xu,yE¡,ì 8.9,black,'l)
CÁLL GTX(2.0,15.,' ERROR IN REA.DING DATA! )
CALL GTX(2.0,13.,' ENTER TO CONTINUE )
CALL GRQST(1,1,K,J,8UÐ
CALL BOX(m,xu,yn41 8.9,b)ack,1 )
coTo 17

c
44 CALL CTX(2.0,13.0,',ARE THESE CHOICES OK? )

CALL GTX(2.0,12.0,' Y for ycs N for no ')
CALL CRQST(1,1,K,J,BUÐ
BUF=BUF(l:l )
CALL BOX()m,xM,ym,1 6.9,black,1)
IF(BLF.NE.'y"4,ND3UF.NE.'y') GOTO l7
CALL BOX(m,mx,ym,yu,black,l )

c
C TITLE AND ICON HICHLIGHT
c
45 CATLCSELNT(2)

c¿,LL GSLWSq3.0)
CALL GSPLC(PURPLE)
cALL CSCHH(3_0)
CALL GSTXCT(ORANCE)
cá,LL GTX(1.0,95.0,TITLE)
KOMT=KIJ
CIA,LL CSMK(KIJ)
cÁLL CSCHH(1.5)

c
c {** START OF MAIN ROUTINE ***
c
50 c¡,LLCRQPK(1,2,u,SEc,JÐ
c
C MAIN PICK ROLTINE
c
c

IF(SEG,BQ.BVAL) THEN
CALL SEARCHO
CALLDRAW(l,'"0)

ELSEIF(SEG.EQ.BU) THEN
câLL ROTATE(0.0,-1.0)

13',7

ELSEIF(SEG.EQ.BD) THEN
cALL ROTATE(0.0,1.0)

ELSEIF(SEG.EQ.BR) THEN
cÁ.LL ROTATE(r.0,0.0)

ELSEIF(SEG.EQ,BL) THEN
cALL ROTÄTE(-1.0,0.0)

ELSEIF(SEC.EQ.REDRAW) THEN
c4tLDRAW(I,' 

"t)ELSEIF(SEC.EQ.BPC) THEN
CAIL CBNTERO

ELSEIF(SEC.EQ.BZI) THEN
cArLzooMIN0

ELSETF(SEC.EQ.BZO) THEN
cArLzooMour0

ELSEIF(SEC.EQ.BRES) THEN
CALL RESETO

ELSEIF(SEC,EQ.BEON) THEN
KES=-KES

ELSEIF(SEC.EQ.BENON) THEN
KEN-KÊN

ELSEIF(SEC.EQ.BNON) THEN
KNS-KNS

ELSEIF(SEG.EQ.BSOW) THEN
rF(Ksow.EQ.0) THEN

KSOV/='l
ELSE
KSOVr'=0

END IF
ELSEIF(SEC.EQ.BNNON) THEN

KNN=-KNN
ELSEIF(SEC.EQ.BBC) THEN

KBC-KBc
ELSEIF(SEG,EQ.BFOR) THEN

KFOR=-KFOR
ÊLSEIF(SEG.EQ.BLISÐ THEN

CALL LISTO
CALLDRAW(I,'"o)

ELSEIF(SEC.EQ.NODE) THEN
CALL NODESUBO

ELsEIF(SEC,EQ.ELEM) TT,IEN

CJ,LL ELEMSUBO
ELSEIF(SEG.EQ.FILE) THEN

CAIL FILESUB(TITLE)
ELSEIF(SEC.BQ.BMETA) THEN

CALL METAO
ELSEIF(SEG.EQ.BMOUSE) THEN

MOKB=l
ELSEIF(SEC.EQ.BKEYB) THEN

MOKB{
END IF
c'oTo 50

c
c *+* END OF MAIN ROUTINE ***
c

END
c************+*x *++******x***********r**

SUBROUTINE CLOSE

* CLOSE GKS
CALLCCLRWK(1,1)
CALLGDA.WK (0)

CALL GDAWK (1)

CALL GCLWK (2)

CALL GCLWK (0)

CALL GCL'¡r'K (1)

CALL CCLKS 0
closE (14)

RETURN
END

c**x**x*x***********x******xxx***********x*xx***+********

SUBROUTINE OPEN(XMN,YMNXÀ-A(,YMÐ
C OPEN GKS AIVD SET VIEWPORT AND WINDOW

INTECER*2 ERR,DCUNITXRÄS,YRAS
REAL

XDCTÐ(,YDCMX,SCALE,XNDC,YNDC.XMN,XMX,YMN,YMX
CIIARACTER*15 PROMPT

Pfompti>
oPEN (r4,FtLB=JERRORS)
c{LL COPKS (14,1024)

CALL COPWK (o.o,o)

CALL COPWK (1,0,1)

CALL C,OPV/K (2,0,2)

CALL GACWK (0)

CATL GACWK O)
CALL CAC¡ilK (2)
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CALL GQDSP (l,ERR,DCUNITNDCMX,YDCMXXRAS,YRAS)
lF (xDCMX.GT.YDCNO{) THEN

SCALE=XDCMX
ELSE

sc-aLE=YDCMX
END IF
XNDCIXDCMX/SCALE
YNDGI'DCMVSCA,LE
cAtL GSWKWN (r,0.0,XNDC,0.0,YNDC)
cALL GSWKVP (l,0.0XDCMX,0.0,YDCMÐ

c
C TRANSFORMATION #I
c

CALL GSWN (l,XMNXMX,YMN,YMÐ
c¡'LL CSVP (r,0.0,0.73*XNDC,0.0,YNDC)

c
CTRANSFORMATION JI2

c
CALL GSWN (2,-1.0,3i.0,-21.0,100.0)
cALL CSVP (2,0.74*XNDC.XNDC,0.0,YNDC)

C TEST FONT
CALL CSTXFP (-1 01,2)

C LOCATOR MODE
c¿,LL GSLCM(l,2,0,1)

C INITIALIZE STRINC
CALL

crNST(1,r,r 5,PROMPT,l,0.75*XDCMX,XDCMX,0.8347*YDCMX,0.9*
YDCMX

& 20,1,r0,PROMPr)
C INITIALIZE PICK

CALL GINPK('l,2,1,l,l,l,0.0;,(DCMX,0.0,YDCMX,I o,PROMPT)
CALL GDAWK (2)

RETURN
END

c
c****+ + + * * ****************a *+4*+*

c
subroutirc box (uin,max,ymin,ymx,lC,lS)
æa.l xmin, ymin, mu, ¡,mx,x(5), y(5)
INTECER IC,IS

c

x(1) = min
V(1) = rmin
x(2) = xmx
V(Z) = rmi¡
x(3) = xMx
y(3) = yMx
x(4) = Ennr
y(4) = ymx
x(5) = min
v(5) = Vm¡
CALL GSFAIS(tS)
cÁtL csFAc(tc)
CALL GFA (5, x, y)
rctlm
cnd

c
c*******************+***x********x*********r*++****x*****

c
SUBROUTINE FINDOOi,YY,NUI\,I)
REAL XX,YYÐIST,TEST
INCLUDE'NCOMMON.F

c
CTHIS SUBROUTINE FINDS THE CLOSESTNODE TO THE PICK
POINT
c
C SEND BACK NODE O IF OUT OF WINDOW

IFCXX.CT.XMX) THEN
NUM{
RETURN
END IF

NUM=l
TEST<CXX-PN(1 

'4 
))+*2.0+(YY-PN(1,5)**2.0)**0.50

DO 101=2,NON
DlsT<QO(-PN0,4)**2.Gr(YY-RN1l,5¡**2.6¡*x¡.59
IF (DIST.LT.TEST"A.ND.INF(I).EQ.I) THEN
TEST=DIST
NUM=l

END IF
1O CONTINUE

RETURN
END

c
c*****************r*************r**f *rr****r*r******r+***

SUBROTITINE FILES UB(TITLE)
CHARACTER*20 TITLE,BUF,DU M,PATH,STÂT
CHÀRACTER*4o TOTAL
INCLUDE'NCOMMON.F

c
C THIS SUBROI]'TINÊ Ù OPENS & READS A DATA FILE
C ii) SAVES THE FILE (SAME OF NEW NAME)
C iii) CLEARS THE DATA FOR A NEW FILE
C iv) CIIECKSTHE DATA FOR CþMPLETENESS
C v) SETS THE PATH FOR FILE USAGE
c vD QUITS THEMAIN PROGRAM
c
C LOCALVARIÀBLES
C
C IPL...LENGI-H OF PATH NAME
C USED TOJOIN TOGETHER TO MAKETOTAL
C WHICH IS USED TO READ¡¡/RITE FILES
c
C TITLE,,.NAME OF MODEL/FILE
C PATH....PATH TO DIRECTORY USED FOR
READINC/WRITINC
C TOTAL,,,PATH& TITLEJOINEDTOGETHER FOR OPEN A
FII-E
c
C BUF.....CHARACTÊR BUFFER THAT ALL ] NPUT IS READ
INTO
C DUM.....DUMMY C}IARACTER FOR COMPARING INPUT
Y/N?
c
C DEFAULTPAT}I

IF(NOE.EQ.O) PATHJ.
IPI=1

C WRITNGBUTTONNAMES
c

c¿,LL CSTXCT(ORANCE)
CALL CTX( 2.0,34.0, 'OPEN)
CALL CTX( 2.5, 24.0,'NEW)
CALL CTX(1 2.0, 34.0,'SAVE)
CALL Gfi(l 1.5, 14.0,',CHECK)
câLL GTXO 0.0, 22.0, 'DIMENSIONS)
câIL GTXO0.0, 25.0,' SELECT )
CAI-L GTX(21.0, 34.0, 'SAVE AS)
CALL GTX(22.0,24.0,'PATII)
CALL GSTXCT(14)
CAIL Gfi( 2.0, 14.0,',DONE)
CALL CSTXCI(DKRED)
CALL GTX(22.0, 14.0, 'QUn)
CALL CSTXC(ORANGE)

c
C MAIN PICK
c
5 CáILGRQPK(I,2,II,SEG,JÐ

CALL GSCHH(1.5)
CALL CSTXC(ORANCE)

c QUn
IF(SEG.EQ.NINE) THEN
IF(KSAV.EQ.l ) THEN

CALL CLOSE
STOP

ELSE
CAIL GSTXC(RED)
CALL GTX(2.0,85.0,'QUIT WITHOUT SAVINC?

Yr)
câtl- cRQsTo,1,t,J,DUM)
DUM=DUM(II)
BUF='Y
IF(BUF.EQ.DLIM) THEN

CALL CLOSE
STOP

END IF
BUF=,y,
IF(BUF.EQ.DUM) THEN

CALL CLOSE
STOP

END IF
c{IL BOX(-1.0,31.0,80.4,90.8,cR8y,1 )
cALL CSTXCT(ORANCE)

END IF

ELSEIF(SEG.EQ,FOUR) THEN
NOG=o
NOE=o
NOn"=0

NAN=0
NAE=o
NBC-.{
KSAV=1
NODIM=1
DO 81 I=r100

C NEW
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IEF(I){ YDIS=YMX
INFO)J C-ALL CSWN ('I,XN.fNXMX,YMN,YNIÐ
INF(I)={ CALLCSELNT(I)
DO81 J=1,6 CALLGSCHH(YDIS2?.0)
F(1,Ð=0.0 OPEN(UNIT=8,FILE='TEMP.LST)

81 lDfl,Ð=o X(1)=XMN+0.05+XD¡5
CALL BOX(-I.0,31.0,80.4,100.0,CREY,1) '78 CALL BOX(ru,mx,'m,yr,black,l)
cAIL GSCHH(3.0)
CALL CSTXCI(ORANCE) ñ'1't l=r;ts
TITLE:UNTITLED READ(8,*,ERR+99,END=79) BUF
CALL GTX(1.0,95.0,T1TLE) Y(1)=YMN+0.97*YDIS-1i0.055*YDIS
cAl-L GSCHH(l.5) '7'1 CALL cTXO{(t),y(l),BUÐ
CALLDRAW(I,'"0)

c sAvE Y(l )=YMN+0.97*YDIS-110.055*YDIS
ELSETF(SEG.EQ.TWO) THEN CA,LL CTXCX(1),Y(1),'ENTER FOR l\,f ORË)

STAT='oLD' CAIL CRQST(1,1,I,J,DUM)
C'OTO250 æTO78

C SAVE AS
ELSEI F(SEG.EQ.THREE) THEN '79 Y(l )=YMN+0.97*YDIS-(I+I )*0.055{YDIS

CALL BOX(-1.0,31.0,80.4,r 00.0,GREY,1) CAIL GTXCX(I ),y(1),'END OF DATA FILES )
c¿,LL GTX(2.0,85.0,',ENT8R FILE NAMÊ) CALL GSELNT (2)
CALL GRQST(1,1,I,J,TITLE) CÁLL GSfiC(ORANCE)
CALL GSCHH(3.o) CÂLL csCHH(l.s)
CAIL GTXO.O,95.O,TITLE) CLOSE(UNIT=8)
CALL BOX(-1.031.0,80.4,90.8,GR8Y,I) IJK=o
STATJNEW cAtL BOX(-1.0,3t.0,80.4,100.0,cR8y,i)
CALL GSCHH(I,s) CALL GTX(2.0,85.0,'ENTER FILE NAÀ4E)
GOTO ã0 CÀLL GRQST(I,I,r,J,ÏTLE)

CPATH CALLGSELNTO)
ELSEIF(SEG.EQ.SIX) THEN CAIL Box(xm,mx,'rm,ymx,black,1)

c{LL 8OXC1.0,31.0,80..1,100.0,CR8Y,1) C{LL CSELNT (2)
CALL CTX(2.0,85.0,'ENTER FILE PATH') C,{tL 8OXC1.0,31.0,80.4,90.7,cR8y,1)
CALL CRQSTO,1,I,J,PATÐ TOTAL=PATH(1:IPL)IAIIIITLE
DO 700 I=1,15 OPEN(UNIT=4,FILE=TOTAL,STATUS:OLD',ERR=799)
DUM=PATH(1:(17J))
BUF=PATH(I:(I ól)) RÊAD(4,*,ERR+90)NON,NAN,NOE,NA!,NODIM,NOG,NBC,I,J

'700 rF(BUF.EQ-DUM) rPL=l6.t C
CALL BOX(-] .0,31.0,80.4,903,cREy,1) C CONVERT 4D INTO AXIS-SYMMETRIC

C CHECK C IF(NODIM.EQ.4) THEN
ELSEIF(SEG.EQ.EIGHT)THEN C NODIM=2
CALLBOX(22.0,3I.0,89.0,96.0,CR8Y,r) C IJK=I
CATLCHECKO C ENDIF

CSELECTPROBLEMTYPE DO6OI=1,NAN
ELSETF(SEG.EQ.FTVE) THEN READ(4,*,ERR+91) K,(PN(K,Ð,J=1,NODrM)
rF(NOE.GT.0.OR.NON.GT.0) THEN rNF(K)=1
CAILCSTXCI(RED) PN(K,4)=PN(K,1)
CALL CTX(2.38.,'ELEMENTS/NODES EXrST!',) 60 pN(K,5)=pN(K,2)

cArLcTx(2.5,85.,' NEWFTLEFTRST )
CÁLL GRQST(I,1,K,J,BUÐ DO 65 I=I,NOG
CALL BOX(-1.0,31.0,80.4,90.8,GR8Y,1) NOcAC(t)=l
C'oTO 5 READ(4,*,ERR+92) NOETY(I),NOEIG(I),J
END IF DO 65 J=I.NOEIG(I)
C-{LL csTxcl(oRANcE) READ(4,*,BRR+93) K,(
CALLGTX(2.0,88.0,'I=SAVEDFILE È2D) NEqK,ÌÐ,rJ=1,NIMNOD(NOETY(D))
CALL GTX(2.0,85.0,'3= 3D ') IEF(K)=l
CALL CRQST(I,I,I,J,BUÐ NEC(K,9)=I
cÂILBOX(-1.0,31.0,80.4,91.0,cR8y,1) 65 CONTINUE
READ(BUF,*,ERR=999) I
IFO.GT.3.OR,I.LT.I) THEN DO 70 I=I,NBC
C.ALL csficl(RED) R!AD(4,+,ERR=994) IDL(I),( tD(t,Ð,J=t,O
cA.LL GTX(2.,88., ' YOU MUST prCK l-3) 'to CoNTINUE
CALL CTX(2.5,85.,', ENTER TO CONTINUE)
CALL CRQST(I,I,K,J,BUÐ DO?sI=I,NOG
CALL 8OXC1.0,31.0,80.4,91.0,GREY,1) READ(4,*,ERR=995) NPRESG,J
coTO 5 '7s READ(4.*,ERR=99O (pMAT(NpRESc"k),k=1j)
END IF
NODIM=I C

C DONE c ET-A,STIC FoUNDATION //
ELSEIF(SEC.EQ.SEVEN) THEN C
c.AIl GSTXC(DKBLUE) READ(4.*.ERR=99?) ELFKE
CALL GTX( 2.0,34.0, 'OPEN) READ(4,*,8RR498) l,J
CALL GTX( 2.5, 24.0, ',NEW) DO 80 t=l,NON
CALL GTX( 2.0,14.0,'DONE) 80 READ(4,*,ERR=999) J,F0,I),F0,2),F0,3)
CALLGTX(|2.0,34.0,',SAVE) @ ,F(r,4),F0,5),F(r,O
cAlL cTX(1 1.5, 14.0, ',CHECK) cLosE(UNIT=4)
CAILGTX(10.0,22.0,'DIMENSIONS) c IF(rJK.EQ.I) NODTM=4
CALL GTX(10.0, 25.0,' SELECT ') Cqi-L GSTXC(ORANGE)
CALL GTX(21.0, 3.0, 'SAVE AS) c,{LL cscHH(3.o)
câLL CTX(22.0, r4.o,'Qun) CALL GTX(1.0,95.0,TITL8)
CAILCTX(22.0,24.0,',PATFI) cÁLL cscHH(l.5)

I RETIIRN CALL Gfi(22.0.91.0,,save<l')
c CALLSEARCHO
COPEN CâLLDRAW(1,,,,0)

ELSEIF(SEC.EQ.ONE) THEN goro 10C0
CAIL cSfiCr(WHtTE)
XMN=O.O 990 CALLGSELNT(2)
ì?vfN{.o Cc,LL GSTXC¡(RED)
XlvfX=30.0 CÁLL cTX(2.,88., ,* ERROR IN CONTROL DATA! *)'llD(=22.0 CALLCTX(2.5,85.,, ENTER TO CONTINLIE)
XDIS=XNÐ{ C¿,LL GReST(1,1,K,J,BUÐ



cAtL BOX(-1.0,31.0,80.4,1 00.o,cREy,l)
TITLEJUNTITLED
c¿,LL GSTXC(ORANGE)
chLL cscHH(3.0)
CALL GTX(1.0,95.0,TrTL8)
ct\LL cscHH(1.5)
coTo 1000

991 CALLGSELNT(2)
CAIL CSTXC(RED)
CALL CTX(2.,88.,'i ERROR IN NODE POSN! *)
cAtLcTx(2.5,85.,' ENTER TO CONINUE)
CALL GRQST(1,I,K,J,BUÐ
CALL BOX(-1.0,31.0,80.4,1 00.0,GR8Y,1)
TITLEJUNTITLEÙ
CAIL GSTXCI(OR-{NGE)
CAIL GSCHH(3.0)
CALL GTX(1.0,95.0,TITL8)
CALL CSCHH(1.5)
60T0 1000

992 CALLGSELNT(2)
CALL CSfiCI(RED)
CALL CTX(2.,88.,'* ERROR IN ELEMENTS IIEADER!

CALLGTX(2.5,85.,', ENTER TO CONTINUE)
CALL CRQST(1,1,K,J,8UÐ
CALL BOX(-1.0,31.0,80.4,1 0O.0,GREY,1)
TITLE]UNÏTLED
CALL GSfiC(ORANGE)
cALL CSCHH(3.0)
cAIt cTx(1.0,95.0,TITLE)
CALL GSCHH(1.5)
c'c)To 1 000

993 CA,LLGSELNT(2)
CALL CSTXC(RED)
CALL Cfi(z.,88., ',* ERROR rN ELEMENT CONCT! *)
CALLGTX(2.5,85.,', ENTER TO CONTINUE)
Cá,LL GRQST(1,1,K,J,8UÐ
CALL BOX(-1.031.0,80.4,100.o,GR8Y,',i )
TITLEJUNTITLED
c¿,LL csTXC(ORANCE)
cALL CSCHH(3.0)
CALL GTX(1.0,95.0,T1TLE)
CALL CSCHH(1.5)
coTo I 000

994 CALLGSELNT(2)
CALL CSTXC(RED)
CALL CTX(2.,88.,',* ERROR tN BC DATA! *)
cqrl- cTX(2.5,85.,' ENTER TO CONTINUE )
CALL CRQST(1,l,K,J,BUÐ
CALL BOX(-r.031.0,80.4,100.o,cRBy,t)
TITLEJUNTITLEÙ
CALL CSTXC(ORANGE)
CALL CSCHH(3.0)
(ALL cTX(1.0,95.0,T¡TLE)
CALL CSCHH(1.5)
GOTO 1000

995 CALLGSELNT(2)
CALL CSTXC(RED)
CALL GTX(2.,88,,'* ERROR IN MATERIAL HEADER!

câIL GTX(2.5,85.,' ENTER TO CONTINUE)
cArL cRQST(1,1,K,J,BUÐ
cAIL BOX(-1.03 r.0,80.4,1 00.0,cREy,l )
ÏTLE!UNTITLED
CALL CSTXC(ORANCE)
CALL cSCHH(3.0)
CALL CTXO.O,95.O,TITLE)
c¿,LL CSCHH(1.5)
coTo 1000

996 CALLGSELNT(2)
cALL GS'IXC(RED)
CALL GTX(2.,88.,'* ERROR tN MATERIAL pROpS! *)
CAIL GTX(2.5,85.,' ENTER TO CONTTNUE)
CALL CRQST(1,1,K,J,8UÐ
cj'LL BOX(-1.0J1.0,80.4,1 00.0,cREy,l )
TITLEJUNTITLED
cÁLL CSfiC(ORANCE)
cALL CSCHH(3.0)
CALL GTX(1.0,95.0,TITLE)
CALL CSCHH(1.5)
coTo 1000

99'7 CAILGSELNT(2)
C¡,LL GSTXCI(RED)

140

câLL GTX(2.,88., '* ERROR IN EL-A.STIC FND! {)
CALL cTX(2.5,85.,' ENTER TO CONTINUE)
CÄLL GRQST(1,1,K,J,8UÐ
CALL BOX(-1.0,31.0,80.4,1 00.0,GREY,1 )

TITLEJUNTITLED
ChLL GSTXCI(ORANCE)
cA.LL GSCHH(3.0)
CALL GTX(1.0,95.0,T1TLE)
CALL GSCHH(1.5)
@TO 1000

998 CALL CSBLNT (2)

cAtL GSTXC(RED)
CALL GTX(2.,88.,'* ERROR IN FORCE HEADER! i)
CALLCTX(2.5,85.,' ENTER TO CONTINUE)
Cj'LL CRQST(I,I,K,J,BUÐ
CALL BOX(-1.031.0,80.4,1 00.0,CREy,l )
TITL.E:UNTITLED
cAtL GSTXCT(ORÄNCE)
cALL GSCHH(3.0)
cAtL GTX(1.0,95.0,TITL8)
CALL CSCHH(1.5)
c'oTo 1000

999 CALLCSELNT(2)
CAIL GSTXC(RED)
CALL GTX(2,,88., '* ERROR IN FORCE DATA! {)
CALLCTX(2.5,8s.,' ENTER TO CONTTNUE)
CALL 6RQST(1,1,K,J,8UÐ
CALL 8OXGr.031.0,80.4,1 00.0,GREY,1 )
TITLE:UNTITLED
CAIL CSTXC(ORANGE)
CALL GSCHH(3.0)
CALL cTX(1.0,95.0,T1TL8)
CALL CSCHH(1.5)

lOOO CONTINUE
ÊND IF
coTo 5

C ERROR IN FILEÆATH
799 CAILCSTXCI(RED)

CALL CTX(2.0,88.o,'ERROR IN PATHÆILE)
CA.LL CTX(2.0,85.0,' RENTER PATH/.FILE)
CALL CRQST(1,1,K,J,BUÐ
CALL BOX(-1.0,31.0,80.4,90.8,cR8y,1)
c,oTo 5

C ERROR IN FILEÆATH WzuTING
798 CALLGSTXC(RED)

CAIL GTX(2.0,88.0,' ERROR rN PATH OR)
cAtL GTX(2.0,85.0,'FrLE ALREADy EXTSTS !')
CALL CRQST(1,1,K,J,8UÐ
CALL BOX(-1.0,3r.0,80.4,90.8,CREy,1)
c,oTo 5

c
C SAVING
c
250 IF(NODIM.CT.l)THEN

ToTAÞPAT}I(1 : IPL)/47Æl TLE
OPEN(UNIT=2,FILE=TOTAL,STATUS=STAT,ERR=798)
wRITE(2,91)

NON,NAN,NOE,NAE,NODIM,NOG,NBC,NOC,l
ELSE
GOTO 125

END IF
Do 10 I=l,NON
IFONF(D,EQ.I ) WRITE(2,95) I,(PN(I,Ð,J=I,NODIM)

1O CONTINUE

tk=r
DO 20 t=l,NOG
wRrTE(2,93) NOETY(r),NOEtc0),t
DO 20 J='l,NOE
IF(NEqJ,9).EQ.l.qND.lEF(l).EQ.l ) tlrcn

WRITE(2,92)ù-lr,(NEc(J,K),K=1,NUMNoD(NOETY(D)

Ut=Uk+l
end if

20 CONÏNUE

DO30l=1,NBC
30 v/RrTE(2,9OrDL0),(tD(r,J),J=1,6)

DO 40 I=l,NOG
wRrTE(z,*)T,NUMMAT(NOETY0),' cRoupd üOF

MAT PROPS'



141

40 WRITE(2,9?XPMAT(l,J),J=l,NUMMAT(NoETY(I)))
c
C WRITE EL,A,STIC FOUNDATION #

c
wRITE(2,x) 0.0
wRrTE(2,94)NON,0
DO 50 I=1,NoN

50 wRrTE(2,99)r,F(r,l),F(r,2),F(r,3),F01),F(r,s),F(r,o
closE(UNIT=2)
c¿,LL CSTXCI(ORANGE)
CALL CSCHH(3.0)
CAIL GTX(1.0,95.0,TtTL8)
cAr_L cscHH(1.5)
CALL Gfi (22.0,91.0,'svcd')
KSAV=I
coTo 5

c
C ERROR MESSACE FOR NO TYPE SELECTED
c
125 CALLGSTXC(RED)

CALL GTX(I.0,88.0,'PROBLEM TYPE NOT DEFINED)
C.ALL GTX(I.0,85.0,' SELECT pROBLEM TypE )
cáLL CRQST(1,1,K,J,8UÐ
cALL BOX(-1.0,31.0,80.4,90.8.CR8y.1)

coTo 5

C FORMATS
9l FORMAT(9I6,',#NODES<U&A>+ELEM tiDIM/?CROUP.¡iBC
IMAT UNUSÊDd)
92 FORMAT(9I6,' ELEMII CONNECTIVITY)
93 FORMAT(3I7,', ELEMTYPE# #lNcROUp GROUptl)
94 FORMAT(2|7,' ü OF FORCES UNUSED tf)
95 FORMAT(r7,3F9.3,'. NODE/i POSTTONS X y Z)
96 FORMAT(1I7,' NODE# DOFS 1=FJXED O=FREE)
9'1 FORMAT(gFI3.2,' À4ATERIALPROPERTÌES)
99 FORMAT06,8F9.3,' NODE#VilTHFORCE FORCESTNDOF
ORDER)

BND
c
c*****+r**xx**x************************+*******+*********

c
SUBROUÏ NE DRAV/(IKJ,BUF,ISORl)

c
C THISROUTINEDRAWSTHEGRAPHICS
c
C IKJ.... = O FOR META DRAW, I FOR SCREEN
C BUF.... IS TITLE FOR META DRAW
C ISORT.. l=SORT, G=NO SORT
C CF..... CORRECTION FACTOR FOR # PTACEMENT
(METAV/SCREEl.t)

C FMAX....MAXIMUMFORCE
C MMAX,..,MAXIMUMMOMENT
c Ksow....FIÀG soLID OR V/t REFRAME O=W¡¡9,1=Sattt
c

CHARÁ.CTER+20 BUF
INTEGER IKJ,ISORT
RBAL CP,C5,SS,SP,FMAX, MMAX,CF
INCLUDE NCOMMON.F

c
C GOINC TO TRANSFORMATION III
c

CALL GSELNT O)
cP=cos(AP)
Sp=SIN(Ap)
cs{os(As)
ss=slN(As)
CALL CSLWSC{1.0)

C
C CODE FOR META DUMP OR NOT
c

IF(IKJ.EQ.O) lHEN
CF=O.0
XMN=XMN-1.5*xDIs
XNO{=XMX+1.5.XDIS
XDIS=XMX-xMN
YMN=YMN-I.5*YDIS
YMX=YÀD(+1.5*YDIS
YDIS=YMX-YMN
CALL GSWN (1 Xlvf NXI!D(,YMN,YMX)
cAl-L csTxcr(Bt_AcK)
CALL CTX(XMN+0.37*XDIS,YMNT{.37*YDIS,BUÐ
CALL GSPMC(BIACK)

ELSE
cFá.12
CALL BOx(xm,mx,ymn ymx,black,l )
CALL GSTXCI(WHITE)
CALL GSPMCt(YELLOW)
c{LL GSMK(KOMT)
END IF

CäLL GSCHH(YDIS/55.0)
c
C CALLINC SORT
c

rF(rsoRT.EQ.l) CALL SORTO

c
C SET SOLID OR WIREFRAME

cALL GSFAIS(KSOW)
C IF ELEMENTS ACTIVE...

IF(KES,EQ.I) THEN
C LOOP THRU ELEMENTS

DO 5 JJ=l,NOE
J=NOOSE(JÐ

C CHECK IF ELEMENT IS ACTIVE
fF(IEF(J).NE.O) THEN

C CHECK IF ELEMENTS GROUP IS AC'TIVE
rF(NOGAC(NEqJ,9).EQ.l ) THEN

C GOTO APPROPRIATE PLOTTING CODB
GOTO

(1 0,1 0,10,'10,'10,20,30,4o,1 030,30,30),NoETy(NEqJ,9)
c I 23 4 5 6't 8 9101112
C 3D SPRING, 2D TRUSS.BEAM.GRID, 3D TRUSS.FRAME
10 x(1)=PN(NEqJ,1),4)

x(2)=PN(NEqJ,2),4)
Y(1)=PN(NEqJ'1)'5)
Y(2)=PN(NEqJ'2)'s)
CALL GSPLC( NEC(J,9) )
cåLL CPL(2X,Ð
IF(KEN.EQ.1) THEN
x(1){x(l )+x(2)/2.0
Y(1){Y(l )+Y(2))/2.0
x(1 )=x(l)-cFrxDIs
vTRITE(BUF,*) J

CALL CTX(XO),Y(l),BUÐ
END IF

60T0 5

C
C II2 3D BEAM
20 X(1)=PN(NBqJ,1),4)

x(2)=PN(NEqJ,3),4)
x(3)=PN(NBC(J'4)'4)
x(4)=PN(NEqJ,O,4)
Y(1)=PN(NEqJ,1),s)
Y(2)=PN(NEqJ'3)'s)
Y(3)=PN(NEqJ¿),s)
Y(4)=PN(NEqJ'O'5)
CALL cSFACI( NEC(J,9) )
cALLCFA(4;{,Ð
IF(KSOW.EQ.0) GOTO 132
CALL CSFACI(DKRED)
CALL GSFATS(o)
CALL GFA(4,X,Ð

132 CAr_LGSFAtS(KSOW)
IF(KEN.EQ.1) THEN
x(l ){X(1 )+x(2)+X(3)+X(4))/4.0
Y(l )<Y(l )+Y(2)+Y(3)+Y (4\)/4.0

x(1)=x(l)-cF*xDIs
wRITE(BUF,*) J

CALL GTXO(O),YO),BUF]
END IF

@TO5
c
C #3 3D PI-ATE.GRID PT-A,TE.2D STRESS STRAIN
30 x(1)=PN(NEqJ,l),4)

x(2)=PN(NEqJ'2)'4)
x(3)=PN(NEqJ'3)'4)
x(4)=PN(NEqJ,4)'4)
Y(1)=PN(NEqJ'1)'s)
Y(2)=PN(NEqi'2)'s)
Y(3)=PN(NEqJ'3)'5)
Y(4)=PN(NEqJ,4)'5)
x(5)=x(l)
Y(5)=Y(l)
CALL GSFAC( NEC(J,g) )
CALL CFA(5.x.Y)
IF(KSOW.EQ.o) GOTO 133

CAl-L GSFACI(DKRED)
cArL GSFAIS(0)
CALL CFA(5X,Y)

133 CALLCSFATS(KSOW)
IF(KEN.EQ.1) THEN
x(1 ){X(l )+X(2)+X(3)+X(4))/4.0
x(1)=x(1)-cF+xDIS
Y(l )<Y(1 )+Y(2)+Y(3)+Y(4))/.1.0
WRITE(BUF,Ð J

cArL c'tx(x(1 ),Y(1 ),BU Ð
END IF

c'oTo 5
c



C 3D BRICK
c
CVIEW POINT
40 xv=lco0o0.01cos(As)fcos(AP)

YV=l 00000.0xs1N(As)

zv=1 00000.0+cos(As) *s IN (AP)
C TOP BOTTOM PICK

sx=PN(NEC(J,1 ),1 )+PN(NEC(J,2),r )+PN(NEC(J,3),1 )+pN(NEC(J,4),r )/4

sY=PN(NEc(J,l ),2)+PN(NEqJ,2),2)+PN(NEc(J,3),2)+PN(NEc(J.4).2)/4

SZ=PN(NÊC(J,1 ),3)+PN(NEC{J,2),3)+Pn*( NEqJ,3),3)+PN(NEC(J,a),3)/a.
EDTVPA=( CXV-SX)**2+ (W-SY)**2 + (TI-521"+2

)."0.5

sx=PN(NEC(J,5),1 )+PN(NEC(J,6),1)+PN(NEC(Jl),1 )+pN(NEC(J,8),1)/4

sY=PN(NEC(J,5),2)+PN(NECr(J,O,2)+PN(NEC(J,7),2)+PN(N EC(J,8),2)/,1

SZ=PN(NEC(J,5),3)+PN(NEqJ,6).3)+PN(NEqJ J),3)+PN(NEc(J,8),3)/a.
EDTVPB=( (XV-SX)*'2 + (YV-SY)**2 + (TY -SZ)**c

).*0.5
IF(EDTVPA-LT,EDTVPB) THEN

x(1)=PN(NEqJ'1)'4)
Y(l)=PN(NEqJ'l )'5)
x(2)=PN(NEqr,2)'4)
Y(2)=PN(NEC(J,2),5)
x(3)=PN(NEC(J'3),4)
Y(3)=PN(NEqJ'3)'5)
x(4)=PN(NEqJ'4)3)
Y(4)=PN(NEqJ'4)'s)

ELSE
x(1)=PN(NEC(J,5)'4)
Y(1)=PN(NEqJ,s),5)
x(2)=PN(NEqJ,6),4)
Y(z)=PN(NEC(j,O,5)
x(3)=PN(NEqJ',)¿)
Y(3)=PN(NEqJ,7)'s)
x(4)=PN(NEqJ'8)'4)
Y(4)=PN(NEc(J'8)'5)
END IF

x(5)=x(1)
Y(s)=Y(1)
cÁl_L osFAc( NEC(J,9) )
cj,LLcFA(5J(,Ð
rF(KSOW.EQ.o) GOTO r43
cALL CSFACT(DKRED)
CALL CSFAIS(0)
CALL CFA(5X,Ð

143 CALLGSFATS(KSO\ry)
C LEF"T RIGHT PICK

sX=PN(NEc(J,l ),1 )+PN(NEc(J,2),1 )+PN(NEc(J,6),1 )rPN(NEc(J.5).1 )/4

SY=PN(NEC(J,l ),2)+PN(NEqJ,2),2)+PN(NEC(J,O,2)+PN(NEC(J,5),2)/4

SZ=PN(NEc(J,l ),3)+PN(NEc(J,2),3)+Ph*( NEqJ,O,3)+PN(NEc(J,5),3)/4.
EDTVPA= ( 0{v-SX)**2 + (W-SY)**2 + (Zv -SZ1'*2

)**0.5

sX=PN(NEC(J3),1 )+PN(NEC(J,3),1 )+PN(NEC(J,8),1)rpN(NEC(J,7),1 )/4

SY=PN(NEC( J,a),2)+PN(NEc(J,3),2)+PN( NEC(J,8),2)+PN(NEC(J,7),2)/a

sZ=PN(NEc(J'4),3)+PN(NÊqJ,3),3)+PN(NEqJ,8),3)+PN(NEc(J,7),3)/4.
EDTVPB=( (XV-SX)**2 + (YV-SY)**2 + (Zv-54""2

ts*0.5
IF(EDTVPA-LT.EDTVPB) THEN

x(1)=PN(NEQJ'l )'+)
Y(1)=PN(NEqJ'l),5)
x(2)=PN(NEqJ'2)'4)
Y(2)=PN(NEqJ'2)'5)
x(3)=PN(NEC(J'O¿)
Y(3)=PN(NEqr'O's)
x(4)=PN(NEqJ's)'4)
Y(4)=PN(NEqJ'5)'5)
ETJE
X(l )=rN1¡Bs(J'3¡'t'
Y(l )=PN(NEqJ,3)'5)
x(2)=PN(NEqJ'4)3)
Y(2)=PN(NEc(J,4),s)

t42

x(3)=PN(NEC(J'8),4)
Y(3)=PN(NEqJ,8)'5)
x(4)=PN(NEqJ'7)'4)
Y(4)=PN(NEqJ'7)'s)
END IF
X(s)=x(l)
Y(5)=Y(l)
CALL GSFAC( NEC(J,9) )

CALLcFA(5,X,Ð
rF(KSOW.EQ.0) COTO r44
CÀLL GSFACI(DKRED)
c.{LL GSFAìS(0)
CALL CFA(5X,Ð

r44 CATLGSFAIS(KSOW)
C FRONT BACK PICK

sx=PN(NEC(J,l ),1 )+PN(NEC(J,4),1)+PN(NEC(J,8),1 )+PN(NEC(J,5),1)/¿

SY=PN(NEQ J,1 ),2)+PN(NEC(J 3),2)+ PN(NEC(J,s),2)+PN(NEc(J,5),2)/4

sz=PN(NEc(J,1),3)+PN(NEC(J,a),3)+PN(NÊqJ,8),3)+PN(NEc(J,5),3)/a.
EDTVPA= ( (XV-SX)**2 + (Yv-SY)*12 + (TV -SZ¡x"2

)**0.5

sX=PN(NEC(J,2),1 )+PN(NEC(J,3),1)+PN(NEC(J,7),r )+PN(NEC(J,6),1 )/.+

SY=PN(NEC(J,2),2)+PN(NEqJ,3),2)+PN( NEC(J,7),2)+PN (NEC(J,O,2)/4

sZ=PN(N Ec(J,2),3)+PN(NEc(J,3),3)+PN( NEqJ l),3)+PN(NEc(J,6),3)/4.
EDTl?"8= ( (XV-SX)**2 + (W-SY)r*2 + (TV -SZ¡*"2

)**0.s
IF(EDTVPÀLT.EDTVPB) THEN

x(1)=PN(NEqJ'l)¿)
Y(l )=PN(NEqJ'l),5)
x(2)=PN(NEqJ'4)'4)
Y(2)=PN(NEC(J,4),5)
X(3)=r¡¡1¡sçt't''t'
Y(3)=PN(NEC(J'8),5)
x(4)=PN(NEqJ'5)l)
Y(4)=PN(NEqJ's)'s)

ELJE
x(1)=PN(NEqJ'2)'4)
Y(l)=PN(NEqJ,2)'5)
x(2)=PN(NEqJ'3),4)
Y(2)=PN(NEqJ'3)'s)
x(3)=PN(NEC(J'7)'4)
Y(3)=PN(NEqJ,7)'5)
X(a)=PN(NBc(J'O,4)
Y(4)=PN(NEC{J'O'5)
END IF

x(5)=x(1)
Y(s)=Y0)
ci,LL csFAc( NEC(J,9) )
c¡rL cFA(5,X,Ð
IF(KSOW.EQ.o) GOTO 145
C.{LL GSFACI(DKRED)
CALL CSFATS(0)
CALL GFA(5,X,Ð

145 CALLGSFATS(KSOW)
C BRICK NUMBER

IF(KEN.EQ.I) THEN
x(1 )=PN(NEc(J,1 )¿)+PN(NEc(J,2),a)/4.0
Y(1)=PN(NEC(J,1 ),5)+PN(NEc(j,2),5)/4.0
x(1 )=x(1)-cF*xDIS
WRITE(BUF,*) J

C.AIL GTX(X(l),Y(1 ),BUÐ
END IF

C END OF BRICK
60T0 5

END IF
END IF

5 CONTINUE
END IF

c
c AXIS X,R=DKRED,Y,Z=DKBLUE,Z=DKcREEN

CALL GSLWSq0.5)
X(l)=-AX(r ).AY(llAZl)
Y(1)=-l¡12¡-aY1"-*t'
x(2)=x(l)+Æ((1)
Y(2)=Y(1 )+Ai((2)
CALL GSTXCI(DKRED)
CÀLL GSPLC(DKRED)
cALLCPL(2,X,Ð
IF(NODIM.LT.4) TlJEN
c¿.LL cTX(X(2),Y(2),'X)
ELSE



cÁr_L cTX(X(2),Y(2),',R)
END IF
x(2)i{(l)+AY(1)
Y(2)=Y(1)+AY(2)
CALL GSTXC(DKBLUE)
c¡,LL GSPLCl(DKBLUE)
CALL GPL(2X,Ð
IF(NODIM.LT.4) THEN
CALL cTXtX(2),Y(2),,Y)
ELJE
CALL GTXG(2),Y(2),'Z)
END IF
IF(NODIM,EQ,3) THEN
x(2)-_x(1)+AZ1)
Y(2)=Y(l)+AZ2)
CALL GSIXC(DKGREE¡Ð
CALL CSPLCI(DKCREEN)
câIL CPL(2,X,Ð
CALLGTX6.(2),Y(2);Z)
CÁLL GSTXCIffr'HITE)
END IF

c
C NODAL LOOP
c

tF(KNS.EQ.1 .AND.tKJ.EQ.l ) THEN
cAIL GSTXCT(YELLOW)
CF=CF"l.1
DO70l=1,NON
rFoNF(t).EQ.o) COTO 70
x(1)=PN0'4)
Y(1)=PN(l'5)
CALL GPM(1,X,Ð
X(l )=X(1 )-CF*XDIS
Y(1)=YO )+0.01*YDIS
IF(KNN,EQ,1) THEN
wRrTE(BUR*) r

cArL GTX(X(l ),Y(1 ),BUF)
END IF,70 CONTINUE

END IF
c
C BOUNDARY CONDIÏON LOOP
c

IF(KBC.EQ.1) THEN
CALL CSTXCI(PURPLE)
DO80l=1,NBC
x(l)=PN(lDul)'4)
Y0 )=PN0DL0),5)
rFo D(|,1 ).EQ.t ) CALL GTX(X(1 )+o.o*XDrS,y(1 ),'DX)
IF(rD(1,2).EQ.l) CALL GTX(X(1 )+0.03*XDtS,y(t ),',Dy)
rF(rD(r,3).8Q.1) CArL CTX(x(l)+0.06*XDrS,yo),'DZ)
lF(rD(I,4).8Q.1 ) CALL CTXCX(I )l{.0*XDrS,y(1)-

0.03*\DIS,',RX)
iF0D{I,5).8Q.1 ) CALL CTX(X(1)+0.03*xDlS,Y(1 )-

0.03*YDIS,'RY)
80 rF(lD(t,o.BQ.1) Cj.LL cTX(X(l )+O.06*XDÌS ,yO )-
0.03*YDts,'RZ)

END IF
c
C FORCES LOOP
C FORCES IN YELLOVr' , MOMENTS IN PURPLE

IF(KFOR.EQ.1) THEN
FMAX=0.0
MMAX=0.0
Do 89 l=1,NoN
DO 89 J=l,3
rF(F(r,Ð.GT.FMAX) FMAX=F(t,J)

89 lF(F(I,J+3).CT.MMAÐMMAX=F(I,J+3)
FMAX=FMAX*4.0/YDIS
MMAX=MMAX*4.0,{DlS
DO 90 I=l,NON
lF(MMAX.EQ.0.0) GOTO 87

C MOMENTS
chLL csLwscI2.0)
CALL cSLN(3)
CATL GSPLCI(PURPLE)
x(1)=PN(l¿)
Y(1)=PN(1,5)
X(2)=x(1 )+F(1,4)*sP/MMAx
Y(2)=Y(1 )-F(l,a)*ss *cPlMMAx
CALL CPL(2,X,Ð
x(2)=x(l)
Y(2)=Y(l )+F(l,s)tcslvÀ4,{K
cÁt-L GPL(2.X,Ð
x(2)=x(1)-F(l,OrcP 4MAx
Y(2)=YO )-F(1,6)*SS*SP/À,lMAX
cALLCPU2,X,l')
cÁrl- csLN(1)
CALL GSLVr'SC(l.0)
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C FORCES
t7 IF(FMAX.EQ.0.0) COTO 90

CALL CSPLC(YELLOW)
CALL GSL'WSC(2.0)
x(1)=PN0,4)
Y(1)=PN(l'5)
x(2)=x(1 )+F(1,1 ).sPÆMAx
Y(2)=Y(1 )-F(l,l )*ss*cPÆMAx
CALL cPU2,X,Ð
x(2)=x(l)
Y(2)=Y(1 )+F(1,2)*cs/FMAx
CALL GPL(2,X,Ð
x(2)=X(1 )-F0,3)*cPlFÀ'f,ü
Y(2)=Y(1 )- F(1,3)*SSTSPÆMAx
CALL GPL(2X,Ð

90 CONTINUE
END IF

c
c
C BOUNDARY

tF(tKJ.EQ.1) CALL
BOX(m,xu,lo¡,yro,DKB LUE,0)

CALL GSLWSC(3.0)
CALL GSPLC(PURPLE)

c
C BND OFROUT1NE

CAIL GSELNT (2)

CALL GSCHH(1.50)
RETURN
END

c
c**********r*****

c
SUBROUTINE SEARCHO
INCLUDE'NCOMMON.F

c
C THIS SUBROUTlNE SÊARCHES FOR MAX DIMENSIONS AND
SETS SCREEN ACCORD.
c

XMN=pN(1f)
XtvÐ(=pN(t,a)
YMN=PN(1,5)
YNO{=PN(1.5)

c
C FIND MAX
c

DO 101=2,NON
rF(PN0'4).crxÀ,o{) xMX=PN(r'4 )
IF( PN(l'4).LTJo\4N) xMN=PN(l,a)
rF(PN(r,5).CT.YNfX) \'À4x=pN(r,5)
IF(PN0,5).LT.YMN) YMN=PN(t,5)

10 CONTINUE
c
C RATIO CHECK
c

XDIS=XMX-XMN
YDIs=YMX-YMN
IF(YDIS.GTJ(DIS) THEN
XDÌS=YDIs
XMX=XMN+XDIS
EtsÊ
YDIS=XDIS
YMX=YMN+YDIS
END IF
1î{N=YMN-0.05*YDIS
I?tfX=\îfX+0.05*YDIS
XMN=XÀ4N.O.O5TXDIS
XMX=XMX+0.05*XDIS
XDIS=XMX-XMN
1'DÌS=YMX.YMN

c
C SCALE WINDOW
c

CALL GSELNT (I)
ci,LL cswN o,xMN,xMx,YMN,YMÐ
c¿,LL CSELNT (2)

c
RETURN
END

c
c*ri*************

c
SUBROUTINE RESET)
INCLUDE'NCOMMON.F

c
C THIS SUBROUT¡NE RESETS THEANCLE AND 2D DRAWING



c
DO 10I=t,NON
PN(l'4)=PN0.1)

10 PN(1,5)=PN(1,2)
AX(1)=2.0
AX(2)=0.0
AY(l){.0
AY(2)=2.0
Azl)4.0
AZ2)4.0
AS=0.0
þP=\.5'7U19
CALLDRAWO,'"i)
RETURN
END

c
c+ + x * f * * * * * * 

"*** 
*

C
SUBR OUTINE ROTATE(FP,FS)
REAL FP,FS,CP,SP,CS,SS
INCLUDE'NCOMMON.F

c
C THIS SUBROUTINE ROTATES THE 3D COORDS.4ND MAPS
C THEM ONTO THE 2D V]EWìNC SURFACE
c

AP=AP+FP'0 523599
AS=AS+FS*0.523599
IF(NoDIM.EQ.2.OR.NODrM.EQ.4) THEN

AS=0.0
AP=1-51U?9
BND IF

CP=COS(AP)
SP=SIN(AP)
cs=cos(As)
ss-.slN(AS)
DO 101=1,NON

PN(1,4)=PN(l,l )*SP-PN(1,3)*CP
10 PN(l,5)=PN(l,2)*CS-PN(1,1)*SS*CP-PN(I,3)*SS*SP

AXO)=2 0*SP
AX(2)=-2.0*SS*CP
AY(1){.0
AY(2)=2'01CS
A41\--2.0*CP
412)=-2 0*sS*sP
CA,LL DRAW(I ,' 

"l 
)

RETURN
END

c
c

C
suBRoL"flNE ZOOMOUT0
INCLUDE'NCOMMON.F

c
C THIS SUBROUTINE ZOOMS OUT TO A FACTOR OF 2
c

XMN=XMN-0.5*XDIS
XlvD(=XÀÐ(+0.5xXDIS
YÀ'lN=YMN-0.5*YDIS
YMX=YÀ4{+0.51YDIS
YDIS=YMX-YMN
XDIS=XMX-XMN
CALL GSWN (I,XMN,XMX,YMN,YMX)
CALLDRAVr'(1,' 

"0)RETURN
END

c
cr * * * * * x *******t**** ** *** ** 1r * * * * **r*** * * **** * **r ** xirr * *

SUBROUTINg CENTERO
INCLUDE'NCOMMON.F
CHÂRACTER*] 5 BUF

Cj.LL CSTXCI(w'HITE)
BUF ¿ I 2345 6't 89 0t2j45'

BUFJPICK NEW CENTER'
CALL GTX(7,0,88.0,8UÐ
BUPJOFvlEVr'ING AREA'
CALL GTX(7.0,85.0,8UÐ
CALL GRQLC(1,2,r,NTX(1 ),Y(1 )
x(l)=xMN+X(1)*xDIs/0.73
Y(l )=YMN+Y(1 )*YDIS/0J4474
YMN=YO)-(YDISP)
YMX=Y(l)+(YDIS/2)
xMN=x(1)-(XDIs2)
XMX=x(1)+(XDIs/2)
CALL GSWN (1,)ß4N.XMX,YMN,YMÐ
cAi-L DRAW(I,' 

"o)cArL BOX(-1.0,3r.0,80.4,90.s,GR8Y,1 )
RETI,T.N
END
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RETURN
END

c
SUBROUTINE NODESUBO
CHARACTER*20 BUF,DUM
REAL HOLD
INCLUDE'NCOMMON.F
KSAV{
CALL BOX(22.0,31.0,89.0,96.0,CREy,1 )

c
C THIS SUBROUT1NE Ð APPLIES/DELETES FORCES
C iÐAPPLIESÆELETESBOUNDARYCONDITIONS
c ii)CREATESNODES
C iv) DELETES NODES
C v) MoDIFIES NODES
C vi) DUPLICATES NoDEs
C WRITING BUTTONNAMES
c

cAlL GSTXC(YELLOW)
cArL cscHH(r.5)

c1
CALL GTX( 2.0,36.0,' )
CALL GTX( 2.0, 36.0,'APPLY)
CALL GTX( 2.0, 33.0,'FORCE)

c2
CALL CTX(1 2.0, 36.0,',APPLY)
CALL CTX(12.0, 33.0, ' B.C.)

CALL GTX(21.0, 36.0, 'CREATE)
CALL CTX(21.0, 33.0,' NODE )

c6
CALL GTX(2t.0, 26.0, 'DELETE)
câtl- cTx(2t.0, 23.0,'NODE )

c9
CAIL GTX(2\.0, 16_0,', MODIFY)
CAIL Gfi (21.0, I 3.0,,POSITrON)

c'7
ci,LLGSTXC(14)

SUBROUÏNE ZOOMINO
INCLUDE'NCOMMON.F
CHARACTERXl5 BUF

c
C THIS SUBROLNINEZOOMS IN ON THEDRAWING
c

cALL CSTXCT(WHTTE)
BUFJ
cAl-L cTx(2.0,88.0,8UÐ
cALL CTX(2.0,85.0,8UÐ
BUF=' PIQ( ç9P¡gP5 '

cALL GTX(7.0,88.0,8UÐ
BUF= OFZOOM BOX '
cqì-L GTX(7.0,85.0,8UÐ
c¿,LL GRQLql,2,t,NT.X(1),Y(l)
x(1)=xMN+X(1 )*XDIS/0'73
Y(1 )=YMN+Y(l )*YDIS/0.7 487 4
CALL GRQLC(1,2,t,NTX(2),Y(2))
x(2)=XMN+X(2)*xDls/0.?3
Y(2)=YMN+Y(2)+YDIS/ 0 i 487 4
YMN=MINO(Y(1),Y(2)
xMN=MrN0(X(l ),X(2))
Ytvfx=MAx0(Y(1),Y(2)
xNÐ{=MAX0(X(1)X(2))
XDIS=)ftfX-XMN
YDIS=YNC{-YMN
IF(YDIS.GTXDIS) THEN
XDIS=YDIS
XNfX=XMN+XDIS
ELSE
YDIS=XDIS
YN4X=YMN+YDIS

END IF
c{LL BOX(-1.0,31.0,s0.4,90.8,cREy,1)
Cá'LL GSWN (1,)C.tN.XMX,YMN,YMÐ
CALLDRAW (1,' 

"0)
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c¿,LL Gfi ( 2.0, 14.0,'DONE)
CALL GSlXCI(YELLOW)

c4
CALL G1X( 2.0, 26.0,'DELETE)
CALL GTX( 2.0, 23.0,'FORCE)

c5
CALL GTX(1 2.0, 26.0,',DELETE)
CALL CTX(12.0, 23.0,', B.C.)

c8
CALL GTX(1 1.0, 1 6.0,'DUPLICATE)
(LLLCTX(I1.0, 13.0,', NODES )

c
C MAIN PICK
C
5 CALLGRQPK(1,2,II,SEG,JJ)

câr_L csTxcÌ(YELLow)
CALL GSCHH(1.5)

c
C DONE

IF(SEG.EQ.SEVEN) THEN
CALL GSTXC(DKBLUE)
cÂLL CSCHH(t.s)
cAtL GTX( 2.0,36.0,' )
CALL cTX( 2.0, 36.0,'APPLY)
CALL OTX( 2.0, 33.0,'FORCE)
CALL Cfi (12.0, 36.0,',APPLY)
CAI_L GTX(t 2.0, 33.0,', B.C.)
CALL CTX(21.0, 36.0,'CREATE)
CALL CTX(21.0, 33.0,'NODE )
CALL GTX(2r.0, 26.0, 'DELETE)
CALL GTX(21.0, 23.0,' NODE )
Cá.LL GTX(2t.0, 16.0,' MODIFY)
cá,LL CTX(21.0, 13.0, ',POSITtON)
c{l-I- GTX( 2.0, r4.0,'DONÊ)
CALL GTX( 2.0, 26.0,'DELETEI
CALL Gfi( 2.0, 23.0,'FORCE)
CALL GTX(1 2.0, 26.0,',D8LÊTE)
CALL GTX(12.0, 23.0,', B.C.)
CAIL GTX(1 1.0, 16.0,'DUPLTCATE)
CALLCTXor.0, 13.0,' NODES )
RETURN
EIJEIF(SEC,EQ.BMOUSÊ) THEN

MOKB=1
ELSEIF(SEG.EQ.BKEYB) THEN

MOKB=0

c
C CREATE NODE

ELSEI F(SÊG.EQ.THREE) THEN

15 NPRESN=NON+I
c
cxlYu cooRDs

IF(NODIM.EQ.I) THEN
CALL GSTXC(RED)
cAtL cTx(1.0,88.o,'pRoBLEM TypE NOT DEFINED)
CALL cTX(l.0,85.0,' SELECTPROBLEM TypB )
CA,LL GRQST(1,1,K,J,8UÐ
ci,LL BOX(-1.0,31.0,80.4,9o.8,cREy,1 )
c,oTo 100

C OUT OF SPACE
ELSEIF(NPRESN.EQ.TOI ) THEN
CALL CSTXC(RED)
CALL GTX(I.0,88.0,?OO NODES ALREADY EXIST)
cAtL cTX(1.0,85.0,'coNsuLT pRocRAMMER

DOUG)
câLL GRQST(1,1,K,J,BUF)
cá.LL BOX(-1.0,3r.0,80.4,90.8,CREy,1 )
GOTO 100

ELSEI F(NODIM.EQ,2) THEN
CALL CSTXCI(YELLOW)
cALL CTX(1.0,85.0,',8NTER X-COORDTNATE)
CALL CRQST(1,r,K,J,BUÐ
CALL BOX(-I.0,31.0,80.4,90.8,OR8y,1)
READ(BUF,*,ERR=99) PN(NPRESN,l )

CALL CSTXCI(YELLOW)
ci.LL GTX(1.0,85.0,'ENTER y-COORDTNATE)

CALL CRQST(I,I,K,J,BUÐ
cALL BOX(-1.0,31.0,80.4,90.s,cREy,1)
READ(BUF,*,ERR=99) PN(NPRESN,2)
PN(NPRESN,3)=0.0

ELSEIF(NODIM.EQ,3) THEN
c¿,LL CSTXC(YELLOW)
cÀLL cTX(1 .0,85.0,'ENTER X-COORDINATE)

cáI-L GRQST(1,1,K,J,8UÐ
CALL BOX(-1.0,31.0,80.4,90.8,GR8Y,1 )

READ(BUF,*,ERR=99) pN(NpRESN,1)

CALL GSTXCI(YELLOW)
cALL GTX(1.0,85.0,'ENTER y-COORDTNATE)

cÁrl- GRQST(1.l,K,J,BUÐ
cALL BOX(-r.0,3r.0,80.4,90.8,cR8y,1 )

READ(BUF,*,ERR+9) PN(NPRESN,2)

chLL GSTXC(YELLOV/)
cALL Cfi (1.0,85.0,'ENTER Z-C'OORDINATE)
CALL GRQSTO,I,K,J,BUÐ
CALL BOX(-1.0,31.0,80.4,90.8,GRÊy,1 )

READ(BUF,A,ERR+9) PN(NPRESN,3)

ELSEI F(NODIM.EQ.4) TTJEN
cáIL CSTXC(YELLOW)
cäLL GTX(r.0,85.0,'ENTER R-COORDTNATE)
CAIL CRQST(1,r,K,J,BUÐ
cALL 8OXG1.0,31.0,80.4,90.8,GR8Y,1)
READ(BUF,*,ERR=99) PN(NPREsN,l)

CALL cSTXCT(YELLOW)
CALL GTX(1.0,85.0,'ENTER Z-COORDTNATE)
CAIL GRQST(1,1,K,J,8UÐ
CALL BOX(-1.0,31.0,80.4,90.8,GR8Y,1)
READ(BUF,",ERR+9) PN(NPRESN,2)
PN(NPRESN,3)J

END IF
PN(NPRESN,4)=PN(NPREsN,1 )
PN(NPRESN,5)=PN(NPRESN,2)
NON=NON+1
NAN=NAN+1
INF(NPRESN)=I
cALL ROTATE(0.0,0.0)

20 CALLGSTXCI(YELLOW)
cArL GTX(2.0,85.0,',CREATE ANOTHER? y )
CALL GRQSTO,l,K,J,BUD
CALL BOX(-1.0,31.0,80.4,90.8,OR8y,1 )
DTJMJY
BUF=BUF(1:1)
lF(DUM.EQ.BUÐ GOTO 15

DUMJY
IF(DUM.EQ.BUÐ GOTO I5
æTO r00

99 CALLGSTXC(RED)
CALL CTX(2.0,88.o,', ERROR tN INPUT)
cÀLL GTX(2.0,85.0,'ENTER TO CONTINUE)
cArL GRQST(1,1,K,J,8UÐ
cALL BOX(-1.0,31.0,80.4,90.8,CR8y,1 )
æTO5

100 C0NTIN(Æ

c
C MODIFY NODE

EIJEIF(SEC.EQ.NINE) THEN
IF(MOKB,EQ.I) THEN
CALL cTX(?.0,88.0,' USE MOUSE TO)
CALL CTX(7.0,85.0,' SELECT NODE )
cÁIL CRQLq1,2,r,NT.X(1),Y(1 )
cAtL BOX(-1.0,31.0,80.4,90.8,CR8y,1)
XX=XMN+X(1 )*XDIS/0.?3
YY=YMN+Y(l )*YDts/o i 487 4
CAIL FINDC}fi ,YY,NPRES¡Ð

ELSE
CALL GSTXCl(YELLOW)
CALL cTX(t.0,85.0,'ENTER NODE TO MOVE)
CALL GRQST(I,I,K,J,BUÐ
CALL BOX(-1.0,31.0,80.4,90.8,GR8y,1 )
READ(BUF,900,ERR=99) NPRESN

END IF
rF0NF(NPRESN).EQ.o) GOTO 9s
CALL CSMK(4)
cALL CSPMCI(WHTTE)
CALL GSELNT(I)
cAtL cpM(1,pN(NpRESN,4),pN(NPRESN,5)
cAtL cSELNT (2)

c
cx/Yz cooRDS

IF(NODIM.EQ.I) THEN
cÁrl- csTXc(RED)
CALL GTX(I.0,88.0,'PROBLEM ryPE NOT DEFINED)
CALL GTXO.0,85.0,' SELECT PROBLEM TypE )
CALL GRQST(l,t,K,J,BUÐ
cALL BOXG1.0,3t.0,80.4,90.8,cREy,1 )
coTo 100



ELSEI F(NODIM.EQ.2) THEN
CALL GSTXCI(YELLOVr')
CALL GTX(1.0,85.0,'ENTER X-COORDTNATÊ)
cá,LL GRQST(1,r,K,J,BUÐ
cALL BOX(-l .0,31.0.80.4,90.8,CREy,1 )
READ(BUR*,ERR=99) Rt

CAT-L GSTXCI(YELLOVr')
CAI-L GTX(1.0,85.0,'ENTER Y-COORDINATE)
CALL GRQST(1,1,K,J,8UÐ
cArL BOX(-1.0,31.0,80.4,90.8,CR8y,1 )
READ(BUF,*,ERR+9) R2
PN(NPRESN,3)=0.0

ELSEI F(NODIM.EQ.3) THEN
c.ALL GSTXCI(YELLOW)
cALL GTXO.0,85.0,,ENTER X-COORDTNATE)
cá,LL ORQST(t,l,K,J,BUÐ
cÁLL BOXGl.0,31.0,80.4,90.8,CR8Y,1 )
REr{D(BUF,*,ERR=99) R]

CALL cSTXCI(YELLOW)
cAIL GTX(1.0,85.0,'ENTER y-COORDTNATE)

CALL CRQST(1,1,K,J,8UÐ
cAl-L BOX(-1.0,31.0,80.4,90.8,cREy,1)
READ(BUF,*,ERR=99) R2

CALL CSTXCT(YELLOW)
cALL GTX(1.0,85.0,',8NTÊR Z-C\f, ORDINATE)
cAtL cRQST(l,1,K,J,BUFl
CALL BOX(-1.0,31.0,80.4,90.8,cREy,1 )
READ(BUR*,ERR+9) R3

ELSEI F(NODIM.EQ4) THEN
CALL CSTXC(YELLOW)
CALL GTX(1.0,85.0,'ENTER R-COORDINATE)
cALL cRQST(l,1,K,J,BUFl
cALL BOX(-1.0,31.0,80.4,90.8,cR8y,1 )
READ(BUR*,ERR+9) R1

CALL CSTXC(YELLOW)
CALL CTX(1.0,85.0,,8NTBR Z-COORDINATE)
CALL GRQSTO,I,K,J,BUÐ
c¿,LL BOX(-1.0,31.0,80.4,90.8,cREy,1 )
READ(BUF,*,ERR+g) R2
R3=0

END IF
PN(NPRBSN,l)=R1
PN(NPRESN,2)=R2
PN(NPRESN,3)=R3
cALL ROTATE(0.0,0.0)

c,oTo tot

95 CÁLLCSTXCI(RED)
CALL GTX(2.0,88.0,'NODE DOES NOT EXtSTt')
cÁ.LL GTX(2.0,85.0,'ENTER TO CONTINUE )
CALL CRQST(I,I,K,J,BUÐ
cALL 8OXC1.0,31.0,80.4,90.8,CR8y,1)

IOI CINTINUE
c
C DELETE NODE

ELSEf F(SEC.EQ.SIX) THEN
2J4 IF(MOKB,EQ.I) THEN

CALL CTX(7.0,88.0,' USE MOUSE T0)
CALL CTX(7.0,85.0,,SELECT NODE )
CALL cRQLql,2.r,NTX(l),Y(i ))
c{IL BOX(-1.031.0,80.4,908,cR8Y,1 )
)Õ(=)Ovf N+X(1 )*XDIs/013
YY=YMN+Y(1 )*YDIs/o.7 487 4
CALL FtN D(XX,YY,NPRESN)

ELSE
c¿,LL GSTXCl(YELLOW)
CALLGTX(1.0,85.0,'ENTER NODE TO DELETE)
CALL CRQST(1,1,K,J,8UÐ
cÀLL BOX(-1.031.0,80.4,903,cREy,1 )

c
C CODE TO DELETB ALL FREE NODES
c

lF(BUF(1 r ).EQ.'A'.oR.BUF(1 :1 ).EQ.'a') THEN
cAIL CSTXCT(ORANGE)
CALL CTX(1.0,85.0,'DELETING FREE NODES)

DO 34 KL=l,NON
DO 33 J=l,NOE
t=NEqJ,9)
DO 33 K=l,NI]MNOD(NOETY(D)

33 IF(NEC(J,K).EQ.KL.A,ND.rEF(¡.EQ.1)COTO34
INF(KL)=0
CALLGSMK(KOMÐ
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CALL GSPMCI(BLACK)
Cá'LL GSELNT (I)
cALL GPM(t,PN(KL,4),PN(KL,5)
cÁLL CSÊLNT (2)

34 CONTINUE

CALL BOX(-1.0J1.0,80.4,90-8,CREy,1 )
coTo 102

END IF

RBAD(BUF,900,ERR=99) NPRESN
END IF

DO 30 J=l,NOE
l=NFa/ I q\

DO 30 K=l,NLMNOD(NOETY(D)
lF(NEqJ,K).EQ.NpRESN.4,ND.tEF(J).EQ.t ) COTO 97

30 CONTINUE
DO 32 I=l,NBC
rF(rDL(t).EQ.NPRESN) cOTO 332

32 CONTINLIE
rF(rNF(NPRESN).8Q.0) cOTO 96
INF(NPRESN)=o
C¡,LL GSMK(KOMÐ
CALL GSPMC(Bt.ACK)
CALLGSELNT(I)
CALL GPM(1,PN(NPRESN'4),PN(NPRESN,5)
CALL GSELNT (2)

IF(MOKB.EQ.I) GOTO 234
@TO 102

9'7 CALLCSTXC(RED)
cÁtl- GTX(2.0,88.0,' NODE tS tN ELEMENT )
CALL cTX(2.0,85.0,'DELETÊ ELEMENT FtRSl)
CJ,LL GRQST(1,1,K,J,8UÐ
cAIL 8OXCr.0,31.0,80.4,90.8,CREy,1 )
GOTO 102

332 CALLGSTXCT(RED)
CALL CTX(2.0,88.o,'NODE tS RESTRAINÊD)
CALL cTX(2.0,85.o,'DELETE B.C. FIRST)
CAIL GRQST(I,I,K,J,BUÐ
cAtL BOX(-I.0,3t.0,80.4,90.8,cR8y,1 )
GOTO 102

96 CALLGSTXC(RED)
CAIL GTX(2.0,88.o,,NOD8 DOES NOT EXISTT)
CALL GTX(2.0,85.0,' ENTÊR TO CONTINUE )
CALL CRQST(t,t,K,J,BUF)
câLL BOX(-1.0,31.0,80.4,90.8,CR8y,1 )

IO2 CONTINUE
c
C DELETE B.C.

ELSEIF(SEG,EQ.FIVE) THEN
IF(MOKB.EQ.1) THEN
CALL CTX(7.0,88.0,', USE MOUSE TO)
CALL GTX(7.0,85.0,', SELECT NODE )
q{LL GRQLql,2,r,Nr,X(1 ),Y(t)
CALL BOX(-1.0,3r.0,80.4,90.8,cR8y,1 )
)G=XMN+X(1 )*XDIS/0.73
YY=YMN+Y(1 )*YDIS/o J 4gl 4
CALL FINDOfi ,YY,NPRESI.Ð
ETJE
CALL GSTXCT(YELLOW)
CALL GTX(1.0,85.0,'ENTER NODE tf)
CALL GRQST(I,1,K,J,BUÐ
cAr_L BOX(-1.0,31.0,80.4,90.8,cR8y,1)
READ(BUF,900,ERR=99) NPRESN

END IF
rF(NPRESN.EQ.0.OR.NpRESN.CT.NON) cOTO 1 22
CALL CSMK(4)
cALL CSPMCT(WHTTE)
CAIL GSELNT O)
CALL cpM(1,pN(NpRESN,4),pN(NPRESN,5)
CALL GSELNT (2)

DO 131=1,NBC
13 IF(NPRESN.EQ.ÌDL(Ð) CjoTO 14

CALL GSTXC(RED)
Cj'LL cTX(1.0,88.0,'THIS NODE HAS NO B.C.)
CAIL cTX(1.0,85.0,' ENTER TO CONTTNUE )
cAtL GRQST(l,1,K,J,BUÐ
CALL 8OXC1.031.0,80.4,90.s,cR8y.1 )
coTo 103

14 CALL GTXO.0,85.0,'ENTER DOF TO FREE)
CAIL CRQSTO,1,K,J,BUÐ
cAl-L BOX(-1.0,31.0,80.4,90.8,CR8y,1 )
BUF=BUF(1:2)
NPDOF={
IF(BUF.EQ.x'.oR.BUF.EQ.'x') THEN
NPDOF=l

EI.sEIF(BUF.EQ.'Y'.oR.BUF.EQ.'y') THEN
NPDOF=2

ELSEIF(BUF.EQ.'Z'.oR.BUF.EQ.'z') THEN
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NPDOF=3
ELSEIF(BuF.EQ.'RX'.OR.BUF.EQ.'rx') THEN
NPDOF=4

ELSBIF(BUF.EQ.'RY'.OR.BUF.EQ.'ry') THEN
NPDOF=5

ELSEIF(BUF.EQ.'RZ.oR.BUF.EQ.'z') THEN
NPDOF=ó

ELSEIF(BUF.EQ.'A'.oR-BUF.EQ.'a') THEN
NPDOF=7

END IF
IF(NPDOF,EQ.O) TIJEN

CALL GSTXCI(RED)
CALL GTX(1.0,88.0,'DOF'i DOES NOT EXIST)
cAtI GTX(1.0,85.0,',ENTER TO CONINUE )
CALL GRQSTO,I,K,J,BUÐ
cALL BOX(-1.0,3t.0,80.4,90.8,CREy,1 )

ELSE
IF(NPDOF.LT.?) THEN
lD0,NPDoÐ=0
DO 130 J=l,6

130 rF0D(r,Ð.8Q.1) c,oTO 135
DO 140 J=l,NBC-l
rDL(J)=tDL(J+l)
DO 140 K=I,6
lD(J,K)=lD(J+t ,K)

140 ID(J+I.K)=0
NBC=NBC-l

ELSE
ID(1,1)=0
1D0,2)=0
tD0.3)={
ID(l'4)=0
ID(1,5)=o
ID0,O=0
DO 131 J=r,6

131 rF0D0,Ð.EQ.l ) GOTO 135
DO t4t J=I,NBC-I
IDL(Ð=lDL(J+l)
DO 141 K=1,6
ID(J,K)=lD(J+1,K)

141 ID(J+1,K)=0
NBc=NBC-l
END IF

135 CONTINUE
END IF

122 CALLGSTXCT(RED)
cALL GTX(2.0,88.0,'NODE DOES NOT EXTST!')
CALL GTX(2.0,85.0,'ENTER TO CONTINUB )
CALL GRQSTO,1,K,J,BUÐ
CALL BOX(-r.0,31.0,80.4,90.8,cR8y,1 )

I03 CÐNTNUE
c
C CREATE B.C.

ELSEIF(SEC.EQ.TWO) THEN
rF(MoKB.EQ.l) THEN
CALL GTX(7.0,88.0,' USE MOUSE TCy)

cAtL GTX(7.0,85.0,', SELECT NODE )
CALL GRQLq1,2,r,NT,XO ),Y(1 )
cALL BOX(-1.0,31.0,80.4,90.8,OR8y,1 )
XX=XMN+X(1 )*xDIs/0.73
YY=YMN+Y(1 )*YDIS/014874
cArL FrND(XX,YY,NPREStÐ
EIJE
CALL GSTXCI(YELLOW)
CALL GTXO,0,85,0,'ENTER NODE #)
Cj'LL G RQST(1,1,K,J,8U Ð
CALL BOX(-1.0,31.0,804,90.8,cREy,1 )
READ(BUF,900,ERR=99) NPRESN
END IF
IF(NPRESN.GT.NON.OR.NPRESN.EQ.O) THEN
CALL CSTXCI(RED)
CALL CTX(1.0,88.0,,NOD8 DOES NOT EXTST)
oALL CTX(1.0,85.0,' ENTER TO CONTTNUE )
CALL GRQST(1,t,K,J,BUÐ
cA.LL BOX(-1.031.0,80.4,90A,cR8y,1 )
coTo 104
END IF

CALL CSMK(4)
cALL CSPMCT(WHtTE)
CALL CSELNT (I)
c¿,LL CPM(l,pN(NpRESN,4),pN(NpRESN,5))
CAIL GSELNT (2)

cAtL csTxct(YELLovr')
CALL cTX(1.0,85.0,'ENTER DOF TO FrX)
CALL GRQST(1,1,K,J,8UÐ
cALL BOX(-1.0,31.0,80.4,90.8,cREy,1)
BUF=BUF(l:2)
NPDOF=0
IF(BUF.EQ.X'.oR.BUF.EQ.'x') TIIEN

NPDoF=1
ELSEIF(BUF.EQ.'Y'.OR.BUF.EQ.'y ) THEN
NPDOF=2

ELSEIF(BUF.EQ.'Z'.OR.BUF.EQ.'z') THEN
NPDoF=3

ELSEIF(BUF.EQ.'Rx'.oR.BUF.EQ.'n') THEN
NPDOF4

ELSEIF(BUF.EQ.'RY'.oR.BUF.EQ.'ry) THEN
NPDOF=5

ELSEIF(BUF.EQ.'RZ.oR.BUF.EQ.'z') THEN
NPDOFá

Et.SEIF(BUF.EQ.'A'.OR.B UF.EQ.'a') THEN
NPDOF=7

END IF
IF(NPDOF.EQ.O) THEN
CALL GSTXC(R-ED)
CALL GTX(1.0,88.0,',DOF# DOES NOT EXTST)
CAIL GTX(1.0,85.0,'ENTER TO CONTINUE )
CALL GRQSTO,I,K,J,BUÐ
cALL BOX(-1.0,31.0,80.4,90-8,CREY,1 )
GOTO tO4

END IF

DO 661=1,NBC
66 rF(NPRESN.EQ.IDL(I)) COTO 67

NBC=NBC+1
IDL(NBC)=NPRBSN
I=NBC

67 IF(NPDOF.LT.7)TI{EN
ID(I,NPDOF)=1
ELSE
fD(l,l)=l
ID(1,2)=l
ID(1,3)=1
ID(l'4)=1
ID(1,5)=l
ID(l'O=i

END IF
IO4 CONTINTJE

c
C CREATE FORCES

ELSEIF(SEG.EQ.ONE) THEN
IF(MOKB.EQ.l) THEN
cArL GTX(7.0,88.0,' USE MOUSE T0)
CALL GTX(7.0,85.0,'SELESI NODE )
CALL ORQLC0,2,r,NT,X(l),YO)
cALL BOX(-1.0,31.0,80.4,90.8,CR8y,1 )
XXÐ0\'f N+X(1 )*XDIS/0.73
lry=YMN+Y(1 )*YDIs/0.74s74
CALL FIN DCÆX,YY,N PRES ì\Ð

ELSE
cAì_L CSfiC(YELLOW)
CALL CTX(1 .0,85.0,'ENTER NODÊ ¡i)
câLL CRQST(1,1,K,J,8UÐ
CALL BOX(-1.0,31.0,80.4,90.8,CR8y,1 )
READ(BUF,g 00,ERR=99) NPRESN
BND IF
IF(NPRESN.cT.NON.oT.NPRESN.EQ.0) THEN
CALL CSTXC(RED)
CALL GTX(1.0,88.0,,NODE DOES NOT EXrST)
CALL CTX0.0,85.0,' ENTER TO CONTINUE )
ci,LL cRQST(t,l,K,J,BUÐ
cALL BOX(-1.0¡1.0,80.4,908,cR8y,1)
GOTO 105

END IF
cArl GSMK(4)
cAt_L GSPMCI(WHITE)
CALLGSELNT(1)
CALL GPM(1,PN(NPRESN,4),PN(NPRESN,5)
cAtL cSELNT (2)

CALL CSTXC(YELLOW)
CALL GTX(1.0,85.0,',8NTER DOF TO LOAD)
CALL CRQST(1,1,K,J,8UÐ
c-ALL BOX(-1.0,31.0,80.4,90.8,CR8y,1)
BUF=BUF(1:2)
NPDOF=O

IF(BUF.EQ.X'.oR.BUF.EQ.'x') THEN
NPDOF=l

ELSEIF(BUF.EQ.'Y'.oR.BUF.EQ.'y') rHEN
NPDOF=2

ELSEIF(BUF.EQ.'z'.oR.BUF.EQ.'z') THEN
NPDOF=3

ELSEIF(BUF.EQ.'Ð('.OR.BUF.EQ.'n') THEN
NPDOF=l

ELSEIF(BUF.EQ.'RY'.OR.BUF.EQ.'ry') THEN
NPDOF=5

ELSEIF(BUF.EQ.'RZ.OR.BUF.EQ.þ) T,IIEN
NPDOF=ó

END IF



IF(NPDOF.EQ.O) THEN
cá,LL CSTXCT(RED)
CAIL GTX(1.0,88.o,',DOFí DOES NOT EXISl-)
CALL CTX(1.0,85.0,'ENTER TO CONTINUE )
cALL CRQST(1,l,K,J,BUF)
câLL 8OXG1.031.0,80.4,903,CR8y.i )
GOTO ì05

END IF

.77 CALLCSTXCI(YELLOW)
Cá.LL GTXO.O,85.O,'ENTER FORCE VAIUE')
C¿,LL GRQSTO,l,K,J,BUÐ
câLL BOX(-1.0,31.0,80.4,90.8,CR8y,1)
R¡AD(B UF,",ERR=99) HoLD
F(NPRESN,NPDOF)=HOLD

IO5 CONTINUE
C
C DELETE FORCE

ELSEIF(SEG.EQ.FOUR) THEN
IF(MOKB.EQ.1) THEN
CALL GTX(7.0,88.0,' USE MOUSE TO)
CALL GTX(7.0,85.0,' SELECT NODE )
CALL GRQLql,2,r,NTj{O),YO)
cALL BOX(-1.0,31.0,80.4,90.8,GREY,1 )
XX=)GlN+X(l )*XDIS/0.73
YY=YMN+Y(1 )*\DIs/0.74474
CALL FINDOO(,YY,NPRES T9

ELSB
CALL GSTXCI(YELLOTV)
câLL CTXO.0,85.0,',ENTER NODE #)
CALL CRQST(1,I,K,J,BUÐ
cALL 8OXC1.0,3r.0,80.4,90.8,cR8y,1 )
READ(BUF,9OO,ERR+9) NPRESN
END IF

IF(NPRESN.CT.NON.oT.NPRESN.EQ.0) THEN
CALL CSTXC(RED)
câLL CTX(1.0,88.0,'NODE DOES NOT EXTST)
CALL Cß(1.0,85.0,'ENTER TO CONTTNUE )
CALL GRQST(1,1,K,J,BUÐ
cALL BOX(-1.031.0,80.4,90A,cR8y,1 )

coTo 123
END IF

CALL CSMK(4)
CALL GSPMCI(WHITE)
cArL GSELNT (1)

cj.LL CPM(1,PN(NPRESN,4),PN(NpRESN,5))
CALL GSELNT (2)

114 CALLGSTXCI(YELLOW)
cArL GTX(I.0,85.o,'ENTER DOF TO L.TNLOAD)
CALL GRQST(1,1,K,J,8UÐ
cALL 8OXCr.0,3r.0,80.4,90.8,CR8y,1 )
BUF=BUF(1 '2)
NPDOF=O
IF(BUF.EQ.'X'.oR.BUF.BQ.'x') THEN
NPDOF=l

ELSEIF(BUF.EQ.'Y'.oR.BUF.EQ.'y') THEN
NPDOF=2

ELSEIF(BUF.EQ.'Z'.OR.BUF.EQ.'z') THEN
NPDOF=3

ELSEIF(BUF.EQ.'Rx'.oR.BUF.EQ.'n') THEN
NPDOF=4

ELSEIF(BUF.EQ.'RY'.oR.BUF.EQ.'ry) THEN
NPDOF=5

ELSEIF(BUF.EQ.'RZ.oR.BUF.EQ.'z') TtIEN
NPDOFá

ELSEIF(BUF.EQ.A'.oR3UF.EQ.'Â') THEN
NPDOF=7

END IF

IF(NPDOF,EQ.O) THEN
CALL CSTXCT(RED)
CALL CTX(1 .0,88.0,'DOF# DOES NOT EXIST)
CALL GTX(1.0,85.0,,ENTER TO CONTTNUE )
CA.LL GRQST(1.1,K,J,8UÐ
CALL BOX(-1.031.0,80.4,90A,CR8y,1 )

ELSEIF(NPDOF.EQ.7) THEN
F(NPREsN,l)=0.0
F(NPRESN,2)=0.0
F(NPRESN,3)=0.0
F(NPRESN,4)=O.O
F(NPREsN,5)=0.0
F(NPRESN,6)=O,O

ELSEIF(NPDOF.LT.7) TlIEN
F(NPRESN,NPDOF)=O.O

END IF
123 MNTINUE
c
C DUPLICATE NODE

r48

ELSEIF(SEG.EQ,EICHÐ THEN
c
C STARTAT NON+1 TO NON+1+NDUP

R1=0.

R3=0.
c
C ASK FOR NODES TO DUPLICATE
c

cÂLL GSTXCI(YELLOW)
CALL GTX(1.0,85.0,',8NT8R START NODE)
CAIL CRQST(1,I,K,J,BUÐ
cALL 8OXC1.0,31.0,80.4,90.8,GREY,1)
READ(BUF,900,ERR=99) ll
IF(INF(II).NE.I ) æTO 270
ll=ll-l
CALL GSTXCI(YELLOW)
CALL GTX(1.0,85.0,'BNTER END NODE)
cq,LL GRQST(l,1,K,J,BUF)
cáLL 8OXG1.0,31.0,80.4,90.8,CREY,1 )
READ(BUF,9OO,BRR+9) JJ

IF(INF(JÐ.N8.1 ) COTO 270
NDUP=JJ-ll
CALL CSTXC'l(YELLOW)
c{IL OTX(1.0,85.0,'ENTER INCREMENT)
CA,LL GRQST(I,1,K,J,BUÐ
cALL 8OXC1.0,31.0,80.4,90.8,cREy,1 )
RFAD(BUF,900,ERR+9) KK
IF(KK.GT.NDUP.OR.KK.EQ.0) cOTO 2?5

CASK FOR SPACING
cxlYz cooRDs

IF(NODIM.EQ.l) THEN
CALL GSTXC(RED)
CALL CTXO.O,88.O,'PROBLEM TYPE NOT DEFINED)
CALL GTX(1.0,85.0,' SELECT PROBLEM TypE )
CALL GRQST(I,1,K,J,BUÐ
CALL BOX(-1.0,31.0,80.4,90.8,CREy,1)
coTo r00

ELSEIF(NODIM.EQ.2) THEN
ci.LL csTXct(YELLOW)
CALL GTX(r.0,85.0,',8NTER X SPACTNG)
câLL CRQST(1,1,K,J,8UÐ
ci,LL BOX(-',I.0,31.0,80.4,90.8,cR8y,1)
READ(BUF.*.BRR=99) R1

CALL CSTXCl(YELLOW)
CALL GTX(1.0,85.o,',8NTER Y SPACINC)
CALL GRQST(1,1,K,J,8UÐ
cALL 8OXG1.0,31.0,80.4,90.8,CR8y,1 )
READ(BUF,*,ERR=99) R2
PN(NPRESN,3)=0.0

ELSEIF(NODIM.EQ.3) THEN
CALL CSTXCT(YELLOW)
CALL GTX(1.0,85.0,'ENTER X SpACING)
CALL GRQST(1,1,K,J,8UÐ
CALL BOXCr.0,31.0,80.4,90.8,CR8Y,1 )
READ(BUF,*,ERR+9) Rl

cÂtL GSTXCl(YELLOW)
c¿,LL GTXO.0,85.0,,ENTER y SPACTNG)
CAI-L GRQSTO,I,K,J,BUÐ
cÁtl- Box(-r.0,31.0,80.4,90.8,cR8y,1 )
READ(BUF,*,ERR+9) R2

cAIL OSTXCT(YELLOW)
CALL GTX(',t.0,85.0,',8NTER Z SPACINC)
CALL GRQSTO,r,K,J,BUF)
CALL BOX(-1.0,31.0,80.4,90.8,CR8y,1)
READ(BUF,*,ERR+9) R3

ÊLSEIF(NODIM,EQ.4) THEN
CALL CSTXCT(YELLOW)
CALL GTX(t.0,85.o,'ENTER R SpACt NG)
c¿,LL GRQST(1,1,K,J,8UÐ
cALL BOX(-1 .0,31.0,80.4,90.8,cR8y,1)
READ(BUF,*,ERR=99) R1

CALL GSïXC(YELLOW)
CALL cTX(1.0,85.0,'ENTER Z SpACINc)
CALL GRQST(1,1,K,J,8UÐ
cALL BOX(-1.0,31.0,80.4,90.8,cR8y,1 )
RF-A'D(BUF,+,ERR=99) R2
PN(NPRESN,3)=O

END IF
DO 260 I=l,NDUP,KK
J=NON+l
INF(r=1
PN(J,1)=PN(ll+1,1)+Rl



PN(J,2)=PN(ll+1,2)+R2
260 PN(J,3)=PN(ll+1,3)+R3

NON=NON+NDUP
NAN=NON
cAl-L ROTATE(o.o,o.o)
c,oTo 280

C IMPOSSIBLE NODE NUMBER
NO CâLLGSTXC(RED)

cáI_L GTX(1.0,88.0,'NODE DOES NOT EXTST!)
c¿.LL cTX(1.0,85.0,' ENTER TO CONTINUE)
câLL CRQST(r,1,K,J,BUÐ
cALL BOX(-1.0,31.0,80.4,90.8,CR8y,1 )

coTo280
n5 CALLCSTXCI(RED)

CALL GTXo.0,88.0,'TMPOSSIBLE INCREMENT)
CALLcTX(1.0,8s.0,' ENTERTO CONTTNUE)
CALL CRQST(r,1,K,J,BUÐ
cALL BOX(-r.0,3r.0,80.4,90.8,GREY,1)

280 CONTINUE
END IF
coTo 5

90o FoRMAT0O
905 FORMAT(F8.2)

END
c
c* * * * * ** * * * * 1* * **+* * 1***** * * * * * **

c
SUBROUTtNE LISTO
CHARACTER*90 BUF,NAME
INCLUDE'NCOMMON.F

c
C THIS SUBROUTNE LISTS TTIE
ELEM,NODE.BC.FOR CES,GROUPS,MATERIALS
c

CALL CSTXCIo¡/HITE)
cl

cåLL CTX( 2.0, 34.0,'NODES',)
c2

CALL cTX0 t.0, 34.0,'ELEMENTS)
c3

CALL CTX(21.0, 34.0, ' B.C.)
c4

cALL CTX(2.0, 24.0,'FORCES)
c5

CALL GTX(l l 0, 24.0, ',cROUPS)
c6

CALL CTX(21.0,24.0,'MATERLq.LS)
c'7

CALL cSTXCt(t4)
câtL GTX( 2.0, r4.0,',DONE)
CATL GSELNT O)
CALL CSCHH(YDtS/50.0)

5 CALLCRQPK(1,2,II,SEG,JJ)
cArL GSfiCÌ(WHITE)

c
C DONE

IF(SEC.EQ.SEVEN) THEN
cá,LL GSELNT (2)

CALL GSCHH(1.5)
cá.LL CSTXCI(DKBLUE)
CALL CTX( 2.0, 34.0,'NODES)
CALL GTX(1 1.0, 34.0.'ELEMENTS)
CALL CTX(21.0,34.0, ' B.C.)
CALL GTX(2.0, U.O,'FO RCES)
CAIL CTX(l 1.0, 24.0,'GROUPS)
cÀLL GTX(21.0,14.0,'MATERIALS)
CALL Gfi( 2.0, 14.0,'DONE)

RETURN
c
C NODBS

ELSEIF(SEG.EQ.ONE) THEN
CÀLL BOX(rouamx,yuur,ym,black,1 )
BUFJNODE# X Y Z
x(l)=xMN+0'02xxDls
Y(1)=YMN+0.95*YDls
ci,LL GTX(X(1 ),Y(1).BUÐ

DO l0I=1,NON+I,15
CALL BOX(m,mx,ym4yu,bìack,1)
BUF='NODEIi X Y Z
X(l)=XMN+0.02+XDIS
Y(l ÞYMN+0.95*ìDIS
cAr_L GTXQ{(1 ),Y(1 ),BUÐ
DO l2 J=l,15
Y(l )=YMN+0.95*YDISJ*0.05*YDIs
Vr'RITE(BUF,95) I+J-1,(PN(l+J-1,JJ),JJ=1,3)
IF(lNF(l+rl).EQ.o) GoTo l2
cAi-L GlXCX(1 ),Y(t ),BUÐ

149

12 CONTNUE
c4.LL GRQST(l,1,K,J,BUÐ
IF(BUF.NE.") COTO 5

1O CONTINUE
c
C ELEMENTS

ELSEIF(SEG.EQ.TWO) THEN
CALL BOX(m,m,ytrryd,blÂck,1 )
BUFJ ELEM# CROUPII NODES'
X(1)=XMN+0.02*XDIS
Y(1 ÞYMN+0.95*YDIS
CA,LL GTXfr(I),Y(I),BUÐ

DO 20 l=1,NOE+'I,15
CA LL BOX(m,m,ymr\yr,black,l )
BUFJ ELEM# CROUPII NODES'
x(l )=xMN+0.02+xDIs
Y(l )=YMN+0.95*YDIS
CALL ATXCX(t ),Y(1 ),BUF)
DO22 J=\,15
Y(1 )=YMN+0.95*YDls-J*0.05;YDIs
IF(l EF(l+J-1).EQ.0) COTO 22
WRITE(BUF,9O I+J-l,NEql+J-t,9),(NEC(l+J-1,K),K=1,

@ NUMNoD(NOErY(NEqI+J-1,9))))
CALL GsTxc'l(NEC0+J-1,9))
CALL GTX(X(l ),Y (1 ),BUÐ

22 CONTNUE
CALL GRQST(I,I,K,J,BUÐ
rF(BUF.NE.',) GOTO 5

20 CONTINUB
c
c B.c.

FIXED/O=

@FREE'

gLSEI F(SEG.EQ.THREE) T}IEN
C.ALL BOX(m,mx,]aû\yu,blâck,1 )
BUFJ NODEIì Dx Dy Dz Rx Ry Rzl=

X(l )=XMN+0.02*XDIs
Y(l )=YMN+0.95*YDIS
CALL GTX(X(r ),Y(1 ),BUÐ

DO 30 I=1,NBC+I,15
CALL BOX(m,ruyou¡yu,black,l )
BUF=' NODEII Dx Dy Dz Rx Ry Rzl=

x(1)=xMN+0.02xxDIs
Y(1tsYMN+0.95*YDIS
CALL GTXCX(I),YO),BUÐ
DO 32 J=I,15
IF((l+J-1).CTNBC) COTO 32
Y(l )=YMN+0.95*YÐlS-J*0.05*YDIS
WRITE(BUR97)lDL{l+Jl),(lD(l+J-1,K),K=t,O
CqLL CTX(X(1 ),Y( I ),BUÐ

FIXED/O=

@FREE'

32 CONTINUE
30 CALLGRQST(I,1,K,J,BUÐ
c
C FORCES

ELSEIF(SEG.EQ,FOUR) THEN
CALL BOX(mau,ym,yM,black,l )
BUF=' NODE,¡ Fx FY Fz Mx MY Mz'
x(l )=xMN+0'02*xDIs
Y(l ÞYMN+0.95+YDIS
CALL CTXCKO),Y(l),BUÐ

DO40 I=1,NON+1,15
C.A.LL BOX( ru¡mx,ym,yru,bl ack,l )
BUF='NODE# Fx Fy Fz Mx My Mz'
x(1)=xMN+0.02*xDls
Y(1)=YMN+0.95*YDIS
CALL CTXCX(1 ),Y(l ),BUÐ
DO 42 J='l,15
IF(l+J-1).GT.NON) COTO 42
Y(l )=YMN+0.95*YDIS-J*0.05*YDIS
Vr'RITE(BUF,g2) I+r1,(F(l+J-1,K),K=1,O
cAr_L cTxcx(1 ),Y( l ),BUÐ

42 CONTNLIE
IF(KGRAV.EQ.l ) CALL GTXO(MN,YMN,'GRAVITY

NOTYETGENERATED - RUN
*CHECK ROUTINE)

c¿,LL cRQST(l,t,K,J,BUÐ
rF(BUF.NE.') C,OTO 5

40 CONTINLIE
c
C CROUPS

ELSEIF(SEG.EQ.FIVE) THEN
CALL BOX(m,mx,ym,yu,black,1)
BUFJ CROUP# ELEMfiPE #OFELEMS

MATERIAL#'
X(1)=xMN+0 02*XDIs



MATERIALJ/'

c
SUBROUTINE CHECKO
INTEGER NNN(7OI)
CHAR.ACTER*20 BUF,DUM
INCLUDE NCOMMON,F
KSAV=0
oPEN(UNIT=5,FILE=5¡r'ARNI NcS.OUT)
NUMERR=o

c
C THIS ROLITINE COMPRESSES THE NODE AND ELEM i/'s

Y(l ÞYMN+0.95+\DIs
ci.LL cTx(xo ),Y(1 ).BUÐ

DO 50 l=I,NOG+1,15
C-ALL BOX(nm,m,ym,yu,bl ack,l )
BUF] GROUP/i ELEMTYPE #OFELEMS

x(1)=xMN+0.02*xDls
Y(l )=YMN+0.95*YDIS
câLL GTXCX(1 ),Y(1 ),BUÐ
DO 52 J=I,15
lF((l+J-l ).CT.NoG) coTo 52

IF(NOETY(l+J-1 ).EQ.1 ) THEN
NAMEJ3D SPRING'

ELSETF(NOETY(l+J-1 ).EQ.2) THEN
NAMEJ2D TRUSS '

ELSEIF(NoETY(I+J-l ).EQ.3) THEN
NAMEJ2DBEAM '
ELSEIF(NoETY(l+J-l).EQ.4) THEN
NA]ME:CRJD BEAIM (NOT 2D)

ELSEIF(NOETY(l+r1).EQ.5) THEN
NAMEJ3DTRUSS'

ELs EIF(NOETY(l+J-l ).EQ.O THEN
NA]VEJ3D BE]A]V '
ELSEIF(NoETY(l+J-1 ).EQ.7) THEN
NAME=3D PLATE '

EL.SEIF(NOETY(l+J-1 ).EQ.8) THEN
NAMEJ3DBRICK'
ELSEIF(NOETY(t+J-t ).EQ.9) THEN
NAMEJ3DFRAME'

ELSEIF(NOETY(l+J-1 ).EQ.l 0) THEN
NAMEJ2D PI.AJN STRAIN'

ELSEIF(NoETY(l+i-1).EQ.1 1) THEN
NAMEf2D PI.A,NE STRESS '
ELSEIF(NOETY(I+J.1 ).8Q.1 2) THEN
NAMEJGRID PIATE (NOT 2D)

END IF
Y(1 )=YMN+0.95*YDIS-J*0.05*YDIS
WRITE(BUF,98) I+J-l,NOETY0+J-l ),NOEICT(l+J-1 ),1+J-1
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CAND CHECKS FOR REPEATED POSITIONS AND NODES
c
c100 FoRcES F(6 DOFFORCES)
C 1OO BOUNDARY CONDITIONS ID(6 DOF FIX). IDL(NODE V/HICH
FIÐ
c
C lD BOUNDARY CIONDITION ARRAY 6dof
C IDL B.C. LOCáTIONS
C F NODALFORCEARRAY
C ICN FLAGFORCOMPRESSNODESI=YES/O=NO
C ICE FLAC FOR COMPRESS ELEMS I=YES,ð=NO
c NNN NNh\(l)=NEwNODENUMBERoFoLDNoDEI
C NAN NUMBEROFACTUALNODES
C NAT NUMBEROFACTUALELEMENTS
C NUMERR NUMBEROFERRORS¡¡r'ARNINGS
c
c oPEN(UNIT=6,FILE='CHEß.OUT)
C COMPRESS NODES
c
C PROMPT FOR COMPRESS NODES OR NOT?

CALL CSTXC(ORANCE)
Cá.LL CTX(1.0,85.0,'COMPRESS NODES? y/\)
c¿,LL GRQST(l,1,K,J,BUÐ
CALL BOX(-1.0,31.0,80.4,90.8,CREy,1 )
DUM='Y
BUF=BUF(1:l)
IF(DUM.BQ.BUF) ICN=I
DUM=,y'
IF(DUM.EQ.BUÐ ICN=l

NAN=O
DO 10 I=1,NON
rF(rNF(r).EQ.1) THEN
NAN=NAN+1
IF(ICN.EQ.1) THEN
INF(NAN)=I
DrO l5 J=l,5

I5 PN(NAN,J)=PN(I,Ð
NNNO)=NAN
END IF

END IF
IF(IcN.EQ.0) NNN(l)=l

IO CONTINUE
IF(ICN.EQ.1) THEN
DO 13 Ì=NAN+I,700

13 INF(r)={
NON=NAN

END IF
!VRITE(5,*)'NUMBER ACTUAL NODES"NAN
IF(NAN.EQ.O) THEN
NUMERR=NUMERR+I
wRITE(5'*)

wRITE(5, *)',* *** * * ***********xx*** * ** x***** * * * r*'
wRITE(s,r)r****x VTARNING!! ERROR'r *r****'
wRITE(5'*)'******
WRITE(5,*)'****** NONODES ****x*'

wRITE(5,*)'**+ * ***** * * * ********** * ** ** I *** * *x**'
CALL GSTXC(RED)
CAIL CTX(1.0,88.o,',{ERRORx NO NODES)
cÁIL GTXO.0,85.0,,ENTER TO CONTINUE)
CALL CRQST(I,I,K,J,BUF)
CALL BOX(-1.0,31.0,80.4,90.8,cR8y,1)
END IF

c
C REASSIGN FORCES TO NEVr' NODE NUMBERINC
c

DO 16 t=l,NON
DO 16 J=l,6

16 F(l,Ð=F(NNN(l),Ð
DO 66 l=n*ON+],?00
DO 66 J=l,6

66 F0,Ð=0.0
c
C REASSfGN BOUNDARY CONDITIONS TO NEW NODE
NUMBERING

DO 18 I=1,NBC
18 IDL(D=NNN(IDL(D)

DO 88 l=NBC+1,200
DO 88 J=l,6
IDL(l)=o

88 rDo,Ð=0
c
C CHECK FOR DOUBLED NODES
c

DO l7l=1,NON-I
DO 17 J=l+1,NON
rF(PN0,1).EQ.PN(J,1 )áND.pN(r,2).EQ.pN(J,2)ÂND.pN(r

,3).8Q.

CALL cSTXCI(t+J-1)
CA,LL GTX(X(r ),Y(1 ),BUÐ
cAIL GTX(XMN+0.?*XDIS,Y(l ),NAME)

52 CONTINUE
50 C'ALLGRQST(I,t,K,J,BUÐ
c
C MATERIALS

ELSEIF(SEG,EQ.SIX) THEN
CA.LL BOX(m,mx,ym,yu,black,1 )
BUFJMATERIALIi PROPERTlES'
X(l )=XMN+0'02'XDIs
Y(I FYMN+0.95*YDIS
CALL CTXG(1).Y(1),BUÐ
DO 60 I=1,NOG+'I,15
CAl-L BOX(nn,m,)mr\yrû,black,l )
BUFJMATERIAL# PROPERTIES'
x(1)=xMN+0.02*xDIS
Y(l )=YMN+0'95*YDIS
cârl GTXQ{(1 ),Y(1 ),BUÐ
DO 62 J=l,15
rF(r+J-l).GT.NOC) COTO 62
Y( 1)=ì',lvN+0.95*YDIS-J+0.05*Y DIS
WRITE(B UF,92) I+J-1,(PMAT(l+J-

I,K),K=I,NUMMATNoETY(lrJ-1)))
cArL CSTXCl(l+J-l)
cAl-L cTX(X(1 ),Y(l ),BUÐ

62 CONTINUE
60 CALLGRQST(],1,K,J,BUÐ

END IF
GOTO 5

92 FORMAT06.".9E9.2)
95 FORI\4AT(17,3F9.3)

96 FORMATOotT)
97 FORMAT(7I7)
98 FORMAT(4Ir1)

END
c
c* ***** * ********* I * * * * * ***** + * * x * xx* ***** * ***+ + * x* * xx** * *



& PN(J,3)THEN
NUMERR=NUMERR+1
wRrTE(5.Ð

wR ITE(5, *)'+ *' * * * *
wRITE(s,*)**t*r* Vr'ARNING!! ERRORil'*****
WRITE(5,r)1a*tr+ ******'
wRITE(5,*)',**'*t* REPEATED POSITIONS FOR

wRrTE(5,905) I,r

wRITE(5,')'* +++*a*** I * f ***** ***** * *
CALL GSTXC(ORANGE)
CALL CTXo.0,88.0,'REPEATED NODE POSN.)
cÁ.tL 6TX(1.0,85.0,' ENTER TO CONTINUE )
CALL CRQST(l,l,K,J,BUÐ
c4LL BOX(-1.0,3t.0,80.4,90.8,cR8y,1 )

END IF
17 CONTINUE
c
C CHECK FOR FREE NODES (NOT IN ANY ELEMENT')
c

NUMNOW=NUMERR
DO 221=1,NON

IJK=o
rF(rNF0).8Q.0) COTO 22
DO 23 J=l ,NOE
rF0EF(J).8Q.0) COTO 23
DO 24 K=1,8
rF(NEC(J,K).EQ.t) tJK=t

24 CONTINUE
23 CONTINT]E

IF(IJK.EQ.O) THEN
NUMERR=NUMERR+I
wRrTE(s,*)

WRITE(5,*)',******************************r*****'
WRITE(5,*)****** WARNINC!! ERROR| ******'
s¡RITE(5,*)'******
WRITE(5,*)'****** UNUSPD FREE NODE ****+*'
vr'RrTE(5,902) I

wRITE(5,*;'*** + * * * *********** +* +* * x* * ******* * **'
END IF

22 C\]NTINUE
IF(NUMERR.GT.NUMNOW) THEN
CALL CSTXC(RED)
CALL GTX(1.0,88.0,'*ERROR* FREE NODE/S)
cALL GTXO.0,85.0,,ENTER TO CONTINUE)
CALL CRQST(1,1,K,J,BUF)
CALL BOX(-1.0,31.0,80.4,90.8,CR8y,1)
END IF

WRITE(5,*)'NUMBER OF BOUNDARY
CÐNDITIONS"NBC

IF(NBC.EQ.O) THEN
NUMERR=NUMERR+I
WRITE(5.")

WRITE(5, *)',* ****** ************,
WRITE(5,*)x***** Vr'ARNING!! ERRORil ******'
WRITE(5,*I*****+ ****1*'
wRITE(5,*)'****** NO BOUNDARY CONDITIONS

WRITE(5,*)'******* ************'
CAI-L GSTXCI(RED)
CAIL CTX(1.0,88.0,' *ERROR* NO B.C.)
cAIL cTX(1.0,85.0,'ENTER TO CONTlNUE)
CALL CRQST(1,1,K,J,8UÐ
cALL BOX(-1.0,31.0,80.4,90.8,cREy,1 )

BND IF
c
C COMPRESS ELEMENTS ( OOHH, TRICKY ! )
c
C PROMPTIFCþMPRESSELEMENTS

CALL CSTXCT(ORANGE)
CALL Cfi (1.0,85.0,'COMPRESS ELEMENTS? yl.i)
CATL GRQST(1,1,K,J,8UÐ
CALL BOX(-1.0,31.0,80.4,90.8,CR8y,1)
DUMJY
BUF=BUF(1'l)
IF(DUM.EQ.BUÐ ICE=I
DUMJY
IF(DUM.EQ.BUF) ICE=1
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DO 30 I=l,NOE

IF(ICN.EQ.1) THEN
DO 36 J=l,8

36 NÊqr,Ð=NNN(NEC(r,Ð)
END IF

IF(IEF(D.EQ,1) THEN
NAE=NAE+1

rF(tCE.EQ.l) THEN
IEF(NAE)=1
Do 35 J=l,9

35 NEc(NAE,Ð=NEC0,J)
END ìF

END IF
30 CCJNTINUE

tF(rcE.EQ.r) THEN
DO 33 I=NAE+'IJ00,1
rEF(r){

33 CONTINUE

NOE=NA.E
END IF

WRITE(5,*)NUMBER ACTUAL ELEMENTS"NAT
IF(NAE,EQ.O) THEN
NUMERR=NUMERR+I
wRITE(5'*)

\ryRITE(5,*I*******xxxxx***************r***x*xx*'
v/RITE(s,r)',+rttr* WARNING!! ERROR" ******'
Þ¡RITE(5,*)+++f**
WRITE(5'*)**a**1 NOELEMENTS

WRITE(5,*)'******* * * * * I ** x * x x*'

CA,LL cSTXC(RED)
CALL GTX(1.0,88.0,,*ERROR* NO ELEMENTS)
CALL CTX(1.0,85.0,' ENTER TO CONTTNUE )
cAtL cRQST(1,1,K,J,8UÐ
cALL BOX(-r.0,31.0,80.4,90.8,CR8y,1 )

END IF
c
C CHECK FOR DOUBLE NODE USE
c

DO 40 l=l,NOE
DO AO J=l,NUMNOD(NOETY(NEqI,9))).1
DO 4¡ K=J+I,NUMNOD(NOETy(NEC0,9)))
rF(NEC(r,Ð.EQ.NEC(t,K)_AND.TEF(r).EQ.1 ) THEN
NUMERR=l\IlJMERR+1
wRrTE(s,I

wRITE(5,*)'******+
WRITE(5,*)****** WARNINC!! ERROR'r ******'
wRITE(5,*¡',*x****
wRITE(5,*¡'***x** REPEATED NODE IN ******',
WRITE(5,901) I
wRITE(5,902) NEC(r,Ð

wRITE(5,*¡'****x*x****************************i'
CALL GSTXC(RED)
CALL GTXO.O,88.O,'REPEATED NODE IN ELEM.)
Vr'RITE(BUN9O7) I
cá,LL GTX(1.0,85.0,8UÐ
cArL cRQST(l,1,K,J,BUÐ
cArL BOX(-1.0,31.0,80.4,90.8,cREy,1)
END IF

1O CONÏNUE
c
C ADD WEIGHT OF ELEMENTS ( OOHH, TRICKY ! )
c
C PROMPT

IF(KCRÁ,V.8Q.1 "{ND.DUM,EQ,BUF) THEN
cALL cSTXCt(OR_A.NcE)
cArL cTx(1.0,88.0,'DO cRAVITy FOR SOLVER)
CALL CTX(I.0,85.0,'FILE ONLY! NOW? y/N )
CAIL CRQST(1,t,K,J,BUÐ
cALL BOX(-1.0,31.0,80.4,90.8,cR8y,1)
DUM='Y
BLtr=gg¡11,1¡
DO75l=l,NON
DO75 J=I,6

75 F(l,J)=F(l,J)+10.0
KCRAV=O

END IF

IF(NUMERR.CT,O) THEN

NAE=0
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CALL CSTXC(RED)
CAIL cTX0.0,88.0,'ERRORS WRITTEN

TO WARNINGS.OUTI)
CA,LL CTX(I.0,85.0,' ENTER TO

CONTINUE )
ELSE

CALL GSTXCI(GREEN)
câLL cTX(t.0,88.0,' NO TRRORS

FOUND )
CALL GTX(I.0,85.0,' ENTÊR TO

CONTINUE )
END IF

CALL CRQST(l,l,K,J,BUÐ
c¿'LL BOX(-1.03t.0,80.4,90A,cREY,t)

CALL DR A,W(1,'NEW ORDER"l)

CALL cSTXC](ORANCE)
c

CLoSE(UNIT=5)

RETURN
901 FORMAT(1a+r** ELEMENT 

" 
I7,' *r+***)

902 FORVatl',****"* NODE ',17,' *f+**i)
905 FORMATC****** NODES '' 217, ' ******)
9û7 FORMAT(I4,",',ENTERTO CONT.)

END

c
c***r*************** * 4*********tt**xx***x***********r*xx*

SUBROUTINE ELEMSUBO
CHÀRACTER+20 BUF,NAME,PROMPT( I 2,9)
INTEGER I,J,K
INCLUDE'NCOMMON.F
cAtL BOX(22.0,31.0,89.0,96.0,CR8y,1 )
KSAv=0

c
C THIS SUBROUTINE Ð CREATES CROUPS
c iÐ sELEcTs GROUPS
c iiÐCREATESELEMENTS
C iv) DELETES ELEMENTS
C iiv) DEIACTVATES GROUPS
C iiv) SELECTS THE DEMO
c
C WRITING PROPERTY ASKINC NAMES TO PROMPT MATRIX
c

PROMFrTO,l)JSPRINC CONSTANT

PROMPT(2,1 )! El"{STICITY'
PROMFT(2,2)='S Egf ION AREA'
PROMPT(2,3)JDENSITY

PROMPT(3,1 )JELASTICITY
PROMPT(3,3)JMOMENT OF INERTlA'
PROMPT(3,2)='SECTION AREA'
PROMPI(3,4):Cx MAXIMUM'
PROMPT(3,5)JDENSITY

PROMPT(4,I ) J ET.ASTICITY
PROMPT(4,2)]RIGIDITY G'

PROMFT(4,3)JMOMENT INERTIA Ixx'
PROMPT(4,4)JMOMENT INERTIA IZ'
PROMPT(4,5):Cx MAXIMUM'
PROMPT(4,6)f R À,L{KIMUM'
PROMPT(4J):DENSITY

PROMPT(5,1 )JET-A'S'I]CITI^
PROMPT(5,2)JSEC]]ON AREA'
PROMPT(5,3):DENSITY

PROMPT(6.1 ):ET.ASTICITY
PROMPT(6,2)JRIGIDITY G
PROMI'T(ó,3)JS ECTION AREA'
PROMPT(6,4) JCx MÐ(MUM'
PROMPT(6,5)='Cy MAXIMUM'
PROMPT(ó,OJMOMENT INERTIA IU'
PROMPI(6J)=MOMENT INERTIA IYY
PROMPT(6,8)JMOMENT INER11A IZ'
PROMPT(6,9)='DENSITY

PROMPT(7,1 )TET.ASTICITY
PROMPT(7,2)JRICIDITY C'
PROMPT(7,3) JTHICK NESS'
PROMPT(7,4)='DENSITY

PROMPT(s,I )JEI.ASTICIT\¡
PROMFT(8,2)JPOISSONS RATIO'
PROMPT(8,3)JDENSITì"

PROMPT(9,I ) JELAS1lCITY
PROMPT(9,2)JRICIDITY G
PROMPT(9,3)='S ECTION AREA'
PRoMIrl(9,a)='Cx MAXIMUM'
PROMPT(9,5)rCy MAXMUM',
PROMPT(9,OiMOMENT INERTIA lxx'
PROMPf(9 J)JMOMENT INBRTIA IYY'

PROMPT(9,8)TMOMENT INERTIÂ Iz'
PROMPT(9.9)JDENSITY

PROMPT(I O,] )JEIAST'ICITY
PROMPI(1 0,2)IPOISSONS RATIO'
PROMPT(I 0,3)JDENSITY'

PROMPTO 1,1 ):EI"{STICITY
PROMPT(l 1,2):POISSONS RATIO'
PROMPTO 1,3)JDENSITY

PROMPT(1 2,I ) JETAS1]CITY
PROMPT(12,2):RIGIDITY G
PROMPT(1 2,3)='THICK NESS'
PROMPT(I 2,4)JDENSITY

C WRITING BUTTON NAMES
c

CALL GSTXC(GREEN)
c1

CALL CTX( 2.0, 36.0,',CREATE)
CALL GTX( 2.0,33.0, 'GROUP)

c2
cAtL cTx(l 2.0, 36.0,'SELECT)
CALL GIX(1 2.0, 33.0,'cROUP)

c3
CALL GTX(21.0, 36.0,'CREATE)
cáLL GTX(2',t.0, 33.0, 'ELEMENT)

c4
CALL GTX( 2.0, 24.0,'DEMO)

c6
oA,LL GTX(21.0, 26.0,'DELETE)
CALL GTX(21.0, 23.0,'ELEMENT)

c1
cAtL csTxc(l4)
CALL CTX( 2.0, 14.0,'DONE)
cALL cSTXCt(CREEN)

C5
CALL CTX(1 2.0, 26.0,'CROUP)
C¡'LL CT]{(12.0, 23.0,'ON/OFF)

c8
CALL GTX(l 2.0, I 6.0,',MODIFt¡)
cÁrL GTX(125, 13.0,'GROUP)

c9
c{LL GTX(21.5, 1 6.0,'MODIFY)
CALL GTX(21.0, r3.0, 'ELEMENT)

c
C MAIN PICK
c
5 Ci,LLGRQPK(1,2,il,SEc,JÐ

CALL CSTXC(CREE¡Ð
CALL CSCHH(t.5)

c
C DONE

IF(SEC.EQ.SEVEN) THEN
CALL GSTXCI(DKBLUE)
CALL CSCHH(r.5)
CALL CTX( 2.0, 36.0,'CREATE)
CAIL CTX( 2.0, 33.0,'cROUP)
CALL CTX(1 2.0, 36.0,'SELECT)
CAIL Gfi(12.0, 33.0,',CROUP)
cârL cTx(21.0, 36.0,'CREATE)
CALL GTX(21.0, 33.0,'BLEMENT)
cAt LGTX(21.0, .0,'DELETE)
CALL GTX(21.0, 23.0, 'ELEMENT)
câtl- GTX( 2.0, t4.0,,DONE)
CALL 6TX(12.0, 26.0,'cRouP)
CALL CTX(12.0, 23.0,'ON/OFF)
cArL cTX( 2.0, 24.0,,D8MO)
CALL Gfi(12.0, l6.0,,MODrFY)
cAr_L GTX(I 25, 13.0,'CROUP)
cAl-L cTx(21.5, 1 6.0,'MODIFY)
cÁLL GTX(21.0, 13.0,'ELEMENT)
RETURN
ELSEIF(SEC.EQ.B i\loUS E) TIìEnw

MOKB=l
ELSEIF(SEG.EQ.BKEYB) THEN

MOKB=0
c
C SELECT CROUP

ELSEr F(SEC.EQ.TWO) THEN
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cALL cSTXCt(cREEtÐ
csIL GTX(l .0,85.0,',8NT8R CROUP f)
cá,LL cRQSTO,I,K,J,BUÐ
cÄLL BOX(-1.0.31.0,80.4,90.8,cR81',r )
READ(BUF,900,ERR=99) JJ

IF(JJ.GT.NOC.OR.JJ.LT.I ) THEN
cAl_L csTxcf(RED)
CALL cTX(1.0,88.0,'CROUp DOES NOT EXIST!')
CALL GTX(1.0,85.o,', ENTER TO CONTINUE )
CALL GRQST(I,1,K,J,BUÐ
c¿,LL BOX(-r.031.0,80.4,90-8,cREy,1 )
ELSE
NPRES6=JJ
END IF

c
C DEMO

ELSEIF(SEC.EQ,FOUR) THEN
CALL DEMOO

c
C ELEMENT MODIFY

ELSEIF(SÊG.EQ.NINE) THEN
cALL CSfiCr(CREEN)
cALL GTX(r.0,88.o,',8NTER ELEMENT r¡)
cArL GTX(1.0,85.o,', TO MODIFY)
cArL cRQST(r,1,K,J,BUÐ
cAIL BOX(-1.0,31.0,80.4,90.8,CREy,1 )
READ(BUF,900,ERR+9) JJ

IF(JJ,LT.I.OR.JJ.GT.NOE) THEN
CALL GSTXC(RED)
CALL GTX(1.0,88.o,',8LEMBNT DOES NOT EXTST )
CALL CTX(I.0,85.0,' ENTER TO CONTINUE )
CALL GRQST(1,],K,J,BUF)
CALL BOX(-1.0,31.0,80.4,90A,GREY,1)

ELSE
NPRESE=]J
NPRESCFNEC(NPRESE,9)
cAl-L GSTXC(GREEì\Ð
IF(NOETY(NPRESC).EQ.1) THEN
NAMEJ3D SPRINC 2N'
ELSEIF(NOETY(NPRESG).8Q.2) THEN
NAME='2D TRUSS 2N'

ELSEIF(NOETY(NPRBSC),8Q.3) THEN
NAì\4EJ2D BEAÀ,I 2N'

EI-SEIF(NOETY( NPRESG),8Q.4) THEN
NAMEJCRIDBEAM 2N'

ELSETF(NOETy(NpRESc).8Q.5) T1{EN
NAMEf3D TRUSS 2N'

EL"SEIF(NOETY(NPRESG).EQ,O THEN
NAI\,fE:3D BENV 6N'
ELSEIF(NOETY( NPRESG).8Q.7) 1]HEN
NAME='3D PLATE 4N'

ELSEIF(NOETY(NPRESC).EQ.8) TlJEN
NAMBJ3D BRICK 8N'
ELSETF(NOÊTy(NpRESC).8Q.9) THEN
NAME]3DFRAME 2N'

ELSETF(NOETy(NpRESC).8Q.1 0) TIrEN
NAME:2D PLANE STRA]N 4N'

EIJEIF(NOETY(NPRESG).EQ.I I ) THEN
NAMEJ2D PTANE STRESS 4N'

ELSETF(NOETY(NpRESc).EQ.1 2) TItEN
NAME='GRID PI-ATE 4N'

END IF

DO 13 I=1,NuMNOD(NOETY(NPRESC)
IF(MOKB.EQ.l) TI{EN
CALL GTX(2.0,88.0,'REPICK NoDE #s FOR')
c¿.LL CTX(2.0,85.0, NA.ME)
CALL GRQLq1,2,r,NTX(r),YO)
cÁtL BOX(-1.0,31.0,80.4,90.8,CR8y,1 )
)Õ(=)G,tN+X(1 )*XDIS/0.73
YY=ïvf N+Y(1 )*YDI5/0.74474
CALL FINDOC(,YY,NEqNPRESE,I) )

NPRESN=NEc{NPRESE,I)
CALLCSMK(4)
CALL GSPMClCùr'HITE)
CALL GSELNT (1)

ci,LL GPM(l,pN(NpRESN,Ð,pN(NpRESN,5)
CALL CSELNT (2)

ELSE

CAIL CTX(2.0,88.0,'REENTER NODE #s FoR')
cÁ,LL CTX(2.0,85.0, NAME)
CATL CRQST(1,1,K,J,8UÐ
CALL BOXct.03l.0,80.4,90a,cREY,1)
READ(B UF,900,ERR=99) NEqNpRESE,t)
END IF

13 CONTINUE
cALL ROTATE(0.0,0.0)
END IF

c
C GROUP MODIFY

ELSEIF(SEG.EQ.EIGHT) T}IEN
cÀLL CSTXC(CREEN)
CALL cTX(1.0,88.0,'ENTER CROUP #)
c{tLGTX(I.0,85.0,' TO MODIFY )
CALL GRQST(t,l,K,J,BUtl
cAIL BOX(-1.0,31.0,80.4,90.8,CREY,1)
READ(BUF,900,ERR+9) JJ

tF(JJ.LT.1.OR.JJ.cT.NOC) THEN
cALL CSTXCI(RED)
CA,LL GTX(1.0,88.0,'cROUp DOES NOT EXTST)
cAtL GTXO.0,85.0,' ENTER TO CONTTNUE)
CALL CRQST(t,l,K,J,BUÐ
CALL BOX(-1.031.0,80.4,90.8,cREy,1)

ELSE
NPRESC=JJ
NGÊT=NOETY(NPRESC)

DO 62I=I,NUMMAT(NCET)
cArL cTx(1.0,88.0,1NpUT MATERIAT

PROPERTY)
NAME=PROMPT(NGET,l)

cvr'RrTE(NAME,910) I
CALL GTX(1.0,85.0,NAME)
CALL GRQSTO,1,K,J,BUÐ
cALL BOX(-1.0,31.0,80.4,90.8,GR8y,1)

62 READ(BUF,*,ERR=99) pMAT(NpRESc,l)
END IF

c
C GROUP ON/OFF

ELSEIF(SEG.EQ.FIVE) TIEN
IF(NPRESC.LT.l.OR.NPRËSC.GT.NOG) THEN
CALL CSTXCI(RED)
CALL CTX0.0,88.o,',NO CROUp SELECTED!')
CALL CTX(1.0,85.0,',8NTER TO CONTINUÊ)
CALL CRQST(1,l,K,J,BUÐ
cÂLL BOX(-1.0J',t.0,80.4,903,cREy,1)

ELSE
NoGAc(NPRESG)-NocAc(NPRESG)
CAIL ROTATE(0.0,0.0)
END IF

c
C DELETE gLEMENT

EßEIF(SEG.EQ.SIX) THEN
ci,LL GSTXC(CREEt9
CALL GTXO,0,88.0,'ENTER ELEMENT TO)
cAlL cTX(1.0,85.0,' BE DELETED)
CALL GRQST(1,1,K,J,8UÐ
CALL BOX(-l.031.0,80.4,90A,CR8y,1 )
READ(BUF,9OO,ERR+9) NPRESE
IF(NPRESE,LT.I.OR.NPRESE.GT.NOE) THEN
CAIL GSTXCI(RED)
CALL GTXO.0,88.o,'ELEMENT DOES NOT EXIST)
CALL GTX(I.0,85.0,'ENTER TO CONTINUÊ)
CALL GRQST(I,I,K,J,BUÐ
CALL BOX(-1.0,31.0,80.4,90A,CREy,1 )
ELSE
IEF(NPRESE)=O
1JK=NEc(NPREsE,9)
cAll ROTATE(0.0,0.0)
NoEIG(lJK)=NoElG(lJK)-1
END IF

c
C ELEMENT CREATE

ELSEI F(SEG.EQ,THREE) T}IEN
C OUT OF SPACE

rF(NOE.EQ.700) THEN
CALL GSTXC(RED)
CALL CTX(1.0,88.0,700 ELEMS ALREADY EXIST)
CALL GTX(1.0,85.o,'CONSULT pROcRAMMER )
crrl cRQST(l,1,K,J,BUÐ
CALL BOX(-1.0,31.0,80.4,90.8,CR81"1 )
c,oTo 5

END IF
rF(NpRESc.LT.I.OR.NpRESC.CT.NOG) THEN
CALL CSTXCI(RED)
cÁLL cTX0.0,88.0,'NO GROUp SELECTED!)
cALL GTXO.0,85.o,',ENTER TO CONTINUE)
CALL GRQST(1,I,K,J,BUÐ
cALL BOX(-1.0,3 1.0,80.4,90A,cR8y,1 )

ÊLSE
cArL csTXc(cREENr)
IF(NOETY(NPRESG).8Q.1) THEN
NAMEJ3D SPRING 2N'

ELSEIF(NOETY(NPRESG).EQ.2) THEN
NAME='2D TRUSS 2N'

ELSEIF(NOETY(NPRES C).EQ.3) THEN
NAIVE='2DBEAlvf 2N'

ELSETF(NOETY( NPRESG).8Q,4) THEN
NAMEJ2DCRID 2N'

ELSEIF(NOËTY(NPRESG).8Q.5) THEN



NAME='3D TRUSS 2N'
ELSEIF(NOETY(NPRESC),EQ.O THEN
NA.I\4EJ3D BEA]V 6N'
ELSEIF(NOEfi (NPRESC).8Q.7) THEN
NAMEJ3D PL-ATE 4N'

ETJEIF(NOETY(NPRESC).ÊQ.8) THEN
NAME:3D BRICK 8N'
ELSEIF(NOETY(NPRESC).EQ.9) TI{EN
NAMEJ3D FRAME 2N'
ELSEIF(NOETY(NPRESG).EQ,I O) THEN
NAME!2D PLANE STRAIN 4N'
ELSEIF(NOETY(NPRESG).EQ.I I ) THEN
NAME='2D PL-ANE STRESS 4N'
ELSEIF(NOETY(NPRESG).EQ.I 2) THEN
NAT4EJCRID PLATE 4N'

END IF
DO 1 O I=l,NUMNOD(NOETY(NPRESG))

IF(MOKB.EQ.l) THEN
CALL CTX(2.0,88.0,'PICK NODE /is FOR')
CALL CTX(2.0,85.0, NAME)
CALL GRQLql,2,r,r.lTX(1 ),YO )
CALL BOX(-1.0,31.0,80.4,90.8,cREy,1 )
XX=XMN+x(l )*XDIS/0.73
YY=YMN+Y (1 )*YDIS/O :1 487 4
CALL FtND0C(,YY,NEqNOE+1,t) )
NPRESN=NEC(NoE+1,1)
IF( NPRESN.NE.O ) THEN
CALL GSMK(4)
câIL CSPMCTO¡r'HrTE)
CALL GSELNT (1)

CALL GPM(I,PN(NPRESN'4),PN(NPRESN,5))
CALL CSELNT (2)

ELSE
coTol
END IF

ELSE
CâIL cTX(2.0,88.0,'ENTER NODE lls FOR')
câLL cTX(2.0,85.0, NAME)
CALL CRQST(l,1,K,J,BUF)
cALL BOX(-1.03r.0,80.4,90.8,CR8y,1)
READ(8UF,900,ÊRR=99) NEC(NOE+1,1)
END IF

10 CONTINTJE
NEC(NOB+1,9)=NPRESC
IEF(NOE+1)=l
NOE=NOE+1
NAE=NOE
NOEIG(NPRESC)=NOEIC(NPRESG)+l

12A CALLROTATE(0.0,0.0)
END IF

c
C GROUP CREATE

ELSEIF(SEG,EQ.ONE) THEN
IF(NOG.EQ.2s) THEN

C GROUPS FULL
CAIL GSTXCI(RED)
CALL CTX(1.0,88.0,'25 CROUpS AIREADY EXIST!)
CALL cTX(l.0,85.0,' ENTER TO CÐNTINUE )
CAI_L GRQST(1,1,K, J,BUÐ
cALL BOX(-1.0J1.0,80.4,90.8,CR8y,1 )

C INPUT ELEM TYPE
ETJE

55 CALLGSTXCI(GREE|I)
CALL GTX(2,0,88.0,'INPUT ELEMENT TYPE II)
cArL cTx(2.0,85.0,' FOR NEùr' cROUp )
CALL GRQST(1,1,K,J,8UÐ
cÂLL BOX(-1.031.0,80.4,90A,cR8y.1 )
READ(BUF,900,ERR=99) NcET
IF(NGET.LT.].ORNGET.GT.I 2) THEN

C NOT A GROUP

CALL GSfiCI(RED)
CALL cTX(1.0,88.0,'ELEMENT TypE DOES)
CALLCTX(I.0,85.0,' NOTEXIST! )
CALL CRQST(1,I,K,J,BUÐ
CALL BOX(-l.0,31.0,80.4,90.8,cR8y,1)
coTo 5
END IF
IF(NODIM.EQ.1) THEN

C FIRST CROUP SELECTS DIM IF NODIM=1
NODIM=NUMDIM(n\CET)
END IF

IF(NODIM.NE.NUMDIM(NGEl)) THEN
C NOT SAME DIMENSIONS

CALL CSTXCI(RED)
CALL CTX(1.0,88.0,'ELEMENT NOT SAME )
CALL cTX(1.0,85.0,' DTMENSION TypE! )
CALL CRQST(I,i,K,J,BUÐ
cArL BOX(-1.0,31.0,80.4,90A,cR8y,1)
coTo5
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END IF
DO 601=I,NUMMAT(NCET)

CALL CTX(1.0,s8_o,',lNpUT NIATERTAL
PROPERTY)
C Vr'RITE(NAME,9IO) I

NAME=PROMPT(NCET,D
CALL GTX(1.0,85.0,NAME)
CALL CRQST(1,1,K,J,8UÐ
CALL BOX(-t.0,3t.0,80.4,90.8,cR8y,1 )

60 READ(BUF,*,ERRJ9)PMAT(NOG+I,1)
NOC=NOG+l
NOETY(NOG)=NGET
NOGAqNOC)=I

END IF
END IF

CLOOP END
coTo5

C ERROR HANDLER
99 CALLGSTXC(RED)

CAIL CTX(2.0,88.0,' ERROR rN lNpUl-)
CALL GTX(2.0,85.0,'ENTER TO CONTTNUE)
Cá'LL CRQST(1,I,K,J,BUÐ
cALL BOX(-1.0,31.0,80.4,90.8,CREy,1)
GOTO 5

900 FORMAT0O
905 FORMAT(F8.2)
910 FORMAT(PROPERTYrl"t4)

END
c
c*******x*xx**********+***************xr******+*******r**

c
SUBROUTINE METAC)
CHARACTER*2o BUF
INCLUDE'NCOMMON.F

c
C THIS SUBROUTINE GENERATES A COMPUTER CRAPHICS
METAFILE
c
C INPUTTITLE OF THIS PLOT
c

cÁIL BOX(-1.0,31.0,80.4,90.8,CR8Y,1)
CALL CSTXCI(GREE¡Ð
CALL cTX(2.0,88.0,' ENTER TITLE FOR )
CALL GTX(2.0,85.0,'THtS CR_APHrC PLOT)
CALL GRQST(I,I,K,J,BUÐ
cAIL BOX(-1.0,31.0,80.4,90.8,CR8y,1 )

c
C DEACTIVATING SCREEN WORKSTATION
C ACTIVATING METAFILB WORKSTATION
c

CALL GACWK (2)

CALL GDAWK (l)
c
C DRAW TO METAFILB
c

cALL CCLRWK(2,1)
CALL DRAW(O,BUF,1)

c
CTURN METAFILE OFF/TURN SCREEN ON
c

CALL GACWK (1)

CALL GDAWK (2)

RETURN
END

c
c*r***+***********x*********+************i******a**+***ãr

c
SUBROUTINE DEMOO
CHA]ìJACTER*2o BUF
INCLUDE'NCOMMON,F

c
CTHIS SUBROUTINE DRAWS A DEMO OFALLTHE ÊLEMEnNTS
C AND SHOWS INFORMATION AI!OUT THEM.
c
C CLFAR THE GRAPHIC BOX
C AND RESET IT FOR DEMO
c

CALL GSELNT (1)

CALL BOX(XMN,XMX,YMN,YMX,BLACK,I )
Xl\lN=-2.0
\?fN-1.0
XMX=39.0
1'lt4x=31.0
cALL CSWN (1,)0.{NJÀ4X,YMN,YMX)
CALL BOXCXMNXMX,\î,f N,YMX,DKBLUE,O)
CALL GSCHH(0.75)
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c
CÏTLE
c

CALL CSPMCï(YELLOW)
CALLGSMK(KOMÐ

cALL GSTXCl(YELLOVr')
CAILGTX(I.0.29,0.' ELEMENTS

MATERIAL
&PROPERTIES DOFs)

c
c 2D TRU.SS

a xY)
C 2D BE,A.M

cátL GS PLCI( n-U MCO L( 2)
xoÞ1.0
x(2)d.0
\0)=n.o
Y(z)=Y¡¡
CÁIL CPL(2X,Ð
CÂLL GPM(2,X,Ð
c¿,LL GTX(-1.0,Y(l ),'2)
C{LL GTX(?.o,Y0),'2D TRUSS 2 NODES E A

CALL CSPLCT(NUMCOL(3))
x(1Þ1.0
x(2Þ6.0
Y(1)=ã.0
Y(2)=Y(l)
cALLCPL(2,X,Ð
cALL CPM(2,X,Ð
CALL GTX(-l.o,Y(1 ),'3)
CALL GTX(7.0,Y(1),'2D BEAM 2 NODES E A I

& XYRz)
C 2D PLANE STRAIN

CALL GSFACI(NUMCOLOO)
câl-L 8OX0.0,6.0,20.0,æ.0,NUMCOL(1 0),1 )
CALL BOX(1.0,6.0,20.0,23.0,wHrT8,0)
x(1Fl.0
x(2F.0
x(3Þ6.0
x(4F1.0
x(s)=xo)
Y(l)=20 0
v(2\=20'o
Y(3)=23 0
Y(4)=23 0
CALL CPM(4X,Y)
cÁLL GTX(-r.0,Y(l ),'l û)
CALLCTX(7.0,21.0,'2D PTANESTRAIN 4NODES E

& xY)
C 2D PLANE STRESS

CALL CSFACT(NUMCOL(1 1)
c¿.LL BOX(t.0,6.0,15.0,18.o,NUMmL(1 1 ).1 )
cArL BOX(1.0,6.0,1 5.0,18.0,WHIT8,0)
Y(1)=1s 0
Y(2)=15.0
Y(3)=18 0
Y(4)=18.0
CALL GPM(4X,Ð
cq,LL GTX(-I .0,Y(l ),'l I )
CALLCTX(7.o,I6.0,'2DPLANES'I-RESS 4NODES E

& XY)
C 6RID BEAM

cÂIL GSPLCT(NUMCOL(4)
xo)=1'o
x(2)=6.0
Y(1)=13 0
Y(2)=Y(1)
CALL CPL(2.X,Ð
CALL GPM(2X,Ð
CALL GTX(-1.0,Y(1),4)
CALL GTX(7.0,13.0,'CRID BEAM 2 NODES E G Is

Izz CmxX Rmu
& Z Rx Ry')

C CRID PLATE
cArL GSFACT(NUMCOL(1 2))
cÁIL BOX(1.0,6.0,8.0,r l.0,NUMCOL(1 2),1 )
CALL BOX(1.0,6.0,8.0,1 t.0,wHITE,0)
YO)=s 0

Y(2)+.0
Y(3)=11 0
Y(4)=11'0
CALL cPM(4,X,Ð
CALL GTX(-1 .0,Y(ì ),'t 2)
CALLGTX(7.0,9.0,'CRIDPI-ATE 4NODES E v r

& Z Rx Ry')

c
C END PROMPT

cArl- GSTXC(CREEòÐ
CALL CTX(0.0,0.1,', ENTER FOR NEXI

sclREEN)
CALL CRQST(1,1,K,J,8UÐ

c
C DRAW SECOND SCREEN FULL
c

CALL BOX(XMNXMX,YMN,YMX,BTACK,l)
Cé'LL BOXCXMN,XMX,YMN,YMX,DKBLUE,O)

c
C TITLE
c

CATLGTX(I.0,29.o,', ELEMENTS
MATERIAL

&PROPERïES DOFs)

C3D FRAME
CA,LL GSPLCI(NUMCOL(9)
x0tsl.0
x(2)5.0
Y(1)=25 0
Y(2)=Y0)
cArL cPL(2X,Y)
CALL GPM(2,X,Ð
CALL GTX(-I.0,Y(t ),',9)

CALL CTX(7.0,25.0,'3D FRAIIE 2 NODES E G A ûnarX ChuxY
lxx lyy lzz

& XYZRxRyRz')

C 3D SPRING

& xY z')
C 3D TRUSS

CALL GSPLCI(NUMCOL{1)
x(l)=1.0
x(2)=6.0
Y(1)=23.0
Y(2)=Y(1)
cArL cPI-{2X,Ð
CAIL GPM(2X,Ð
CALL CTXCT.0JO),'r)
C¿,LL GTX(7.0,Y(I),'3D SPRING 2 NODES K

cAi_L GSPLCT( NUMCOL(5)
x(1)=1.0
x(2F6.0
Y(l)=21.0
Y(2)=Y(l)
cALL GPL(2X,Ð
cAl-L GPM(2X,Ð
ci.LL GTX(-1.0,Y(l),',5)
c¿,LLGTX(7.0,Y(I),'3DTRUSS 2NODES EA

&xvz)
C3D BEAM

cAr-L GSFAC(NUMCOL(O)
x(1)=1'0
x(2)=ó'0
x(3),ó.0
x(4F1.0
x(s)=x(l)
YO)=18 0
Y(2)=Y0)
Y(3)=17'0
Y(4)=Y(3)
Y(s)=Y0)
c.{LL CSFATSO)
CALL GFA(5X,'Ð
c,{IL CSFAIS(0)
cALL CSFAC(wHlTE)
cAl-L cFA(5.X,Ð
cArL GPM(4.X,1')
Y(1)=175
Y(2)=17 5
CâLLCPM(2J,Ð
cÁr_L cTX(-1.0,Y(1 ),'6)

CALL CTX(7.0,17.0,'3D BEAM 6 NODES E c A ClnaxX GnuY
lxx lyy lzz

& XYZRxRyRz')
C3D PTATE

CALL CSFAC'I(N UMCOL(7)
câLL BOX(r.0,6.0,1 1.0,1 5.0,NUMCOL{7),1 )
cAlL BOX(1.0,6.0,1 1.0,1 5.0,WHITE,0)
Y(1)=ll'0
Y(2)=ll'0
Y¡?\=l < n

Y(4)=15 0
CALL CPM(4,X.11
CALL CTX(-1.0,Y(l ),',7)
CAILGTX(7.0,11.0,'3DPI-ATE4NODES E c v t

& XYZturRy')
C 3D SOLID



c.ALL BOX(1.0,5.0,3.0,7.0,NUMCOL(8),1 )
CALL BOX(r.0,5.0,3.0J.0,WHITE,0)
x(1Fl.0
Y(l)=3 0
CALL CPM(ì,X,Y)
x(2)=5'0
x(3)=6.0
x(4)=2'0
x(5)+x(1)
Y(1)=7 0
Y(2)=Y(l)
Y(3)4.0
Y(4)=Y(3)
Y(s)=Y(1)
ci,LL csFAc(NUMCOL(8)
CALL CSFATS(1)
CALL GFA(sX,Ð
CALL CSFAIS(o)
cALL CSFACI(WHtTE)
CALL cFA(5,X,Y)
CA,LL GPM(4X,Y)
x(l F5.0
x(2)5.0
x(3)=6'0
X(a)=5'0
x(5)=x(1)
Y(l)=3 0
Y(2)=40
Y(3)=8'0
Y(4)=7'0
Y(s)=Y0)
c¿,LL GSFACT(NUMCOL{8)
CALL 6SFAIS(1)
cArL cFA(5X,Ð
CALL CSFAIS(O)
CAIL GSFACI(WHITE)
CALL cFA(5X,\')
CALL cPM(4X,Y)
CALL GTX(-1.0,Y(1),',8)
CAIL GTX(7.0,5.,',3D BRICK 8 NODES E V

&. xY z')

c
C END PROMPT
c

CALL GSTXC(GREEIÐ
CALLcTX(0.0,0.1,, ENTERTORETURN)
CA,LL GRQST(t,t,K,J,BUF)
CALL SEARCHO
CA-I-LDRAW(r,',"o)
RETURN
END

c
c********r******************x*x**t*+*****+***t4*x****+***

1_s6

sY-JY/NU M N OD(N OEfi (NEC0,9))
sz=s Zl.lUMNo D (N-O ETY(N EC{1,9))

c wRITE(5,*)',AVERAGEPOINT"SX,SY,SZ
C FIND DISTANCE
20 ÊDTVP0)= ( CXa/-SX)+*2 + (YV-SY)x:2 + (Tv-SZ)**2\*t05
c?0 WRITE(5,*)'DISTANCE="EDTVP(D
c
C SORTING ROUTNE (BUBBLE DOWì\Ð
c

DO 40 I=NOEl,2,-1
DO 40 J=l,l

c WRITE(5,*) r,J

IF(EDTvP(NoosE(J)).LT.EDwP(NooSE(J+l )))
TTIEN

IJK=NOOSE(J)
NOOSE(J)=NOOSE(J+1)
NOOSE(J+1 )=UK
END IF

40 CONTINUB
c WRITE(5,*) SORTED ORDER'
c DO 50 l=1,NoE
c50 WRITE(5,*) NOOSE(D
c wRITE(s,*)',DISTANCEORDER'
C Do 60 l=ì,NOE
c60 wRITE(s,*)EDTVP(NOOSE0)
c
c cLosE(uNtT=5)

RETURN
END

c
SUBROUTINE SORTO
REAL EDTVP(7OO)
INCLUDE'NCOMMON,F

C OPEN(UNIT=5,FILEJSORT.DAT)
c
C THIS SUBROUTINE SORTS THE ELEMENT FROM THE CLOSEST
TO
C THE FURTHEST AND DMV'/S THEM FAR TO CLOSE IN DR¡.W
c
C NOOSE...NUMBER OFORDER SORTED ELEMENTS
C EDTVP...ELEMENT DISTANCE TO VIEVr' POIN'I
c
C CALCUL-A,TE VìEW POINT
c

xv=t 00000.0*cos(As)*cos(AP)
YV=1 ooo00.0*stN(As)
zv=t 00000.0"c]os(As)*s IN(AP)

c WRITE(5,")'VTEWPOtNT',XV,Yv,ZV
c
C CAICULATE EDTVP's
c
c wRrTE(5,*)'NOE:,NOE

DO 20 I=I,NOE
NOOSE(r)=r

C WRITE(5,*)' ELEI\4ENT ii.I
CAVERAGE OF ELEMENT

sx=0-0
sY={.0
SZ-=0.0

DO 30 J=l,NUMNOD(NOETY(NEqI,9))
SX=SX+PN(NEC(I,J),I)
sY=sY+PN(NEqt,Ð,2)

30 SZ=SZ+PN(NEC(I,Ð,3)
sx+vNuMNoD(NoETY(NEC(t,9)))
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kogrm MHYFECS_SOLVER
c
C THIS IS THE IN.CORE SOLVER FOR THE MHYFECS SERIES
C OF F]NITE ELEMENT PROGRAMS. IT IS DERIVED FROM
C DR. L. M. AYARI'S BASE PROGRÁM "FRAME'WITH HIS
PERMISSION.
c
C MODIFICATIONS WRITTEN BY
C
C Ð DOUGG. SCOTT
C M.Sc. STUDENT
c
C iÐEILEENA.ZHU
C M.Sc. STUDENT
c
c***********+++*x **+x***r************1*t

c
C GLOBALVARIABLES
c
C NPOIN NUMBEROFNODES
C NELEM NUMBEROFELEMENTS
C NGRP NUMBER OF MATERIAL AND CEOMETRICAL
GROUPS
C NLOAD NUMBER OF LOAD CASES
C ISTRTP STRUCTURETYPE
C NCOOR NUMBER OFSPATL{LCOORDINATES
C NID NUMBEROFDECREESOFFREEDOMPERNODÊI
CLOBAL)
C NDOF TOTAL NUMBER OF DECREES OF FREEDOM PER
ELEMENT(LOCAL)
C NMATPR NUMBER OFCONSTANTSDEFININCTHE
MATERIAL AND CEOMETRICAL
C PROPERTIES
C NNODE NUMBEROFNODESPERELEMENT
C NSIZK SIZEOFTHE STIFFNESS MATRIXIN LOCAL
COORDINATE SYSTEM
C NTRIG NUMBEROFDIRECTIONCOSINSPERELEMEI.TT
C NSIZC SIZE OFTHEARRAY IN Vr'HICH THE CLOBAL
STIP¡'NESS MATRTX
C ISSTORED
C NLODNO NUMBEROFLOADEDNODES
C NLODEL NUMBER OFLOADEDELEMENTS
c
C PROPS(NGRP,NMATRP) ARRAYOFELEMENTPROPERTIES
c cûoRD(NcooR,NPotN) ARRAY OFNODALCOORDINATES
C ID(NID,MPOIN) ARRAYOFRESTRAINTS
C LNODS(NNODE,NELEM) ARRAY OF ELEMENT
CONNECTIVITY
c (NoDE-1,NODE-2)
C MATNO(NELEM) ARRAYOFELEMENTPROPERTY
NUMBERS
C ELTRIC(NTRIG,NELEM) ARRAY OF DIRECTION COSINES FOR
ALL ELENENTS
c STFLOqNSIZ<,NSIZK) LOCAL STTFFNESS MATRIX FOR
EACH ELEMENT
C MÆ&{(NEQ+I) VECTOROFTHEADDRESSINVECTOR-
(A) OFWHTCH
C GLOBAL STFFNESS TERMS ARE STORED ON TI{E
C DIAGONAL
CSTIFCL TIIATPORTIONOFTHECLOBALSTIFFESS
MATRD(
C STORED

impl jcit æal*8(a-l\ez)
i¡cludc'ænhl.cm'

c
include 'pointcrs.cm'

C POINTERS TO MEMORY LOCATIONS IN P VECIOR
c

inclùdc'ios.cm'
C INPUTICUTPUTCONTROLLER
c
C COMMON A VECTOR IN \THICH ALL DATA IS STORED
c

comon A(29000)
mtot =29000

c
C OPEN INPUT/CUTPUT FILES

c¡]l or¡DÍ.10
c
C READS MANAGING DATA NON,NOE ECT.

caü ì]lm8c0

c
c
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c
C INPUT PROBLEM DATA

cå.U inpu(dd0
c
C ECHO INPUT DATA
c

c¡ll echo
* (a(Pæord), a(Pid ), a(Pl¡qls ), a(PÞubo ),* a(Pælempg),a(Pmxclof))

c
C DÊVELOP ELEMENTAL STIFFNESS MATRICES
c

call stiJf
* (a(Plnods ), a(Pcærd ), a(Pmaho ), a(P¡nops ), a(Pstflæ),
* a(Pclrig), a(Prclernpg), a(Piposek))

c
CASSEMBLE LOCAL K INTO CLOBAL K
c

c¡ll æcmb
* (a(Plnods ), a(Pid ), a(Pstfloc), a(Pcltrig) ,
x a(Pffia ), â(Pgstif ), a(PDelempg),a(Piposek) ,* a(PmxdoÐ)

c
C CO THRU LOADING STEPS
c

do'10 ilo¡d=l,nload
rcad(input,*,ERR=99)nlodno,olodcl
vr'RrTE(CRAPH,*)NLODNO,0
c¿ll load

* (a(Plnods),a(Pid),a(Pord),a(Pclrig),
* a(Prhs),a(Pfca ),a(Pmxdofl ,a(Pælcmpg))

call sky
* (a(Pgstif), a(Prlr ), a(Pmua ),ncq,iload)

câll wndis
* (r(Píd ), a(Pørd), a(Prh ), a(Pdisod), a(Pmaxdofl)

call intfo(a(Pid),a(Plnqls),a(Pfca),a(Pstfl æ),a(Peltrig),
* a(Pdisod),a(PmdoÐ, a(Prclcmpg),a(Piposck),
* â(Pmho),a(P¡xop),a(Pcærd))

call rcact(a(Pid),a(PlncLs),a(Pfca),a(Psrflæ),a(Pclrig),
* a(Pdimod),a(PmxdoÐ,a(Prclcmpd,a(Piposck))

l0 continuc
w¡itc(*.*)'SOLUTION FINISHED'
STOP

c
C END OF MAIN BODY
c
99 writc(output,*)

* '***cûor æcùÈd wlúe ñadiùg loadiùgs**r'
vritc(*,*)

* 'r+*cror æcu&d while rcading loadings***'

stop

cnd
c******* *********+******** ********** * * * + * *+** * * x*x****+**

subroutinc opcn.Íl0

cbractcr* I 2 WORD,DETAIL,cFILE,buldul'loc
i¡clude'iø.cm'
iDPùt=1

outPut=2
graph=3

wie(*,*)'ENTER INPUT FILENAME...'
æad(*,t) rvord
opco(uit=input,f ile+o14shtuF'old",cFl )
DO 700 I=1,11
DUM=WORD(1:(13-l))
BUF=WORD(l:(l2l))

700 fF(BUF.EQ.DUM) IPL=I2-l
IPL=lPL-3
DETAJL=wORD(1 :lPL)//OU]-
GFI LE=WORD(1 :lPL)//STS'
leword(l:ipì)/flæ'
opcn(unitautput,fiJc=DETAIL)
opcn(uit=graph, i:Je=GFILE)
olÆD(unit4,ñl€loc)

rchm
'l writc(*,*)' DATAFILE DOES NOT EXIST! '

rvritc(*,*) PROGRAM ABORTED_

stop



c+r+****xx****r**t**+****a*x*xã********+**1*++*x**x 4 * x t **

sùbroutirc ruagc0

implicit rcal*s (a-ll,cz)
includc 'conrol.cm'
includc'ios.cm'

rcad(input,+,cn=l )npoin,m,nelcm,üe,ncoo¡t ,ngrp,æst4ruuhls,nloâd
c
c writc hèâder for g¡aphic filc
c

writc(grÂph,99 Fd=1 )npoin,ntr\nclcm,nac,ncær
* ¡g¡p,*std¡ùüds,nload

c # of no(þs ( uer dèlùed )
c # of actual Dodcs ( @mprcss vcrsion )
c ll ofclcmcnb ( usr dcfi¡rccl )
c # of actual elcmenß ( æmprcs*d vcmion )

ñtm
I wile(',*) ERROR lN READING CONTROL DATA '

sloP
99 fo6r('10i7)

cnd
c---.--.-.-----...........

subroutinc elemat(rcicmpg)

c Subroutie to sct up dæ clclenl âttributcs

implicit rcaJ*8 (a-l¡ez)
includc 'coD[ol.cm'
diæmion nelcmpg(ngrp,l )

c elerent ty¡æ \
c numbcr in group \
c mterial t)?e > IFrcâch g¡oup
c hcgiming clercnl numbcr /
ccndiDg clcmcnlnmbcr /

isnP= nclcrnPg(ig¡P,1 )
ælemg= rclcEP8(igry,2)
mtYP= rclcmPg(igrP,3)
clcmb gnaclcmpg(i grpl)
clcrcnd*lcmpg(igrp,5)

if(istç.eq.1)t]Èn
c
C 3D SPRING
c
c ûcær....numbcr of øordinÂtcs
c l]mtIr...nrmbcr of rDteri¡l propenies
c mizk....loc¡l K mat¡ix sizc
c nbig....Dmbcr of trigoFmtric vaJucs

c ùodc....numbcr of ¡odcs
c trdof....iocal dofs
c njd......globa.l dof pcr ùodc

n@F3
l]mtPr-2
roizk=2
nrdo=?

modc=2
ndofaizlí
nid=3

clsc if( isnp.eq,2) tlrcn
c2Dtus

Dj¿=2
n@Ë2
¡]m{pr-3
roizl<=2
nr;o=,
ru)ode=2
ndof+izk

clscif(istrfpfq.3)drcD
C 2D f¡me

nid=3
n@F2
mtpr5
Niz-l(=ó
nt;È1
mode=2
ndof+izk

clscif(isutp.cq4)tlrcn
c Srid

nid=3

1<OtJt

¡øe2
l]mtpF5
ßiz.k=ó
nt;d=)

modc=2
¡dof+iz-]c

clscif(isttp.cq.5)tltn
c 3D ûuss

nid=3
n@È3
mtpr_3
Eiz-k=2
trrig--3
uode=2
ndof+izk

else if(ìstrtp,e q.6) tlrc n
c 3D BEAM 6 NODED WITH HEICHT

nidá
nc@r-3
mtpe9
uizlc=36
nr;d=3

modc=6
ndof4i*

clsif(isñp.cq.7)drcn
c 3D PLATE

nidi
ncæ-_3
l]mtPr=4
uizk-14
nrig=3
mode=4
tdof=24

clscif(istrtp,eq.8)tlæn
C 3D BRICK

nid=3
n@-_3
¡]mtp-_3
ßizk=2A
hr;o=?

modc=8
Ddof=24

clscif(isrtp.cq.9)tJæn
c 3D BEAM 2 NODE

nid=6
n@È3
rìmtpr=9
rizl='12
ùkig=3
modc=2
ndof+izk

cnd if
c
c posilion of thc dcgÊes offñcdom
c works out t-hat all où clcrcnß use
c ùis dcfault ordcring X,Y,Z,Rt,Ry,Rz

do 4 iid=l¡id
þosid(iìd)=ijd

4 ønlinuc

ætb
end

c*********+**+*x*

subrouti¡c ùput¿rtO

c----------...-------------------------
C This subroutiæ rcads l-bc d¡h input
c--------------------------------------

implicit ña.l*8(a-hùz)
i¡clude 'cont¡ol.cm'
i¡clùdc þoinþrs.cm'
includc'ios.cn'

ænuron a(29000)
c-------------------------

c Cærd Pointcr
Pørd=1
w¡ire(*,*)'READING IN DATA '

c



c Èad iû nodal l@tion dâh
c¡ìl inpur@rd(a(P@rd))

c
c poi¡teß

c pointer to mtcrial nuÐbèr of clènrenß aftcr coords
PmabæPcærd+npoin*nøor

c poi¡Þr to group info etli,tl/g,ûuttí,bgril,cndlt after m¡r. lisr
PrclcmPS=Pmaoo+(æleû+1 )/2

c nmbcr of dof at each nodc poi¡ìlcr aftcr group info
Pmrxdof=PrclcmpB+(5. nsrp+l )/2

c ¡rcsiLion ofcach clcmcnLrl súfftics mafi-r aftcr max dof
Piposek=Pmxdof+(npoi¡+ 1 )/2

ç poiDtcr to corectivity positlons of Kc's
Pl¡qls=Pipoek+(ælem+1 )/2

c input tbc group atrd @mcctivity dah

caJl inputlnods(a(Plnods), a(PrclcmpÐ, â(Pmho),
* a(Prudo0,r(Piposck))

c fúd max ll of N, Kc sizc, Trig size, i¡t foræs

do 10 igrP=l,¡gP
call clemtt(a(Pft ìcmpÐ)

c
c lud mx of llof nodcs, Kc sizcs, # of Trig vaìucs,

læuntl nods+u0(læud¡ods¡nodc)
Icomstiflmaxo(læùnßtifl oc,ßizk)
I æmælrigæx0(løutelt¡ig¡t¡ig)
Icouterfeaffi 0(iæmterfea,roizk)

10 coilinuc

c pointcr to boutrd¡ry ænditioro afrr comcctivity
Pid=Plnods+(ælcm*læuntlnods+1 )/2

c bound¡¡y rcad i¡ at Pid

c¡ll inpuLid( a(Pid),a(Pmxdof),ruizid )
c
c pointcr to nmber of ¡ropcrties per group tlTE âftc¡ I D

Pnm¡ro¡=Pid+(npoin* Eizid+1 )/2

c pointer lo propcrlies after ll ofprops per g¡oup
Pprcp6=Pnmprop+(I:mbls+1 )/2

c
c rcad in ¡rops at ap¡lolriatc pointcr

call inputprops(a(Pprops),a(Pnurfdop),Eizllop)
c
c poj¡ter to Kc's âf1cr propcrtics

PstfloFPprops+mâkls*N¿prop

c pointer to trigo¡omefy valucs aftcr Kc's
Pcltig=Pstfloc+ælem*lcoùDßtA@*lcoutstifloc

c
c poi¡br torow widtlE afrcr t¡igs

Pmua=Pcltig+rclcm*læùtclfi g

c poiDtcr to glob¡-l stiffrcsæs afier rorv widrbs
Pgstif=Pmxa+(æq+2)/2

c
c fmding colum læigl¡ß ( ro\v widtlß )

call colh(a(PInods),a(Pid ), a(Pûrâ ), a(PDclcmpg),
* a(Pmaxdof¡)

c
cpointer to right lud sidc foræ vcctor af{cr Kglobâl

PrhePgs tif+roizg

c Poi¡ìte¡ to soluLionvector aftèr foræ vcctor
Pfea=Prbs+rcq

c Fþintcr to rc¡ction foræs aftcr U vector
Pdisocl=Pfca+nclcm*lcouterfca

c
cpointc¡ to nodâl displaærcnß Àftcr rcâction for@s

Pc¡d=Pdisnod+npoin*mizid
wrire(*,*)' MAX-DYNAMIC MEMORy ALLOCATED=29000

if(pcnd-gt.2!000) THEN
wrib(*,*)' PROBLEIvI TOO T-A.RGE',¡ænd
stop

ELSE

wriæ(*,*)' PROBLEM FITS lN MEMORY',¡ænd
END IF

160

rctM
end

c*********+***++ i

sbrou ti¡è isput@rd(coord)

implici rcal+8 (a-b,oz)
include 'contol.cu'
includc'i6.cm'

dimnsioncærd(npoin, 1)

c
c rcad innod¡-l l@tioß

do 10 þoin=1,npoin
rcad(ínput,*,cæl )* ipoir,(æord(i¡rin,icær),iøoe1¡øo¡)

writc(grapt¡9 9) ipoin,(cærd(ipoin,icoor),icoocl,ncoor)
10 æntinuc

rctùm

1 writc(oDtput,*)
* '***cror occued rvhilc Èâdi¡g @rdimtcs***'
wrilc(*,*)' ERROR OCCURED WHILE READINC COORDTNATES'

stop

99 fomt(i7,3fì0.4)
cnd

sbroutirc Kdof,iposek)

implicit È¡l*8(a-b"ez)
includc 'conl¡ol.cm'
includc'ios.cm'

dimemioo bods(relcm,l), rcìcmpg(ûgrp,1 ), maho(l),
* maxdof(l ), iposk( 1)

c
c rcad in gronp propcnics
c

do 40 igrp=l ¡gp
rcad(input,*,eæ1 )isttp,nclerng,mt)?
wriþ( g¡apl\98) isûtp¡Elcmg¡utyp

c
nclcmpg(igrp,1 )=isrtp
nclcmpg(igrp,2)ælcmg
rclcmpg(igrp,3)mtyp

c
c clemnt storagc poitrtc¡ calculatioE

if(igrp.cq.1 )tbcn
ælcmpg(ig¡p,4)=1

ebe

relcmpg(igrp,4)Ðelcmpg(i g¡p-1,5)+l
cnd if
relcmpg(igrp,5)+lcmpg(igrp,4)+ælcmg-1
c¡ll clcmtt(ælempÐ

c
c rcad il clemcare in group

do 20 kelcm=l,rclcmg
Èad(input,*,cÈ1)

r i,(l¡ods{i,i¡ode),i¡ode=l¡nodc)
wrirc(graph,99,eæ1)

* i,Qnods(i,inodc),inodc=l,modc)

c
c find rux dof at each ¡ode
c

do 30 inodc=lsode
Imodc=lnqls{ i,ino dc)
mMdof(knodc)Ðâx0(rudof(knodc),uid)

mho(i).ÐtW
30 @nlinuc

20 coDti¡uc
40 coûti$ue

c
iæut=l
do ã igrp=l,ngp

c scL up clcmntprolrcrties
c



adl clcrMu(ælempg)
do 35 iclemæle¡nbgn,clcmnd

c positiom of loc¡l stiffæss mfiæs

iPosek(iclem)=iøut
icounti@ut+ßizk*trsizk

35 æntinuc
15 æntinuê

c ecbo mddof ffiay
c

wrjrc(ourpu t,*)'Maxdof Mây'
writc(output,l)!************r
do 45 ipoin=l ¡¡rcin
writc(output,22) ¡poinJnudof(ipoir)

45 @ntinuc
22 fffiL(ts,í7)
98 fom(3i7)
99 formt(gi7)

rctùnì

1 writc(outpur,*)
* r***cm¡ ()@rcd w¡ìilè ÈÂdi¡g comctivily múü***'
wfirc(*,*)'ERROR OCCURED WHILE READINC CONNECTI\¡ÌTy

MATRTX

stop

161

diæmion pops(rmatls,i ),nmrtrop(1 )

NizProP=0
do 10 imtcriôl=l,¡mkls
rcad(iryu t,+,cæ1 )þatcri¡.I¡prop
nmprodimtcrial)=n¡xop
rcâd(itrput,*,cÊ1)

* (props(jmteri¡l,iprop),iprop=l,n¡rop)
E¿propau0(mizprop¡prop)

i0 øndnùe
rctùm

I write(output,*)
* ¡rraeÍor oæued vhilc rcadi¡g mÂteria.l frolærLies'*r'
writc(outpùt,*)

---for group No.',irutcrial,'-
WRITE(*,*)' ERROR OCCURED Vr'HILE READI NC MATERIAL

PROPERÏES'

ubroutinc cchdørd,id,lnods,M ho,nelempg,mxdoÐ

implicit rcal*8 (a-h,Gz)

include 'ænt¡ol.cro'
inc)ude'pointers.cm'
include'im-cmn'

dimcrrion cærd(npoin,l),lnods(relem,t )¡rlempg(ngry,l),

sloP
cnd

mîho('l ),id(nrcin,1)exdof(1)
subroutirc bpuLid(id¡nudof ¡sizid)

c
implicit rcil*8(a¡,oz)
include 'conkoì.cru'
i¡cludc'ios.m'

dimcmion id(npoin,1 ),mxdo(1 )

c rcad no¿d rcstrais
c

do 5 ipoin=l ¡restd
rcad(input,*,cFt)

* jpoin,(idúpoi¡,m),m=l,m¡xdof(ipoin))
write(grapl¡99)

* jpoin,(id(poù¡m),rn=1,maxdof(poir))

5 conLinuc
c
c rc@mpute dÈ id mâtrix

rcq=o
do 1 0 i=l,npoin

mizid+ru0(reizidmaxdof(i))
do 20j=1,¡naxdof(Ð

if(id(ij).cq.0)tlæn
ncqÐeq+l
ìd(ij)æq

clsc
id(ii)=o

eud if
20 conLinue
10 contin¡e
99 fomt (7i7)

rctunì
c
c eEor

1 writc(output,*)
* ¡***ctor æcuæd vhilc reading fixity conditiom***'
WRITE(*,*)' ERROR OCCURED WHILE READING BOUNDARY

CONDITIONS'

writc(output,1 00)
topoitr,Dclcnlncoor,Dg4),Nstd,mauls,Dloîd

writc(output,'l 50)
+Pcærd,Pmamo,Pnclempg,Pmxdof,Piposck,Plnods,Pid,
*Pnmprop,Pprops,Pstfloc,Pclbig,Pmxa,Pgstif,
*P¡Ls,Pfca,Pdisnod,Peud

witc(output,200)
do 5 ipoin=l ¡poin
vrite(output,300) Þoin,(ørd(ipoir¡idirn),idim=l,ncoor)
cotrtiDuc

wrire(output,320)
do 10 ipoin=l,npoin
vritc(output,350)ipoin,(id(ipob,idol,idof=l,mudof(ipoir))

\vritè(outpu!,400)
do 15 þrp=l¡gp
call clcmtt(rclempg)
do 20 iclcm-)cmbgr,clcrcnd

writc(output,500)iclcn\rnaurdielcm),
* (l¡ods( iclcrn,irodc),inodc=1 ,mode)

@ntinue

5

10

20
l5
c

stop
end

subroùtirc inputprops(props,nmpop,mizprop)

implicil rcal*8(a-[oz)
includc 'ænuol.cu'
i¡cludc'ios.cm'



t62

" 'kfu........',il"/,
' 'Pfca.,,,,,,,',i4t,
* 'Pdisnod....'.1,/.
+ 'Pcnd-.......',i4,/¡

200 îoffi 
^tU/ 

/ / /,'' * * * No¿il Coordinates ** **'.//

"'Nodc No. @rdl c@t.J2 æord3'

300 forM(5,3(4x,1 fÞ'l 2.5))
320 lomtu////,' +* +* ld Mâbix***rJ7.

{Nodc No. doll dof2 dolS'./)
350 fom(i5,3(5x,i6) )
4OO foffitul/ll,'*+arCoreclivity Mâtrix*"*',//,

* 'Elcrcnt ûutcriaj nodl Dodz,
500 fomat(i5,6x,i5,3x,12ó)

ènd

sbrouti¡è stiff
a(lnods,@¡d,mho,props,stfl @,cltrig¡clcmpg,iposck)

implicir Èal*8(a-h,oz)
includc 'control.cu'
i¡clu<b'ios.cm'

dirneßion lnqldælcm,l ),@ord(rpoin,1 )tüt¡dl ),* propß(¡rul¡ls,i),stllodl),ipoek(l),
" clrig(rclcm,1),nclcmpg(Dgrp,1)

rcad(input,*,ERR=99) clf
WRITE(*,*) 'CREATINC LOCAL STIFFNESSES '

do 5 igqÈl,ntfp
c¡ll clcmtt(mlcmpg)
do 10 iclcm=lcmbgn,cìcrend

WRITE(*,*)'CREATING ELEMENT # .-',IELEM
nodl=l¡ods{Èlcm,l )
Dod2=l¡ods( iclcm,2)

c 2D clcnænß hs, bcm, Brid

if(nør.cq.2)tJæn
dclx+ord(nod2,'l )-øord(nodl,l )
dclyøord(nod2,2)-øord(nod1,2)
dlcn-lsqrt(dcl x *dclx+dcly*dcly)

cltrig(iclem,t )=dclx/dlen
clrig(iclcr¡2)-<blyldlen
clfÌcdlen2*clf

c 3D clcmeÂß
cls if(ncoor.cq.3)úÉn

c slring, l¡us, èlæLic foudation 2n beu

if(ishp,cq,1,or,isbprcq.5.or.¡krp.cq,9) t}rn
dclx<ord(nod2,1 )-æord(nodl,l )
dely<oord(nod2,2)-coord(uodl,2)
dclz-ærd(nod2,3)-cærd(nodl,3)
dlcndsqrt(dclx*dclx+dcly*dcly+dclz*&lz)
elrig(iclcm,l )=delx/dlcn
c) ri g(iclcm,2)--dcly/dJc n
clrri g(iclcm,3)<lcly'dlcn
elfke=llc n'2 *elf

c
c 3D 6n bcm
c

clæif(ismp.eq.6) tIrcn
nodl =l¡ods(iclcm,2)
¡od2=l¡ods(iclcm,5)
dclx*ærd(nod2,1 )-æord(nodl,1 )
dcly<ærd(nod2,2)-æord(nodl,2)
delz+oord(nod2,3)-cærd(nodl,3)
dlen=dsqr(dclx*delx+dcly*dely+dclz*delz)
dzxisEt(delx *dclx+dclz*delz)

if(dzxlt.0.00i) úrcn
clFis(Ëlcm:.){.0

else
cltri g(ielem,2)=æiDCdèly'dzx)
if(delxlL0.0)

' clrig(iclcm,2) = ¡cosCl .0) - clrig(iclcrn,2)
cnd if
cy4s(+lrig(þlcm,2))
sy=h(+lúig(ieleq2))
delnx+y*dclx+sy'dclz
dclnY=dclY

dclu=-sy*dclx+cy*dclz

clrie( iclc ra3)=æ i¡(dcl¡y/dl cn)
if(delD\.1 t.0.0)

" eltrig(ielcr43)=aæscl.0)-clrig(ielcm,3)
cæ(<lrig(iclerr\3))
v<in(<lrig(ielem,3))

c dcln<z*dclu-sz*dclûy
dcLn)æz*dclu+cz*del¡ry
delru=dctu

nodl=lDo¿s(iclcm,1 )
nod2=lnods( iclcm.2)
dclx+ærd(nodl,1 )-coord(nod2,1 )
dely+ærd(nodl,2)-æor¿(nod2,2)
dclzaod(nodl,3)-ørd(nod2,3)
dlcn=dsqd(dclx*dclx+dclyxdcly+dclz*dclz)

delM+y*dclx+sy*dclz
dclnY=dclY
dclø=-sy*delx+cy*dclz

c dcln<z*dclu-sz*dclny
delmy+z*dclù+cz*dchry
del¡nz=dclnz

clfig(iclcm,l )=æin(deþ4/d.lç¡)
if(dclnyJt.0) clrig(blcm,l)+æs(1.0) +luig(iclcm,1 )

if( dabs(eltrig(iclcnql )).1 r0.00001 ) elaig(ielem,l )={.0
if( dabs(cltrig(iclcn\2))110.00001 ) clbig(iclem,2)=0.0
if( dabs(clrig(iclcm,3)) J10.00001 ) clrig(iclcm,3)=0.0

c 3D plâtc úd brick (sæ rot¡tion mtrix)
c

clsif(ishp.cq.7.or.isrtp.cq.8) ttþn
nodl =Ioods(iclcm,l)
¡o d2=lnods( iclcm,2)
delx+ærd(nod2,l )-æord(nod1,1 )
dcly-<ærd(nod2,2)-coord(Dodl,2)
dclz<oord(nod2,3)-cærd(¡odl,3)
dlcn=dsqr(dclx*dclx+dcly*dcly+dclz*dclz)
dzx=dsqrt(dclx*dclx+dclz*dcìz)

if(dzx1t.0.00001) dÈn
clt¡ig(blcm2)={.0
ckc
clki g(iclcm,2)=æincdcl4/dzx)
iI(delxl 10.0)

* eltrig(icler¡2)=acos(l.0)-elrrig(iclem,2)
cnd if
cy4s(dkig(iclcû\2))
sy= i¡(<ltrig(icìcrf\2))
dcl¡B+y*dclx+sy*delz
delnY=dclY
dcl¡¿=-sy*dclx+cy*delz

c write(*,*)'xy-plæx y z'
c writc(t,*) dcl¡x,dclny,dclu

cltrig(ielen,3)=æin(delny/dlcn)
if(dcl¡x I t.0.0)

" cl rig(iclcr¡,3) = acoscl.0) - cl rig(ielc¡rr3)

cæos(+l(rig(ielem,3))
s=i¡(dtrig(ioleû13))
dclro-z*dclru-sz*dclly
dcLmlHz+dcLu+cz*delny
dclru=dclu

c wrib(*,*)'x-axisx y z'
c vite(*,*) delÐxdclmydcl@

nodl =l¡ods(iclcm,l)
Dod2=lnc¿s(ielem,4)
dclx<ærd(nod2,l )-æo¡d(nod1,1 )
de)y<ærd(nod2,2)-æord(nodl,2)
delzaord(Dod2,3)-@rd(nod1,3)
dlcn=dsqrt(dclx*dclx+dcly*dcly+dclz*dclz)

dclrrr+y* dclx +sy * dclz
dchY=dclY
delE=-sy*dclx+cy*dclz

dclmx+z*dclnx-sz+delny
dclmy+z*dcLu+cz*dclny
dcLu=dclu

c write(*,*)'+/-y-uisx y z'
c vrite(*,*)delNdelnydclmz



r63

c*** *44**+*r*r*18
el l¡ig(iclcm,l )=aæs(dclùry/dle¡)
if(dctu Jt.0) cl rrig(iele141 )-lrig(Ëlem,1 )

if( dabs(cl rig(iclcm,'l ))110.00001 ) cltrig(telcr4l )=0.0
if( <Lrbs(clrig(iclcra2)).110.00001 ) clríg(ieleq2)=0.0
if( d¡bs(cl rig(iclcra3))l 10.00001 ) cltrig(êteR3)=0.0

c rvrir(*,*)'ugles .tu Ay Az'
c Mi(e(',*) (elrit(ielcq)j=ì ,3)

crd if
cnd if

imt+mdielem)
istpo=ipøek(iclcm)
if(isrÞ.eq.1)dÈ!

c¡ll hs2cl(dlcrrimr,srfloc{isrpos),props,isnp)
elæif(istrtp.cq.2)tlæo

c¡ll hs2(dÌcn,imt,st0oc(istpos),props,isûrp)
clæif(isHp.cq.3)ùÞn

c¡.ll ft mc2d(dlc4imt,elfkc,stllæ(isrpos),¡rops)
cl* if( is rtp.cq.4) tlrn

call grid (dlcn,imt,stflo(istpos),¡xops)
clæif(isnp.eq.5)tlrcn

call tru$2d(dlcn,im!,stnoc(isrpos),props,isHp)
clsif(istrtp,cq,Oürcn

Dodl =l¡ods(ielem'2)
nod2=l¡ods( ielem,5)
dclx<ærd(nod2,l )-øord(nodl,l )
dcly+ærd(nod2,2)-æord(nodl,2)
delz<oord(nod2,3)-ærd(nod1,3)
dlÈD=dsqil(dclx*delx+dcly*dcly+dctz*dclz)
call beanr3d(dlcn,imt,stfloc(irtpos),props)

elæif(isnp.cq.7)t]Èn
call

pl ate3d(iclcm,imÂt,stfloc(istpos),Irops,LNODS,COORD)
clæ if( is mp.cq.8) tlæ n

c¡ll
brick3d(iclem,imt,stfì oc( isrpos),¡rops,LNODS,COORD)

clsiÍ(isrtp.cq.9)dÞn
c¡ll frùe3d(dlcqimt,elfl<c,stflæ( isrlþs),frops)

cnd if'10 coûlinùc
5 continuc
c

rctM
99 write(output,*)

x'*t*eno¡ occwcd while rcâdi[g elNtic foud¡tion consht*x*'
Vr'RITE(*,*)' ERROR OCCURED READING ETASTIC

FOUNDATION CONSTANT
STOP
cûd

c*x*xxx**x************Bxx***f ***r**************+* * * *x ** **

c subroutire beMl d (iclern dlen,irut,stfloc,props)

c Stiffness of one dimcmion¡l bc¡¡ clcmnt

subrou tiæ hss2d(dleÌ\ inat,stfÌæ,lfops,ik)

c Stiffrþss for a 2D tus

impl icit rcal'8(a-b,ùz)
incluclc'control.cnul
iücludc'ios.cm'

dircmion props(maf ls,1 ),stfl æ(E izk,Biz!.)
if(ik.grl) 0æn

emod =¡rops(imat,l)
æa =p¡ops(ìmr,2)
@Et-mod*æa/dlen

clsc
com t=¡rops{ im t,1 )/dlcn

end if

stllodl,'l)= orot
slflod1,2)-øæt
stflæ(2,1)=-æmt
stllæ(2,2)= ørt

rctM
cnd

c**************t* * * * x* * ** * * *** * * * * *** + * * * *+* * * * * * * r + * + I + I

sùbroutiDc frme2d(dlctr,imt,elfkc,súl@,props)
c
c Stiffircss for a 2D limc

implicit rcal*8(aJqoz)
include 'conml.cm'

c
diæNioo props(mabls,l ),stflæ(ßizÌ,Eizk)

cmod=¡ropc(imat,1)
æalrope(imt,2)
dircrt?rop(imt,3)
ærebæmod*dircrVdlcn
@Ntbæmod*æâ/dleb

c
do 5 i=l,roizk
do 6 j=I,Eizk

súoc{ii)=0 0
6 æ¡tinue
5 continuc
c

stfloc(1,1)= @nstb
stflæ{l,4)-@ß(b
stflod2,2)=l 2*æmuy'dlcn**2€lfÌe
stfloc(2,3)= 6xcomt¡/dlcn
stfl od2,5)=-1 2*coßb/dlen**2
stflod2,6)= smoc{2,3)
stflæ(3,3)=4*@mh
stflod3,5)-stflæ(2,3)
stflod3,O= 2xæmt¡
stflod4.4)= coßtb
stfloc{5,5)= stnæ(2,2)
sLfloq5,6)-st0od2,3)
stflæ(6,6)=4xæNh

c copy lover half

do 7 Ì=1¡sizk
do I k--l+ls;zk
stflæ(k,l)=tûo(l,k)

8 cootinue
7 øntinue

rcth
cnd

subroutine grìd (dlen imat,stfl æ,props)

c S tiffress for a grid clc m n t
c

implicit eal*8(a-\oz)
i¡clude 'æntol.cruf

diæßion props(mabls,1 ),s10æ(ßizk,Eizk)

cmod=props(imat,1)
gmod=p¡ops(ima t,2)
dircrt?rop6(imt,3)
pircrt=p¡ops(imt,4)
comL¡=g¡nod*pirc¡Vdlcn
@Etb-mod*di¡ert/dlctr

c

c

c

cl5
c5

ç
c

implicit È¡lx8(â-h,Gz)
includc'ænuol.m'

dimnsion props(mal¡1s,1 ),stfl æ(B¿k,ßizk)

c cmod=proF(imat,1)
c diftrr=prcF(imr,2)
c æmt+modxdiæry'dlen
c stfloc(l,l)=12*comy'dJcn**2
c stfloc(l,2)=6*couy'dlèû
c s!flæ(1,3)=-stflæ(1.1)
c stflæ(l,4)=stfÌæ(l,2)
c stflæ(z,2)= 4*æNt
c stflæ(2,3)=-stlæ(1,2)
c stflæ{2,4)= 2*æmt
c stflæ(3,3)= sLflæ(1,1)
c stflæ(3,4)=-stflæ(1.2)
c stflæ(4í)= stflæ(2,2)
c
c copy lowcr half

do 5l=2,mizk
do 15 k=l,1-1
stfloc(lÅ)=tflo(k,l)
@Dtinuc
@ntinuc

rctM
cnd
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do 5 i=lJtsiz-k
do 6 j=l,Dizk

s(næ(ij)=0.0
6 æntinue
5 continuc

stflæ(1,1)<Eh
stflæ(1,4)-@6h
stfloc(2,2)=4*6Ntb
sllloc(2,3)=-6*æretb/dlcn
slfloc(2,5)=2aæEtb
stfloc(2,6)-slflæ(2,3)
stJlæ(3,3)=1 2*coNtb/dlcB**2
stllæ(3,5)=tflæ(2,3)
stflæ(3,6)=-stflæ(3,3)
stflod4,4)ÐNL1
stnod5,5){tflæ(2.2)
smæ(5,6)=-slflodz,3)
stflæ(6,6)+tflæ(3,3)

c copy lorvcr balf

do 7 I=1¡rizl
do 8 k=l+l,rxizk
stilæftJ)+tflo(ll)

8 coDti¡uc
7 @ûLinuc

rclMt
cnd

cx***+************ 4 * ** *********x**********r#*xx**********

sùbroutiDc bcam3d(dlen, imat,srlloc,¡tops)
c
c

irnplicil rca.l*8(a-h,oz)
i¡cludè 'æDfol.crm'
includc'ios.cm'

diæmion props(r]euls, 1 ),sLflod36,36),ijk(4)
c

ük(r)r
ük(2)=5
ük(3)=18
ijk(4\-'tA

cmod=¡rop(imat,1)
gnod=prop( ima t,2)
æâ-rops(imt,3)
xiert=props(imt,6)
yirert=props(imt,7)
zinert=pfops(im t,8)

C
C Cxx md Cly USED FOR STRESSES latcr
C Cxx uscd herc for lcngtlì offictisou stiffûcß

do 5 i=l,reizk
do 5 j=l ,ß¿k

s!flæ(ii)=0.0d+00
5 @ntinuc

c do fictisous mmbcß
c

dudlcn
dlcn=props(imt,4)
comu=l 000.0*æa*cmqVdlcn
corstb=l 000.0*gmod*xi¡cry'dlc¡
æßtel 000.0*cmod*yincn /dlen

coßtd=1 000.0*cmod*zircrl,/dlcn

c loop dm lßt hvo rcmbcß
do 15 i=33

c index to propÈr pú of stiffricss mrix
jjjk(Ð

stfl æ(2+j,2+j)+úloc(2+j,2+j)+@ßtâ
sl.fl æ(2+j,8+j)<tîod2+j,8+j)-@mtÂ
stfloc(l +j,l +j)=tflo(i +j,1 +j)+1 2xcoßtd/dletrx*2
stfloc(1 +j,6+j)4Lflæ(l rj,6rj)-6*ærotd/dlen
sl0 oc(1 +j,7+j)+tfl oc(1 +j,7+j)-1 2r@Et(ydlcD* *2

stflæ( l +j,1 2+j)<tfl od 1 +j,l 2+j)-6*@Ntddlcn
stlloc(3+j,3+j)-tfl od3+j,3+j)+l 2*coNtc/ctlcn*+2
stfl æ(3+j'4 +j)+tfl od3+j,4+j)+6*@mrc/dlcn
stfl od3+j,9+j)=tfl æ(3+j,9+j)- I 2r@nsrc/dlcn**2
stnæ(3+j,1 Grj)+tflæ(3+j,l Grj)+6*coNtc./dlen
st0æ(5+j,5+j)+tfìæ(5+j,5+j)+constb
stîæ(5+j,l l+j)=t0oc{5+j,1 1+j)-@rÉrb
srîæ(4+j,4+j)-tnod4+j f +j)+4*@Nrc
stfl æ(4+j,9+j)=tfl æ(4+j,9+j)-6*@Ntc/dleD
súæ(4+j, 1 Grj)=tí oc{4+j,l GÈj)+2*coNtc
stflæ(6rj,6rj)+1fl od6rj,6rj)+4*corotd
sl fl oc(6rj Jfj) +Lflod6Ìj,7 +j) + 6*coß tdldlcD

stflæ(6+j,1 2+j)+1fl æ(6+j,'l 2+j)+2*coBtd
súÌæ(8+j,8+j)+líoq8+j,8+j)+@Eh
stfì oc(7+j J +j){tfloc{'7 + j,'7 +j)+12. @ßt¿t ðlcaÉa2
stfl od7+j,1 2+j)=tfl od7+j,1 2+j)+6*@ßd/dlen
stfl oc(9+j,9+t{tflod9+j,9+j)+1 2*@nstc/dlen* *2

stfl oc{9+j,l 0+j)+rfl æ(9+j,1 Grj)-6*@Nrc/dlèn
stnoc(l l+j,1 I +j)+!fl æ(1 1 +j,1 1 +j)+øErb
stfl æ(1 0+j,1 G+j)+tfl odl 0+j,1 Orj)+4*coretc
s tfloc{ 1 2+j ,1 2+j)4 tn od I 2+j,1 2+j) +4 *@ßrd

15 conti¡ue

c loop thro lNt ßvo embcß
c sriff¡c$ alrcady in wrtical position
c

do 10 i=l,2
c jndcx to p¡opcr pú of stiffucss mrix

j=ijk(Ð
stflæ(2+j,2+j)=tfloc(2+j,2+j)+coßrâ
stllæ(2+j,8+j)+mo(2+j,8+j)-coEta
stfloc(1 +j,1 +j)+tfl oc{'l+j,l +j)+l 2+coBtddlcn**2
stn od I +j ,6 +j) +tll oc( 1 +j,6+j) +6*@ E tdldl c n
stnoc(l +j J+j)4tfl oc(1 +j,7+j)-1 2*@ßtd,/dlen**2
stîæ( 1 +j,1 2+j)-úloc(1 +j,1 2+j)+6*@Nt(vdlcr
stfloc(3+j,3+j)=úloc(3+j,3+j)+1 2*@Erc/dlcn¡ +2

stfl od3+j,4+j){r0@(3+j,4+j)-6rcoærddlcu
stflo(3+j,9+j)+!fl æ(3+j,9+j)- I 2"coBrc/dlcn* r2
stI]æ(3+j,l 0+j)=tfl @(3+j, 1 Grj)-6*comrc/dlcn
sú1æ(5+j,5+j)=t¡æ(5+j,5+j)+@mtb
stfl æ(5+j,1 1+j)=tllæ(5+j,1 1+j)-@ú!b
s tfl æ(4+j,4+j )= t-0oc(4+j,4+j)+4* æßtc
smod4+j,9+j){rfl æ(4+j,9+j)+6ræNtc/dler
stfl oc(a+j,l Otj)=rfl od4+j,'l Grj)+2*coßrc
slllæ(6+j,6rj)=tftod6Èj,6rj)+4+æurd
stfl od6+j,7+j)+tfl æ(6+j J+j) -6*coBrd,/dlcÂ
st0æ(6+j,1 2+j)+tfl æ(6+j,1 2+j)+2*coBrd
stllæ(8+j,8+j)+tflod8+j,8+j)+@Nta
sl.floc(7+j J+j) +tfl oc{'l +j,'7 +j)+12*coßtd/dlcn**2
stflæ(7+j,1 2+j)+tnæ(7+j,l 2+j)-6*coßt4,/dlcu
stfl oc(9+j,9+j)=tfl oc(9+j,9+j) +1 2*constc/dlcn* r2
stî æ(9 +j,1 0+j )* tn odg +j,l Grj) + 6*æNtc/dl cD

stflæ(1 l+j,'l 1+j){tfl oql I +j,l 1 +j)+coßtb
stfl æ(1 0+j,lGrj)<tfl oc(1 0+j,l 0+j)+4*@ßrc
stfl æ(1 2+j,1 2+j)=tfl æ(1 2+j,l 2+j)+4*coBrd

10 æntinue

cdomìnbem
c

dlcn=du
coNhæÀ*cmod,/dlcn
æßtb=gmod*xincry'dlcn
coNtc=mod*yiærl,/dlcn
@Etdæmod*zirerVdcn

stllæ(7,7)+ú1oc(7,7)+@ßh
sdloc(7,25)=tflæ(7,25)-@ßh
stfloc(8,8)=tfloc(8,8)+1 2*constd/dlco**2
stflæ(8,1 2)+tfl oc(8,1 2)+6*@nst(ydlc¡
sLllæ(8,26)+tfloc(8,2O-l 2+coEtd,/dlcn*42
stfl æ(8,30)<úoc(8,30)+6*@trtd/dlcn
stflæ(9,9) <t0oc(9,9)+1 2*@nsrc/dlcn**2
stfl oc(9,1 l)+tflæ(9,1 1 )-6*comtddlcn
stfl æ(9,27)<úlæ(9,27)-'l 2*@Ntc/dlcn"*2
stfl æ(9,29){l.flæ(9,29) -6*coætc/dlen
sdloc(l 0,1 0){tflæ(10,10)+coßtb
stfloc(1 0,28)<tfloc(1 0,28)-æEtb
súloc(1 1,1 l)=dloc(1 1,1 1 )+4'@ßtc
stfl æ(1 1,27)+tlloc(l 1,27)+6*@Ntc/dlcn
sdloc-(l 1,29)=úloc(l 1,29)+2"coßrc
stfl æ(l 2,1 2)=tflæ(1 2,1 2)+4+comtd
stllæ(1 2,26)=tfìæ( 1 2,26)-6*æmtd/dlcn
stf od1 2,30)+tflodl 2,30)+2*æNtd
stJloc(25,25)+tilæ(25,25)+æmu
s tfl oc{26,2O+úloc(26,26) +'l 2' @ßtðl dl cû* * 2
slíod26,30)=tnæ(26,30)-6*@$t(ydlcD
sú æ\?:7,27 )=tÍlo d2:7,n ) +7 2* @ßtc/ ¿Jc 

^* 
* 2

stflæ(27,29)+tíod27,29)+6*@Etc/dleD
stfloc(28,28)+t-fl æ(28,28)+æßtb
sú1oc(29,29)=ú1oc(29,29)+.1' coætc
stfl æ(30,30)4tIlæ(30,30)+4*ærotd

c
c copy lorvc¡ half
c

do 7 l=l,reizk
do 8 k=l,NizJl
sLllæ{k,i)+tflodl,k)

continuc
conLinuc

rctm
cqd

I
'7



subrou tift púostifl(dlcn,imt,stfl oc,props)

implicit rcal*8(a'h,ez)
i¡cludc '@ntrol.cm'
iùcludc'ios.cm'

diæNion p¡ops(rrmrls,l ),stflæ(36,36)
c

cmod=Irops(imât,1)
gmod=props(iÐat,2)
æa=props(imr,3)
xircrt=props(imt,O
yiftrt=prop(imtJ)
zincrtlrops(imt,8)

do 5 i=l,mizk
do 5 j=t Jsir(

stflæ(ij)=0.0d+00
5 @ntinuc

c do min bem

corNLi æÂ *emod,/dl c o
@mtb=Bmod*xincrt/dlcn
ænstc=modryiærYdlc¡
coßtd=mod*zirþrVdlcû

stflæ(7,7)eNh
sLflæ(7,25)-æmn
stflod8,8)=1 2*coß!d/dlcn**2
stfl oc(8, 1 2) =6*comtddlcn
súloc(8,20-'l 2*coNtdl ¿Ie\a *2
sú1od8,30)d*comtd/dle¡
stfloc(9,9)=l 2*coßtc/dlenr*2
stflæ(9,1 ì )=-6*ømtvdlcn
stfl oc(9,27)=- I 2*@mtvdleD**2
súìod9,29)=-6x@ûstc/dlen
stflæ(10,1o)ÐNtb
stflæ(10,28)=-æmtb
stflæ(1 1,11)=4rcoNtc
st¡oc(1 1,27)=5ræmtddlcn
súloc(1 1,29)=2*æretc
stlìæ( 12,12)=4*@Ntd
stflæ( I 2,20=-6*ømt¿/dlen
stflæ(12,30)=2*@Etd
stllæ(25,ã)+ßh
stflod26,26)='l 2*ørelÀJ clcn* *2
sLfl od26,30)=-6*ømtd/dlen
súl o dn,n \ =1 2* coürd d e û* *2

stllæ(r,29)=ó*@ßtc/dlen
stflæ(28,28)qmtb
stIìæ(29,29)=4*comtc
sllæ(30,30)=4*coútd

c
c æpy lowcr ha.lf
c

do 7 l=1 ¡xizk
do 8 k=l sizJ¡
stflæ(kJ)=tflodl.k)

165

do 5 i=l ¡sizk
do 6 j=l JDizk

stflodij){.0
6 @ûtinue
5 continuc

slflæ(1,1)aßh
stlìæ(1,7)-øma
sdlæ(2,2)=1 2aøNtd/dlcn* +2

stfl o(2,6)5*constd/dlen
stftod2,8)=-stfl æ(2,2)
stllæ(2,12)+tjlæ(2,Q
stlìæ(3,3)=1 2*@ßlc/dlcD**2ælfÌÈ
stIlod3,5)=-6+comtc/dlcn
stfl oc(3,9)-1 2i@ßtc/den* *2
st-0æ(3,11)+tflæ(3,5)
stfloc(4.4)<oEtb
sttod4,10)-æmtb
st0od5,5)--4*æmtc
stflæ(5,9)=-stflæ(3,5)
sLfloc{5,11)=2*@Etc
stfloc{6,6)=4*øEtd
stl]æ(6,8)-stflod2,O
stllod6,12)=2*æmtd
sllloc(7J)eßh
stflod8,8)<tllæ(2,2)
stflæ(8,12)-stflæ(2,O
stflod9,9)=tf¡æ(3,3)
stflæ(9,11)-súlæ(3,5)
stfloc{10,10)etrtb
stflodl 1,1 1)=tfl æ(5,5)
stflæ(1 2,1 2)+tftod6,O

c

c copy lo\ver h¡lf

do 7l=1,roizt
do 8 k=l+l,roizlr
slllæ(k,l)=tno(l,k)

8 coDlinuc
7 æDtiDuc

rctM
cDd

c**********************+**x********44*44****** * * * * * * * * * * *

subrou tine pl ate3d(ielcm,imt,stfl æ,props,LNODS,COORD)

c
c subroùtirc for 3d platc i¡cluding beDding ùd slþü wcb
c stiffrrcss. 5 dofpcr nodc x & y from slrcar wcb
c z Rx Ry fiom bênding plrtc
c 6t-tldof is l/l000of minimmk

IMPLICIT REAL*8(A-H,O.Z)
INCLUDE 'contol.cm'
DIMENSION PROPS(NMATRLS,l ),stflæ(24,24).

&
LNODS(NELEM,l),COORD(NPOtN,1 ),BHOLD(t 2,1 2),SHOLD0 2,1 2)

&,rotinv(24,24 ) ¡ob tc (24,2A) þhol d(l 2,U)

c call bcoding prt ofstifbcss

call bplatc(iclem,imt,BHOLD,pops,LNODS,mORD)
c
c call shce pùt ofstiJfrEss
c

call splâtc(icÌcm,imal,SHOLD,¡rops,LNODS,COORD)

c co¡Db¡E stijfæsscs togedþ¡
c

do 9 i=1,24
do9 j=1'24
tohb(ii)=0.0
rotinv(ij)=0.0

9 slflæ(ij)=0.O
c
c Èl@tc bcDdiûg to totâ.l loql

rohþ(1,3)=1.0
¡ohþ(2,5)--1.0
¡otatc(3.4)-1.0
¡ohþ(4,9)=1.0
rohb(5,1 I )=1.0
¡obb(6,10)=-1.0
Ìo{Âtc(7,1 5)=l.0
¡otate(8.17)=1.0
rchb(9,1O=-1.0
rchb(10,21)=1.0

8
7

@nLüùe c
conlinuc

ælhì
end

c++**T*********r*

sbroutirc frurc3d(dlcn,irmt,cl flic,stflæ,props)

impl¡cit rcal+8(a-b,ùz)
i¡cludc'ænml.cm'
i¡cludc'iæ.cm'

diæro ion props(matrls,1 ),stflæ(Nid<psizk)

cmod=p¡ops( imât,l )
gmodlxops(ima t,2)
æa=¡rops(imt,3)
xire¡l?rop6(imt,4)
1,iært=p rops(inut,5)
zincd=props(imt,O

coßh=æa*cmodl/dlcn
@ßtb=gEod*xi¡ert/dlen
æNtcæmod*yircrl,/dlcD
æEtd-ûodtzircrt/dlcD



robþ(11 ,23)=',1.0
roab(12,22)-1 0
c¡ll mult (bhol4robtê,b\old.,1 2,12,24,2A,12,1 2,?A)
c¡ll bâûs(rohtc,rotinv,24,24,1 2,?A)
c¡ll mult (roti¡v,hhol4stÍlæ,2A,!24,12,24,2A,12, .)

c
c rcl@tc sfctclìing to tobl loc-î.l

clo 5 i=\,2A
d'oS j=l,2+

5 rotatc(ij)=0.0

rohtc(1,1)=1.0
rcbb(2,2)=7.0
rohb(31)=1'0
rotab(4,8)=1.0
¡ohb(5,13)=1.0
¡ohb(6,14)=1.0
roub(7,19)=1.0
rohb(8,20)=1.0
c¡ll mult (shol4rot¡te,lú1ol d,l 2,1 2,U,U,l 2,1 2,2A\
crll ræ(rontc,rotiDv,U,U,l 2,U)
call Eult (uinv¡¡ol4rohte,2A,2A.,12,24,U,72,2A)
câll add@(stf I æ¡oh |c,2A,24,24,24,O)

C FIND MINIMUM DIACONALSTIFFNESS
c

min-mæ(1,1)
do 10 i=2,23
if(i-eq.6.or.i.eq,l 2,or.i.cq.1 8) goro 1 0
if(stfl æ(i,i)l t.smin) smin=tfl æ(i,i)

10 @ûtinuc

c sct 6ú dofs to l/1000 ofmin dof

stilæ(6,6)Ði!r'I000.0
sl-ûod'l 2,1 2)sin/¡ 000.0
sLfloc{18,1s)sin4 000.0
stflæ(24,24)<Din4000.0
rclum
cnd

c********* * * * * ** *

SUBROUTINE
BRICK3D(IELEM,IMAT,STFLOC,PROPS,LNODS,coORD)

IMPLICIT REAL*8(A-H,O.A
includc 'control.crù'
includc'ie.cm'

c
C *** THREB DIMENSIONAL SOLID ELEMENT ***
c

DIMENSION D(1 ),STFLOC(NSIZK,NSIZK),prolx(IlmEts,1 ),
& lno¿s(ncìcm,1),@¡d(Dpoi¡,1),
& sHP(4,8),RG(8),Sq8),Tc(8),Wc(8)

c
EMOD=PROPS(lMAT,1)
AMU=PRoPs(lMAT,2)

c
DO )=EMOD*(1 .-Al\,rU)/(1.+AMlr/(1.-2.+AMtÐ
D(2)=AMU *D(1 )/(1.-AMu)
D(3)=EMoD/2.0/(1.+AMtD

c
cALL PGAUS3(RC,Sc,Tc,WC)

C.....COMPUTE STIFFNESS,COMPUTE INTEGRALS OF SI.IAPE
FUNCTIONS

DO 320 L=],8
CALL SHP3D(RC(L),SC(L),TC(L),COORD,SHP,XSJ,iclcr4tnods)
DO 1001 =1,8

I1=13-2
1bt3-1
DO 100 J =1,8
J3=3*J
J143-2
J2=J3-1
sTFLoc(ll ,il ) = sTFLoc(lì,Jl )+(D(l )*sHP(i ,lFsHP(1,¡
&+D(3)*(sHP(2,1)asHP(2,J)rsHP(3,1)*sHP(3,¡)*xsj
sTFLOqll,J2)=STFLOqll,J2)+(D(2)*SHP(1,D*SHP(2,Ð

&+D(3)*sHP(2,1)*SHP(l,J)*XsJ
STFLOC(ll,J3)=STFLOqll,J3)+(D(2)*SHP(1,1)*SHP(3,Ð
&+D(3)*SHP(3,1)*SHP(1,J)*XSJ
s1-FLOC02,J1 )=SrrLOql2,Jr )+(D(2)iSl{P(2,D*SHP(1,1
&+D(3)*SHP(1,1)rSHP(2,J))*XSJ
STFLOC{12,J2) = STFLOql2,J2)+(D(l )*SHP(2,1)*SHP(2,Ð
&+D(3)*(SHP(1,1)*SHP(1,J)+sHP(3,1)*sHP(3,I))*XsJ
STFLOC(12,J3) =STFLOC( 12,J3)+(D(2)*s HP(2,1)*S HP(3,Ð

&+D(3)*sHP(3,1)*sHP(2,J))*xsJ
STFLOql3,Jl )=STFLoql3,J1 )+(D(2)*SHP(3,Ð*SHP(1,Ð
&+D(3)+SHP(1,1)*sl{P(3,J))*XsJ

r66

STFLOql3,J2) =STFLOql3,J2)+(D(2)*S HP(3,1)*S HP(2,Ð
&+D(3)*sHP(2,1)"sHP(3,Ð)*xsJ

100 STFLOC(13,J3) = STFLOC(13,J3)+(D(l)+Sl{P(3,D*SHP(3,J)
&+D(3)*(sHP(1,1)*SHP(1,J)+SHP(2,1)*sHP(2,Ð))+XSJ

320 CONTINUE
C.....FORM LOWER PART BY SYMMETRY

DOl60l=1,2,1
DOi60J=1,2.r

r60 STFLOqJ,D = STFLOC(I,Ð
witc(outpur,*)'Ìæaì stiffress m¡tir for eleGn!',icìcnì

l0 \wilc(ouput,99) (stflæ(ij)j=l,24)
99 Íoffit(Uclo.z)

RETURN
END

c**** ****** *a*r+ *

SUBROUTINE PGAU53(R,S.T,W)
IMPLICIT REAL*8(A-H.O.Z)

C
DTMENSTON LR(8),LS(8),LT(8),R(8),s(8),T(s),vi(s)
DATA LR/-l,t,1,-t,-1,1,1,-1l
DATA LS/-l,-1.1,1,-1,-i,l,1/
DATA LTll,1,1,1,-1,-r,-1,-1l

c.....2x 2x 2 TNTECRATION
G=1.0Do/DSQRT(3.0D0)
DO 2l I=1,8
R0)=a+LR(D
s(l)=c*LS(l)
T0)=G*LT(l)

2l w(l)=I.0
RETURN
END

c***************************r**************++************

S UBROTI¡'lNE SHP3D(RR,SS,TT,COORD,SHPXSJ,iclcql¡ods)
IMPLICIT REAL+8(A.H,C,A
INCLUDE 'contol.cu'

c
C C{LLSHP3D(RG(L),SG(L),Tc(L),CtrORD,SHP,XSJ,iclem,lnods)
C.....SUBROUTTNE FOR SHAPE FUNgTION OF 3-SOLIDS wlTH 8
NODES
c

DIMENSION
sHP(4,8).COORD(NPOIN,1 ),R(8),S(8),T(8),SX(3,3),XS(3,3),

& lnods(rclcm,'l)
DATA R/-1.0,1.0,1.,-1.,-'t.0,'1.0,1.,-1./
DATA S/-1.0,-1.,1.,1.0,-1.0,-1.,1.,ì.0/
DATA T/1.0,1.0,1.0,1.0,-1.,-1.,-1.,-l /
DO 100 I =1,8
SHP(4,1) =o.lø*(1.0+RR*R(t)*(1.0+SS'S(l))*(1.0+TT*T0))
SHP(1,1) =0.1 25*R(l)*(1.0+sS+s(l)*(1.0+TT*T1I)
sHP(2,Ð J.125*(1.0+RR*R(r))*S(r)*(1.0+TT*T(l))

100 SHP(3,1) =0.1 25a(ì.0+RR*R(D)*(l.o+sS*S(l)*T(l)
c
C.....CONTSTRUCTION OF JACOBIAN AND INVERSE
c

DO l30l = 1,3

DO 130 J =1,3
XS(I,Ð = 0.0
DO 130 K=l,8

130 XS0,J)=XS(l,J) + COORD(LNODS(IELEM,K),Ð * SHP(l,K)

XsJ = Xs(l,l )*üS(2,2)*XS(3,3)-xs(2,3)*Xs(3,2))-xs(1,2)*(xs(2,1 )
& *Xs(3,3).XS(2,3)*XS(3,1))+Xs(1,3)*(XS(2,1 )*XS(3,2)-XS(2,2)*& xs(3,1))

sx(r,r ) = (xs(2,2)*xs(3,3)-xs(2,3) *xs(3,2))/xsJ
sx(2,1) -(xs(2,1 )"xs(3,3)-xs(2,3)*xs(3,1 ))/XSJ
sx(3,1 ) = fr s(2,1 )*XS(3,2)-XS(2,2)xXS(3,1 )/XSJ
sX(1,2) =-(Xs(1,2)xxs(3,3)-xs(1,3)*Xs(3,2))/xsJ
sx(2,2) = (xs(1,1)*xs(3,3)-xs(1,3)rxs(3,1 ))/xsJ
sx(3,2) =.(xso,l )*xs(3,2)-xso,2)*xs(3,1 ))/xsJ
sx(1,3) = cxs(1,2)+xs(2,3)-xs(1,3)*xs(2,2))/XSJ
SX(2,3) =-(Xs(1,1 )+XS(2,3)-XS(1,3)*xs(2,1 )/XSJ
sx(3,3) = (xso,r )*xs(2,2)-xso,2)*xs(2,1 ))/xsJ

c
C.....FORM GLOBAL DERIVATIVES
c

DO l40l=1,8
T?1 = sHP(1,1)*sX(l,1 )+sHP(2,1)*sX(2,t )+SHP(3,1)*SX(3,1 )
TP2 = SHP(1,1)+sx(1,2)+SHP(2,1).sX(2,2)+sHP(3,1)"sX(3,2)
SHP(3,¡) = sHP(1,1)rSX(1,3)+sHP(2,1)*sX(2,3)+SHP(3,1)*sX(3,3)
sHP(l,D = TPI

140 SHP(2,D =TP2

RET1JRN
ÊND



subrcu titÌe roh2{ielcE,clrigJobþ)

c rohtìon rutrLr fo¡ a 2D rus
c

þrlicit rcaJ*8(ah,ez)
i¡cludc 'ænùol.c¡m'
include 'ios.rru'

c
cliæreion clrig(rclen¡1 ),ROTATE(36,3O

c
do 5 i=l ,36

do 6 j=1,36
rohte(ii)=0.0

6 @otinuc
5 continue

roatc(l,l )+lrig(iclcm,l )

rohtc(1,2)+lti g(iclem,2)
!ohtc(2,3)=ohtc(1.1)
rohtc(2,4)-ohtc(1,2)

c writc(oùtput,*)!-RohúonMaki(-l
c wriþ(outpu!,1oXGohtc(ij)j=l ,4),i=I,2)
10 fomt(4{2x,1pe12.5),/)

stm
ênd

subrou linc rou3(ielcr¡clrig,rotab)
c
c rohtion mfix for a 2D fraæ or grid
c

impl jcit rcal*8(Â-Ìr,cz)
includc 'conrol.cm'

c
dirreEion el(ri g(ælcm,1 ),ROTATE(36,3O

do 6j=l,36
robtc(ij)=0.0

6 @¡tiDuc
5 æ¡ti¡ue

rohte(1,1 )= elbiS(ìelcm,1 )
rolÂte(1,2)= èlbig(iclct\2)
rol¡te(2,1 )=-rohtc(1,2)
rohtc(2,2)= rohtc(l,l)
roub(3.3)= 1.0

c

do7 i=1,3
do 8j=1,3

rotâte(i+3 j+3)=ohtc(i j)
I æDtinuc
7 ænti¡uc
c

rchm
cnd

c****4******4****

subroutire roa5(icìen¡el bi gJobb)
c
c rohlion mâtrix fo¡ a 3D truss or spring

implici rcal*8(a-Ì¡ez)
includc '@Dt¡oi.cm'

c
diæNioû clkig(rclcm,l ),ROTATE(3 6,3O

do 5 i=l,36
do 6j=l'36
rohte(ii)=0.0

6 continuc
5 coDtiDuc

rohte(1,1 )+lt¡ig(icle41)
rohtc(1,2)+l rig(iclenÌ,2)
rontc(1,3)+l rig(iclcr¡3)
rohrc(2,4)+hrc(1,1)
roh(c(2,5)rohtc(1,2)
rohte(2,6)æhtc(1,3)

c
rctm
cnd

c**************** r*****+*******+*******f
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c rohtionmatrix for a 3D frmre

i¡rpl ici t rca1 *8(al\Gz)
includc 'æntol.cm'
includc'ios,m'

dimereion cltri g(ælenr,l ),ROTATE(3 6,3O

do 6j=1'36
robtc(ij)=0.0

6 @trtitruc
5 @ntinuc

rontc(1,1 )-lrig(ielca1l)
¡ohte(],2)+l ri g(iclcrq2)
ronte(1,3)+lri g(iclen¡3)

c
c cbcck if tlæ mcmbcr is vclical

if(robte(1 ,l ).cq.0.údrohte(1 ,3).cq.o) úrcn
¡obtc(2,1 )-rohtc(1,2)
rohþ(3,3)=',I.0

else

cu=dsqn(rotatc(l,l )+*2 + rohtc(1,3)**2)
rohtc(2,1 )-rotatc(1,1 )*rohlc(1,2)/cxz
robte(2,2)<xz
rol¡tc(2,3)=-rotatc(1,2)*¡ohte(1,3)/cxz
rohtc(3,1 )-rohb( i ,3)/cxz
¡ohtc(3,3)-obb(1,1)/cxz

ctrd if

writc(outprìt,')' 3d friw rohtion rükix '
do 7 i=l,3
do I j=1,3

rohtc(i+3 j+3)=ohrc(i j)
robtc(i+6 j+6)ãotatc(i j)
rotate(i+9 j+9)=otalc(i j)

8 continuc
7 continuê

rctm
cnd

c***xx*x*x*****************r*xxx***t******* **** ** * ** x * x * *

subrcutinc Ìoh7(iclcm,clt¡i g,rot¡þ)
c
c rouLion mrix for a grid platc
c

implici rcal*8(aJr,oz)
i¡cludc 'ænkol.(ru'

c
diææion cltrig(ælem,1 ),ROTATE(3 6,3O

c
do 5 i=l,36

do 6j=I,36
robtdi j)=0.0

6 æntinuc
5 æntinuc

rohle(2,2)= clbig(iclcûr1 )
rchtc(2,3)= clbiS(iclcrq2)
rot¡te(3,2)= -1.0 * robte(2,3)
rol¡tc(3,3)= !ohtc(2,2)
rol¡lc(l,1)= 1.0

do 7 i='l,3
do 8j=l'3

routc(i+3 j+3)aoute(i j)
rohtc(i+6 j+O-ohtc(i j)
rohte(i+9 j+9)=ohlc(i j)

8 conlitruc
7 @ntinuc
c

rctM
cnd

subroutinc ¡otâ8(ieleû\cltrig,rohþ)

c rotâlion mtrix for a 3D 6nodc b¿m

implicit rcaJ*8(a-\ez)
i¡clude '@ûkol.cm'
includc'ios.cm'

diæmion clrig(relcm,l ),ROTATE(36,3O

do 5 i=1,36
do 6j=1,36

sub¡outinc roh6(iclcrD,cltrig,rohtc)



ó
5

fobtdii)=0.0
conLinue
@nLinue

cxÐs{è1tri8(iclcm,l ))
cy+s{elrig(ielern,2))
cæos(elrig(ielem,3))
sx=in(clri g(ielc14 1 ))
sy< i¡ (cl rig(icl c ûr,2))
szsin(cl rig(iclcm,3))

rohtc(1,1)= cY*cz
rcutc(1,2)= s2

rcklc(1,3)= 'ø*sY
rotatc(2,1)= -srcx*cY + sxrsy
foÁle(2,2)= cz*cx
rotate(2,3)= sz*cx*sY + sx*cY
rohtc(3,1 )= sz*sx*cy + sY*cx
rot¡lc(3,2)= -sx*cz
rohlc(3,3)= -sy*szrsx + cx*cy
writc(2,*) ' cLoBAL ROTAT1ON M_ATzuX'
wRITE(2,99) ROTATE(r.r ),ROTATE(1,2),ROTATq1,3)
vr'RlTE(2,99) ROTATE(2,r ),ROTATE(2,2),ROTATq2,3)
wRITE(2,99) ROTATE(3,1 ),ROTATE(3,2),ROTATq3,3)

168

wRITE(2,99) ROTATE(2,1 ),ROTATE(2,2),ROTATE(2,3)
wRrTE(2,99) ROTATE(3,1 ),ROTATE(3,2),ROTATE{3,3)

do7 i=l,3
do 8 j=l 

'3
rohtc(i+3 j+3)=ohte(i j)
rohtc(i+6 j+Oqohtc(i j)
rohtc(i+9 j+9)=ohtc(i j)
rohtc(i+l 2 j+l 2)=ohte(i j)
¡obte(i+l 5j+l 5)=ohtc(ij)
rohtc(i+1 8j+l 8)ãot¡te(i j)
rohtc(i+21 jtz'l )-ohtc(i j)

I @Dtiluc
7 contiDuc

ætM
99 FORÀ4AT(3FI0.4)

cnd

sbroutift æsemb
* (lno¿s,i4stûæ,clbig,rua,stifgl,rclcnrpg,ipoæk/ìtdof)

c subroutie to æscmble dÈ Blobal stiffness rutri¡

implicit rcal*8(a-l\ùz)
i¡cludc 'control,cm'
includc'ios.cm'

dimmion ROTATE(36,36),dclstf(36,3Q,rotinv(36,3O,dpsm(36,3O

" stfclg(36,36),lm(3O¡naxa(l)þods(rclcm,1),
* id(Dpo[\l),stflæ(1),iposk(l)flki8(ælcûr1),
* nclcmpg(ngrp,1),mudof(1),stifgl(l)

WRITE(*,*)ASSEMBLING CLOBAL STIFFNESS'

do 2 ßízg=1 p5þg
sLifel(isizd{.0

2 @ntinue
c

do 3 ìgrp=l ,ngrp
call clcmtt(rclcmpg)
do 5 ielcm+lcmbgn,elcrcnd
WRITE(*,+)'ASSEMBLING ELEMENT 11 ->',IELEM

irtof=O

do 7 i¡ode=l ¡uode
¡odc =l¡ods(ielem,inodc)
do 9 üd=l Faxdof(nodc)
idof=idof+1
Ìm(idofl id(nodc,i¡nsid(iid))

9 contiDue
7 conlinue

istpo-iposck(iclcm)
c,.,,.
c 3d spring

c 2d l¡uss

c 2d bcün

c grid

c 3d kNs

c 3d 6n bcu

if(istrtp.cq.l )thcn
call roh5(iclcE clrigJohtc)

cl s if(istrtp.cq.2) tIæ n
c¡ll rotî2(ieleElelrig,rohtc)

clæif(isdp.cq.3)tlÈD
crll rou3(iclem,clrig¡oute)

clæif(islnp.cq.4)ttrcn
c¡ll roh3(i.?lcm,cltri gJotatè)

clæif(isktp.cq.5)dÈn
co.ll ron5(Èlcrn eltrig¡outc)

cìeif(isl¡tp.cq.O ùr n
cåll robS(Ëlcm,clfi gJohlc)

c 3d plac or brick
elæif(isktp.eqJ.or.istp.eq.8)drcD
c¿ll rohl 0(ieleûr,eltrig,rot¡te)

c 3d 2n bcm
clsif(ismp.cq.9)dæû
call rob6(iclem,clbig,robte)

end if
c

câll Bc6tif(dclsrf,srflæ(isrlÞs),Nizk)

nlcotaid*mode
ç
c rolÂ1c to glob¡-l

ç

do7 i=l,3
do I j='l'3

rohte(i+3 j+3)rohtc(i j)
rotîtc(i+6 j+O<oLlre(i j)
rohtc(i+9 j+9)=oL1rc(i j)
rohre(i+1 2j+1 2)=ohtc(i j)
roBlc(i+1 5 j+1 5){ol¡te(ij)
¡obtc(i+l 8 j+l 8)-ohtc(i j)
rohrc(i+21 j+21){ohtc(i j)
rohle(i+24j+L4)=ohrc(i j)
rohtc(i+2? j+27)=ohtc(i j)
rotatc(i+30 j+30)=olatc(i j)
rot¡te(i+33 j+33)ãotÂle(i j)

8 continuc
7 @ntìnDc

rctM
99 FORMAT(3Fl0.4)

end

sÌÌbroutirc rohl 0(i:lcûfel (¡igJotârc)

c
c loc¡l to Blobâl rohtion mtrix for a 3D plarc or brick

implicit eaJ*8(a-h,az)
include 'ønuol.cm'

diæreion cltri g(relcm,l ),ROTATE(3 6,3O

do 5 i=1,36
do 6 j=l,36
rotate(ij)=0.0

6 continue
5 continuc

cx+os{clrig(blcn¡1))
cy+s(cluig(iclcn,2))
cæs(clrig(iclcm,3))
sx=in(elúi g(iclcn¡,1 ))
sy=in(clúiB(iclcrl12))
sz=in(elrig(iclcn\3))

c Plâtè
c rot^tc(l,1 )= cy*cz
c tobtc(l,2)= -sz

c rootc(l,3)= cz+sy
c rohte(2,1)= e*cxrcy + sx*sy
c roate(2,2\=cz*cx
c rohte(2,3)= sz*cx*sy - sx*cy
c robtc(3,l)= sz*sx*cy - sy*cx
c robtc(3,2)= sx*cz
c rol¡tc(3,3)= sy*sz*sx + cx*cy
c

roh(c(l,l)= cY*ç¿
¡ohte(1,2)= sz
rohtc(I,3)= -cz*sy
rohlc(2,1 )= -v*ça*çY a s¡*5Y
rcl^le(2,2)= e* cx
totnlc(2,3)= s*cx*sY + sxrcy
rotate(3,1 )= szrsxlcy + sy*cx
¡oh(e(3,2)= -sx*cz
rohtc(3,3)= -sy*sz*sx + cx*cy

writc(2,*)' GLOBAL ROTATION MATRIX'
wRrTE(2,99) ROTATEO,I),ROTATEO,2),ROTATE(t,3)



cKg=Qt*1(l+Q

cåll mul t
* (dclstf¡ohte,dp6ht 36,36,36,36¡rizt,mizk¡lcor)

call tm(rontc,rotinv,36,36,mizl,nlaot)
cåll mùjl

| (rotinv,dpsht,stfelg,36,36,36,36¡krolJßizk,n-krot)

do 12 irow=1 ,nlûot
idlin=lm( i¡orv)
if(idl in.æ.0) ttæn
do i4 ikol=l,Dlsot
idkol=l¡( ilcol )
if(idkol.nè.0.md.ìdlíD.le.idliol)tlrcn
iâdEsmua(idkol)+idkol -idlin
stifgl(iadrcs)=Lifgl (iadrcs)+stfcl g(ùorv,ikol)

end if
'14 æDtirìùc

cnd if
12 ænlinuc

5 æntinuc
3 contiDue

wrirc(2,*)

rctm
end

subroutire gctastif(stfcl gl,stfcl g2,miz]r)
implicit rcal*8(a-h,ùz)
includc'ios,cm'

cYA! CÊTA STIF!!
c

diæßion stfelgl (36,36),stfclg2(ßi"l,Nizk)

do 4 isizk=l,sizl<
do 6 jsizli=l ,mizl

stfel g1 (isizk jsizk){lfeìe2(isizk jsizk)
6 co¡tinuc
4 æntinuc

ÈtM
cnd

c** * * * ** + * + + + * ********+* * * * r x****r** *** +** * * + + + ++********

SUBROtJ"fINE
BPLATE(IELEM,IMAT,stJIoc,PROPS,LNODS,COORD)
c
C STJFFNESS FOR PLATE BENDING
c

IMPLT CIT RBAL*8(A-H,GZ)
INCLUDE 'contol.cml
DIMENSION PROPS(NMATRLS,t ),súæ(12,12),

& LNODS(NELEM,l ),COORD(Npot N,1 ),GAUSS(2,2),WT(2,2),
e. sF(4),cDsF(2,4),TRtCK(4,2)

c
C THIS PLATE BENDING ELEMENT IS DERIVED USINC GAUSS

QUADRATURE
CINTEGRATION F'OR BENDINGTERMS AND REDUCED C.Q.I.
FOR THE SHEAR TBRMS
c
C DATA FOR GAUSS
c

wT(l'1)=2.0D]{
wT(1,2)=1.0Dr{
wT(2,2)=1.0DJ{
CAUSS(1,1){.0D+0
GAUSS(1,2)=-.57735027D+0
GAUSS(2,2)=.57735027D+0

c VTRITE(*,5)WT(1,1),WT(l,2),WT(2,1),WT(2,2)
c wRrTEe,5)cAUSS(1,1),CAUSS(1,2),CAUSS(2,1),cAUSS(2,2)
5 FORMAT (4F15.3)

c
C SETUP 2D PLANE COORDINATES TRICK( N# , X,Y )
c

TRICK(1,1){.
TRICK(1,2){.
H= (COORD(LNODS0ELEM,I ),1)_

cìooRD(LNODS0 ELEM'4),1 )**2
& +(COORD(Lñ-ODS(lELEl!1,1),2)-

cooRD(LNODS(lELEM,4),2)**2
& +(cooRD(LNODS(lELEM,l),3)-

cooRD(LNODS(l ELEM,+1.:¡**2
H=H**¡'5O**
w= (cooRD(LNoDS(tELEM,l ),1 )_

c0oRD(LNODS(r ELEM,2),1))* *2
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& +(COoRD(LNODS0ELEM,I),2)-
cooRD(LNO D S0 E LEM,2),2))' * 2

& +(CooRD(LNODS0ELEM,l),3)-
cìooRD(LNODS(t ELEM,2\,3))4 t2

W=W**0'5D+00
TUCK(2,1)=w
TRTCK(2,2){.
TRICK(3,1)=W
TzuCK(3,2)=H
TRICK(4,1)={.
TRICK(a,2)=H
wrib(*,*)' \vidtlìf ,w,'lìc;Bhri,h

c
C INIT]ALIZE STFLOC MATRIX
c

DO2l=1,12
DO2l=1,12

2 STFLOC(I,J)4.0D+00

c
C D MATRIX TERMS
C CORRECT IS A CORRECTION TERM FOR THE SHEAR TERMS
c

Cr3RRECT=5.0D+0/6.0D+00
EMOD=PROPS(lMAT,1 )
CMOD=PROPSOMAT,2)
THK=PROPSOM,AT,3)
AMU{EMOD/CMOD/?,.0)-1.0
TOP{THK**3)/12.0D+0
BOT=1.0D+O - AIVU**2
Dl 1 =EMOD*TOP/BoT
Dl2=AMU*D11
D22=D11
D33=GMODfTOP
D44=GMOD*THK*CORRECT

c
C FULL CAUSS QUADRATURE ON BENDING TERMS
c

DO 10 NI=l,2
DO 10 NJ=l,2
XI = GAUSS(NI,2)
ETA= GAUSS(NJ,2)
CALL SHAPEO(l,ETA,SF,cDSF,DET,rick)
CONST=DET*WT(NI,2)*Vr'T(NJ,2)

c
C ADDING STIFFNESS COMPONENTS FOR THIS PART OF GAUSS
c

II=1

DO 20 I=13
Jl=1
DO 30 J=l,4
STFLOC(II+1,JJ+l ) = STFLOC(ll+1,JJ+l) +(

D1 1 +GDSF(r,D*CDSF(r,Ð

& +D33xGDSF(2,1)*GDSF(2,J) )*CONST
STFLOC(II+I,JJ+2) =STFLOC(U+l,JJ+2) +(

D12*GDSF0,Ð*GDSF(2,Ð
& +D33rGDSF(2,1)*GDsF(1,J) )*CONST
STFLOC(Il+2,JJ+I ) = STFLOC(ll+2,JJ+1) +{

D1 2+GDSF(2,D*GDSF(1,J)
& +D33*GDSF(1,1)*GDSF(2.J) )*CONST
STFLOC(ll+2,JJ+2) = STFLOC(ll+2,JJ+2) +(

D33*GDSF(1,t)*GDSF(1,Ð
& +D22*GDSF(2,1)*cDSF(2,J) )*CoNsT

30 JJ=3*J+1
20 II=3*l+1
IO CONTINUE

c
C PARTIAI GAUSS QUÀDRATURE ON SHEAR TERMS
c

xr4AUSS(1,1)
ETÀ=XI
CALL SHAPE(XI,ETA,SF,G DS F,DET,Fick)
CþNST=DET*WT(1,1 )*S/T(1,1 )
II=1
DO 40 l=1,4
JJ=l
DO 50 J=l,4
STFLOC(ll,JJ)=STFLOC(ll,JJ)+(D44+GDSF(1,Ð*GDSF(1,

Ð+
&. D14*CDSF(2,I)*CDSF(2,Ð ) *CONST

STFLOC(ll,JJtl)=STFLOC(ll,JJ+1 )+D44*GDSF(1,1)*SF(J
)*coNsT

STFLOC(ll+l,JJ)=STFLoC(ll+1,JJ)+D44+cDSF(1,J)*sF(l
)*coNsT

STFLOC(ll12,JJ)=sTFLOq II+2,U)+D44*GDSF(2,J)*SF0
)*coNsT

STFLOC0I,J J+2)=STFLOqU,J J+2)+¡rl4*cDSF(2,1)*SF(J
)*coNsT
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STFLOC(U+1,JJ+l )=STFLOC(ll+1,JJ+1)+D14*SF(l)rSF(J
)rcoNsr

STFLOC(ll+2,JJ +2)=STFLOC(ll+2,J J+2)+Dl4*SF( l)*SF(J
)fcoNsT
50 JJ=3'J+1
40 ll=3al+l
C
C END OF SUBROUTINE
c

RETURN
END

SUBROUTINE SHAPE(XI,ETA,SF,CDSF,DET,COORD)
c
C THIS SUBROUTINE EVALUATES THE INTERPOLATION
FUNCTTONS SF0)
C IT THEN EVALUATES THE NATURAL COORDINATE
DEzuVATIVES DSFO)
C wnXIIFI=1 TvnETAIFI=2
C AND ALSO THE REAL COORDINATE DERIVATIVES GDSFO)
C rvnXlFI='l wrtYlFI=2
C CJ IS THE JACOBIAN MATRD{
C GJIIIV IS THE JACOBIAN MATRÍX ìI{VERSE
C CNODE IS THE NATURAL COORDINATE POSITION MATRIX
C NATURAL COORDINATES CO FROM -1 10 I
c

IMPL]CIT REAL*8 (A-H,O-A
INCLUDE'ænrol.cm'
DIMENSION

cooRD(4,2),CNO D E (4,2),D s F (2,4),C J (2,2),

& o Jr l.{v(2,2),sF(4),GDSF(2,4)
CNODE(1,1)=1.0D+o
CNODE(2,1)=1.0D+0
cNoDE(3,1)=1.0Dr0
CNODE(4,1)=-1.0Þr0
CNODE(1 ,2)=-1.0Dr0
CNODE(2,2)=-1.0Dr0
CNODE(3,2)=l.0Dr0
CNODE(4,2)=l.0Dr0

c
C LINEAR INTERPOT.A.TION FOR A 4 NODED ELEMENT
c
C CALCUI.ATING NATURAL COORDINATES SFAND
C NATURAL COORDINATE DERIVATIVES DSF
c

DO 101=1,4
XP=CNODE(I,1)
YP{NODE0,2)
XIO= 1.0D+0 + XI*XP
ETAO=I.0D+0 + ETA*YP
SF(l)=0.25D+0 * XIO * ETAO
DSF(1,1)=0.25D+0 * XP * ETAO

10 DSF(2,1)=0.25Dr.0 x YP * XIO
c
C CALCUI.A'TING JACOBIAN MATRIX AND INVERSE
c

DO 20 l=1,2
DO20 r=1,2
GJ(J,J)=0.0D+0
DO 20 K=l,4

20 GJ0,J)=CJ(l,J)+DSF(l,K)*cOORD(K,I)
DÊT=GJ(l,l )*cJ(2,2) -c t(2,1 \* C r ç,2)
GJINV(1,1 )=G(2,2)/DET
GJINV(2,2)=cJ(1,1)DET
Gillw(1,2)=-GJ(1,2)/DET
GJINV(2,1 )=-GJ(2,1 VDET

c
C CALCUI.A.TINC REAL ClOORDINATE DERIVATIVES
C USING JACOBIAN INVERSE
c

DO 30 I=1,2
DO 30 J=l,4
GDSF(l,J)=0.0D+0
DO 30 K=],2

30 CDsF0,Ð=GDsF(1,Ð+CJllw(l,K)*DsF(K,J)
c
C En'D OF SLJBROUTINÊ
c

RETURN
END

c+ * r** *** * * * *****

SUBROUTINE
SPLATE( IELEM,IMAT,STFLOC,PROPS,LNODS,COORD)
c
C THIS SUBROUTINE CALCULATES THE MEMBR,{NE FORCES
FOR A
C 2D BILINEAR TRIANGLE OR THE 3D PI.ATE ELEMENTS
c

C ELEMENTASSUMED RECTANGULAR AND CONSTANT
TlIICKNESS DUDE!
c

IMPLJCIT REAL*8 (A.H,O-Z)
INCLUDE 'æntol.cm'
DIMENSION

LNODS(NELEM,I),COORD(NPOrN,1 ),PROPS(NMATRLS,l),
& STFLOC(12,12)Ð(3)

c
C RESET STIFFNESS TO æRO
c

DO 5l=i,12
DO 5 J=l,12

5 STFLOqI,J)=0.0
c
C SET MATERIAL PROPERTIES AND CONSTANTS

EMOD=PROPSOMAT,l )
GMOD=PROPS(tMAT,2)
T=PROPSOMAT,3)
AMU =(EMOD/CMOD2.00) - 1.0
D(1)= EMoD/(1-AMU*AMU)
D(2)=D(1)*AMU
D(3)= D(1 )*(1 -AIMU)/2.0
A{CTORD(LNODS(rELEM,1 ),1 )-

cooRD(LNODS(rELEM,2),1 )rr2.0
& +(cooRD(LNODS(lELEN4,l),2)-

c! o RD( LNOD S (l E LEM,2),2))* * 2.0
& +(COORD(LNoDs(lELEM,l),3)-

c0oRD( LNODS(rELEM,2),3))*x2.0
A<DsQRr(A))2.0
B<COORD(LNODS(IELEM,l ),1 ).

c0oRD(LNODS(IELEM¡¡,r ¡**2.6
& +(cooRD(LNoDSoELEM,I ),2)-

moRD{ LNODS(tELEM,4),2))* *2.0

& +(coORD(LNODS(IELEM,l ),3)-
cÐoRD(LNODS(rELEM,4),3))**2.0

B{DsQRr(B))2.0
wrib(*,*)'aJ,a,'b=',b
sl =T*B*DO )/6'0lA
S2=T*A*D(l)/6.0Æ
53=T+D(2)/+ 0
sa=T*A+D(3)/6.018
S5=T*B*D(3)/6 0/A
s6=T*D(3)/4.0

c
C SET STFLOC VALUES
c

STFLOCXl,l)=2*(Sl +Sa)

STFLOqI ,2)-.s3+S6
STFLOC(1.3)=-2*Sl +54
STFLOqI ,4)=S3'56
STFLOQI,5)-sl -Sa

STFLOC(1 ,O-S3-S6
STFLOC( 1 

'7)=S 
1 -2*S4

sTFLOql,8)=S6-S3
STFLOq2,2)=2*(S2+s5)
STFLoC(2,3)=S6-s3
STFLOC(2,4)=S2-2+S5

STFLOC(2,5)-S3-S6
sTFLOq2,O=-S2-55
sTFLOq2,7)=S3-S6
STFLOQ2,8)-2's2+s5
STFLOq3,3)=2+(s1 +s4)
sTFLOq3,4)-53-S6
sTFLOq3,5)=S1-2*54
sTFLOq3,O=S3-S6
STFLOC(3,7)=-SI -54

STFLOq3,8)=S3+S6
STFLOq4,4)=2*(S2+s5)
STFLOQ4,5)-S3+S6
sTFLOq4,O=S5-2*S2
STFLOq4'7)=S3+56
STFLOC(4,8)-52-S5
STFLOq5,5)=2*(S1 +s4)
STFLOq5,O=S3+S6
STFLOC(5J)-2*Sl +54
STFLOC(5,8)=S3-S6
STFLOQ6,O=2*(S2+S5)
sTFLOq6,7)=S6-S3
sTFLOq6,8)=S2-2*S5
STFLOq7,7)=2*(Sl +S4)
S]'FLOq7,8)-53-S6
STFLOC{8,8)=2*(S2+S5)

c
C coPY LOWER HALF
c

DO 7 l=1,8
DO7 J=1,8

7 STFLOqJ,D=STFLOC(1,Ð
c
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RETURN
END

c*i*********+*1**

subrou dæ I oad(bqli,id,coord,clrig¡hs,feapudof,rclcmpg)
c

implicit rcâ118(a-lì,oz)
includc '@tÌfol.cm'
includc 'ios.(ro'

dinæmion hods(nclem,l), id(npoin,l )¡hs(1),cltrighclem,l),
" fea(nêlcm,'l),coord(npoir¡l),ælcmpg(ng¡p,i),
* l]udof(l)
dimmion lm(3Q,p(O

WRITE(*,1' LO^DINC',
do 3 igrp=l,ngT¡
calì clcmt(æìempg)
do 5 iclcm+lembgr,clenrnd

do? i=lpizk
fca(iclcm.i)==0.0

c Fomat Sl¡tcmnts

fomtLT5.'Nodc Loads',/)
foru(Is,12( 1pc14.O)
foIm(T5,14,7x,1 pcl2.5)
fomtl/,T5,'Elcmcnt t¡ads')
fo@at(/,T5,'Eleænt Unifom load,/)
fomat(/,T5,'R.H.S. Vector including F.E.A.',4
fom(T5,i5,1¡rc12.5,r)
FORMAT('|5,i4,' x-y PL-ANE: ',1pc12.5,' x-z PI-ANE: ',1¡r12.5)

write(output,*)
* '***cror @uÈd \vlilc Èadi¡t loadiùgs*'*'
WRITE(*.*} ERROR OCCURED WHILÊ RÊADING LOADS'

c subroutiDc end¡c(clcm,rv,rvu,lnods,ørd,elkig,fca,ælcÈpg)

ccnd acúoD cquivclênt subrouLj¡e for futùæ use

STOP
cnd

c+ * * * '** **r*r'***

l5
20
25

30
35

37
40
45

99

7 ænlinuc c
5 conlinuc c
3 conLinuè
CC

do 9 i=l ¡cq c
rldi)i.O c

9 conli¡ue c
CC

if(nJodno.rc,0)úrn c
vrite(outpur,l0) ¡lod¡o c
wilc(output,l5) c
doll ilod¡o=l,rilod¡o c

rcad(input,*,ERRJ9)jno4(p(i),i=1 ,O c
writc(output,20)jDod,(p(i),i=l ,6) c
write(CRÁPH,20)jnod,(r{Ð,¡=1,O c

CC
c æati¡g RHS vector c
CC

do 13j=1,6 c
k=id(lnod,i) c
i(k.ne.0)rhs(k)ãlB(k)+p0) c

13 conliùuc c
11 continue

cnd if
Cc
c fuurc u* , clcrcnld loading c
c for bc¡m and platcs disfùùtcd loÂdi¡gs c
CC

c if(nlodclrc.0)tJrcn c
c vrilc(output,30) c
c \witc(output,35) c
c do 16 iclem=l,r¡lodcl c
c rcad(inpùt,*)þlcm c
c do 17 igrp=l,ug'p c
c call clcmtt(rclcmpd c
c if(jelenge.clcmbgrmdjelem.le.elcætrd)dÈn c
c if(isùtp.cq.OdEn c
c Èad(input,*)w,wxz c
c wrilc(output,45)jclcr¡rv,rvxz c
c clsif( istrtp.cq.l ,or.isttp,cq,3.or.isHp.cq.4)rlrco c
c read(bput,*)rv c
c vritc(output,25)jclcm,w c
c cdl cnd.rc(þlcElw,MzJnods,@rd,clrig,fca,nclempg) c
c iclof=O
c do l8 inodc=l,modc
c node=l¡ods(iclcu¡bcÞ)
c do 19 iid=l¡id 

"c idofsìdofs+'l a
c ln(idofs)=id(nodc,þsid(üd)) c
c19 continue
c18 @ntinuè c
c do21 i=l¡rizk c
c Fl¡o(i) c5
c if(k.æ.0)rlts(k)=h(k)-fca(jclcm,i) c
c21 @ntinuc
c endif c
c etrdif ç
c1'1 @trti¡uê
c16 continue c
c cndif c
cc

rvrilc(output,37) ç
writc(ou tput,40)(i,rls(i),i=1 ,ncq) c

cc
È[nì c

ìmplicit rcal*8(ai,oz)
i¡cludc'@nbol.m'

diûcßion Inods(rclcm,1 ),cltig(relcr41 ),fca(ncìcm,1 ),
* ord(npoin,l)¡clcmpt(nefp,1)
dimcroion ROTATE(3 6,36),rctinv(36,36),feaJod36),feag(36)

nodl =l¡ods{jclcm,l )
nod2=l¡rod-{clcm,2)
if(ocær.eq.1)tlæo
dlcn=dabs(ørd(nod2,1 )-æord(nod1, I ))

clseif(oør.eq.2)tlcn
dclx-@rd(nod2,1)-@rd(nod1,1)
dcllHærd(Dod2,2)-@rd(nod1,2)
dlendsqrt(dclx*dclx+delyldely)

else

delx<@rd(Dod2, I )-cærd(¡od'|,1 )
dcly-+ærd(nod2,2)-ord(nod'|,2)
dclzærd(nod2,3)-@rd(Dodl,3)
dlcn=¿sqrt(delx*dclx+dcly*dely+dclz+dèlz)

cndif
do 3 itrP=l ¡grp
call clcmtt(rclcmpg)
if(clcngc.elcmbgn,ud jelcmJc.elemnd)tltn
if(istrtp.cq.l )tÌrcn
fea(jclcrql )-w*dlco¡/2.0
fca(elem,2)-w *dlen*dlery'l 2.
fcaÛclcm,3)= fcaGlcql )
fca(iclcm,4)-fcaGlcm,2)

clsc
if(isktp.cq.2)úEn
ÉIWì

clseif(¡hp.eq.3)dþn
fcalæ(1)=0.0
fcalod2)=-w*dlery'2.
fealæ(3)=-w*dlcn*dlcry'1 2.
fcalæ(4) =0.0
fc¡fod5)=fcal oc{2)
fcalæ(6)=fcaloc(3)
c¡ll roh3(clbiBCclem,l ),rohte)

clscif(istrtp,cq.4)tlrcn
feâlodl )=0.0
fcalæ(2)= w*dlcû*dlcdl 2.
fcalæ(3 )- rv *dlcry'2

fcalæ(4)= 0.0
fc al e{5)- fc¿.I oc{2)
fealæ(6)= feâlod3)
c¡ll rotâ3(el bigúclcm,1 ),rohte)

clscif(istrtp.cq.5)tÌrcn
fttm

elscif(ismp.cq.6)tlæn
do 5 i=l,mizk
fealoc(i)=0.0

@ûtinùe
fcalæ(2 )-rv*dlcq/2.
fcâloc(6 )-w*dlctr*dlca/l 2.
fe¡.1æ(8 )= fcalæ(2)
fealæ( I 2) =-fc¡l oc{O
fc¡loc(3 )-wxz*dlcE/i2.
fcaJæ(5 )= rvu*dlcn*dJcdl 2.
fè41æ(9 )= fe¡1æ(3)
fc-¿læ(11)-fe¡.1æ(5)
c¡ìl rch6(clbigúelem,1 ),¡olate)

cud if
ci.ll kil].s(¡ohtc,rotinv,36,36¡sizk,mizk)
call muJ(rotiDv,fcalæ,fca9,36,36,36,36,Nizlí,Bizk,l )
do ? i=l,roizl
fea(jclcr¡li)=fcag(i)
continüc

cnd if

c
c
c'7

l0 forutl¿Ts,'Nod¡l Lo¡ds,' ',i5)
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c rctrm
c cnd if
c3 @Dd¡ùc

c cnd

subrouti¡e wtdis(id,coo¡d,vdisnod¡uxdo0

implicit rcal*8(a-h,oz)
includc 'æntol.cm'
includc 'iæ.cm'

dimcmion
+ ìd(npoin,1), coord(npoin,l), disod(npoitr,l), v(l),@do(l)

WRITE(*.*) ' WRITING DISPLACEMENTS '

do 3 ipoir='l ¡poin
do 5 idof=l ¡n¡xdof(ipoin)

dlsnod(ipoin,idofJ=0.0
5 æntinuc
3 æntinuc

do 7 ipoin=l,npoin
¿o 9 idof=l,mudof(ipoi¡)

if(id(ipoin,ido0.ft .0)disnod(ipoiÐ,;doÐ= v(id(ipoiû, idol))
9 coDtinuc
7 @ntinuè
c

wri(e(output,l0)

c if(manmdof.cq.2)wriþ(output,l5)
c if(mâsrhdof,cq.3)wriþ(oùtput,20)
c if(mamudof.cq.6)writc(ourput,25)

\Eilc(output,25)
do ll ipoiq=i¡poi¡

writc(output,30)
+ ipoin,(disuod(þoin,idof),idof=1 JMdof(i1rcin))

writc(grapl¡33)
+ ipoin,(disnod(Þoin,ìdof),idoÈ1 ¡naxdof(ipoi[))

1l @ûtitrùe

ÉtM
c-----------------
c fôrmit sbteftnLs
c-----------------
10 forrutl/,T5,'Nod¡l Displaærcns)
15 fomat(/,T5,'Node dof-^l dof-Z !¡
20 forutl,Ts,' NODE dof-l dof-2 doT3'fr
25 fomt(/,T5,' NODE,6X,'dof-1',5X,'dof-2',5X,'dof-3',fX,'dof-4',5X,

* 'dof-5',1X,'dof-6'u{.¡

30 foImt(T5,15,2X,6(1frc12.5))
33 fomt(i5,6c14.5)
c

cnd
ç*********************+*r++i+*****

subroutinc intfo(idJnods,fea,stllæpl rigdisnod,maxdof ,* ælcmpg,iposck,mmo,props,ørd)

implicil rcaF8(a-h,oz)
includc 'ænuol.cm'
includc'io.cru'

i¡ìtège¡ n(4),èt(4)
di¡rcmiou lnqls{relcn¡l ),id(npoin,'l ),fea(rclem,1 ),truxdof(1 ),* stfloc{l),disnod(npoin,1),cltrig(rclêrt\1),
x relcmpg(ngrp,l),iposck(1),mmo(1),
* props(mlrls,l),coord(npoin,'l)
dirurion cldis(3 Q,eldilo{36),fodæ(36),skcss{36,3O,
r ROTATE(36,36),dl6tf(36,30,fcagl(3O,feâlæ{36),
* robm(36,36)

c sctting up shapc fuDclion dâh

dâh m/-1, -t, 1, 1 /
dataet/-1,1,1,-1 /

c
wRtTE(x,*)' C,AICULATINC STRESSES'
do 3 igrP=l,ngrp
c¡ll clcmtt(mlcmpg)
do 5 iclem+lembgn,elemnd
rvrite(*,*)' Sæss for eìemnt li ->',iclem

do 7j=l,36
strslij)=0.0

el dis(i) =0.0
cldildi)4.0
forl oc( Ð=0.0

jdof==0

if(isrÞ.cq.1 )dæû
mdof=3

cleif(ismp.cq.2)tlrcn
mdof=2

clæif(ismp.cq.3)tJæn

mdof=3
cl * if(is rtp,e q.4) tlrc n
mdoÈ3

eleif(isnp.cq. 5)t-beu

Edof=3
clæif(ishp.cq.OtlEn
mdofj

cl Èif( is ktp.cq.7) tlrcn
mdofS

elei(isftp.eq.8)dEù
mdof=3

cl*if(isutp.cq.9)tlur
mdof=6

clæif(ismp.cq.l 0.or.istrtpiq.l I )dÈn
mdof=2

cl*if(isrp.cq.l 2)tÌrcn
mdof=3

cnd if

do 9 inod=l,mode
nod=lnods(iclcm,inod)
do l1 idof=I,mdof
jdofjdof+1
j=id(no4idoÐ
iffi .rc.0) cldisfi dof)=dis¡od(nod,idof)

I I @nlinue
9 æntinuc

if(útrtp.cq.1)tIæn
c¡ll roh5(icleû!cltri gf ot¡te)

cls if(is ktp.cq.2) dæD

câll ¡ob2(ieleûf elbig,rotâte)
clsif(istilp.eq,3)tlþn
call ron3(i:lcm,eltrig¡onte)

el*if(ishtp.cq.4)ûrcn
call roh3(iclcm,chig,rohle)

cle if( is mp.c q.5) tlrcn
call rchs(Èlcqclbig,rohtc)

cl*if(isrtp.eq.9)rlæn
call roh6(blcrD,èltri g,rohtô)

elsif(istrrp.eq.O0Én
call rohS(blem,cll¡ig,rohG)

cl*if(¡Hp.eq.7.or.istrtprcq.8)tÌrcn
câ.ll rotâl 0(iclcm,clf ig,rohtc)

end if
c c¡llûæ(rohte,rotra436,36,3ó,3o

krct4dofxmodc
call mult(¡obb,cÌdis,cldilo,36,36,36,1,nsizk,lTot,1 )

rvritc(output,*)'Jocal displaærcnls for clcmll',;.lem
do 69 idiçl ,mizk
wrirc(4,*) cldito(idis)

69 write(outpDq*) cldilo(idis)

c c¡ll stiff if¡ot 3dbem

if(ismpnc.Q tlrcn
istpoFip6ck(ielêm)
câll Bchtif(dl6tisLflæ(istpos),¡Eizk)
clsc

nodl =lnods(iclcm,2)
nod2=l¡ods(iclem,5)
dclx<ærd(nod2,l )-coord(nodl,I )
dely-+ærd(nod2,2)-coord(nod1,2)
delz<oord(uod2,3)-cærd(nodl,3)
dlcn=¿sqrt(delx*dclx+dcly*dely+dclz*dclz)
call pùtostiff (dlcn,mho(iclcm) dl6rlprops)

cnd if

call mult(dlatf,cldilo,fodoc,36,36,36,1,uizt,rsizk,l )
c
c codes for I d bè¡m & clcuæulrl loads
c if(istrtpe.2.md.istrFe.5)ùEû
c if(islrtp.eq.1)l-ben
c do 17 i=l¡sizli
c fe¡lo(i)=fca(iclcm,i)
cl1 @Dtinuc
c clsc



c do I 9 i=l ¡ridc
c fcagl(i)Jca(iclcm,i)
cl9 @ntinuc
c ållmul(rohþ,fcagl,fcaloc,36,36,36,1,reizk,mizk,1)
c end if
c d.o21 idof='l,roizk
c forlæ(idof)=forÌodidoO+fcaloc(idoÐ
c21 contiluc
c cnd if

w¡iþ(output,1 00)ielem
do 23 i=l,mizk
vritc(output,l 05)i,forloc(i)

2i ønti¡uc

c * codc for stEsses written to dehilcd output filc r
c r md toctrdof gnphic filc clcm# l/of nodes
c* forcachnodc SxSySzTryTyzTzxmdscqa

imt=ûtrro(ielem)
c

if(isrP.eq.2)drcn
c 2d mrss å=Fo¡æ/æa for cach xy

sucs(l,l )=forlæ(1 )/frof¡(imt,l )
sr6s(2,2)+hss(l .l )

write(g¡apl\*)þlcÞ,2

clæif(ismp.cq.l)tlÈn
c 3d spring (no stesses avaiablc)

write(grâph,*)icleqì,2

clsif(isktp.cq.3)ùþn
writc(grÂph,*) Êlcm,2
AR=PROPS(lMAT,2)
RJ=ln6Pttt"ot'"
C(=PROPS(IMÄT3)

c oxx = Mc/ + F¡xial / æa
c qxy = Fûms /frc¡
c M = forlæ(3),fodæ(O
c c=CX
c I=RJ
c æa=AR
c Fui¡l = fodæ('l),fo¡læ(4)
c Ftræ = forlæ(2),forlæ(5)

lF(FORLOC(3).ir.0) THEN
stcs(l,l)=forlæ(3)*cxÁj +

DABS(fo¡læ(1)/a)
ETJE

DABS(fo¡lodl )/u)
S l¡c s( 1 , I )=fod æ(3 ) 

*cvrj

cnd if

Shss(2,2)=o.3xSTRESS(1,1)
Shs(3,3)=forlod2)/ù

IF(FORLOC(O.II.O) THEN
Srcs(4,4)=forÌæ(6)*cx¡îj +

DABS(fodæ(4)/u)
ELSE

DABS(fodæ(4)/r)
Stes(4,4)=fodæ(6)¡cxlrj -

crd if

STRESS(5,5)=0.3*STRESS(4,4)
Sbes(6,6)=fo¡læ(5Yü

eleif(ismp.cq.4)tIrcn
writc(gr¡p\+)'strcs for grid'

el*if(ismp.eq.5)úcn
c 3d trus å=Forcc/æa for cach xyz

sbc$(1, I )=forlæ(1 )/P{otx(itrut,l )
sb6s(2,2)=ftss( 1,1)

write(grôph,*)icìcm,2

clsif( jsktp.cq.OdFn

c
C STRESS FOR 6 NODED BEAM
c
C by DOUG G. SCOTT
c
C MAJOR AXIAL STRESSES ASSUMED TO BE BENDING
STRESSES
C AND AXIAL STRESS
c

t73

C oxx = Px/Area + ABS(MxvCxVIzz) + ABS(My*Cyylvy)
c
C Mx= INTERNALFORCE DOFi?6
C My = INTERNAL FORCE DOFlis
C Px = INTERNAL FORCE DOF+ll
c
C MAJOR SHEAR SlRESS ASSUMED TO BE TWISTING SHEAR
AND
C LATERAL FORCE SHEAR
c
C SEÏNNG MATERIAL PROPS
c

AMU = (p¡ops(imt,l )lprops(imt,2)/2.00) - 1.0
AR =PROPS(IMAT,3)
CX =PROPS(IMAT,4)
CY = PROPS(lMAT,5)
RJ =PROPS(IMAT,O
RIY = PROPS(IMAT,7)
RIZ = PROPS(IMAT,8)
wrir(grapl¡i)ielem,6

c
C SETTINC INTERNAL FORCES FOR 2nd NODE AT NEUTRAL AXIS
C USED FOR STRESSES AT NODES 1,2,3

U1= -r9¡¡9ç17'
U2= dabs(FORLOC(8))
U3= dabs(FORLOC(9))
V1= dabs(FORLOC(10))
v2= FORLOC(11)
v3= FORLOC(12)
vritc(outpuq*)' ifemal foræs ucd for stÈss calc. li2'
vrite(outpu! x)' tcßion U I = ',ul
wrile(ouPut,+)' slEù U2=',u2
writc(ouput,+)' shcù U3=',u3
wric(output,*)' hvist Vl=',vl
writc(output,*)' bcnding V2=',v2
writc(output,*)' bcnding V3=',v3

c
C NODE I
c

IF(V3.GE,O) THEN
S r*s(1,1 )=v3 *C)(/RIZ+DABS(V2)*CYIRIY+UllAR

ELSE
St6s(1,1 )=V3 +CK/RlZ-DABS(li¡2)*CY/RIY+U 1/AR

END IF
w¡itc(output,*)' Sx1 =',sæss('I,1)
Shss(2,2)=mu*slrcss(1,1 )
sft ss(3,3)änu*st¡cs(1,1 )

Stcs(1,2)=V 1 *DSQRT(CX**2+CY**2)/Rl+DSQRT( U2+*2+U3*+2)/A
R

Srcs(2,'l )=Sttss( 1,2)
c
C NODE 2
c

S16s(4,5) = DSQRT(U2*+2+U3*+2)/AR
Sftss{4,4) = Ul/AR
shcs(5,5) = @u*stess(4,4)
shs(ó,O = mu*shss(4,4)
skss(5,4) = shss(4,5)

c
C NODE 3
c

lF(v3.c8.0) THEN
Sbss(?J) = -V3*C}7RIZ-DABS(V2)*CY/RI Y+U1/AR

ELSE
St6s(7J) = -V3*CX/RlZ+DABS0r'2)*CY/RIY+U1/ÀR

END IF
write(outpùt, *)' Sx3=',shss{7,7)
strs(8,8) = mu*shss{7,?)
sEs(9,9) = mu*shss(7,7)
sæss(?,8) = shss(1,2)
süess(8J) = strEss{1,2)

c
C SETTING INTERNAL FORCES FOR 5tII NODE AT NEUTRAL AXIS
C USED FOR STRESSES AT NODES 4,5,6
c

ut= FoRLoc(25)
U2= d¡bs(FORLOC{2O)
U3= dabs(FORLOC(27))
V1= dabs(FORLOC(28))
v2= FORLOC(29)
v3= FORLOC(30)

write(output,*)' intcm¡l fores uscd for sæss calc.li5'
writc(outpul,*)' tcNion U'l=',ul
write(oùÞut,*)' strcü U2=',u2
writc(output,*)' shce U3=',u3
vrib(outpur,*)' tvjst V1='Jl
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C
C NODE 4
c

wri(c(output,*)' bcDding V2='J2
writc(output,*)' bcncliDß V3=',v3

IF(V3.GE.O) THEN
Sbss{1 0,1 0)= V3*CXIRIZ+DABS(V2)*CY/RIY+U1lAR

Sæss(1 0.1 0)= V3*CX,¡RlZ-DABSfV2)*CYlRlY+U1/AR

v3=ldilo(14)
v4=l dilo(20)
w1=ldlo(3)
w2ældild9)
w3ældildl5)
v4-ldilo(21)
x1+ldilo(4)
x2+ldid10)
ú=ldno(1O
x4-ldid22)
y1=ldild5)
y2-ldilo(tl)
y3ældno(1?)
y4+ldid23)

w¡iþ(4,*)' straiß for clcrcnt'iclcor
do 35 k=1,4
D{k-l)€

c
c fi¡d sllaiDs

cs{(1 -nt(k)) *(u2-ul 
)+(1 +n(k))*(ú.ua))/(4ra)

if(cxx.gc.O) tlen

END IF
writc(output,*)' Sx4--',shss( 1 0,1 0)
skcs(1 l,l I )= mu*shss(10,10)
sbes(12,12)= mu*shss(1 0,1 0)
Strçss(l 0,1 I )=

v I *DSQRT(CX**2+Cy*'2)/RJ+DSQRT(U2* * 2+U3* 4 2)/ AR
sæss(l 1,10)= sftss(10,11)

c
C NODE 5
c

sûcss( 13,14) = DsQRT(U21*2+U3*r2)/AR
sæss(14,'13) = shss(t 3,'14)

St¡Ess(l3,13) = U1lAR
sbcss(14,14) = mù*sress(13,13)
sl¡ess(15,1 5) = mu*sftss(13,13)

c
C NODE 6
c

tF(v3.c8.0) THEN
Sæss(16,16) = -V3*cxlRlz-

DABS(v2)*cY/RIY+U I /AR
ELSB
Sftss{l6,1O =-

V3*CXIRlZ+DABSCV2)*CY/RIY+Ul/AR
END IF
writc(ou tpur,r)' Sx3J,shss( 1 6,1 O
stre$( 17,1?) = mù*sk6s(l 6,1 6)
stres(1 8,1 8) = ùìu*sk6s('l 6,16)
strcss(1 6,17) = shss(1 0,1 1)

sftss(17,16) = shss(10,1 1)

c
C END OF BEAM STRESS
c

eleif(ist¡tp.eq.7)tlÈn
c
C STRESS FOR PT.A,TE

c
C by DOUG G. SCOTT 1992
c
C STRESS FROM MEMBRANE SUPER]MPOSED ON BENDING
PLATE
c
C Rx=ROTATIONABOUTX-ÀXIS
C Ry=ROTATIONABOUTY-AXIS
C Z=HALFOFTHICKNESS
c
CSTRAIN= MEMBRANE + BENDINO
c

EMOD=PROPS(IMAT,I)
cMOD=PROPS(lMAT,2)
THK=PROPS(lMAT,3)
AMU =(EMOD/CMOD2.00) - 1.0
D1= EMOD/O-AMU*AMLD
D2= D1*AMU
D3= D1*(1_AMt¡/2.0
Dl= EMOD/Z(l+AMtl)
A{CûORD(LNODS(tELEM,1 ),1)-

cooRD(LNODS(rELEM,2),1 )**2.0
& +(COORD(LNODS(lELEM,1),2)-

co o R D( LN ODS( r E LEM.2),2))* * 2.0
& +(COORD(LNODS(IELEM,l),3)-

cÛoRD(LNODS(lELEM,2),3)**2.0
A<DSQRT(A)/2.0
B{cooRD(LNODS(rELEM,l ),1 )-

cooRD(LNODS(lELEMS).1 ))**2.0
& +(COORD(LNoDS(lELEM,l ),2)-

cooRD(LNODS(rELEM,+¡,2¡**2.9
& +(CooRD(LNoDs(lBLEM,l ),3)-

cooRD(LNODS(lELEM,4),3)**2.0
B{DsQRr(B))2.0
write(grapl\* ) icl eBI4

c
c set læ¡l displaccmcDb
c

u1-ldilo(1)
ù?-ldild?)
u3+ldidl3)
ù4+ldno(19)
v1=ì<lild2)
v2+ldilo(8)

ya))/(8*â))
èlsc

cxx+u+d¡bs(thk*((l -Dt(k))*(y2-y1)+(1 +nt(k))*(y3-

exx+xx-dabs(tbk+((1 -Dr(k))*(y2-y1 )+(1 +nt(k))*(y3-
ya))(8râ))

cùd if
ccyy

cÐ"{(l æl(k))*(v+vl )+( I tr(k))*(v3-v2))/(a*b)
if(eyy.ge.0) tJrn

x2))/(8+b))
è)se

ery+yy+¿1bs(dìk*((l r(k))*(x4-xl )+(1 Èt(k))*(x3

ety+'y-d¿bs(t¡k*((1 a(k))+(x4-xl )+(l e(k))*(x3-
x2)/(8*b)

cn¡l if

c cxy
cÐE(â*((1 <r(k))*(u4-u1 )+(cr(k)+l )*(u3-ù2))

* +b*((l -nr(k))*(v2-vl )+(nt(k)+1 ) 
*(v3-v4)))/4/a,¿b

if(cxy.gc.0) t-bcn

cxy+Ky+Ca*thk*((1 -c(k))*(y4-y1 )+(ct(k)+l )* (y3-y2))
* +b*dìk*((1 -nt(k))*(x2-xl )+(o(k)+l )* (x3 -x4))\/8 latt:
elsc

exyæry-(-a*drk*((1 -ct(k)) *(y4-yl )+(et(k)+1 )+ (y3 -y2))
i +b*r¡k*((1-nr(k))*(x2-xr)+(nt(k)+1)*(É-xa)))/8/¡./b
cnd if

c cyz
elz= ((1 <t(k))*(w+w1 )+(1 trt(k))*(w3{v2))/4/b

* -x] *(ú(k)-1)*(cr(k)-l)/4 +x2x(D(k)-l)*(cr(k)+l)/4
* -x3*(n(k)+1)*(ct(k)+l)/4 +x4*(D(k)+1)*(e(k).1)/a

c czx
ezx= ((1 -nr(k))*(rv2-w1 )+( 1 +Dt(k)) *(v3ìv4))/4/a

* +yl *(n(k)l)*(ct(k)-1)/4 -y2*(ot(k)-1)*(c(k)+l)/4
* +y3*(nt(k)+l)*(c(k)+1)/4 -y4*(D(k)+1)*(c(k)-1)/a

write(4,1'l I ) exx,cyy,exy,elz,czx
c
c Fúd shscs

sbcss(n+1 ¡+1 )=Dl *cxx+D2*cÐ/

stress(n+2¡+2)=D2*cxx+D1 *ely
sl¡c$(D+3¡+3)= mu*( sbcs(n+1,!+1) + sæss(D+2¡r+2) )
stcss{û+l,n+2)=D3*cxy
skes(n+2,n+3)=D4*eyz
skes(¡+3,n+1 )=D4tczx
stress(n+2,D+1 )=D3*cxy
súcs(n+3,n+2)=D4*cYz
sùcs(û+1,n+3)=D4*czx

35 @ntinue
cnd if

c cDd of læal sfcscs

c rot¡tc slJçsss lo global @rdinatcs

if(ist¡tp.cq.1 )tircr
call rc45(iclcm,cltrig,rotatc)

el* if(is ûrp.cq.2) rlþn
call robAËleBIèltriBJþhtc)

cls if(¡ t¡tp.c q.3)thc!
c¿l.l roL?3(Èlcm,eltri g,rohte)

clsif(isHp.cq.4)dæn
câll roh3(iclcmplbig¡ohtc)

cl*if(ismp.eq.5)tlæu
adl ¡oh5(iclern eltrìg¡otatc)
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cl s if(is hp.c q.9)üÈ n
câll roh6(þlem,clbig¡ot¡tc)

clsif(isHp.eq.Odþn
call rob8(blcm,clbig,rohtc)
clei( isûtp,cq.7.or.isrP.cq.8)|]þn
c¡ll rohl 0(ielcm,èl rigJotâte)

cnd if

c Llìis ¡ dorc by Q! * ol * Q = og

krot=rndof*modc
caìl mul(srcs,roac,dl6tf,3 6,36,36,36,ko1¡ßizk¡ßizt)
call trm(rohrc¡orü\36,36,3 6,3O
call mul (roum,dletf ,sæss,36,36,36,36,krot,si*,Icot)

c sæss tow iù global æords

c rvrite out list of shscs

do 75 i¡odc=l,mode
n<iùode-1)*3

c
Cl Scq is Hculry-Von Miss cquivâlcnt strss
C

scq=( (skcs(n+l ,n+ I )-shss(r+2,û+2))**2
* +(shss(!+2,tr+2)-sues(n+3,n+3))**2
* +(shss(n+3,n+3)-shc$(n+l,n+1))*+2
* +6q(shs(n+l¡t2)*+2
* +shss(o+2,n+3)**2
* +sæs(n+3¡+1)**2 ) )**0.5

sq{eq/dsqrt(2.0d+00)

c ifsftss< 1.0c-09 for graphic output prog.m

if(dabs(stcs(n+ l,n+l ))1t.1.0c-09)
sl¡css(n+l,n+l )=0.0d+00

i(dÁbs(stres(n+2,n+2)).lt.l.0c-09)
ses s (D+2,n+2) =0.0 d+00

if(d¡bs(skcs(n+3,n+3))1t.1.0c-09)
sft ss(tr+3,n+3)=0.0d+00

if(dÂbs(sres(n+t,n+2)).1t.1.0e-09)
st¡css(n+ l,D12)=0.0d+00

if(¿ibs(srcs(n+2,n+3)).1 t.l.0c-09)
shss(n+2,n+3)=0.0d+00

if(dâbs(stcs(n+3¡+l )).1r.1.0c-09)
sNss(n+3,n+1 ) =0.0d+00

if(*q.]t.1.0è-09) *q=0.0d+00

75 writc(grap[l 10) shs(n+1,tr+1),shss(n+2,n+2),sbcss(n+3,n+3),
* shss(n+l,D+2),sæss(n+2,n+3),stcs(n+3,¡+1),æq

do 3 igrP=l,ngP
call clcmtt(rclcmpg)
do 5 iclcm-lcmbgrslcmnd
\wilc(*,*)'Rcaction for clcrcnt /J ->',iclcm
Dkrotaid*modc

iÈact=0
do 7 irod=l,modc
nod=l¡ods(iclcm,inod)
do 9 idof--l,mxdof(nod)
kád(nodidof)
if(k.eq.0)ircâcl=l

9 @nti¡uc
? ænlinuc

if(ircâcLcq.'l)dþn
writc(output,87)iclem
if(isbtp.cq.l )tlÈn
c¡.ll rch5(blen\cltrig,rohte)

elsif(ishp.cq.2)tlæn
a{l roh2( jelerÞ,elbi g,rotatè)

elsif(isútp.cq.3)tlrcn
call rota3(i,:lcm,eltrig,rotate)

cl æ Íf( is trtp.eq.4) dæn

cáll roh3(ielcm,clrig,rot¡tc)
clæif(isnp.cq.5)tlrn
call roh5(;lcE\clt¡ig,robtc)

el*if(islnp.cq.Otlæn
cdl romS(Èlc4cllrig¡otatc)

cls if(È llp.cq.9) tlþ n

c¡ll roh6(Èlcû,clbigJohtÐ
eleif( ismp.cq.7.or.istp.cq.8)tlrcn
c¡ll rotal 0(icler¡,elb-ig,þtâtc)

cnd if
istpos=iposek(iclcm)
c¡ll Bc6tif(dl6tf,stflæ(istpos),Eizk)
call

mùlt(dl6tf,rolâte,dpsû¡t,36,36,36,36¡sizk¡sidc,nkot)
cåil ûæ(¡otate,rotinv,36,36,mizl,nlgot)
cdl

mul (rotirv,dp6ht,stfclg,36,3 6,36,36,nkrot,mizl,nJ<rot)
cold elscif(isnp.cq.1)tlrcn
c lD istpoFiposk(Èlcm)
c bem ca.ll gel¡stif(stfelg,stflæ(istpos),roizk)
c codc end if

doll i=1Jù¡ot
cldis(iH.0
forelb(i)=0.0

1 1 contì¡ue
jdof=0
do l3 inod=l,uodc
nod=l¡ods(iclem,i¡od)
do 15 idoËl,Eudof(nod)
jdof=jdof+1

k=id(uo4idof)
if(k.nc.0)eldis(dof)=disDod(nod,ido0

15 continue
13 contitrue

call mul t(stfel g,eldú,forgl b,36,3 6,36,36,nkot,nlror,1 )
c code for
c clcmcnt
c loadings
c1'7

if(islJtp.re.2.md.ismp.re.5)dÈn
do 17 i=l,nli¡ot
forgl b(i)=forgl b(i)+fca(iclcrn,i)

æoli¡uè
cnd if

jdof=0
do 1 9 inod=l¡nodc
nod=l¡ods(iclcm,inod)
do 2l idof=l ¡nudof(nod)
jdof=jdof+l
k =id(Dod, idoD
if(k.cq.0)dimod(no( idoÐ=disEod(Eod, idoÐ+forglb(jdo0

2l @ntinuc
19 ænti¡Dc

cnd if
5 ø¡tinue
3 ænli¡uc

writc(output,l 00)
do 23 ipoir=1,npoin
do 25 idof=l,mudof(ipoi¡)

if(id(ipoi!,ido0.eq.0)ûEn
vritc(output,l 1 0) Þoin,idof ,disDod(ipoi¡,idoÐ

end if
25 æDtiue
23 øntiDue

c Fomâr ShrerenLs
c-----------------
87 fomt(//T5,'Elcmcnt ',14,' hN rcÂdiom')
100 fomt(/¿T5,'RcÂctioN'/,T5,'Node Dof Rcactìon',/)

@trtinuc
corìliùue

c FomaL shtemnß

ì 00 fomat(//,T5,'Elcænt I¡tèm¡l Fores for clemcnt: ',15"/,T5.
ildof foræ')

105 FORMAT(T5,15,1pc12.5)
'll0 fo@t(1cì4.5)
111 fom(Sc14.5)

cnd

subroutìnc rcac( id,lnøLs,fca,stIlæpltrig,disnod,mddof ,x ælcmpg,ipoæk)

implicit rcal*8(a-Ì¡oz)
i¡clude 'ønrol.cm'
includc'ios.cm'

c
diæFion lnods(relcm,l ), id(npoi¡,l ),fca(æle¡¡,1),+ stilodl),disnod(npoir\i),clbig(rclcm,l),
* rclcmpg(ngrp,l),mdof(1),iposk(l)

dimemion

' ROTATE(36,3O ,dFtrn(36,3o ,rotinv(36,3o ,* slfcls(36,30,cldis(36),forglb(36),dletf(36,36)
ç t ,rcactfor(ælcûlo

ç
writc(*,*)' CALCUL"ATING REACTION FORCES'



1 l0 FORMAT(T5,i4,i5,1pe1 2.5)

cnd
c+: i + * * + + * * + * r*** * + * * a * * * * * * i* * a i *
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ÈtM
cDd

cxi*'***1*a* *** * * * + * * * 4 * * * * * * I I r I I

subroutinc

c ftis subrouti¡e adds or sbtracß mabiæs â ed b md stoÈs ùè
c Nsu.lt ir mtrix â. Nizl md nsizk dimemion d)c ffiays in tlìc
c subroutiæ nl Md rií is tlr actual sÞc of thc mariæs,kodc is
c "0" foraddition od "1 " forsubractioû.
c writtcn by: Kcnt Monlgomcry
c caìlcd f¡om: Main
c sub¡outincs c¡lled: ¡onc
c

implicit rcal*8(al¡oz)
diæmion a(ruid¡sizk),b(reizJ,roizk)

c
do 3 i=l ,¡rl

do 5 j=l¡l(
if(kode.eq.O) thcn

a(ii)=a(ii)+b(ii)
clsc if(kodc.cq.l ) thcn

a(ii)=a(ii)-b(ii)
cndif

5 ænti¡¡uc
3 @ntinuc

NtMl
end

c**************+rrr**************r+*************++r+*****

s¡broutire f m(a,bJ$izl Jsirl,rn,Dk)

c Tlis subroutiæ câlculatcs t¡Þ træposc of rMtix a ùd
c storcs it i¡ mlrix b.mizl md mizk dimmion drc mays
c in tlÉ sùbroutiæ¡l md nk is tlE acual sizc of tlÉ mÂbiæs.
c writrctby: Kcnt Montgomcry
c @æctcd by: Doug G, Søu (Jüy'l992)
c c¡llcd f¡om Main
c sub¡outiDes c¡.llc¿ Donc

implicit rca.lx8(aùGz)
dircmion a(mid,miz.k),bGrizJ<,mid)

c

do 3 i=l ¡t
do 5 j=l Jrk

b(j,D=â(ij)
5 continue
3 @ntinuc

rclùm
cnd

c

subrou tie millt(a,b,c,tra,Dq,ùb,ncb¡rl Jìld,nk)

c This subroutiæ multiplies ruLriæs a ùd b ([al[bj) urd
c storcs thc rcsu.l[ in mlrir c. [ua¡ø] & [rub,ncb]
c diæuion thc mays in úrc $broutbc.nl,nkl,úd nk is the
c actua.l sizc of thc Mays.(Dl¡kl)*(Dkl¡¡Ì)<nl¡k)
c w¡ittcn by: Kent Montgomery
c chmged by: Doùg G. S@tt
c c¡llcd frce.- Maiû
c subrouti¡cs qdled noDc

fu rpl icit rcaJ*8(a-h,ez)
dimnsion a(ua,nø),b(mb,ncb),c(ua¡cb)

c Iniúalizc mrix c

do 3 i=l ¡l
do 5 j=l ¡l(

c(ii)=0.0
5 conti¡uc
3 @nlinue

c MuJtiply thc mtriæs.
c

do 9 j=l,nk
dollk=l¡rkl

c(ii)=a(ik) *b(ki)+c(ii)
I I coûtinuc

9 @ntinuc
7 conrin¡e

SUBROUTINE sþ(A,v,MAXA,NN,KODE)

IMPLI ClT REAL*8(A-H,GZ)
includc'ic.cm'

c
DTMENSION MAXA(1)iA(1 ),V(1)
WRITE(T,1 ' INCORg SOLVER WORKINC'

c- ------------------ - -- - - -

C READ UDU,MAXA WHEN KODE.CT.I , AND RETURN
c------.-.----------------
c

IF(KODE.GT.1)CO TO 150
c-..----------------------
C PERFORM L*D*L(T) FACTOzuZATION OF STIFFNESS MATRIX
c-------------------------
40 CÛN]INIJE

DO I4O N=l,NN
writc(*,*)'workiDg on equation ,i -t,n
KN=MÆKA(N)
KI;KN+1
KU=MÀK{(N+l)'1
KH=KU.KL
lF(KrÐr 10,90,50

50 K=N-KH
tGo
KLT=KU
DO 80J=1,KH
IC=lC+l

KI=MÀK,{(K)
ND=MAXA(K+1)-KI-1
rF(ND)80,80,60

60 KK=MINO(IC,ND)
c=0.0
DOTO IFl,KK

70 C'-{+A(Kf +L)*A(KLT+L)
A(KLÐ=A(KLT)-c

80 K=K+I
90 K=N

B={.0
DO 100 KK=KL,KU
K=K-1
KI=MA:XA(K)
c=A(KK)/a(KÐ
B=B+C*A(KK)

100 A(KK)=C
A(KN)=A(KN)-B

r 10 lF(A(Kr.Ð)130,r20,140

120 WRITE(*,*)', STOP!! - STIFFNESS MATRIX NOT pOSITM
DEFINITE'

wRrTE(*,2001)N
wRrTE(*,2002)A(K¡Ð
WRITE(*,*)' SOLUTION ABORTED!!'
WzuTE(*,Ð' CHECK MATERIAL PROPERTIES ?'

STOP

130 WRITE(*,*)',STOP!! - STIFFNESS ltAS ZERO VATUE'
wRITE(*,2ool)N
wRITE(*,2002)A(KN)
WRITE(*,')',SOLu'ftON ABORTED ! !'
s/RITE(r,+)CHECK BOUNDARy CONDTTTONS ! !'

STOP

140 CÛNTINUE
c-----------------------
C REDUCE V & LOAD VECTOR
c----------------------
150 continuc

DO 180 N=l,NN
KL=MÆKA(N)+1
KU=MAXA(N+1)-l
rF(KU-KL)l 80,160,1ó0

160 K=N
c{.0
DO I70 KK=KL,KU
K=K-1

l?0 C=C+A(KK)*V(K)
v(N)=v(N)-c

180 CONTINTJE
c-----------------
C BACK-SUBSTTUTE
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220
230

c-----------.-...-
DO 200 N=l,NN
K=MAXÂ(lg

200 v(N)=v(N)/A(K)
IF(NN.EQ.1)RETURN
N=NN
DO 230 L;2,NN
KL=MAXA(N)+t
KU=MAXÀ!(N+1)-l
rF(KU-KL)230,21 0,21 0

210 K=N
DO 220 KK=KL,KU
K=K-1

v(K)=v(K)-A(KK)'v(N)

RETURN

200ì FoRMAT( NONPOSTTTVEprVOTFOREQUATTON 

"t4)2002 FORMAT( PÌVOT=',D20.12)

END

subroutirc colht(lnods,idJùrâ,nclcmpg,rMxdol)

impl icit rcal*8(a-l¡oz)
include 'concol.cm'
include'ios.cm'

dimmion lnods(nclem,l ),id(npoin,1 )¡clcmpg(ngry,1 ),* Dddof(l )Jüxa(l)
dimmion lm(36)

c
lrgnrm=10*rcq
do 5 icq=l,æq+1
¡]ua(ieq)=lrgnun

5 @ntinuc
do 7 igrP=l¡g?
call elemtt(relcmpg)
do 9 iclem+lcmbgn,clcrcnd

idof=0
do 1 I i¡od=lJuodc
nod=l¡ods(ielcm.inod)
do 13 i=1¡¡udof(nod)
idof=idof+1
lm(idoD=id(nod,i)

13 @ntin¡c
11 øntinuc

rcvâb=idof
miDdofacq
do'15 idof=l,nevÂb
jdof=lm(idof)
if(dof .rc.0)mindofainO(mindofjdofl

15 continuc
do 17 ìdof=l,nevab
jdof=lm(ido0
if(dof.æ.0)mxa(doÐ=min0(maxaûdoÐ,mindol)

contiNrc
continue
continuc

EÞ8=O
dol9ieq=1¡rcq
nsizgqìsizg+icq-maxî(icq)+l
continuc

mxa(rcq+ì )+izg+1

do 21 icq+q,1,-l
mxa(ieq)æa(ieq+1 )-(icq-rua(icq)+l )

17

9

7

t9

21 coûûluc

wrilc(2,")' mxa May'
wrirc(2,33XieqJMx¡(ieq),ieq=1,æq+1 )

33 fomat(2il0)
c

rctM
ènd
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179

PROGRAM MHYFEC_OUTPUT
c
C THIS lS THE POSTPROCESSOR FOR Mmiroba HYdro Finirc
Elcment Codc
c
C WRITTEN BY:
C DOUCLASG.SCOTT
C MECH.ENG,GRADUATESTUDÊNT
C FEBURARY/MARCH 1992
c
C ITIS DESIGNED TO SHOWTHE DEFLECTONS AND
STRESSES
C IN THE FINITE ELEMENTMODELS OF2AND 3
DIMENSIONAL
C STRUCTURES AS WELL AS AXIS.SYMMETR]C OBJECTS.
c
c
C VARIABLE LIST
c
C COUNTERS
c
C NOC NUMBEROFCROUPS
C NOE NUMBEROFELEMENTS
C NON NUMBEROFNODES
C NBC NUMBEROFBOUNDARYCONDITIONS
c
C POINTERS
C]

C NPRESC CROUPI]
C NPRESE ELEMENT#
C NPRESN NODE#
C NODIM NUMBEROFDIMENSIONS
c
C ELEMENT PROPERTIES
c
C NUMNOD NUMBER OF NODES IN ELEMENT (TYPE/I)
C NUMCOL NUMBEROFCOLOUROFELEMENT(TYPE#)
C NEC ELEMENTCÐNECTIVIfi,GII (9)

c
C CROUP
c
C NOEIC NUMBEROFELEMBNTSINTHISGROUP
C NOETY NUMBEROFELEMENTTYPEINTHISGROUP
C NOCAC ACTIVITY STATUS OF GROUP (SHOVr'=i/l.,1O=-1)
c
C GRAPHIC FLAGS
c
C KNN FLAGFORNODENUMBERI=ON-1=OFF
C KEN FLAGFoRELEIøNUMBERl=oN-I=OFF
c KNS FLACFORNODEGRAPII 1=ON-l=oFF
C KES FIACFORELEMGRAPH 1=ON-I=OFF
C NOTE: K*S MUST=I FOR NUMBERINGToFUNCTION
C KSOW FTI'GSOLIDORWIREFRAMEO=WÌRE,I-JOLID
C KBC BOUNDARYCÐNDITÌONSSHOW=l/NO=-1
C KFOR FORCESSHOW=IAIO=-I
c
C BOUNDARY CONDITIONS
c
C ID BOUNDARYCÐNDIIONARRAY 6dof
C IDL B.C.LOCATIONS
c
C OTHERS
C PN NODALPOSITIONS(s)(3D+2FORCR¡.PHIC)
C F NODALFORCEARRAY
C INF NODALFLACIFEXISTSO=NO
C IEF ELEMTFLAC IFEXISTS 1=YES
C STS STRESSES
c
c sTs sTREss MATRIX STS(800,4,7)
c800DtsP RDrsP(800,6)
c 800 NoDEs PN(800,5) CX,Y,ZTO(,YÐ
C XYZAREREALCOORDINATES
C >C( YY AREMAPPED ONTO SCREEN COORDS,
c 800 ELEMENTS NEC(800,9) (8 NODES, cROUp#)
C 25 CROUPS #ELM IN CROUP, ELEMTYPE, ACTIVITY
C 800 FORCES F(nodcä, 6 DOF FORCES)
C 2OO BOUNDARY CONDITIONS ID(6 DOF FD<). IDL(NODE Vr'HICH
FIÐ

c
C DECLARATIONS
c

CIJAR.ACTER"20 TÌTLE
INCLUDE'COMMON.F

c
c
c

c
c

c
c
c

OPEN GKS ENVIROMENT

XMN-10.0
YN4N-7.4
XMX=20.0
YMX=14.8
XDIS=XMX-XMN
YDIS=YÀ.D(-YMN
CÁLL OPENCXMN,YMN,XMN,YMX)
CALL CSELNT (2)

INCLUDE COLOR,BUTTON,INFO
INCLUDE 'COLOUR.F

DRAW BACKCROUND

CALL BOX(-1.0,31.0,-21.0,1 00.o,CR8Y,1)

INCLUDE 'POPBUT.F
CALL GSELNT (2)

INCLUDE'NEWINFO.F
CALL GSTXC(14)
CALL GSCHH(3.0)
cALL GTX(0.0,-1 8.0,'MHYFECS OUTpUT)

c
C SETDEFAULTS
c

TITLE='UNTITLED'
KNN-l
KEN-i
KNS=l
KES=1
AS=0.0
AP=l.51019
KSOW=1

KBC-I
KFOR-l
NODIM=1

c
C TITLE AND ICìON HICHLIGHT
c
45 CALLGSLWSC(3.o)

CALL GSPLCI(PURPLE)
cALL CSCHH(3.0)
CALL GSTXCI(ORANGE)
CALL GTX(1.0,95.0,TtTL8)
CALL GSMK(1)
CALL GSCHH(1.5)

c
c *** START OF MAIN ROUTINE ***
C
50 cÁLLGRQPK(I,2,rr,SEG,JJ)
c
C MAIN PICK ROLTINE
c
c

CSC=1
tF(sEG.EQ.BVAt) THEN

CALL SEARCHO
cALLDRAw(l,',"0)

ELSEIF(SEC,EQ.BU) THEN
cALL ROTATE(0.0,-1.0)
CAILDRAW(I,' 

"r)ELSEIF(SEC.EQ,BD) THEN
CALL ROTATE(o.0,1.0)

CALL DRAÌy(1,' ''1)
ELSEIF(SEG.EQ.BR) THEN

c,{LL ROTATEO.0,0.0)

cAtLDRÄW(I,'"1)
ELSEIF(SEC.EQ.BL) THEN

cÁIL ROTATE(-1.0,0.0)

CALLDRAW(I,'"1)
ELSEIF(SEG.EQ.RE DRAW) THEN

CALLDRAW(l,' 
"1)ELSEIF(SEG.EQ.BPC) THEN

CALL CENTERO
ELSBIF(SEG.EQ.BzI) THEN

CALL ZOOMINO
ELSEIF(SEG.EQ.BZO) THEN

CALLZOOMOUTO



ELSEIF(SEG,EQ.BRES) THEN
CALL RESETO

ELSEIF(SEG.EQ,BEON) THEN
KES=-KES

EIJEIF(SEG.EQ.BENON) THEN
KEN-KEn'

ELSEIF(SEG,EQ.BNON) THEN
KNS=-KNS

ELSEIF(SEG.EQ.BSOW) THEN
IF(KSOWEQ.O) THEN

KSOW=l
ELSE
KSOW=o
END IF

ELSEIF(SEC.EQ.BNNON) THEN
KNN-KNN

ELSEIF(SEG.EQ.BBC) THEN
KBC-KBC

ELSEIF(SEG.EQ.BFOR) THEN
KFOR-KFOR

ELSEIF(SEG.EQ.BLIST) THEN
CALL LISTO

ELSEIRSEG.EQ.FILE) THEN
CALL FILESUB(TITLE)

ELSETF(SeG.EQ.DrSP) Tl.tEN
cä,LL DtSPLACEO

ELSEIF(SEC.EQ.STRESS) THEN
CALL PICKSTRESSO

END JF

coTo 50

c
c *** END OF MAjN ROUIINE *+*
c

END
c***********+**+***r*x***********************x***********

SUBROUTINE CLOSE

* CLOSE GKS
CALL CCLRWK(l,l)
CAIL CDAWK (0)

CALL GDAWK (1)

CALL GDAWK (2)

CAIL GCLWK (2)

cArL GCLWK (0)

CALL CCLWK O)
CALL GCLKS O
cLosB (r4)
RETURN
END

c****** * * * * ** * * x**** * * * * ********** * ****** *f ****** * * * * * i **

SUBROUTINE OPEN(XMN,YMNXMX,YMÐ
C OPEN GKS AND SET VIEWPORT AND IVINDOW

INTEGER*2 ERR,DCUNITXRAS,YRAS
REA!

xDcMx,YDCMX,SCAIE XNDC,yNDCXMN J{MX,yMN,yMX
CHARACTER*15 PROMPT

PromPti>
OPEN (I4,FILEJERRORS)
CALL GOPKS (14,1024)

CALL GOPWK (0,0,0)

cArL @PWK (1,0,1)

CALL C'oPWK (2,0,2)

CAI_L GACWK (0)

cArL cAcwK (1)

CALLCACWK (2)

CALL CQDSP (I,ERR,DCUNIT,XDCMX,yDCMX,XRAS,yRAS)
IF CXDCMX.GT,YDCN-Ð() THEN

sC-4.LE=XDCN,fX

ELSE
SCALE=YDCMX

END IF
xNDGXDCMX/SCj'LE
YNDC=YDCM)VsC.A.LE
CALL CSWKWN (1,0.0){NDC,0.0,YNDC)
c'ALL GSWKVP (l,0.0.XDCMX,0.0,yDCMÐ

c
C TRANSFORT'{ATION *]
c

CALL CSWN (1 XMN¡MX,YMN,YMÐ
cALL GSVP (1,0.0,0.745*XNDC,0,0,yNDC)

c
C TRANSFORMATION #2
c

180

CALL GSWN (2,-1.0,31.0,-21.0,1 00.0)
CALL GSVP (2,0.75*XNDC,XNDC,0.0,yNDC)

c
C TRANSFORMATION #3
c

cj.LL GSWN (3,0.0,20.0,0.0,20.0)

CALL CSVP (3,0.1 +XNDC,0.7*XNDC,0.1 ryNDC,0.9*yNDC)
c
C TEST FONT

CALL GSTXFP (-r 01,2)
C LOCATOR MODE

cAtL GSLCM(1,2,0,1)
C INITL{LIæ STRINC

CAIL
crNST(1,ì,r 5,PROMPT,l,0.75+XDCMXXDCMX,0.8347*yDCMX,0.9*
YDCMX

& 20,r,10,PROMPî)
C INITTALIZE PICK

CALL GINPK(1,2,1,1,1,r,0.0XDCN4X,0.0,YDCMX,lo,pROMpll
cAlL GDAWK (2)

RETURN
END

c
c* * * t r * * * * 1* t * 4 4 * * + * *+ 4 t t * + **t r* t a

c
subÞutire box (xmin,max,ymin,ymx,lC,lS)
rcal xmi¡, lmi¡\ max, ymx,x(S), y(5)
INTEGER IC,IS

c
x(1) = min
V(t ) = Vmin
x(2) = xmx
v(2) = rmi¡
x(3)=M
y(3) = ymx
x(4) = min
)(4) =ymx
x(5) = min
y(5) = ymin
CALL GSFAIS0S)
CALL GSFAC(tC)
C¿IL GFA (5, x, y)
rctùm
cnd

c
c**x*r***f*******

c
SUBROUÏNE FILES UB(TITLE)
CHARACTER*20 TITLE,BUF,DUMPATH
CHAR¡.CTER*40 TOTAL
DIMENSION SUMS(7)
INCLUDE'COMMON.F

c
C THIS SUBROUTINÊ D OPENS & READS A DATA FILE
C ;) SETSTHE PATH FOR FILE USAGE
C iü) QUITS THEMAIN PROGRAM
C iv)NODALSTRESSAVERACINGINCOMMON
C NODESBETWEENSAMETYPEOFELEMENTS
c
C LOCALVARTABLES
c
C IPL...LPNCTI{ OF PATH NAME
C USED TO JOIN TOGETHERTO MAKE TOTAL
C WHICHISUSEDTOREAD¡ilRITEFILES
c
C TITLE...NAMEOFMODEVPILE
C PATH....PATHTO DIRECTORY USED FOR
READTNC¡ilzuTlNG
C TOTAL...PATH & TITLE JOINED TOGETHER FOR OPEN A
FILE
c
C BUF.....CHAR¿,CTER BUFFER THAT AIL INPUT IS READ
INTO
C DUM,,..,DUMMY CIIARACTER FOR COMPARINC INPUT
Y/N?
c
C DEFAULTPATH

IF(NOE.EQ.O) PATHJ.
IPI=l

C WRI]INGBUTTONNAMES
c

C¿.LL GSTXC(ORANGE)
CAIL GTX( 2.0,34.0, 'OPEN)
CAIL GTX(12.0, 34.0, 'PATH)
cArL csTxc(14)
CALL GTX( 2.0,24.0, 'DONE)
CALL GSTXCI(DKRED)
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(:ALLCTX(12.0,24.0,'QUrI.) READ(4,+,ERR=992) K,(
CALL CSTXCI(ORANCE) NECXK,IJ),IJ=I,NUMNOD(NOETY(D) )

c IEF(K)=I
c MAIN PICK 65 NEqK,g)=l
c
5 CATL CRQPK(1,2,II,SEG,JÐ C READ BOUNDARY CTNDITIONS

CALLCSCHH(1.5) DO7o[=1,NBC
CALL CSTXCI(ORANGE) '70 READ(4,*,ERR=993) IDL0),( ID(I,Ð,J=1,O

CQUIT C READ FORCES
rF(SEG.EQ.FIVE) THEN READ(4,*,ERR=994) j,r
CAILCLOSE DOSOI=I,NON
sToP 80 READ(a,*,ERR=99a)j,F(t,1),F0,2),F(t,3)

c PATH @ ,F(r,4),F0,s),F0,o
ELSEIF(SEG.EQ.TWO) THEN CALL SBARCHO

CALL 8OXc1 .0,3I.0,80.4,100.0,GR8Y,1) CALL DRAS/(l,",l)
c{LL Gfi (2.0,85.0,',8NTBR FtLE PATH)
CALL GRQST(I,I,I,J,PATH) C READ DISPTACEMENTS
DO700l=1,15 DO85I=I,NAN
DUM=PATH(1:(17-I)) 8s READ(4,*,ERR=995) J,(RDISP(J,K),K=1,O
BUF=PATH(I:(161)) CREADSTRESSES

'700 IF(BUF.EQDUM) tPr=16r c
cALL 8OXC1.0,31.0,80.4,90A,GR8Y,1 )

C DONE DO 90 I=l,NA-E
ELSEIF(SEC.EQ.FOUR) THEN READ(4,T,ERR=99O NPRESE,NSN
CALLGSTXC(DKBLUE) wriþ(buf,*) i
câLL GTX( 2.0,34.0,'OPBN) CALL CTX(2.0,85.0,buÐ
CALLCTX(12.0,34.0,'PATFI) DO 90 K=I,NSN
CALL GTX( 2.0, 24.0, 'DONE) 90 READ(4,*,ERR+96) ( STS(NPRESE,K,J),J=1,7 )
cAlL GTX(12.0, 24.0,',QUrf)
RETURN CLOSE(UNIT=4)cc

COPEN CDRA$r'INGOPENEDFILE
ELSEIF(SEG.EQ.ONE) THEN cÂLL CSTXC(ORANGE)
câLL GSTIOP (1,2) CALL GSCHH(3.o)
CALL CSTXCIOr'HITE) CALL GTX(1.O,95.O,TITLE)
XMN=0.0 CALL cScHH(l.s)
YMN{,o GOTO 5
XMX=30.0 CERROR IN DATA
YMX=22.0 990 CALLERROR(lo2)
XDIS=XI"O( TITLE=UNTITLED
YDIS=YMX CAILGSTXCI(ORANCE)
CALLGSWN (I,XMNXMX,YMN,YMX) CALL GscHH(3.o)
CALL CSELNT (1 ) CA,LL GTX(I.O,95.O,T1TLE)
CâILCSCHH ( YDIS27.0) C{LL CSCHH(I.5)
OPEN(UNIT+,FILEJTEMP.LST) GOTO 5
X(I)=XMN+0.05*XDIS 991 CAILERROR(IoO'74 CAILBOX(m,w,¡æn,yu,black,1) TITLEJUNTITLED
DO'77 l=1,20 CAIL CSTxcl(oR-ANcE)
READ(8,*,ERR=?7,END=79) BUF c{LLcscHH(3.0)
Y(1)=YMN+0.92*yOIS-I*0.048*YDIS CALL GTX(1.0,95.0,TITL8)
CALLGTX(X(1),YO).BUÐ CALL CSCHH(1.5)'17 CONÎNUE coTo 5

Y(1)=YMN+0.97*YDIS-I*0.018*YDIS 992 CALL ERROR(Iû7)
CALL GîXCX(I ),Y(1),'ENTER FOR MORE) TITLEJUNTITLED
C¡.LLGRQST(1,1,I,J,DUM) CAI-L GSTXCI(ORANGE)
GOTO78 CALLCSCHH(3.0)

79 Y(I)=YMN+0.97*YDIS-(I+I)r0.048*YDIS CALL GTXO.0,95.0,TITLE)
CALL CTX(XO),Y(I),'END OF DATA FILES [ENTER]) CALL GSCHH(I.s)
CAIL GSTXFP (- 1 o',t ,2) coTo 5

CâILGSELNT(2) 993 CALLERROR(IO8)
CALL GSTXC(ORANGE) TITLEJUNTITLED'
CALL CSCHH(l,5) CALL CSTXCI(ORANCE)
cLosE(UNIT=8) CALLCSCHH(3.0)
CALL BOX(-1.031.0,80.4,100.0,CREY,1) CALL GTXO.0,95.0,TITLE)
CALL Gfi(2.0,85,0,'ENTER FILE NAME') CALL GSCHH(l,5)
c4LL GRQST(I,I,r,J,TTLE) æTo 5
CALLCSELNT(I) 991 CALLERROR(IO9)
CALL BOX(xm,mx,)m,)mx,black,l) TTLEJUNTTLED
CALL GSELNT (2) câLL GSTXCT(ORANCE)
CALL BOX(-I .0,3i.0,80.4,90.7,CREy,1) CALL GSCHH(3.0)
ToTAÞPATH(1:Í PL)/Nllrl.iLE cAl-L GTX(1.0,95.0,TIT1E)
OPEN(UNIT=4,FILÊ=TOTAL,STATUSJOLD',ERR=799) CALL cScHH(l.s)

c coTos
CREADCìONTROLDATA 995 CALLERROR(IIO)

READ(4,*,ERR=990)NON,NÁN,NOE,NA¡,NODIM,NOG TITLE,JUNTITLED'
,NBC,I,J CALL GSTXC(ORANCE)
C READ NODES CALL CSCHH(3.0)

DO 60 t=l,NAN CALL CTX(1.0,95.0,TITL8)
REAÐ(4,*,ERR=991) K,(PN(K,Ð,J=1,NODrM) C{rL cscHH(l.5)
INF(K)=l coTo 5
PN(K,4)=PN(K,1) 996 CALLERROR(Ur)
PN(K,5)=PN(K,2) TITLEJUNTITLED
PN(K,6)=PN(K,I ) CAIL csTxc(ORANCE)

60 PN(Kí)=PN(K,2) CALL GSCHH(3.0)
C READ cROUPS AND CONNECTIVITY CALL GTX(1.O,95.O,TITLE)

Do 651=I,NOG CÁLL GSCHH(1.5)
NOCAC(I)=I GOTO5
RFj,D(4,*,ERR492) NOETY0),NOEtG(D,J
Do65J=1,NOEIG(I) CERRORIN FILE/PATH

'199 CALLERROR003)
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END IF
coTo 5
END

c
c*rr************

C BUF,,,,,CHARACTER BUFFER THAT ALL INPUT IS READ
INTO

C WRITING BUTTON NAMES
c

CAI-L GSTXCI(ORANGE)
cl

CALL GTX( 2.5,35.0,'SOLTD )
CALL CTX( 2.0, 3r.0, 'DtSPL.)

c2
CALL CTX( 12.0, 3?.0, ' VlrlRE )
CALL Cfi( 12.5, 34.0,'FRAME )
CALL GTX( 12.5, 31.0,'DrSPL.)

c3
CALL G'IX(22.0, 3'7.0,' S UPER )
CALL GTX(22.0, 34.0,' I MPOSED)
CALL G'IX(22.5, 3t.0,'.DtSPL.)

c9
CALL GTX( 22.0, t 5.0,'GR OU PS)
CALL CTX(22.0, tl .0, 'ON/OFF)
CALL GSTXC(I4)

c1
CALL cTX( 2.0, 14.0,'DONÊ)
C/'LL GSTXC(ORANCE)
IPI-A,N=0

c
C MAIN PICK
c
5 CALLGRQPK(I,2,II,SEG,JJ)

cAtL cscHH(1.5)
CALL CSTXCI(ORANGB)

C DONE
rF(sEG.EQ.7) THEN
CÁLL GSTXCI(DKBLUE)
CALL GTX( 2.5,35.0,'SOUD )
CAIL CTX( 2.0, 31.0, 'DISPL.)
CALL CTX( r 2.0, 37.0, ' WrRE )
CALL GTX( 12.5, 34.0, ',FRÀME )
cÁlL GTX( 1 2.5, 31.0,',DtSPL.)
c¿,LL GTX(22.0, 37.0,',SUPER )
CALL Gß(22.0, 34.0,'tMPOSED)
CALL cTX(22.s, 31.0,'DIS PL.)
CALL GTX( 22.0, 15.0,'GROUPS)
CALL GTX( 22.0, 11.0, 'ON/OFF)
CALL GTX( 2.0, 14.0,,DONE)
XH
RETURN

C CROUP CONTROL
ELSEIF(SEC.EQ.9) THEN
cALL cTX(2.0,88.0,'ENTER CROUp NUMBER)
CALL GTX(2.0,85.0,' TO TOæLE ONICFF )
CALL 6RQSTO,t,t,J,DUM)
CALL BOX(-1.0,31.0,80.4,90.8,CREy,1)
READ(DUM,71,ERR=99) NPRESG
IF(NPRESc.LT.l.OR.NpRESC.cT.NOc) COTO 88

NOGAC(NPRESG)-NOGAC(NPRESc)
C META DUMP

ELSEIF(SEG,EQ,BMETA) THEN
CâLL METAO

C EXAGERATED DISP SOLID
ELSEIF(SEG.EQ.1) THEN
IPLAN=t
CALL cTX(2.0,85.0,'ENTER EXAG FACTOR)
CALL CRQSTO,I,T,J,DUM)
cALL BOX(-1.0,31.0,80.4,90.8,cR8y,1 )
READ(DUM,70,ERR=99) EXAC
cArL ROTATE(0.0,0.0)
XG=z
csGl
KSOW=l

CALL DRAV/(I,', 

"o)
C EXAGERATED DISP WIRE

ELSEIF(SEG.EQ.2) THEN
IPLAN=2
cáI-L GTX(2.0,85.0,'ENTER EXAC FACTOR)
CALL GRQST(I,1,I,J,DUM)
cAtL BOX(-1.0,31.0,80.4,90.8,cR8y,1)
READ(DUM,7O,ERR=99) EXAG
cALL ROTATE(0.0,0.0)
XG=2
csel
ÑJUWN

CALLDRAW(1,'"0)

CSUPER IMPOSED WIRE OVER SOLID
ELSEIF(SEG.EQ.3) THEN
lPLA,N=3

SUBROUTINE ERROR(MNM)
fNCLUDE'COMMON.F
INTEGER MNM

(ALL CSPLCT(o)
ciLL cSELNT (3)

CALL CSVTS(t 01,1)
cALL CSTXCT(YELLOW)
cALL CSCHH(o.O

IF(MNM.EQ.I02) THEN
CALL CTX( 6.5,13.s,',BRROR READINc CONTROL

DATA)
CALL CTX( 6.5,12.0,' CLICK HERE TO CONTNUE )

ELSEIF(MNM,EQ.1 03) THEN
CALL GTX( 6.5,I3.5,'ERROR IN PATH OR FILENAME)
cá,LL GTX( 6.5,t2.0,'CLtCK HERE TO CONTINUE )

ELSEIF(MNM.EQ.1 04) THEN
CALL CTX( 6.5,'i2.0,',CLICK HERE TO mNTTNUE )
CAIL GTX( 6.5,13.5,' GROUP DOES NOT EXTST )

ELSEIF(MNM.EQ.105) THEN
CAIL GTX( 6.5,13.5,' I¡IVALID NUMBER )
cAtL GTX( ó.5,12.0,' CLIß HERE TO CONTINUE )

ELSEIF(MNM.EQ.I OO THEN
CALL cTX( 6.5,13.5,' ERROR READINc IN NODBS)
CALL GTX( 6.5,12.0,' CLICK HERE TO CONTINUE )

ELSETF(MNM.EQ.t 17) THEN
CALL GTX( ó.5,I3.5,'ERROR READING IN

ELEMENTS)
CALL CTX( 6.5,12.0,' CLICK HERE TO CTCNTINUE )

ELSEIF(MNM.EQ.1 08) THEN
CALL CTX( 6.5,13.5,'ERROR READING BOUNDARY

coND)
CAIL cTX( 6.5,12.0,' CLICK HERE TO CONTINUE )

ELSEIF(MNM.EQ.1 09) THEN
CALL GTX( 6.5,13.5,', ERROR IN READINc FORCES)
CALL CTX( 6.5,12.0,' CLÌCK HERE TO CTCNTINUE )

ELSEIF(MNM.EQ.1 1O) THEN
CALL GTX( 6.5,13.5,'ERROR READINc

DISPL.ACEMENTS)
Cj.LL GTX( 6.5,12.0,', CLTCK HERE TO CONTTNUE )

ELSEIF(MNM.EQ.1 1I) THEN
CáIL GTX( 6.5,13.5,'ERROR IN READING STRESSES)
CALL cTX( 6.5,12.0,' CLICK HERE TO mNTINUE )

END IF

5 CALLCRQPK(I,2,rr,IJ,JJ)
rF(tJ.NE.ì 0l) coTo s
CALL CSvIS0 01,0)
call draw(1,' ',1)
CALL GSELNT (2)

CALL CSPLCI(PURPLE)
RETURN
END

c
c***********************+***++*+******x******+r****r*****
**x**x**xx****

c
SUBROUÏNE DISPI.A.CEO
INCLUDE'COMMON.F
CHARACTER*10 DUM

c
C THIS SUBROUTINE 

' 
SHOWS EXAGERATED DISPIACMENT

C SOLID OR WREFRAì'{E
c ii) sHows suPERIMposED DtsplAcEMENT
C DISPTACED SHAPE tN WIRE, ORICINAI- IN SOLID
c iiÐ TURNS GROUPS ONy'OFF
c
c
c
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cÁLL CTX(2.0,85.0,'ENTER EXj.C FACTOR)
CALL CRQST(l,1,t,J,DUM)
CALL BOX(-1.0,31.0,80.4,90.s,cR8y,1 )
READ(DUMJO,ERR+9) EXAG
ci4LL ROTATE(0.0,0.0)
À(d

CSC=l
KSOW=1

c¿.LL DRAW(I,' 

"0)XG=2
csGo
KSOW{
SEC=3
CALLDRAW(],', 

"o)
END IF
GOTO 5

70 FORMAT(FI0.3)
7r FORMAT(Ì2)
88 CALL8OXC1.0,31.0,80.4,90.8,cR8y,1)

CALL ERRORO 01)

c,oTo 5

c
C ERROR HANDLER
c
99 CALLBOX(-r.0,3r.0,80.4,903,GREY,r)

CALL ERRORO05)
GOTO 5

END
c
cr * r r ** * * * *** *********** * I * I * x** ** + * ** * ******** * ***** * x*i

c
SUBROUÏNE PICKSTRESSO
INCLUDE'COMMON.F
CHARACTER*10 DUM

c
C THIS SUBROUTINE D ALLOWS PICKING OF STRESSES
C TO BE SHOVr'N ON TIIE SCREEN
c ii) METAFTLE PLOTS OFSTRESSES
c iiÐ ToGcLE cRouPs oNoFF
c
C BUF.,,,.CHARACTER BUFFER THAT AIL INPUT IS READ
INTO
c
C WRITINC BUTTON NAMES
c

CALL GSTXCI(GREEÐ
cl

CALL CTX( 2.5,35.0, 'STRESS)

CALL GTX( 3.0, 31.0,' X )
c2

CALL CTX(l 2.5, 35.0,'STRESS)
CALL CTX(I3.0, 31.0,', Y )

c3
CALL CTX(22.5, 35.0,',STRESS)
CALLCTX(23.0, 31.0,' Z )

c4
CALL GTX( 2.5, 25.0,'STRESS)
cAtLGTX(3.0, 21.0,' XY )

c5
CALL GTX(1 2.5, 25.0,'STRESS)
CALLGTX(13.0,21.0,' YZ )

c6
CALL AlX(22.5, 25.0,',STRESS)
CALL GTX(¡.o,21.0,', Z{ )

c8
CALL CTX(1 2.0, l l.0,',STRESS]
CALL CTX(10.5, 15.0, {y'on-Miscs')

c9
CALL CTX( 22.0, 15.0,'CROUPS)
c{LL GTX( 22.0, 11.0, ',ON/OFF)
CALL CSTXC(I4)

c'7
CALL CTX( 2.0, 1.+.0,'DONE)
cALL CSTXCT(CREEfÐ
IPLAN=0

c
C MAIN PICK
c
5 CALLGRQPK(1,2,II,SEC,JÐ

CALL GSCHH(1.5)
CALL GSTXC(GREEN)

rF(sEG.EQ.7) TTrEN
CALL GSTXC(DKBLUE)
CALL GTX( 2.5, 35.0,'STRESS)

ci.LL cTX( 3.0, 31.0,' X )
CALL GTX(1 2.5, 35.0,',STRESS)
CALLCTX(r3.0,31.0,', Y )
CALL CTX(22.5, 35.0,',STRESS)
C}.LL GTX(23.0, 31.0,', Z')
cArL GTX( 2.5, 25.0,'STRBSS)
CALLGTX(3.0, 2r.0,' XY )
CALL GrX1 2.5, 25.0,'STRESS)
CALLGTX(I3.0,21.0,' YZ )
CALL GTX(22.5, 25.0,',STRESS)
cÀt LGTX(23.0,21.0,' U, ')
ci.LL GTX(r2.0, I 1.0,'STRESS)
CAIL GTX(10.5, 15.0, Yon-Mjscs')
CALL CTX( 22.0, 15.0,'GROUPS)
C¡.LL GTX( 22.0,'t't.0,'ON/OFF)
CALL GTX( 2.0, 14.0,',DONÊ)
RETURN

C GROUP CONTROL
ELSEIF(SEG.EQ.9) THEN
C¿'LL GTX(2.0,88.o,'ENTER GROUP NUMBER)
CALL cfi(2.0,85.0,' TO TOC,cLE ONICFF )
CALL CRQST(1,1,t,J,DUM)
c¿,LL BOX(-r.0,31.0,80.4,90.8,OR8Y,1 )
READ(DUMJI,ERR=99) NPRESC
IF(NPRESG.LT.l.OR.NpRESc.cT.NOc) GOTO 88

NOGAC(NPRESG)=-NocAc(NPRESG)

CMETADUMP
ELSEIF(SEC.EQ.BMETA) THEN
CA.LL METAO

C STRESS X
ELSEIF(SEG,EQ.1) THEN
IPtÂN+

CALLC]CNT(I,')
C STRESS Y

ELSETF(SEC.EQ.2) THEN
IPLAN=5

c4.LLC0NT(1,',)
C STRESS Y

ELSETF(SBC.EQ.3) THEN
IPif\N=ó

CALLCONT(I,')
CSTRESS XY

ELSEIF(SEG.EQ.4) THEN
IPI-AN=7

cAtLcoNT(l,' )
C STRESS YZ

ELSEIF(SEG.EQ,5) THEN
IPTAN+

CALLCONTo,', ')
C STRESS 2(

ELSEIF(SEC.EQ.O THEN
IPLAN+

CALL CONT(1,")
C STRESS EQUTVELENT

ELSEIF(SEG.EQ.8) THEN
IPLAN=10

cAl_LcìoNT(l,')

END IF
cÐTo 5

88 CALLBOX(-I.031.0,80.4,90.8,CR8y,1)
CALL ERRORO 04)
CALL GSTXCI(ORANGE)
GOTO 5

c
C ERROR HANDLER
c
99 CALLBOX(-I.0,31.0,80.4,90-8,cREy,1)

cárl ERROR(1 05)
C¿,LL GSTXC(ORANCE)
æTO5

70 FORMAT(FIo.3)
7l FORMAT(I2)

END
c
c* * *** *+ * * * ** * ******** * * I * * *x* x******* * * * ** * * ** * *****l ** *

C DONE



SUBROUTINE CONTOK J,BUÐ
c
C THIS ROUTINE DRAWS THE STRESS C'ONTOUR CRAPHICS
c
c lKJ.... = 0 FOR META DRi.w. 1 FOR SCREEN
C BUF..,. IS TITLE FOR META DR.AW
c
c

CIIARACTER'20 BUF
INTEGER IKJ,CCN,CA,CNN
INCLUDE'COMMON.F
DTMENSTON CA(t o),CNN(4)
c.A(1)=12
cA(2)='t
cA(3)=9
cA(4)-4
cA(5)=8
G(O=3
cA(7)=5
cA(8)=10
cA(9)=2
cA(10)=l I
CCN=10
IF(c0RG.EQ.O) THEN

C GREY SCALE
cALL GSCR(2,1 2,0.05,0.05,0.05)
cALL GSCR(2,7,0.r 5,0.r 5,0.15)
cALL CSCR(2, 9,0.25,0.25,0.25)
cALL cSCR(2, 4,0.35,0.35,0.35)
cALL CSCR(2, 8,0.55,0.55,0.55)
cALL GSCR(2, 3,0.65,0.65,0.ó5)
CALL CSCR(2, 5,0.75,0.7 5,0 :7 5)
cALL GSCR(2, 1 0,0.85,0.85,0.85)
cql-L cscR(2, 2,0.95,0.95,0.9s)
CALL GSCR(2,1 1,1.0,1.0,1.0 )

ELSE
C COLOUR

cAt-L GSCR(2,2,1.0,0.0,0.0)
CALL cSCR(2,7,0.5,0.0,1.0)
CALL GSCR(2,3,0.0,1.0,0.0)
CALL GSCR(2,0,0.0,0.0,0.0)
CALL CSCR(2,9,0.0,0.0,1.0)
cALL CSCR(2'4 ,0.0,0.0,0.5)
CALL GSCR(2,1,1.0,1.0,1.0)
CALL GSCR(2,6,0.5,0.5,0.5)
cALL GSCR(2,8,0.0,0.5,0.0)
cALL CSCR(2,1 1,0.5,0.0,0.0)
cALL GSCR(2,5,1.0,1.0,0.0)
cALL GSCR(2,1 0,1.0,0.5,0.0)
CALL CSCR(2,1 2,1.0,0.0,1.0)

END IF

c
C GOING TO TRANSFORMATION Ii1

c
cArL cSELNT (r)
CALL GSLWSq0.5)

c
C CODE FOR METAFILE OUTPUT OR SCREEN DRAW
c

IF(IKJ.EQ.O) THEN
CALLGsfiq(o)
CALL CSPLC(o)
CALL GTX(XMN+0.37 *XDIS,YMN+0.37*l'DlS,BUÐ

ELSE
CALL GSTXCI(1)
CALL cSPLCI(O

END IF
cALL CSCHH(YDIS/55.0)
KSOW=I
NSTS=lPt-AN-3
YDIS=YMX-YMN
cALL GSLWSC(0.5)

c
C cleu sæcn

c¡lÌ box()m,mx,trú,}lûx,0,1 )
c
c **" PLOTTINC ROUTINE i**
c
C SEARCH FOR MAX
c

SMAX-10.0813
SMIN=+10.0813
DO 3 I=l,NOE
DO 3 J=l,NUMNOD(NOETXNEql,9))
IF(STS(l,J,NSTS).cT.SMAX) S MAX=STS(l,J,NsTS)
IF(STS0,J,NSTS).LT.SMtN) SMIN{TS(t,J,NSTS)

3 CONTINUE

r84

CÁTL CSFAIS(I)

c
C SETSCALE
c

sscA<sMAx-sMrN)ÆLoAT(ccN)
I F(SS CA.EQ.0.0) CCn*=1

c
C LooP THRU ELEItIENTS
c
c
C LOOPTHRU ELEMENTS

DO 5 JJ=l,NOE
I=NOOSE(JJ)

C CHECK IF ELEMENT IS ACîIVE
IF(IEF(I).NE.O) THEN

C CHECK IF ELEMENTS GROUP IS ACTIVE
rF(NOGAqNECo,9)).8Q.1 ) THEN

C CHECK IF BRICK
rF(NOETY(NEqr,9)).8Q.8) THEN

c
CVIEW POINT

XV=1 000010.0*COS(AS)*COS(AP)
w=l00000.0*stN(As)
ZV=1 00000.0*c0S(As)*s IN(AP)
DO 15 KK=1,3
IF(KK.EQ.1) THEN

C TOP BOTTOM PICK

sX=PN(NEQl,r ),r)+PN(NEqt,2),r )+PN(NEqt,3),1)+PN(NEC(t,4),1 )/4.

sY=PN(NEQr,1 ),2)+PN(NEC(r,2),2)rpN(NEC(r,3),2)rpN(NEC(rf),2)/.1.

sZ=PN(NEql,1 ),3)+PN(NEql,2),3)+PN(NEc(1,3),3)+PN(NEC0,4),3)/4.
EDTVPA= ( CXV-SX)**2 + (W-SY)i*2 + (Tl -54""2

)**0.5

sx=PN(NECû,s),1 )+PN(NEql,O,1 )+PN(NEqr,7),r)+PN(NEqr,8),1 )/4.

sY=PN(NEc(I,5),2)+PN(NEc(1.O.2)+PN(NEc(l J),2)+PN(NEc( I,8),2)/4.

sZ=PN(NEql,5),3)+PN(NEql,O,3)+PN(NEc(1,7),3)+PN(NEc(1,8),3)/4.
EDTVPB=( ëV-SX)+r2 + (YV-SY)x*2 + (Tv-54*"2

)**0.5
IF(EDTVPA.LT.EDTVPB) THEN

cNN(1)=l
cNN(2)=2
ct'lN(3)=3
cNN(4)4

ELSÊ
cNN(1)=s
cNN(2)=6
cl'lN(3)=7
cNN(4)=8
END IF
ELSEIF(KK.EQ,2) THEN

CLEM RIGIJTPICK

sX=PN(NEC{r,1 ),1)+PN(NEqr,2),1 )+PN(NEqr,O,1 )+pN(NEqt,5),1)/4.

sY=PN(NEql,l ),2)+PN(NEc(1,2),2)+PN(NEc(1,O,2)+PN(NEc(l,s),2)/a.

sz=PN(NEql,1 ),3)+PN(NBc(1,2),3)+PN(NEc0,O,3)rPN(NEc(l,s),3)/.1.
EDTVPA= ( Q(V-SX)**2 + (w-sY)r*, + (Z\t -sZ¡*"2

)**0.5

sx=PN(NEQI,4),1 )+PN(NEC(r,3),1)+PN(NEqt,s),1)+pN(NEqr,?),1ya.

sY=PN(NEC(1,4),2)+PN(NEc(1,3),2)+PN(NEC(1,8),2)+PN(NEc(1,7),2)/.1.

sz=PN(NEql3),3)+PN(NEql,3),3)+PN(NEc(1,8),3)+PN(NEc(1,7),3)/.1.
EDWPB=( (XV-SX)**2 + (Yv-SY)**2 + (Tv-57¡"*1

)""0.s
IF(EDTVPÀLT.EDTVPB) THEN

cNN(1)=1
cNN(2)=2
cNN(3)=6
cllN(4)=5

BT-SE

cNN(l)=3
cNN(2)=4
cNN(3)+
cNN(4)=7
END IF
EI.sEIF(KK.EQ.3) THEN

C FRONT BACK PICK

sx=PN(NEC(r,1 ),r )+PN(NEqr,4),1 )rpN(NEC(t,8),1 )+pN(NEC(r,5),1)/4.

sY=PN(NEQl,1 ),2)+PN(NEC(r'4),2)+pN (NEC(t,8),2)+pN(NEC( I,5),2)/4.
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sz=PN(NEc(l,l ),3)+PN(NEc(1,4),3)+PN(NEc(1,8),3)+PN(NEC(1,5),3)/4
EDTVPA= ( (XV-SX)**' + (YV-SY)**2 + (Tt -SZ¡..2

)**0.5

sX=PN(NEC{t,2),1 )+PN(NEqt,3),1 )+PN(NEC{t,7),r )+PN(NEC(¡,6),r )/a

sY=PN(NEC{1,2),2)+PN(NEC(1,3),2)+PN(NEc(1,7),2)+PN(NEc(1,O,2)/4

sz= PN(NEC(r,2),3)+PN(NEC(r,3),3)+PhN(NEC(r,7),3)+PN(NEC(t,O,3)/4
EDTVPB= ( (Xv-SX)**2 + (Yv-SY)**2 + (TV'54* +2

)*.0.5
IF(EDTVPAIT.BDTVPB) THEN
cNN(l)=1
cNN(2)='r
cNN(3)=8
cNN(4)=5

cNN(1)=2
cNN(2)=3
cNN(3)=?
cNN(4)=ó
END IF
END IF

c
C END OF SIDE SELECTION
c
C PLOTTINC CIONTOURS
c

DO l6l J=l,CCN
cALL GSFAC(Cá(Ð)
K=0
SH=SMIN + SSCA*FLOAT(J)
Sl=SH-SSCA

c
C LOOP THRU SIDES OF ELEMENT
c

DO 1'11 tF1,4
C SET NODE NUMBERS

NA=NEC(l.CNN(LD
PA=sTs0,cNN(L),NsTS)
IF(L.BQ.4) THEN

NB=NEC(l,CNN(1))
PB=STS(l,CN N (t ),NSTs)

ELSE
NB=NEC(I,CNN(L+1))
PB=STS(l,CNN(L+l ),NSTS)

END IF
c
C IF STRUCTURE FOR FINDINC VALUBS
c
C IF BOTI{ OUT OF Rj.NCE

IF(PA.LT.SL.A,ND.PB.LT.SL) THEN

ELSE IF(PB.GT.SHáND.PA,CT.SH) THEN

C IF BOTH IN RANGE
EI-sE

IF(PA,LE.SHáND.PA.GE.SL.A,ND.PB.LE.SH.AND.PB.GE.SL) THEN

K=K+l
x(K)=PN(NA'O
Y(K)=PN(N4,7)

C IF THRU RANGE I
ELSE IF(PA.LT.SL.A.ND.PB.GT.STI) THEN

K=K+1
CâLL INPL(PA,SL,PB,X,Y,K,PN(NA,O,PN(NAJ),

& PN(NB,O,PN(N8,7)
K=K+l
CAI-L INPL(PA,SH,PBX,Y,K,PN(NA,O,PN(NA,7),

& PN(NB,O,PN(NBJ))
C IF THRU RANCE 2

ELSE IF(PB.LT.SL.A.ND.PA.CT.SH) THEN

K=K+1
cALL rNPL(PA,sH,PB,X,y,K,PN(NA,O,pN(NA,7),

& PN(NB,O,PN(N8,7)
K=K+l
cALL r NPL(PA,SL,PB,X,y,K,PN(NA,O,pN(NA.7).

& PN(NB,O,PN(NB,?)
C IF PA IN BUT PB OIII

ELSE IF(PA.GE,SL.AND,PA,LE,S¡Ð THEN

K=K+l
x(K)=PN(N4,6)
Y(K)=PN(NAJ)

lF(PB.GE.SH) ST=SH
K=K+l

cALL rNPL(PA,ST,PB,X,Y,K,PN(NA,6),PN(NA,7),
& PN(N8,6),PN(N8,7))

C IF PB IN BUT PA O[J-T

ELSE IF(PB.GE.SL-AND,PB.LE.SH) THEN

K=K+1
ST=SL
IF(PA.GE.SH) ST=sH

cALL INPL(PA,ST,PBX,Y,K,PN(NA,6),PN(NA,7),
& PN(NB,O,PN(N8,7)

END IF
C NEXTEDGEOFELEMENT
I71 CINTINTJE
C INSURE CLOSED POLYGON??

IF(K.GT,O.A'ND,K.LE.9) THEN
K=K+1
x(K)=x(l)
Y(K)=Y(1)
END IF

c
C PLOTTING A CONTOUR
c

rF(K.GT.o) CALL CFA(KX,Ð
K=O

C NEXTCONTOUR
I6'I CONÏNUE
c
CWHITE OUTLINE OF ELEMENT
c

X(t)=PN(NEc(l,CNN(1 )),+)
X(2)=PN(NEQl,cNN(2)),+)
x(3)=PN(NËQI,cNN(3)),a)
x(a)=PN(NEQI,cNN(+)),a)
x(s)=x0)
Y(1)=PN(NEc(l,cNN(1 )),5)
Y(2)=PN(NEc(l,cNN(2)),5)
Y(3)=PN(NEc(l,cNN(3)),5)
Y(4)=PN(NEc(r,cNN(4)),5)
Y(5)=Y(1)
CALL GSPLCI(WHITE)
cqr-L cPL(5"x,Ð

c
C NEXT SIDE
c
15 CONTINTJE
c
C END OF BRICK
c
C CHECK IF 3D BEAM

ELSE rF(NOETY(NEC(t,9).EQ.O THEN
c
C LOOP THRU TOP HALFTHEN BOTTOM HALF
c

DO 17 KK=l,2
IF(KK.EQ.1) THEN
cNN(l)=1
cl'{N(2)=2
cNN(3)=5
cNN(4)=6

ELSE
cNN(1)=3
cNN(2)=2
cNN(3)=5
cNN(4)=4
END IF

c
C PLOTTINC CONTOURS
c

DO 163 J=I,CCN
Cj'LL CSFACT(C{(Ð)
K=0
SH=SMIN + SSCA*FLOAT(¡
SL=SH-SSCA

c
C LOOP THRU SIDES OF ELEMENT
c

DO 1731t1,4
C SET NODE NUMBERS

NA=NEql,CNN(L)
PA=sTs0,cNN(L),NsTs)
IF(L.EQ.4) THEN

NB=NEC(I,CNN(] ))
PB=STS(l,CNN(1),NsTs)

ELSE
NB=NEC(I,CNN(L+I)
PB=STS(l,cNN(L+1 ),NsTs)

END IF
c
C IF STRUCTURE FOR FINDINC VALUES
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c
C IF BOTH OUT OF RANGE

IF(PA.LT.SL.AN D.PB.LT.SL) THEN

ELSE I F(PB.GT.SH.AND.PAGT.SH) THEN

C IF BOTH IN RANCE
ELSE

IF(PA.LE.SH.A.ND.PA.GE.SL'q.ND.PB.LE,SH-AND,PB,CE.SL) THEN

K=K+l
x(K)=PN(NA,O
Y(K)=PN(NAt)

C IF THRU RANGE 1

ELSE IF(PA.LT.SL.AND.PB.GT.SH) THEN

K=K+1
cÁr-L rNPL(PA,SL,PB,X,Y,K,PN(NA,O,pN(NA,7),

& PN(NB,O,PN(NBJ)
K=K+l
CALL I NPL(PA,SH,PB,X,Y,K,PN(NA,O,PN(NA,7),

& PN(NB,O,PN(N8,7)
C IF THRU RANGE 2

ELSE IF(PB,LT.SL.A,ND.PA.GT.SH) THEN

K=K+l
CALL INPL(PA,SH,PB.X,Y,K,PN(NA,O,PN(NAJ),

& PN(NB.O,PN(N8,7)
K=K+I
CALL r NPL(PA,SL,PB,X,Y,K,PN(NA,O,PN(NA,7),

& PN(NB,O,PN(NBJ)
C IF PA IN BUT PB OUT

ELSE IF(PA.GE.SL"{ND.PA.LE.SIÐ THEN

K=K+l
x(K)=PN(NA'O
Y(K)=PN(NA')
ST=SL
IF(PB.GE.SH) sT=sH
K=K+'l

cALL INPUPA,ST,PBX,Y,K,pN(NA,6),pN(NAJ),
& PN(NB,O,PN(NBJD

C IF PB IN BUT PA OLM
ELSE IF(PB.GE.SLâND.PB.LB.SH) THEN

K=K+'l
ST=SL
IF(PA.GE.SH) ST=sH

CALL INPL(PA,ST,PBJ,Y,K,PN(NA6),PN(NA,?),
& PN(NB,O,PN(N8,7)

END IF
C NEXTEDGEOFELEMENT
I73 CONTINUE
C INSURE CLOSED POLYCON??

IF(K.CT.0.{ND.K.LÊ.9) THEN
K=K+1
x(K)=x(1)
Y(t()=Y(1)
END IF

c
C PLOTTING A CONTOUR
c

IF(K.CT.o) CA|L GFA(K,X,Ð
K=0

C NEXTCONTOUR
I63 CONTINUE
c
C NEXT HALF
17 CONTINUE
c
CWHITE OUTLINE OF ELEMENT
c

X(1)=PN(NEc0,l ),O
x(2)=PN(NEc(l'3)'O
x(3)=PN(NEc(l¿)'O
x(4)=PN(NEC(l'O,O
x(s)=x(1)
Y(1)=PN(NEc(l'1)'?)
Y(2)=PN(NEC(l'3),7)
Y(3)=PN(NEql,4),7)
Y(4)=PN(NEql'Ot)
Y(s)=Y(l)
cArL GSPLCI(lVHtTE)
CALL GPL(5.X,Ð

c
C END OF 3D BEAM
c
C NOT A BRICK OR 3D BEAM
c

ELSE

DO 160 J=l,CCN
cAtL csFAc(cA(Ð)
K=0
SH=SMI N + sSCA'FLOAT(J)
SL=SH-SSCA

c
C LOOP THRU SIDES OF ELEMENT
c

DO 170 L=l,NUMNOD(NOETY(NEC(t,9))
C SET NODE NUMBERS

NA=NEC(l.L)
PA=sTs0,L,NsTS)
IF(L.EQ.NUMNOD(NOSTY(NEC(I,9)) THEN

NB=NEc(t,1)
PB=STS(1,1 ,NSTS)

ELSE
NB=NEqt,L+1)
PB=STS(l,L+1 J.,lSTS)

END IF
c
C IFSTRUCTURE FOR FINDING VAIUES
c
C IF BOTH OITT OF RANGE

IF(PA.LT.SLáND.PB.LT.S L) THEN

ELSE ]F(PB.GT.SHáND.PA.CT,SH) THEN

C IF BOTH IN RANGE
ELSE

IF(PA.LE.SH.4ND.PA.GE.SL-A'ND.PB,LE.SHáND.PB.GE.SL) THEN

K=K+1
x(K)=PN(NA'O
Y(K)=PN(NA'7)

C IFTHRU RANCE I
ELSE IF(PA.LT.SL.AND.PB.GT.SH) THEN

K=K+1
CALL INPL(PA,SL,PB,X,Y,K,PN(NA,O,PN(NAJ),

& PN(NB,O,PN(NBI)
K=K+l
cáIL I NPL(PA,SH,PB,X,y,K,pN(NA,6),pN(NA,7),

& PN(NB,O,PN(N8,7)
C IF THRU RANGE 2

ELSE IF(PB.LT.SL¿.ND.PA.GT.SH) THEN

K=K+1
cALL I NPL(PA,SH,PB"X,y,K,pN(NA,O,pN(NA,7),

& PN(NB,O,PN(N8,7)
K=K+1
cALL I NPL(PA,SL,PB,X,Y,K,pN(NA,O,pN(NA,7),

& PN(NB,O,PN(NBJ)
C IF PA IN BUT PB O TT

ELSE lF(PÀOE.SLâND.pA.LE.SH) ltlEN

K=K+1
x(K)=PN(NA'O
Y(K)=PN(N4,7)
ST=SL
IF(PB.CE.SH) ST=SH
K=K+l

cALL INPL(PA,ST,PBX,y,K,pN(NA,6),pN(NAJ),
& PN(NB,O,PN(N8,7))

C IFPB IN BTIT PA OUT
ELSE IF(PB.CE.SLáND.PB.LE.SH) TIJEN

K=K+t
ST=SL
rF(PA.CE.SH) ST=SH

CALL INPL(PA,ST,PB.X,Y,K,PN(NÀ6),PN(NA,7),
& PN(NB,O,PN(NB,?D

END IF
C NEXTEDGEOFELEMENT
170 CONÏNUE
C INSLRBCLOSEDPOLYGON??

rF(K.cT.0.{ND.K.LE.9) THEN
K=K+1
x(K)=xo)
Y(K)=Y(l)
END IF

c
C PLO'I-NNC A CONTOUR
c

rF(K.cr.o) cArL cFA(K¡,Ð
c IF(K.GT.0) CALL GPL(K.X,Ð

K=0
C NEXTCONTOUR



160 CìONTINUE
C OLJ'ILINE OF ELEMENT

x(l )=PN(NEC0'1 ),O
x(2)=PN(NEc0'2),O
x(3)=PN(NEC(l'3),O
x(4)=PN(NEC(l'4)'O
x(5)=Y(1)
Y(1)=PN(NEql,1)'7)
Y(2)=PN(NECdl'2)'7)
Y(3)=PN(NÊq1,3)',)
Y(a)=PN(NEql'a)J)
Y(5)=Y(l)
ci\tl GsPLct(wHtTE)
CALL CPL(5X,Ð

END IF
END IF

END IF
5 CONTINUE
c
C DRÁW LEGEND
c

KSOW=l
CSET X C,OORDS

XVr'=XMN+0.8*XDIS
x(l)=xMN+0.9*xDIs
X(2)=XMN+0.95*XDIS
X(3)=x(2)
x(4)=x(l)
x(s)=x(1)

c
cALL GSCHH(YDtS/4.sÆLOAT(CCN))
WRITE(BiJF,199) SMIN
CALL CTX( XW , (YMN+0.05+YDIS) ,BUÐ
DO 180 I=1 ,CCN
Y (3)=YMN+0.05*YDIS+FLOAT0 )*YDlsÆLoAT(ccN)/

1.15

Y(1 )=Y(3)-YDIs/2.0ÆLoAT(ccN)/l.l 5
Y(2)=Y(l)
Y(4)=Y(3)
Y(s)=Y0)
VTRlTE(BUF,1 99) (SMIN+l*SScA)
C¡,LL GTX( X$v, (Y(3)+0.01*YDIS), BUFt
c¿.LL CSFACT(CA0)
CALL GFA(5,X,Ð

180 CALLCPL(sX,Ð
IF(NSTS.EQ.l) THEN
BUF='SX'
ELSEIF(NSTS.EQ.2) THEN
BUFJ SY '

ELSEf F(NSTS.EQ.3) THEN
BI.]FJ SZ'
ELSEIF(NSTS.EQ.4) THEN
BUF=,SXY
ELSEIF(NSTS.EQ.5) THEN
BUFJ SYZ
ELSEIF(NSTS.EQ.O THEN
BUFJSZ(
ELSetF(NSTS.EQ.7) THEN
Rl fÊt sFc
END IF
CALL cTX( XW , (YMN+0.01*YDIS) ,BUÐ

c
CBOUNDARY

CALL BOX(xm,xro,ym¡ymx,DK B LUE,0)
c
c

CALL GSLWSq3.0)
CqLL GSPLC(PURPLE)

c
C END OF ROUTINE

CALL GSELNT (2)

CALL GSCHH(1.50)
RETTJRN

199 FORMAT(c'124)
END

c
c* * *r¡r*f *nT*** * * * *rrr**rrr* * * * **r *** ** xx ** r * ***1* r** ** x *

c
SUBROUTINE INPL(PASV.PBX,Y,KXA,YAJB,YB)

c
C THIS SUBROUTINE IS A LINEAR INTERPOLATER FINDER
c
C PA AND PB ARE VAIUES
C SV IS THE SEARCH VALUE
CX & Y ÁRE THE RESULTINC VAI-UES
CXA,YA ARE VALUES FOR PA
CXB,YB AREVALUES FOR PB

r81

RIAL X(',r 0),Y(1 0)XAXB,YA,yB,pA,SV3B
x(K){XA+CXB-)iA)'(sv- PA)/(PB-PA)
Y(K){YA+(1ts-YA)*(sv-PA)/(PB-PA)
RETURN
END

c
c******* 1** *r* r* '

c
SUBROUTINE METAO
CHARACTER*20 BUF,DUM
INCLUDE'COMMON.F

c
C THIS SUBROUTINE GENERATES A COMPUTER CRAPHICS
METAFILE
c
C INPUTTITLE OF THIS PLOT
c

IF(IPI-AN,EQ.O) RETURN
CAIL BOX(-1.03 1.0,80.4,90¡,CREY,l )
cArL GSTXC(GREEN)
câLL cTX(2.0,88.0,' ENTER TITLE FOR )
cáIL CTX(2.0,85.o,',THIS CRApHtC PLOT)
CALL CRQSTO,I,K,J,BUÐ
cArL BOX(-1.0,31.0,80.4,903,cREy,1 )

c
C COLOR OR GREY SCALB
c

cArL csTXct(cRrEÐ
CAIL GTX(I.5,88.0,', COLOR (C) OR )
câIL GTX(1.5,85.0,',GREY SCALE (C) ?)
CA,LL GRQST(1,1,K,J,DUM)
cALL BOX(-1.0,31.0,80.4,90A,CR8y,1)
CORG=o
rF(c.EQ.DUM.OR.'C.EQ.DUM) CORCFl

c
C DEACTIVATING SCREEN WORKSTATION
C ACTIVAÏNG META-FILE WORKSTATION
c

CALL CACWK (2)

c¿.LL GDAWK (1)

XMN=XMN-1.5*XDIS
XNfi=XMX+1.5.XDIS
XDIS=XMX-XMN
l14N=YMN-1.5*YDIS
YlvD(=YÀÐ(+1.5*YDIS
YDIS=YlvD(-YMN
CâIL GSWN (I,XMN,XMX,YMN,YMÐ

c
C DRAW TO METAFILE
c

c
C IPT.A'N=I,.,..SOLID D¡SPT-A'CEM ENT
c IP[-AN=2.....Vr'IRE FRAME DISPT-A,CEMENT
C ÌPLAN=3.....SUPERIMPOSED DISPT-4.CEMENT
ctP[AN-4.....SX \
C IPTAN=5.....SY \\\
c IPIáN5.....SZ \\\\\
C IPI-A.N=7.....SXY >>>>>> STRESS COUNTOURS
c tP rAN-Å.....sY z / ////
clPr.AN=9.....Sã ///
C IPI-AN=10....SEQ /
c
C MAIN CALLER ROTJTINE
c

IF(IPT.AN,EQ.1) THEN
AG¿
KSoW=l

CALL DRAW(O,BUF,O)
ELSET F(tPL-A,N.EQ.2) TH EN
AG2
KSOW=O

cA,LL DRAW(0,8UF,0)
ELSEIF(IPLAN.EQ.3) THEN
XH
KSOVr'=l

CALL DRAW(0,8UF,o)

KSOV/=o
CALL DRAW(O,BUF,O)

ELSETF0 pLAN.CE.4"{ND.tpr-AN.LE.1 0) THEN

CALL CONT(O,BUÐ
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END IF
c
C TURN METAFILE OFF/ TURN SCREEN ON
c

CALL CDAWK (2)

cÀLL CACIÀ/K (1)

c
RETURN
END

c
cra*+*+ 4*x * 4***** * * * *+ * * + I * * * * aãi***r**+ + * + * +* * +t * * * +* x * *

c
SUBROTJTI NE DR,A,W(IKJ,BUF,ISORÐ

c
C THIS ROUTINE DR-AWS THE GRAPHICS
c
C IKJ.... = O FOR META DR-A,W, I FOR SCREEN
C BUF.... IS TITLE FOR META DRAS/
c IsoRT..I=SORT,o=NOSORT
C CF..... CORRECT1ON FACTOR FOR i/ PI.ACEMENT
(META,/SCREEt9
C FMAX....MAXIMUMFORCE
C MMAX....MAXIMUMMOMENT
C KSOw....FlAc SOLID OR WIREFRAME 0=WÌRE,l=SOLID
C XC......EXACGERATED=2,NOT=0
c csc.....CLEAR=I,NOT=0
c

CHARACTER"20 BUF
INTEGER IKJ,ISORT
REAL CP,CS,SS,SP,FMAX,MMAX,CF
INCLUDE'COMMON,F

c
C COINC TO TRANSFORMATION #1

c
CALL CSELNT (I)
cP=cos(AP)
SP=SIN(AP)
cs{os(As)
SS=stN(AS)
CALL GSLWSC(0.s)

C

C CODE FOR METAFILE OUTPLIT OR SCREEN DRAW
c

rF(rKJ.EQ.o) rHÊN
CF=O.0
CALL CSTXCT(BI-ACK)
CALL GTX(XMN+0.37 *XDIS,YMN+0.37*YDIS,BUÐ

cAj-L GSPMCT(BLACK)
ELSE
CF=O.12
CALL GSTXCT(WHtTE)
ci,LL csPMct(YELLOW)

END IF
cAtL cscHH(YDrs/55.0)
rF(csc.EQ.0) CALL csLN(3)

c
C REMAKINC SCREEN AS SEGMENT
c

rF(csc.EQ.l ) THEN
CALL box(xm.m,ym,ymx,0,l )
END IF

c
C CALLING SORT
c

rF(rsoRT.EQ.l) CÁLL SORTO
c
C SET SOLID OR W]REFRAME

cA!L CSFATS(KSOW)
C IF ELEMENTS ACTIVE...

lF(KES.EQ.l) THEN
C LOOP THRU ELEMENTS

DO 5 Ji=],NOE
J=NOOSE(JÐ

C CHECK IF ELEMENT IS ACTIVE
IF(IEF(J).NE.O) THEN

C CHECK IF ELEMENTS GROUP IS ACTIVE
IF(NOcAC(NEC(J,9)).EQ.1 ) THEN

C COTO APPROPRIATE PLOTTINC CODE
coTo

(1 0,1 0,1 0,1 0,1 0,20,30,40,1 030,30,30),NoETy(NEC(J,9)
c 123456789101112
C 3D SPRING, 2D TRUSS.BE¡,M,& CRID BEAM, 3D TRTJSS.BEAM
10 x(l)=PN(NEC(J.I),4+XG)

X(2)=PN(NEQJ,2),a+XG)
Y(l )=PN(NEc(J,l ),5+XC)
Y(2)=PN(N Ec(J,2),5+xc)
rF(csc.EQ.o) THEN

CSUPERIMPOSED

câLL GSPLC'tOVHITE)
CALL CPL(2-X,Y)

ELSE
CALL CSPLCI( NUMCÐL(NOETY(NEC{J,9)) )
IF(CSC.EQ.o) CALL CSPLCT(WHTTE)
CALL GPL(2X.ì')
END IF

C NUMBER
IF(KEN.EQ.1) THEN

x(1)<x(1)+x(2))/2.0
Y(l ){Y(l )+Y(2))2.0
xo)=x(1)'cF*xDIs
WRITE(BUF.*) J

CALL c1-X0((1 ),Y(1 ),BUÐ
END IF

GOTO 5
c
C#23D BEAM
20 x(1)=PN(NEC(J,1),atxc)

X(2)=PN(NEc(J,3),4+xG)
X(3)=PN(NEC{J,a),a+xc)
X(4)=PN(NEc(J,O.a+XG)
Y(l )=PN(NEc(J,l ),s+XG)
Y(2)=PN(NEc(J,3),s+xc)
Y(3)=PN(NEc(J,4),5+XG)
Y(4)=PN(NEc(J,6),5+Xc)
Y(5)=Y(l)
x(5)=X(l)
rF(csc.EQ.o) THEN

C SUPERIMPOSED
CÁIL CSPLC1(WHITE)
CALL GPL(sX,Ð

ELSE
rF(KSOW.EQ.0) THEr\

C Vr'i R8 FRAME
CALL CSPLC(8)
CALL GPL(5X,Ð

ELSE
C SOLID

CALL GSFAC(8)
CALL GFA(4X,Y)
CALL CSPLCT(WHrrÊ)
CALL GPL(5,X,Ð
END IF
END IF

C NUMBER
IF(KEN.EQ.I) THEN

x(1 )={x(l )+x(2)+x(3)+x(4))/4.0
Y(1 ){Y(t )+Y(2)+Y(3)+Y(4))/4.0
x(l)=x(1)-cF*xDls
wRITE(BUF,1) J

cArL cTXfi(1),Y(1),BUÐ
END IF

coTo 5
c
C#3 3D PLATE - 2D PLáNE STRAIN/STRESS. CRID PLATE
30 X(1)=PN(NEC(J,1),4+xG)

x(2)=PN(NEQj,2),a+XG)
x(3)=PN(NEQJ,3),a+Xc)
X(A)=PN(NEQJ,A),A+XG)
Y(l )=PN(NEc(J,1 ),5+XG)
Y(2)=PN(NEc(J,2),5+xc)
Y(3)=PN(NEc(J,3),5+xG)
Y(4)=PN(NEc(J'a ),s+XC)
x(5)+(t)
Y(5)=Y(1)
rF(csc.EQ.0) THEN

C SUPERIMPOSED
CALL GSPLCT(WHTTE)
cALL GPL(5,X,11

ELSE
rF(KSOW.EQ.o) THEN

CwlRE FRAME
ci,LL cspLc( NUMcoL(NoETy(NEC(J,9))) )
câIL CPL(5,X,Ð

ELSE
c solrD

CALL GSFAc( NUMCOL(NOETy(NEqJ,9)) )
cALL cFA(4.X,Ð
ci'LL csPLcl(rilHITE)
cALLCPL(5,X,Ð
END IF

END IF
C NUMBER

IF(KEN.EQ.1) THEN
xo ){x( r )+x(2)+x(3)+x(4))/4.0
x(1)=x(1)-cF*xDIS
Y(1 ){Y(1 )+Y(2)+Y(3)+Y(4))/4.0
WRITE(BUF,*) J

cArL cTx(x(l ),Y(1 ),BUÐ



END IF
c,oTo 5

c
C3D BRICK
c
CVIEVr' POINT
40 xv=100000.0"cos(As).c\ls(AP)

YV=tOOO66.6*5¡¡,Oa'
zv=l 00000.0rcos(As)+st N(AP)

C TOP BOTTOM PICK

SX=PN(NEC(J,I ),1 )+PN(NEC(J,2),1 )+PN(NEC(J,3),1 )+PN(NEC(J,4),1 )/4

sY=PN(NEC{ J,1 ),2)+PN(N ËqJ,2),2)+pN(NEC(J,3),2)+pN(NEC(J,.1),2)/4

sZ=PN(NEc(J,t ),3)+PN(NEqJ,2),3)+PN(NEc{J,3),3)+PN(NEC(J,4),3)/a.
EDTVPA= ( 0{V-SX)"*2 + (\a/'-SY)**' + (TV -SZt**2

).r0.5

sx=PN(NEC(J,5),r)+PN(NEC(J,6),t)+pN(NEC(J,7),1)+pN(NEC(J,8),1 y4

sY=PN(NEC(J,s),2)+PN(NEC(J,O,2)+pN(NEC(J,7),2)+pN(NEC(J.8),2)/4

sz=PN(NEC(J,5),3)+PN(NEqJ,O,3)+pN( NEC(J l),3)+pN(NEC(J,8),3)/a.
EDTVPB= ( CXV-SX)**2 + (YV-SY)**2 + (Vt -54**2

)**0.5
IF(EDTVPA-LT.EDTVPB) THEN

x(1)=PN(NEqJ,l),4+xc)
Y(1 )=PN(NEc(J,1 ),5+XC)
X(2)=PN(NEC(J,2),a+XG)
Y(2)=PN(NEc(J,2),5+XG)
x(3)=PN(NEc(J,3),4+xc)
Y(3)=PN(NEc(J,3),5+XC)
X(4)=PN(NEC(J,4),4+Xc)
Y(a)=PN(NEC(J'a ),5+XG)

ELSE
x(l )=PN(NEc(J,s),4+xc)
Y(l )=PN(NEc(J,5),5+XG)
X(2)=PN(NEqJ,O,a+XG)
Y(2)=PN(NEc(J,6),5+xc)
X(3)=PN(NEC(J,7),4+XG)
Y(3)=PN(NEc(Jl),5+Xc)
x(a)=PN(NEc(J,8),a+xG)
Y(4)=PN(NEc(J,8),5+XG)
END IF

x(s)=x(l)
Y(s)=Y(l)
rF(csc.EQ.0) THEN

C SUPERIMPOSED
CALL GSPLCI(WHITE)
câtL cPL(5){.Ð

ELSE
IF(KSOW.EQ.0) THEN

C WRE FRj.ME
cArL csPLc(cREì,)
(åLL GPL(5J(,Ð

ELSE
c soLtD

cALLCSFAC(CREÐ
ci,LL GFA(4,X,Ð
CAIL CSPLCT(WHITE)
CALL GPI{5J(,ì')
END IF
END IF

C LEF"T RIG¡{T PICK

SX=PN(NEC(J,1 ),1 )+PN(NEC(J,2),1)+PN(NEC(J,6),1 )+PN(NBC(J,5),1)/4

SY=Pw1¡9611,1¡,r,*PN(NEqJ,2),2)+PN(NEC(J,6),2)+PN(NEC(J,5),2)/a

SZ=PN(NEc(J,l ),3)+PN(NEc(J,2),3)+PN(NËqJ,O,3)+PN(NEc(J,5),3)/4.
EDTVPA= ( GV-SX)**2 + (W-SY)*+2 + (Tv -SZ)* 12

)**0.5

sx=PN(NEC(J,4),1 )+PN(NEC(J,3),1 )+pN(NEC(J,8),1 )+pN(NEC(J,7),t )/4

SY=PN(NEC(J,4),2)+PN(NEqJ,3),2)+PN(NEC(J,8),2)+PN(NEC(J,7),2)/4

SZ=PN(NEc(J,4),3)+PN (NEqJ,3),3)+PN(NÊqJ,8),3)+PN(NEc(JJ),3)/4.
EDTVPB= ( CXV-SX)*+2 + (Ì'V-SY)**2 + (zv -54+*2

)**0.5
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IF(EDTVPA"LT.EDTVPB) THEN
X(1 )=PN(NEc(J,1 ),¿+XG)
Y(l )=PN(NEC(J,1 ),5+XC)
x(2)=PN(NEQJ,2),a+xc)
Y(2)=PN(NEC(J,2),5+XG)
x(3)=PN(NEc{J,O,a+Xc)
Y(3)=PN(NEc(J,6),5+Xc)
X(a)=PN(NEc(J,5),4+xc)
Y(a)=PN(N Ec(J,5),5+xc)

ELSE
X(l )=PN(NEc{J,3),4+Xc)
Y(1 )=PN(NEc(J,3),5+Xc)
X(2)=PN(NEc(J'¿)l+XG)
Y(2)=PN(NEc(J,a),5+XG)
X(3)=PN(NEQJ,8),a+xG)
Y(3)=PN(NEc(J,8),5+XC)
x(4)=PN(NEqJJ),4+XC)
Y(4)=PN(NEC(J,7),5+Xc)
END IF

x(s)?Yo)
Y(s)=Y(1)
tF(csc.EQ.0) TrJEN

C SUPERIMPOSED
CALL GSPLCI(WHtTB)
cALL CPL(sX,Ð

ELSE

tF(KSOW.EQ.0) THEN
C WIRE FRÂME

cA.t-L csPLct(cREÐ
CALLGPL(5,X,Ð

ELSE
c soltD

CALL GSFACI(CREÐ
CALLGFA(4,X,Y)
CA,LL 65PLCI(lñ+ilTE)
CALL GPL(5.X,Ð
END IF
END IF

C FRONT BACK PICK

sX=PN(NEC(J,l ),r )+PN(NEC(J'4),1 )+pN(NEC(J,8),1 )+pN(NEC(J,s),1)/4

SY=PN(NEq J,1 ),2)+PN(NEC(J,4),2)+PN( NEC(J,8),2)+PN(NEC(J,5),2)/4

sz=PN(NEC(J,l ),3)+PN(NEC(J,4),3)+PN(NEqJ,8),3)+PN(NEc(J,5),3)/4.
EDTVPA= ( CXV-SX)**2 + (W-SY)**2 + (Tv -sZ¡**2

r*0.5

sX=PN(NEc(J,2),1 )+PN(NEc(J,3),1 )+PN(NEc(J,7),1 )+PN(NEc(J,6),1)/4

SY=PN(NEc( J,2),2)+PN(NEc(J,3),2)+PN(NEC(J,7),2)+PN(NEC(J,O,2)/4

SZ=PN(NEC(J,2),3)+PN(N EqJ,3),3)+PN(NBC(J,7),3)+PN(N EC(J,6),3)/4.
EDTVPB= ( CXV-SX)**2 + (YV-SY)rt2 + (Tl -Sn*42

)**0.5
IF(EDTVPÀLT.EDTVPB) THEN

X(i )=PN(NEQJ,1),4+xc)
Y(I)=PN(NEC(J,1 ),5+XG)
X(2)=PN(NEC(Jl),4+xG)
Y(2)=PN(NEC(J,4),5+XG)
x(3)=PN(NEQJ,8),4+Xc)
Y(3)=PN(NEc(j.8),s+xa)
X(a)=PN(NEQJ,5),++XC)
Y(4)=PN(NEC(J,5),5+xG)

EI-SE

X(1 )=PN(NEQJ,2),a+XG)
Y(1 )=PN(NEc(J,2),5+XG)
x(2)=PN(NEQJ,3),a+xG)
Y(2)=PN(NEC(J,3),5+xc)
x(3)=PN(NEQJI),a+xc)
Y(3)=PN(NEc(Jl).5+xc)
x(a)=PN(NEqJ,O,a+XG)
Y(a)=PN(NEc(J,6),5+xG)
END IF

x(5)=xo)
Y(s)=Y0)
rF(csc.EQ.0) THEN

C SUPERIMPOSED
CáLL CSPLCIÑHITE)
CAI_L CPL(5,X,Ð

ELSE
rF(KSOW.EQ.0) THEN

C \14RE FRAME
cât_L csPLc(cREY)
CALL cPr.(5,X,Ð

ELSE
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c sol-tD
CALL GSFAC(GREÐ
cÀLL GFA(4X,Ð
CALL CSPLCT(WHITE)
CALL CPL(5X,Ð
END IF
END IF

C BRICK NUMBER
IF(KEN.EQ.I) THEN
x(1 )=PN(NEqJ,1 ),4+Xc)+pN(NEC(J,2),4+XC)/a.0
Y(1)=PN(NEqJ,1 ),5+Xc)+pN(NEqJ,2),5+Xc)/4.0
x(1)=x(1 )-cFrxDIs
WRITE(BUF,I J

CALL GTX(X(1 ),Y(1 ),BUÐ
END IF

C END OF BRICK
GOTO 5
END IF

END IF
5 CONTINUE

END IF
c
C AXIS X,R=DKRED,Y,Z=DKBLUB,Z=DKGREEN

CALL GSLN(1)
x(1)=o.cAx(l )-AY(l ).AZl )
Y(l ){.o-Ax(2)-AY(2)-AZ2)
x(2)=x(1)+AX(1)
Y(2)=YOÞÆX(')
CALL CSTXC(DKRED)
CALL GSPLC'I(DKRBD)
c¡,LL CPU2X.Ð
IF(NODIM.LT.4) THEN
cj'LL ClXO((2),Y(2),'X)
ELSE
CALL CTXCX(2),Y(2),'R)

END IF
x(2)=x(1)+AY(l)
Y(2)=Y(1)+AY(2)
CALL CSTXC(DKBLUE)
CALL GSPLC(DKBLUE)
cAt_L cPL(2X,Ð
IF(NODIM.LT.4) THEN
CALL GTX(X(2),Y(2),'Y)
ELSE
c.p'tL c'f x(x(2),y (2\ ; z )

END IF
IF(NODIM.EQ,3) THEN
x(2)=x(1)+AZ(1)
Y(2)=Y(1)+A42)
CALL GSTXCI(DKGREEI.¡)
Cá,LL GSPLCI(DKCREEN)
CALL cPL(2,X,Ð
cA,LL cTX(X(2),Y(2),'Z)
CALL cSTXCt(Þ'HITE)
END IF

c
C NODAL LOOP
c

IF(KNS.EQ.1 "{ND.rKJ.EQ.1 ) THEN
cALL cSTXCt(YELLOW)
CF=CF*l.l
DO70 t=1,NON
rF(rNF(r).8Q.0) Coro 70
x(1)=PN(l¿+XC)
Y(l )=PN(1,5+XC)
CALL cPM(1,X,Y)
x(1)=x(l )'cF*xDls
Y(1 )=Y(1 )+0.01 *YDIS
IF(KNN.gQ.1) THEN
WRITE(BUR+) I
CALL GTX(X(1 ),Y(1),BUÐ
END IF

'70 CONTINUE
END IF
rF(csc.EQ.o) coTo 1000

c
C BOUNDARY CONDITON LOOP
c

tF(KBC.EQ.t) THEN
CÁLL CSTXCl(PURPLE)
DO 80 l=l,NBC
x(l )=PN0DL(l),4+XG)
Y(1 )=PN(lDL(l),s+Xc)
IF(r D(r,1 ).EQ.1 ) CALL CTX(X(l )+0.0*xDrs,y(1),,Dx)
IF(lD(1,2).EQ.l) cAl_L cTxCX(1 )+0.03*XDrs,y(t ),'Dy)
IF0D(t,3).EQ.l) CALL CTXCX(l)+0.06*xDIS,yo),'DZ)
rFoD(tl).EQ.1) CALL GTXCX(1)J{.0*XDtS,y(1)-

0_03*YDIS,'RX)

lF(t D(r,5).EQ.l ) CALL cTX(X(1 )+0.03*XDtS,y(l)-
0.03*YDIS,'RY)
80 IF0Do.O.EQ.1) Cá,LLGTXCX(I){.06*XDÌS,y(1)-
0_03*YDts,'RZ)

END IF
c
C FORCES LOOP
C FORCES IN YELLOW , MOMENTS ¡ N PURPLE

rF(KFOR.EQ.l ) rHEN
FMAX=O.0
MMAX=0.0
DO 89 l=l,NON
nô R0 t=r 3
lF(F(r,J).CT.FMAX) FMAX=F(t,Ð

89 IF(F(l,J+3).GT.MMAÐMMAX=F(I,J+3)
FMAX=FMAX*4.o/ryDIS
MMAX=MMAX*4.0/YDIS
DO 901=1,NON
IF(MMAX.EQ.0.0) COTO 87

C MOMENTS
CALL CSLWSC(2.0)
CALL GSLN(3)
CALL CSPLC(PURPLE)
x(1)=PN(1,4+XC)
Y(1)=PN(l'5tXC)
X(2)=X(1 )+F(l'4)+SP/MMAX
Y(2)=Y(l )-F0,4)rss*cP 4MAX
cArL cPL(2.X,Ð
x(2)=x(1)
Y(2)=Y(l )+F(1.5)*CS/MMAX
cALLCPL(2X,Ð
x(2)=X(1 )-F(l,O*cPll\lMAx
Y(2)=Y(l )-F(1,6)*ssrsP 4MAx
c{LLCPL(2X,Ð
cALL cSLN(1)
CALL cSLWSC(0.5)

C FORCES
ú IF(FMAX.EQ.0.0) GOTO 90

CAIL GSPLC(YELLOW)
câLL csLwsq2.0)
x(1)=PN(l4XC)
Y(1 )=PN0'5+XG)
x(2)=X(l )+F(1,1 )*sPÆM¡x
Y(2)=Y(l )-F(l,l )*ss *cPÆMAx
CALL CPL(2,X,Ð
x(2)=x(1)
Y(2)=Y(l )+F(l'2)*CS/FMAX
CALL CPL(2,X.\')
x(2)=X(1 )-F0,3) *cPÆMAX
Y(2)=Y(1 )-F(1,3)*ss*sPÆM¡x
CALL GPL(2,X,Ð

90 CONTINUE
END IF

lOOO CINTINUE
c
c
CBOUNDARY

CALL BOX(xm,xm,ymr,¡mx,DK B LUE,0)
c
C END OF SECMENT
c

CALL CSLWSq3.0)
CALL CSPLC(PURPLE)

c
C END OF ROUTINE

CALL CSELNT (2)
CALL CSCHH(1.50)
RETURN
END

c
c*********ar **** *

c
SUBROUTINE SEARCHO
INCLUDE'COMMON.F

c
C THIS SUBROUTINE SEARCHES FOR MAX DIMENSIONS AND
SETS SCREEN ACCORD.
c

xMN=pN(ti)
XùD(=PN(1,a)
YMN=PN(1,5)
tî,fx=PN0,5)

c
CFIND MAX
c

DO 10 I=2,NON
IF(PNO,4).CTxMX) XMX=PN(t.4)
rF(PN(t,4).LTJC4N) XMN=PN0 

'4)
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IF(PN(r,5).cT'YMX) YMX=PN0,5)
rF(PN0,5).LT.YMN) YMN=PN(r,5)

1O CONTINUE
c
C R-ATIO CHECK
c

XDIS=XMX-XMN
YDIS=YMX-YMN
IF(YDIS.CTJ(DIS) THEN
XDIS=YDIS
XMX=XMN+XDIS
ELSE
YDIS=XDIS
YMX=ì1úN+YDIS
END IF
YMN=YMN-0.05*YDIS
YMX=YMX+0.05*YDIS
XMN=XM N.O.05+XDIS
XMX=XMX+0.05rXDIS
XDIS=XMX-XMN
YDIS=YMX-YMN

c
C SC¿,LE WINDOW
c

SUBROUTINE ZOOMINO
INCLUDE'COMMON.F

THIS SUBROUTINE ZOOMS IN ON THE DRAWING

CALL GSTXCI@HITE)
cAtL GTX(2.0,86.0,',PrCK ZOOM BOX)
CALL GRQLq1,2,Ì,NT,X(1),Y(1 )
X(1 )=XMN+x(l )*XDls/0.73
Y(1 )=YMN+Y(l )*YDtS/0x 487 4
c¡.LL GRQLC(r,2,r,NT,ì{(2),Y(2)
X(2)=X MN+X(2)*XDIs/0.73
Y(2)=YMN+Y(2)*YDIS/0.74474
\MN=MINO(Y(I ),Y(2))
xMN=MrNotx(l )"x(2))
YMX=MAX0(Y(l),Y(2)
xMx=MAX00((1),X(2)
XDIS=XMX-XMN
1ÐlS=Ylvü-YMN
IF(YDIS.GT.)t(DIS) THEN
XDIS=YDIS
XMX=XMN+XDIS

ELSE
YDIS=XDIS
YMX=YMN+YDIS
END IF
cAtL BOX(-1.0,31.0,80.4,90.8,CREy,1 )

CALL GSWN (l,XMN,XMX,YMN,YMÐ
CALLDRAW(l,',"o)

RETURN
END

RETURN
END

c
c

c
c
c

CALL GSELNT (1)

CAI-L GSWN O,XMNXMX,YMN,YMX)
CALL GSBLNT (2)

RETURN
END

c
SUBROUTINE RESETO
INCLUDE'COMMON.F

c
C THIS SUBROUTINE RESETS THE ANGLE ÀND 2D DRAWING
c

DO 10 I=1,NON
PN(l'4)=PN0.1)

10 PN(1,5)=PN(r,2)
.4X(1)=2.0
AX(2)=0.0
AY(1)=¡.0
AY(2\-'2.0
AZ\r)â.0
AZ12)â.0
AS=0.0
AP='1.5'7t79

CALLDRAW(Ì,'"o)
RET1IRN
END

c
cr * * *** ** ******* ** * ** * ** ** * * * * * * * x

SUBROUTINE ROTATE(FP,FS)
REAL FP,FS,CP,SP.CS.SS
INCLUDE'COMMON.F

c
C THIS SUBROUTINE ROTATES THE 3D COORDS AND MAPS
C THEM ONTO THE 2D VIEWING SLIRFACE AND CAICUI-{TES
C THE DISPLACED POSITION
c

AP=AP+FP*0.523599
AS-_AS+FS*0.5æ599
CP=COS(AP)
sP=stN(AP)
cs{os(As)
SS=SIN(AS)
DO 10I=1,NON
PN(l'4)=PN0,l)*sP-PN0,3)*CP

i0 PN0,5)=PN(1,2)rCS-PN0.t)*SS*CP-PN0,3)*SS*Sp
DO20l=1,NON
PN(l,O<PN(1,1)+EXAC*RDtsp(1,1 ))*S p

& -(PN(Ì,3)+EXAC*RDIsP0,3))*cP
PN(1,7){PN(1,2)+EX1{C*RDISP0.2))*CS

& -(PN(l,l)+EXAG*RDISP(1,1))*SS*CP
& -(PN(I,3)+EXAC*RDlSP0,3)*SS*SP

20 CDNTINUE
AX(1)=2'0*SP
AX(2)-2 0*SSxCP
AY(1)4.0
AY(2)=2 0*CS
AZII)-2'0*cP
442)-2'0*SS*SP

c
c

c
c
c

suBRouïNE zooMouT0
INCLUDE'COMMON.F

THIS SUBROUTINE ZOOMS OUT TO A FACTOR OF2

XMN=XMN-0.5*XDIS
XMX=XMX+0.5*XDIS
YMN=YMN-0.5*YDIS
'ntfx=YÀD(+0.5*YDIS
I'DIS=YMX.YMN
XDÌS=)OvlX-XMN

cAtL GSWN (1,)OIN"XMX,YMN,YMÐ
CALLDRÄW (1,', 

"0)RETURN
END

c
c**********++ * + +************x**** *

c
SUBROUTINE CENTBRO
INCLUDE'COMMON.F

c
cALL CSTXCIO¡r'HITE)
cÁIL CTX(2.0,85.0,',PICK CENTER)
CALL CRQLC(t,2,r,NTX(1 ),Y(1 )
X(1 )=XMN+X(1 )*xDIs/0.73
Y(1 )=Y MN+Y(l )*YDls/o J 4at 4
l,]vfN=Y(1)-(YDIs/2.)
1îfX=V11¡a¡Yp¡tO.t
xMN=X(1).(XDrS/2.)
XMX=X(i )+(XDIS/2.)

CAI-L GSWN (I,XMN,Xì\{X,YMN,YMÐ
CALL DRAW(I,' 

"0)cALL BOX(-1.0,31.0,80.4,90.8,GR8y,1 )
RETURN
END

c

SUBROUTINE USTO
CHARACTER*90 BUF,NAME
INCLUDE'COMMON.F
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c
CTHIS SUBROUTINE LISTS THE
ELEM,NODE,BC,FORCES,CROUPS,MATERIALS
c

cq,LL CSTXCI(WHITE)
c1

cÏ,LL cTX( 2.0, 31.0,',NODES)
c2

CALL GlX(1 r.0, 34.0,'ELEMENTS)
C3

c¿,LL GTX(21.0, 34.0, ' B.C.)

CALL GlX(2.0, 2A.0,'FO RC ES)
C5

CALL GTX(11 .0, 24.0, 'CROUPS')
c8

cÂLL GTX(r 1.0,14.0,' DISP.)
c1

CALL CSTXCT(14)
cÀLL GTX( 2.0, 14.0,',DONE)
CALL CSELNT O)
CALL GSCHH(YDtS/50_o)

5 CALLCRQPK(I,2,II,SEG,JÐ
CALL GSTXCI(WHITE)

c
C DONE

IF(SEG.EQ.SEVEN) THEN
CALL GSELNT (2)

CALL CSCHH(1.5)
CALL GSTXCI(DKBLUE)
CALL CTX( 2.0, 34.0,,NODES)
CALL CTX(I 1.0, 34.0,'ELEMENTS)
CALL GTX(21.0,34.0, ' B.C.)
CALL CTX(2.0, 24.0,',FORCES)
CALL CTX(1 1.0, 24.0,',GROUPS)
CAIL CTX( 2.0, 14.0,',DON8)
CALL GTXo1.0,14.0,', DISP.)
RETURN

c
C NODES

ELSEIF(SEG.EQ.ONE) THEN
CALL BOX(n¡r¡¡,mx,ym,yu,black,1 )
BUF='NODE# X Y Z
X(1)=XMN+0.02+XDIS
Y(1)=YMN+0.95+YDIS
cá,LL GTXCX(1 ),Y(1 ),BUÐ

DO 10 I=l,NON,15
CALL BOX(m,mx,yûr,yu,black,l )
BUF='NODE# X Y z
x(1)=xMN+0.02*xDls
Y(1ÞYMN+0.9s*YDIS
cALL Gfi (X(1),Y(1 ),BUF)
DO 12 J=l,15
Y(l )=YMN+0.95*YDIS-J*0.05*YDIS
WRITE(BUF,95) l+J-1,(PN(l+J-l,JJ),JJ=1,3)
IF(l NF(I+J-1 ).8Q.0) GoTo I 2
c¿'LL GTX(X(1 ),Y(1 ),BUÐ

I2 CONTNUE
10 CAILGRQST(I,1,K,J,BUÐ
c
C ELEMBNTS

ELSEIF(SEG.EQ.TWO) THEN
C-ALL BOX(mll'M,ym4yft ,black,l )
BUFJ ELEMI1 GROUP# NODES'
X(1)=XMN+0.02*XDIS
Y(l )=YMN+0 95*YDIS
CALL cTX(X(l ),Y(1 ),BUÐ

DO 20 l=1 ,NOE,I5
CALL BOX(ru,mx,ymr,ym,black,i )

BUF: ELEM# CROUP# NODES',
X(1)=XMN+0.02xXDIS
Y(1tsYMN+0.95+YDIs
CALL GTX(X(l),Y0),BUÐ
DO 22 J=Ì,15
Y(1 )=1?\4N+0.95*YDls-J*0.05*YDIS
IF(lEF(l+J-1).8Q.0) GOTO 22
WRITE(BUF,9O I+J-1,NEC(l+J1,9),(NEc(t+J-t,K),K=1,

@ NUMNOD(NoETY(NEqI+J-1,9))))
cA,LL cTXCX(1 ),Y(1 ),BUÐ

22 CONTINUE
20 cArLcRQST(t,l,K,J,BUÐ
c
c B.c.

ELSEI F(SEC.EQ.THREE) THEN
CALL BOX(m¡u,ym,yu,black,1 )
BUF= NODE# Dx Dy Dz Rx Ry Rzl=

FIXEDp=
@FREE'

X(1)=XMN+0.02*XDIS
Y(1)=YMN+0.95*IDIS
CALL CTXCX(1),YO),BUÐ

DO 30 l=1 ,NBC,] 5

CALL BOX(m,uu,yrn¡yu,black,l )
BUF=' NODE# Dx Dy Dz Rx Ry Rz

FIXED/!--
@FREE'

X(1)=XMN+0.02+XDIS
Y(1)=YMN+0.95+YDIS
cALL CTXCX(l ),Y( r ),BUÐ
DO 32 J=l,15
IF((l+J-1).GTNBC) GOTO 32
Y(1)=YMN+0.95*YDISJ*0.05*YDls
wRITE(BUF,97)lDL(l+J-l),(lD(l+J-1,K),K=1,O
cAtL cTxtx(l ),Y(l ),BUF)

32 CONTINUE
30 CALLGRQST(I,1,K,J,BUÐ
c
C FORCES

ELSEIF(SEG.EQ.FOUR) THEN
C*4'LL BOX(xm4mx,yùtyry,black,1 )
BUF=' NODE# Fx Fy Fz Mx My
X(1)=XMN+0'02*XDIS
Y(1)=YMN+0.95*YDIS
Cá'LL CTXCX0),Y0),BUÐ

DO40 I=l,NON,I5
CALL BOX(ro,u,ym,yu,black,1 )

BUFJ NODE/j Fx Fy Fz Mx My
x(l )=xMN+0.02*xDIs
Y(1tsYMN+0.95*YDJS
CA,LL CTX(X(l ),Y(1 ),BUF)
DO 42 J=l,15
IF(l+J-1).GT.NON) GOTO 42
Y(1 )=114N+0.95*YDIS-J*0.05*YDIS
wRITE(BUF,92) I+J-1,(F0+J-1,K),K=t,O
câLL GTxø(1),Y(1),BUÐ

42 CONTINUE
40 CAj-LGRQST(1,1,K,J,8UÐ
c
C DISPI.ACEMENTS

ELSEIF(SEG.EQ.EIGHT) THEN
CALL BOX(¡m,m,yru,ym,black,'l )
BUFJ NODEII Dx Dy Dz Rx Ry
x(1)=xMN+0.02*xDIS
Y(i )=YMN+0 95*YDIS
CALL CTX(X(l ),Y(1 ),BUÐ

DO47 I=l,NON,15
CALL BOX(m,m,yuu1ym,b) ack,1 )
BUF=' NODBII Dx Dy Dz Rx Ry
x(1)=xMN+0.02*xDIS
Y(l ÞYMN+0.95*ìDIS
CALL GTXCX(1 ),Y(1 ),BUÐ
DO48 J=l,15
rF((r+J-1).GT.NON) GOTO 48
Y(1 )=YMN+0.95*YDIS-J*0.05*YDIS
wRITE(BUF,92) (l+Jl ),(RDISP(l+J-1,K),K=1,O
cAr_L cTx(x(1 ),Y(1 ),BUÐ

48 CONTINUÊ
4'7 CAILGRQST(1,1,K,J,8UÐ

c
C GROUPS

ELSEIF(SEC.EQ,FIVE) THEN
CALL BOX(m,m,ym,ynu,black,1)
BUF=' GROUP# ELEMTYPE /IOFELEMS

MATERIALII
X(1)=XMN+0.02*XDIS
Y(1ÞYMN+0.95*YDIS
c¿'LL GTX(X(1 ),Y(1),BUÐ

DO 50 l=l,Noc,l5
CALL BOX(m,m,yru,yw,black,1 )
BUFJ CROUP/i ELEMTYPE #OFELEMS

MATERIAI-#'
xO)=xMN+0.02"xDIS
Y(1ÞYMN+0.95*ìDtS
ci,LL GTXO((1 ),Y(1 ).BUÐ
DO 52 J=l,15
IF((lrJ-1).cT.Noc) coTO 52

IF(NoEfi(l+rl).EQ.l) TIIEN
NAME:3D SPzuNG'
ELSEIF(NoETY(l+J-1).EQ.2) THEN
NAMET2D TRUSS '

ELSEIF(NOETY(l+J-1 ).8Q.3) THEN
NAMEJ2DBEAM'
ELSEIF(NoETY(lrJ-l).8Q.4) THEN

Mz'

Rz'

Rz'
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NAMEJGRID BF,AM' 40 CONTINUE
ELSEIF(NOETY(I+J-I).8Q.5) THEN c vr'RtTÊ(s,*) SoRTED ORDER'
NAMEJ3DTRUSS' C DO5OI=1,NOE
ELSEIF(NoETY(I+J-I ).EQ.O THEN c50 WRITE(5,*) NoosÊ(D
NAMEJ3D BEAM C WRITE(5,*)'DISTANCE ORDER'
ELSEIF(NOETY0+J-I).8Q.?) THEN c Do 60 t=l,NoE
NAME='3D PT.A,TE ' C6O WRITE(5,*)EDTVP(NOOSE(I)
ELSEIF(NOETY(I+J-I).EQ.8) THEN C
NAMET3DBRICK' C CLOSE(UNIT=5)
ELSEIF(NOETY(I+J.1 ).8Q,9) THEN RETURN
NAMEJ3D FRAME ' gND

ELSEIF(NoETY(l+!l ).EQ.l0) THEN
NAME=l2D PI-A,NE STRAIN'
ELSEIF(NOETY(l+J-1).8Q.1 1 ) THEN
NAMEJ2D PLANE STRESS'
EL^SEIF(NoETY(l+J-l ).EQ.l2) THEN
NAMEJCRID P[-A.TE'

END IF
Y(1 )=.ì/]vf N+0.95rYDlS-J*0-05rYDIS
WRrTE(BUR9B) l+J.l,NOETY0+J-t ),NOEtql+J-t ),t+J_1
CALL aTxø(l),Y(r),BUÐ
c.ql-L cTxcxMN+0.7*xDts, Y(1 ),NAME)

52 CONTINUE
50 CALLGRQST(1,I,K,J,BUF)

END IF
coTo 5

92 FDRMAT07,8F10.2)
95 FORMAT(¡7,3F9.3)
96 FORMATOotT)
9'1 FORMAT(7|7)
98 FORMAT(4nI)

END
c
c

c
SUBROUÏNE SORT)
REAL EDTVP(8oo)
INCLUDE'COMMON.F

C OPEN(UMT=s,FILEJSORT.DAT)
c
C THIS SUBROUTINE SORTS THE ELEMENT FROM THE CLOSEST
TO
CTHE FURTHESTAND DRAWS THEM FAR TO CLOSE IN DRAW
c
C NOOSE...NUMBER OF ORDER SORTED ELEMENTS
C EDTVP...ELEMENT DISTANCE TO VIEW POINT
c
C CALCUL.ATB VIEW POINT
c

xv=l 00000.0*cos(AsFcos(AP)
Yv=l00000.0*srN(As)
zv=1 00000.0*cos(As)*s IN(AP)

c WRITE(5,*) VIEW POTNT 

"XV,YV,ZVc
CCALCUL-A,TE EDTVPs
C
c WRITE(5,I',NOET,NOE

DO 20 I=1,NOE
NOOSE0)=l

c wRITE(5,*)'ELEMENTTi'.r
CAVERj'CE OFELEMENT

SX=0.0
SY=4.0
sz__o.0

DO 3O J=1,NUMNOD(NOETY(NEC(I,9))
SX=sX+PN(NEC(t,J),1 )
sy=sy+pN(NEqt.I),2)

30 SZ=SZTPN(NECo,Ð,3)
SX=S>lNUMNOD(NOETY(NEC(I,9)))
sY=sY/NUMNOD(NOETY(NÊqr,9))
sZ=sZ¡IUlvfNOD(NOETY(NEqt,9))

c wRtTE(s,*)',AVERAGEPOINT"SX,SY,SZ
C FIND DISTANCE
20 EDTVP0)= ( tXv-SX)**2 + (¡YV-SY)*+2 + (Tt-54..21""0.t
C2O WRITE(5,*)DISTANCEJ,EDTVPO)
c
C SORTING ROUTINE (BUBBLE DOWIg
c

DO 40 I=NOE-1,2,-1
DO40 J=r,l

c WRITE(5,*) r,J

IF(EDTVP(NoosE(J)).LT.EDTvP(NooSE(J+t )))
THEN

IJK=NOOSE(¡
NOOSE(J)=NOOSE(J+l)
NOosE(J+1)=lJK
END IF
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The potential flow element described in the body has the following form:

3S' -s,,

35,,

-s,"IJ
_S,,

3Sr.

45,,

45,,

0

8(8, - S'r)

0

45,,

45,,

8S*

8(S,, - Sr, )

45,,

0

45,,

8S,,

8S,,

8(Sr, -^Sr, )

[s] =

SYMM.

where Sij = ( ai aj +b1b¡ ) p/ (12 A ) with A theareaof theelemenrrriangle

The corresponcling load vector is:
Lr+It

1+ Lt

Lr+L,

413

4L,

4Lt

where Li = vn Li with vn the normal velocity across side length Li

Velocity in is -V and velocity exiting is +V.

{sr} = 1
ó
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The data files generated by the INPUT program and read in by the SOLVER program are

described in appenclix A in the MHYFECS Manual. The data file generated by the

SOLVER program ancl used by the OUTPUT program will be demonsffated here. The

following is a small data fiie generated by SOLVER and read in by OUTPUT, notice that

all of these files have names ending in .STS as this is the extension given the stresses and

dispiacements results files.

15 15 I I 3 1 15 1

1 0.0000 0.0000 0.0000
2 0,0000 4.0000 0.0000
3 0.0000 8.0000 0.0000
4 4.0000 0.0000 0.0000
5 4.0000 4.0000 0.0000
6 4.0000 8.0000 0.0000
7 8.0000 0.0000 0.0000
I 8.0000 4.0000 0.0000
I I 0000 8.0000 0.0000
10 12.0000 0.0000 0.0000
1 1 1 2.0000 4,0000 0.0000
12 12.0000 8.0000 0.0000
13 16.0000 0.0000 0.0000
14 16.0000 4.0000 0.0000
15 16.0000 8.0000 0.0000
781
11452
22563
34785
45896
5 7 10 11 I
6 8 11 12 I
7 10 13 14 11

811 14 1512'1 111001
2111001
3111001
4000001
5000001
6000001
7000001
8000001
9000001
10 0 0 0 0 0 1

11 0 0 0 0 0 1

12 0 0 0 0 01
13 0 0 0 0 0 1

14 0 0 0 0 0 1

15 0 0 0 0 0 1

15 0

1 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
2 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
3 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
4 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
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5 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
6 0.000000E+00 0.000000E+00 0,000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
7 0.000000E+00 0,000000E+00 0.000000E+00 0.000000E+00 0,000000E+00 0.000000E+00
I 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
I 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.0000008+00 0.000000E+00
1 0 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
1 1 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
12 0.000000E+00 0.000000E+00 0,0000008+00 0.000000E+00 0.000000E+O0 0.000000E+00
13 0.000000E+00 6.250000E+01 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00
14 0.000000E+00 1.2500008+02 0.000000E+00 0.000000E+00 0.000000E+00 0.000000E+00

15 0.000000E+00 6.250000E+01 0000000E+00 0.000000E+00 0.000000E+00 0.0000008+00
1 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
2 0,00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
3 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
4 0.37BgBE-04 0.32897E-04 0,000008+00 0.00000E+00 0.00000E+00 0.00000E+00
5 -0.58372E-20 0.26667E-04 0.00000E+00 0,00000E+00 0.00000E+00 0.00000E+00
6 -0.37898E-04 0.32897E-04 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
7 0.65987E-04 0.94130E-04 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
I -0.20663E-19 0.909868-04 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
9-0.65987E-04 0.94130E-04 0.00000E+00 0.00000E+00 0.00000E+O0 0,00000E+00
10 0.82660E-04 0.17852E-03 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
11 -0.33886E-19 0,17691E-03 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
12 -0.82660E-04 0.17852E-03 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
'13 0.88340E-04 0.27433E-03 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
14 -0.29869E-19 0.27377E-03 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
15 -0,88340E-04 0.27433E-03 0.00000E+00 0.00000E+00 0,00000E+00 0.00000E+00

14
0.31235E+O3 0.93704E+O2 0.12182E+O3 0.9489ôE+02 0.00000E+00 0.00000E+00 0.26356E+03

0.29694E+03 0.42358E+02 0.10179E+03 -0.144258+02 0.00000E+00 0.00000E+00 0.23203E+03
-0.15404E+02 -0.51346E+02 -0.20025E+02 -0.32396E+02 0.00000E+00 0.00000E+00 0.65541E+02
0,00000E+00 0.00000E+00 0.00000E+00 0.76925E+O2 0.00000E+00 0.00000E+00 0.13324E+03

¿4
0.00000E+00 0.00000ErO0 0.00000E+00 0.769258+02 0.00000E+00 0.00000E+00 0.13324E+03

0.15404E+02 0.51346E+02 0.20025E+02 -0,32396E+02 0.00000E+00 0.00000E+00 0.65541E+02
-0.29694E+03 -0.423588+02 -0.10179E+03 -0.144258+02 0.00000E+00 0.00000E+00 0.23203E+03
-0.31235E+03 -0.93704E+02 -0.12182E+03 0.94896E+02 0.00000E+00 0.00000E+00 0.26356E+03

34
0.2'f610E+03 0.18104E+02 0.70261E+42 0.673128+02 0.00000E+00 0.00000E+00 0.212578+03
0.223738+03 0.43540E+02 0.80180E+02 -0.13714E+02 0.00000E+00 0.00000E+00 0.16665E+03
-0.77732E+01 -0.25911E+02 -0.10105E+02 -0,48115E+01 0.00000E+00 0.00000E+00 0.19015E+02
-0.15404E+02 -0.5'f346E+02 -0.20025E+02 0.762148+02 0.00000E+00 0.00000E+00 0.13628E+03

44
0,15404E+02 0.51346E+02 0.20025E+02 0.762148+02 0.00000E+00 0.00000E+00 0.13628E+03

0.77732E+01 0.25911E+02 0.10105E+02 -0.48115E+01 0.00000E+00 0.00000E+00 0.19015E+02
-0.22373E+03 -0.43540E+02 -0.80180E+02 -0.13714E+02 0.00000E+00 0.00000E+00 0.16665E+03
-0.21610E+03 -0.18104E+02 -0.70261E+02 0.67312E+02 0.00000E+00 0.00000E+00 0.21257E+03

54
0.12964E+O3 0.15314E+02 0.43487Ê+Ð2 0.53084E+02 0.00000E+00 0.00000E+00 0.13819E+03

0.13344E+03 0.279648+02 0.48420E+O2 0.49887E+01 0.00000E+00 0.00000E+00 0.97263E+02
-0.39783E+01 -0.13261E+02 -0.51717E+01 0.94161E+01 0,00000E+00 0.00000E+00 0.18507E+02
-0.77732E+01 -0.25911E+02 -0.10105E+02 0.5751'1E+02 0.00000E+00 0.00000E+00 0.10107E+03

64
0.777328+01 0.25911E+02 0.10105E+02 0,57511E+02 000000E+00 0.00000E+00 0.10107E+03
0.39783E+O1 0.13261E+02 0.51717E+01 0.94161E+O1 0.00000E+00 0.00000E+00 0.18507E+02

-0,13344E+03 -0.279648+02 -0.484208+02 0.49887E+01 0.00000E+00 0.00000E+00 0.97263E+02
-0.12964E+03 -0.15314E+02 -0.43487E+02 0.53084E+02 0.00000E+00 0.00000E+00 0.13819E+03

74
0.428328+ô2 0.782218+00 0.13084E+02 0.37936E+O2 0.00000E+00 0.00000E+00 0,75628E+02
0.45414E+02 0.93882E+01 0.16441E+02 0.215528+02 0.00000E+00 0.00000E+00 0.49870E+02

-0.13965E+01 -0.46549E+01 -0.18154E+01 0.24564E+02 0.00000E+00 0.00000E+00 0.42657E+02
-0.39783E+01 -0.13261E+02 -0.51717E+01 0.40948E+02 0.00000E+00 0.00000E+00 0.71461E+02

B4
0.39783E+01 0.13261E+02 0.51717E+01 0.40948E+02 0.00000E+00 0.00000E+00 0.71461E+02
0.13965E+01 0.46549E+01 0.18154E+01 0.245648+02 0.00000E+00 0.00000E+00 0.42657E+02
-0.45414E+02 -0.93882E+01 -0.1644'1E+02 0.215528+02 0.00000E+00 0.00000E+00 0.49870E+02



199

-042832E+02 -0.782218+00 -0.13084E+02 0.37936E+02 0,00000E+00 0.00000E+00 0.756288+02

The first part of the clata file is the same as the input files, the first line is the control clata,

then the nodal position list, the elements connectivity list, and the boundary conclitions.

The file then lists the forces after the force control data line and then the clisplacement at

each nocle list. The last part of the data file is the stresses for each element. The control

line for each element is the element number and how many nodes are in that element.

There is then 7 stresses for each node in the element, they are Sx, sy, Sz, Sxy, Syz, szx,

and Seq.

The other data file not yet discussed is the fluicl flow input file. The file listed below is

the input data file for the fluid flow model of the sluice gate open 5 meters.

76 185 ô

1 1 15 16 14 3 2
2168081791817
3818283848589
4818985889190
5187981909178
6 3 14 16 17 18 13

:

70 132 130 134 182 100 172
71 97 109 98 175 122 149

72 98 1 19 99 177 124 174
73 99 131 100 183 135 176
74 112 1 1 1 122 146 34 143

75 122 121 124 148 36 145

76 124 123 135 184 37 147

1 0.000000000000000 15.0.f19649836519

2 2.50000000000000 1 5.0199871 704997
3 5.00000000000000 15.0280093573475

4 8.75000000000000 1 5.21 58866074041

5 12.5000000000000 15.4037747765614
6 16.2500000000000 15,6864755740981

I

:

:

179 20.6250000000000 2.13000000000000
180 25.4065000000000 1.55000000000000

181 28.1105000000000 0.860000000000000
182 30.7475000000000 0.220000000000000
183 33.8830000000000 0.000000000000000
184 37.5170000000000 0.000000000000000
185 2s.1362000000000 4.8035462742897s

1 0 1 1 BC|N
2 0 2 1 BC|N
3 0 3 1 BCIN
4 1 33 2 BCOUT
5 1 34 2 BCOUT
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6 1 35 2 BCOUT
1 83 HEAD IN
32 37 HEAD OUT

2 WIDTH OF FLOW IN SURFACE
5 7 FLOW IN VECTOR
7 4 LENGTH,DEPTH OF FLEX-NETWORK
94 95 96 101

107 117 1 29 133

31 42 40 38

1 10 120 132 134

97 98 99 100

112 122 124 135

32 34 36 37
0.0001 250 coNcRt a tTLtM
oqt ôôo^ GHAV & DENSJTY
158 156 154 152 150 144 MtD NODES

This data file starts with the line # of nocles, # of elements, and # of boundary conditions.

The list of elements connectivities and nodal positions has been shortened to save space.

The data file then lists the inflow and outflow boundary conditions. They are the 3

elements on the inflow edge, elements 1,2,3, and on the outflow ed,ge,33,34.35. The 0

preceding the inflow elements is the flag for inflow and 1 preceding the outflow elements

the flag for outflow. The numbers proceeding the element numbers is which side of the

element the boundary condition is apptied to. Next is the pair of nodes the represent the

head of the incoming flow and then the pair representing the exit flow. The next two

lines are the control for the free surface before the gate. The width is how many corner

nodes are in the free surface upsÍeam of the gate and the following list is those nodes.

Next is the control numbers for the flexible network used to model the exit flow stream

ancl then the list of the numbers in the flexible network. Following that is the

convergence criteria and iteration limit, then the gravity and density constants. The last

line is the list of mid side nodes on the exit stream free surface that are used to insure the

flow is parallel to the free surface as should be. The data generated by the fluid solder is

graphically displayed in the solution phase and only stored in a file for debugging

purposes so will not be discussed here.
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For a true three dimensional rotation matrix, the rotation angles about all three axis must

be used so these angles wili be defined first. The angle of rotation about the X axis will

be denoted by the variable 0* and is shown in Figure DL

Figure DI Rotation Angle øbout X axis

rn Fígure DI, ex is 90 degrees so if P1 had thexYZ coordinates of (0,1,1), then p2

would become (0,-1,1) after the rotation through 0x. This rotation can be better

represented with a rotation matrix in the equation:

[n,]{q} = {r,} wherep,

and R, =

0

cos d,

- sin I,

I?,Ì 
-. , 

V,I
with X, = Y"

,r:.1
ao, A,l

Similarly, the matrices R., and R, can be shown to be:



203

lcos o

R =l ot
' 

[rl* e,

0 -sin0rl
t 0 landR,0 cos 0, 

_l

- sin 0" 0l
cos0 o Izl0 1l

[cos 
0"

=l sin0

lo'

The need for these three rotation maffices arises from the lact that the element stiffness

matrices used in the MHYFECS programs are all derived as if they extended down the X

axis or lie on the XY plane. In a real model though, the element may be at any

orientation so the stiffness matrix must be accordingly rotated to reflect the change in

position. To do this, it is first necessary to define, relative to an element, what the

rotation angles are. The example presented here is the 6 noded beam element developed

just for the MHYFECS programs. The four beam positions shown in Figure D2 are one,

the beam in its unrotated position, two, the beam after its X rotation, three, the beam

after its Zrotation, and four, the beam in its final position after the Y rotation.

Originai Position (Local)

After X Rotation

- - AfterZRotation

- Afte¡ Y Rotation (Global

Figure D2 Rotation Angles

From Figure D2 the local to global rotation maffix can be seen to be:
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which can be expanded to be:

0

cos d*

sin d,

[R,-"]= [A"] [n,] [n,]

-sin 0,

cos 0"

0

Il

lRr-,o]= I o

Lo

sin 9r lol
"r4 -]

Olfcosá, 0

oll o 1

,J1,,",, 0

0 l[cos á,

sin d. ll ,* r,
,"r4.]l o

| ,,c"
I

.'. IRr-"J =|C_Crs, +s.s,
I

LC.S, - S"CrE

where C* = cos9,,

-s" -SrC,

c,c" s.c, - c,srs,

- S,C " S,E¿ + C,C,

S, = sin 0*, etÇ.

[Rl-c] is used to convert Locai matrices into Global coordinates through the use of the

following equation:

[r"]=lol'lrc,llal
where [C] ir the global rorarion matrix

The [Kc] can now be assembled into the global stiffness matrix from which the solution

is found. The resulting solutions are in the form of displacements from which strains can

be found. The resulting displacements are in global coordinates and thus must be rotated

back to locai coordinates to be used to find strains. This is done by simply reversing the

rotation angles and the sequence they are used in. The global to local rotation matrix can

be found through the multiplication of tRyl'1[Rr]-1¡R*1-1 which is actually jusr rhe

transpose of [R¿-¡6J. The clisplacements, once rotated to the local coordinate system, are

used to find the strains in the element and then the stresses through the stress-strain

relationship o=Et. The sffesses found are in local coordinates so they must be rotatecl

back into giobai coordinates so that the sftess plots of the structure are in global stress
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coorclinates. The conversion of local stresses to global stresses, of any other local vector

to global vector, is done through the use of the following equation:

lR,-"]{or}={øo}
The implementation of the rotation mafrices can be seen in the SOLVER program listing.


