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{ABSTRACT)

Turbo Pascal, a compiler for the personal computer, was
investigated to determine if it is compatible with the
calculations required by Structural engineers. The compiler
was evaluated for calculation intensive programming as well
as programming for data manipulation.

A processor and a preprocessor for a plane frame pro-
gram were used because they test the power of the language
for calculations and they require the software to be user
friendly and highly flexible with regard to manipulation of
data.

A description of the development and a user’s guide to

the programs are included.



Acknowledgements

To Dr. Holzer, for the hours he listened to me ramble on
about my research.

To Dr. Barker, for 4g9iving my programs the acid test--
releasing them to a class of students.

To my friends at the Wesley Foundation, for their love and
support.

To my parents, Bob and Shirley, for their love and support.
And especially to my wife, Molly, for her love, care,

support, and the year she spent as a ’puter widow so 1
could finish my research.

iii



Table of Contents

Chapter 1 Introduction

Chapter 2 Turbo Pascal Basics

The Great Underlying Rule of Pascal

Turbo Pascal and Structured Programming

Limitations and Restrictions of Turbo
Pascal Version 3.0

Graphics in Turbo Pascal

Data Structures in Turbo Pascal

The Main Menu

Chapter 3 Comparisons and Translatiaorns

Benchmark Tests
Accuracy

BASIC vs Turbo Pascal
FORTRAN vs Turbo Pascal

Chapter 4 Program PREP

Planning
Design of Program PREP

Chapter S Users’ Guide for PREP and FRAME

Hardware Requirements
Setting Up to Run PREP or FRAME
Units
Running Program PREP
MAIN MENU
Fi1-Control Variables
F2-Member Incidence
F3-Joint Constraints
F4-Hinges
FS-Joint Coordinates
F6-Element Properties
F7-Load Data
Joint Loads
Member Actions

Prescribed Joint Displacements

F8-Display Frame
F?-Exit to FRAME
F10-Exit to DOS
Safeguards
Running Program FRAME

Chapter & Conclusions

References

iv

[t

10
15
22
26

29
29
33
35
91

46
46
48

61
61
61
61
&2
63
649
65
66
68
68
69
70
71
72
73
73
74
7S
7S
7S

83



Appendix 1

Problem
Problem
Problem
Problem
Problem

Appendix 2

Appendix 3

Vita

-

Problem Assignments and Solutions
from Microcomputer Applications
in Civil Engineering
Set
Set
Set
Set
Set

U dUN

Computer Listings for Program FRAME

Computer Listings for Program PREP

84
85
@2
107
118
125



List of Tables

Table 3-1 Execution Time for PC Magazine’s

Table 3-2 Personal Engineering & Instrumentation
Mews’®s Benchmark Tests Results
BYTE’s Benchmark Test Results

3
-4 Results of the Guard Program

Table
Table

W
-

A NN

uauu



List of Figures

Figure 2-1 A Sample Turbo Pascal Program

Figure 2-2 Memory Use

Figure 2-3 Comparison of DISPOSE to MARK/RELEASE
Figure 4-1 Treechart for Program PREP

Figure 4-2 An N-S Diagram to Define the Function

Keys



Chapter 1 Introduction

Programming to support engineering calculations can be
time consuming and expensive. The language used must be
well supported by the compiler or the interpreter or much
time will be wasted.

Many languages, and many systems for each language,
have appeared with the growing popularity of the personal
computer. Some are interpreted and some are compiled. The

interpreted language has advantages during the program de-

velopment. Each program statement is translated into ma-
chine code as it is executed. Errors cause the program to
stop execution at the statement causing the error. The

offending statement is fixed by the user and the program is
started over. Once the program is debugged, an interpreted
language is wvery slow to execute because each statement
still must be translated each time it is executed. A com-
piled language is usually more difficult to debug due to the
lengthy compilation and linking procedures. Once compiled,
the execution times are much faster than those of an inter-
preted language.

A language used in the development of engineering pro-
grams needs to be as easy to use and debug as the BASIC
interpreter that is supplied with most personal computers at
the time of purchase. Once the program is in general use,

the language must have the speed and formula solution power



of a compiled language such as FORTRAN.

The objective of this thesis is to evaluate the com-
piled language Turbo Pascal, Version 3.0. Turbo Pascal,
Version 3.0, is a compiled language that is coupled with a
full screen editor. The development of programs within the
Turbo Pascal environment is exceptionally fast as is the
execution of the programs once they are developed.

To evaluate the language, program FRAME (8, PP - 337-
360) was translated from the listed FORTRAN into Turbo
Pascal and a preprocessor, called program PREP, was devel-
oped to prepare the data file required by program FRAME.
Extensions to program FRAME include: hinges near member
ends, geometric imperfections (element and joint), and plot-
ting of the frame using interpolation functions (8, pPp. S3-
54) for the deformed structure.

A review of the literature yielded very little infor-
mation on Turbo Pascal with respect to engineering applica-
tions. The information available is almost without excep-
tion for business or personal applications. Al though the
language is slowly gaining popularity within academic cir-
cles, few textbooks have been published about Turbo Pascal.

Chapter 2 is a description of Turbo Pascal. Published
benchmark tests are presented and brief comparisons are made
between Turbo Pascal and BASIC and Turbo Pascal and FORTRAN

in Chapter 3. The development of program PREP is presented



in Chapter 4 and Chapter 5 is a user’s guide for both pro-

gram PREP and program FRAME.



Chapter 2 Turbo Pascal Basics

Learning Turbo Pascal is a lesson in organization.
Pascal was written as a teaching language by Niklaus Wirth.
It was designed to force the student into learning good
programming skills. "TURBO Pascal closely follows the defi-
nition of Standard Pascal as defined by K. Jensen and N.
Wirth in the Pascal User Manual and Report” (1, p. 1). Ex-
tensions such as graphics, random access files, and the
overlay system have been added to the capability of the
compiler. More procedures and functions have been added to
the standard library as well (1, p. 2).

This chapter will include a general program description
and a discussion of how Turbo Pascal relates to structured
programming. The limitations and restrictions placed on
Turbo Pascal, Version 3.0, as well as the graphics and data
structures that are supported by Turbo Pascal will also be
discussed. A description of the Main Menu will conclude

this chapter.

——— o ————— —— —— e e

Pascal requires that "all identifiers must be declared
before they are used" (2, p. 8-3). This includes variables,
constants, data types, procedures, and functions.

A Turbo Pascal program consists of the program heading,

the declaration section, and the programming body. Figure



2-1 presents a sample Turbo Pascal program.

The program heading, which is optional, may include a
list of parameters to be passed into the program. The
declaration section is a list of the labels, constants, data
types, variables, procedures, and functions. They may be
declared in any order and may appear more than once.

Labels are either number or character identifiers which
are used with the direct branching statement, the GOTO
statement. The GOTO statement was not used by the author
since it allows more than one point of exit from a program-
ming block. A structured programming block has only one
point of entry and one point of exit. Multiple points of
exit from a programming block makes the program difficult to
follow and edit.

Constants are variables that will not change value

throughout the program. The constant’s type is determined
by the compiler when the value is assigned. The programmer
does not need to declare the constant’s type. When a con-

stant is typed, its value may be changed later in the pro-
gram. Typed constants can be used to initialize variables.

Turbo Pascal does not limit the programmer to integer,
real, or character data types. The programmer can define
his own data types. The programmer must define data types
to pass arrays and sets into the procedures.

The variable declaration also defines the variable



PROGRAM Sample; {Program heading}

{Th

is program receives three numbers

to store in an array. The largest

of

the three numbers is then returned

to the screen.}

CONST {Declaration section?

A=100}

TYPE

VAR

FUN

BEG

END

Group = array [1..3) of realg

input, biggest : realtg
i ¢ integers
B ¢! Groupt
CTION Max (s,t : real):realj
BEGIN

IF 8 >= ¢t

THEN Max = g
ELSE Max := t}§
END;

IN {Programming body?}
WRITE(’Enter a number:’)}
READLN (input)
biggest = input}
Bl1l := inputg
FOR it= 2 to 3 DO BEGIN
WRITE(’Enter a number:’)}
READLN (input)
biggest = Max (biggest,input)}
BfLi]l := inputy
END3
WRITELN(’Your array is! sy BL1l, BL2], BL(31)}
WRITELN(’The largest number in your array is ’, biggest)}

Figure 2-1. A Sample Turbo Pascal Program.



type. The variables are listed and separated from their
type by a colon. All of the variables must be defined or a
compilation error occurs.

Procedures and functions must be defined, i.e., listed,
or forward declared before the first statement that calls
them. The procedure or function may be forward declared by
using a copy of the procedure’s heading followed by the key
word FORWARD. The procedure or function will consist of the
procedure heading, the declaration section, and the proce-
dure body. The procedure heading contains the 1list of
parameters, declared with their types, that are to be passed
between the program and the procedure. Variables may be
declared within the procedure or function and variable names
which have been defined in the calling block may be rede-
fined. They then become local variables in the procedure or
function. Unless the tag VAR appears before the variables
in the parameter list, the parameters passed into the proce-
dure become local variables. Any operations that change the
value of a local variable which appears in the parameter
list does not affect the value of the variable in the
calling program block.

The programming body is the group of statements that
function as the working section of the program. The pro-
gramming body starts with the key word BEGIN and concludes

with the key word END. With the exception of the final END



statement, which is followed by a period, all Turbo Pascal
statements are followed by a semicolon. Included in the
programming body are control structures, assignment state-
ments, and commands. If more than one command Or assignment
statement is needed within a control structure, the control

structure will use a BEGIN and an END statement also.

Structured programming is a philosophy of programming
based on the principle that the human mind is limited in the
amount of information that it can efficiently process (8, p.
382). The program is broken up into smaller pieces called
procedures and functions. The procedures and <functions
perform one or more related operations using control struc-
tures.

There are three types of control structures: sequence,

alternative, and loop. The sequence structure is a block
where the statements are performed in sequence. The al-
ternative structure is a choice based on a condition. Turbo

Pascal supports two alternative structures, the IF-THEN-ELSE
and the CASE OF. The IF-THEN-ELSE structure provides a
choice between two programming blocks while the CASE OF
structure allows the choice to be made from two or more
blocks of statements.

Turbo Pascal supports three loop structures. WHILE DO,



FOR DO, and REPEAT UNTIL. The WHILE DO loop performs the
block of operations as long as the given condition is true.
A FOR DO loop will perform the block of operations a set
number of times according to the parameters assigned to the
counter variable of the loop. The REPEAT UNTIL loop struc-
ture tests the 4given condition at the end of the block.
This loop structure is used when the operations of the block
must be performed at least once. Control structures direct
the flow of the program so that a programming block only has
one point of entry and exit (8, p. 329).
Pascal is a structured language, which means

that it is easier to write your program in modules

by following certain, predefined steps. Certain

parts of your program must be placed in certain

locations within the program, and must follow

certain conventions (2, p. 2-5).

The compiler of a structured language keeps track of
the necessary control structures within the block. This
eliminates the need for complicated GOTO branchings found in
many nonstructured languages to emulate the required control
structures. The danger in branching to another section of
code with a GOTO statement is that the flow of the program
may be impossible to trace through the code when attempting
to debug the block of code.

Turbo Pascal also lends itself to top down programming.

Top down programming is a method that starts with a main

control module and branches down through levels of proce-
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dures until all the tasks required by the program are per-
formed. The main control module usually keeps track of the
global variables and directs passing them into the first
level of procedures and functions. These procedures either
perform a specific task or call other procedures that per-
form specific tasks. The cycle repeats itself until all the
tasks have been defined in a procedure or a function. The
programs PREP and FRAME (Appendix 2 and 3) are examples of

top down programming.

Limitations and Restrictions of Turbo Pascal Version 3.0

Turbo Pascal has been designed to work in the personal
computer environment. Phillippe Kahn and his employees at
Borland International have placed certain restrictions on
Turbo Pascal that adapts the language to the environment in
which it is used. Among these restrictions are!: a 64K limit
on the size of a source file, a 64K limit on the size of an
object file, and a 64K limit on the size of the Data Segment
that the compiler will access.

The design of the editor restricts the size of the
source file. The 64K limitation includes all the comments
that are distributed throughout the code. Turbo Pascal has
allowed the programmer to get around this restriction by

using included files. An included file is a separate file

on a disk that contains procedures in source code. A com-
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piler directive is placed in the code of the main program to

call the included file. When the compiler directive is
encountered at compilation, the disk, referenced by the
optional drive designation, is searched. When the included
file is found, it is compiled along with the main program
file. If the included file is not found a compilation error
occurs.

Since the code segment register of the 8086/8088,
80186, or 80286 processor can only address 64K, the object
file is restricted to this size (6, p-. 85). However, the
restriction on the object file size may be circumvented by
the use of overlay procedures. When a procedure is declared
an overlay procedure, the compiler will store the compiled
overlay procedure on the disk that contains the main pro-
gram. Each of the consecutive overlay procedures are stored
in the same file. The compiler then allocates a section of
the memory to receive the pre-compiled code. As the overlay
procedures are called, they are loaded from the disk into
the reserved section of the memory and used. The compiler
then frees the section of memory for use by the next called
overlay procedure. The file which contains the overlay
procedures may also be as large as 64K. The penalty for
using overlay procedures is the increased time of execution
due to the accessing of the disks. The author, and others

who have used the program PREP, have not found this to be a
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severe handicap. The access speed may be increased by using
a hard disk or by using a RAM disk.

The only limitation to Turbo Pascal that can not be
bypassed without the use of another type of data structure
is the 64K size limit of the Data Segment. The Data Segment
is the section of the memory that stores the values assigned
to the variables declared in the program. The values as-
signed to the variables in procedures or functions are
placed in the stack, as described below. When using Turbo-
87, the Turbo Pascal compiler that supports the 8087 co-
processor chip, a matrix that is 90 real elements by 90 real
elements, a stiffness matrix for a plane frame consisting of
30 free joints, almost completely fills the Data Segment.

The stack is where the local variables from the proce-
dures and the functions are stored. The heap is the dynamic
memory for use by the program

The stack and the heap utilize the rewmaining memory
after DOs, the program, and the Data Segment are stored.
The segments in the Memory Use (see figure 2-2) that are
stored under the stack/heap usually take up approximately

83K of the memory. "A program running under MS-DOS 2.0 on a

512K system has over 430K of memory in the heap,..." (2, P.
12-5). As figure 2-2 shows, the stack is assigned from the
top of memory down towards the heap. The heap grows from

the Data Segment, which contains the global variables, up-
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Figure 2-2. Memory Use (6, p. 87).
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wards to the stack. The Turbo Pascal compiler keeps track of
the sizes of the stack and heap and will issue an error
statement if the stack and the heap collide. This collision
can readily occur when many procedures are used in a program
that uses several pointers or another data structure called
the linked list.

There are memory management commands available to the
programmer that allow him to create and destroy the data
structures stored on the heap. The heap management is en-
tirely the responsibility of the programmer. Maintenance of
the heap pointer, which keeps track of the first empty
address on the top of the heap, is the only operation that
the compiler will perform to manage the memory. The Turbo
Pascal function MEMAVAIL will return the amount of space
remaining on the heap in 16 byte chunks called paragraphs.

The memory management commands NEW and GETMEM perform
similar functions; they allot more memory on the heap to be
used for the pointer variable that is declared as an argu-
ment of the command. The difference in the commands is the
control of the memory allotted. The Turbo Pascal compiler
determines the amount of space to reserve on the heap for
the data structure by the type of pointer variable which is
given as the argument of NEW. When GETMEM is used the pro-
gramer must supply not only the pointer variable as an

argument but also the number of bytes required to be placed
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on the heap.

The other memory management commands, DISPOSE, FREEMEM,
and MARK/RELEASE, are used to reclaim memory from the heap.
DISPOSE and FREEMEM perform the opposite tasks from NEW and
GETMEM. The Turbo Pascal compiler will free onlybas much
memory as the pointer variable has been declared to hold
when DISPOSE is used. The programmer must declare the
pointer variable and the number of bytes associated with it
when FREEMEM is used. The MARK/RELEASE command is used to
free a large block of memory. It is best used when the
programmer is creating a large data structure that will be
used and then discarded. The command MARK is used to indi-
cate the first record to be freed. All memory addresses
from the marked record on will be freed for further use when
RELEASE is called. The argument for both MARK and RELEASE
is an arbitrary variable of the type pointer to an integer
(“integer). Figure 2-3 shows a comparison of DISPOSE and
MARK/RELEASE. DISPOSE and MARK/RELEASE should never be used

together.

Graphics in Turbo Pascal

Standard Pascal omits graphics procedures since there
were no personal computers in widespread use in 1970. Turbo
Pascal has incorporated a great deal of graphics capabili-

ties into the MS/PC DOS implementations. The system must be
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completely IBM compatible to use the graphics procedures.
The other systems, CP/M-86 and CP/M-80, that have versions
of Turbo Pascal written for them, do not have the graphics
capabilities of the DOS system.

The graphics capabilities include: screen mode con-
trol, windows for text and graphics, basic and extended
graphics commands, and Turtlegraphics. Turtlegraphics,
which was developed to allow the programmer to avoid carte-
sian coordinates, are not covered in the following discus-
sions.

Screen mode control utilizes the following four modes:
TEXTMODE, GRAPHCOLORMODE, GRAPHMODE, and HIRES.

TEXTMODE is available with 25 lines of 40 or 80 charac-
ters. The choice is also available between color and black
and white screens when using a computer equipped with a
color card and a color monitor. The key word TEXTMODE
followed by an argument list, which consists of an integer

variable from zero to three, will call the desired text

mode.

The command TEXTCOLOR(I) is used to change the color of
the text when a color mode has been chosen. The argument,
I, can be an integer expression from one through 31. The

integers zero through 15 correspond to the colors black,
blue, green, cyan, red, magenta, brown, light gray, dark

gray, light blue, light green, light cyan, light red, light
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magenta, vyellow and white. The integers 16 through 31 will
cause the colors to flash. The arguement I can also be the
name of the color and the word "blink" if the flashing
letters are desired.

Turbo Pascal also allows the background of the text
screen to be changed using the command TEXTBACKGROUND(I).
For this command 1 is an integer ranging from O through 7 or
the corresponding name of the color from the list above.
There are several cursor commands to allow the programmer to
design the desired screen. The commands WHEREX and WHEREY
will return integers corresponding to the column and line
numbers respectively. To place the cursor at a certain
location, the command GOTOXY(I,J) is used. I is an integer
expression which corresponds to the column number and J is
an integer expression which corresponds to the line number
of the desired cursor location.

GRAPHCOLORMODE is a medium resolution graphics mode

which will address 320 vertical pixels by 200 horizontal

pixels. Colors are chosen for use in this mode by the
command PALETTE(I). The four available palettes each con-
tain four colors. Three of the colors are set by the com-

piler and the fourth color, the background color, is chosen
by the programmer using the command GRAPHBACKGROUND(I). The
colors are chosen using the colors zero through 15 as listed

above.
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GRAPHMODE is the black and white equivalent of
GRAPHCOLORMODE. On computers with color monitors, there is
still & limited choice of color. The PALETTE command will
allow a choice between two palettes.

The HIRES mode, which activates the screen to high
resoclution graphics, makes the screen 640 pixels wide by 200
pixels high. There is very limited color choice available
to the programmer in this mode. The color of the background
is black and the color to be plotted on the black background
is chosen by the command HIRESCOLOR(I). I is the integer or
the color name of the colors listed above. The color which
is chosen then becomes color one for all the graphics com-
mands listed below. When the color is changed by calling
the HIRESCOLOR command, all the pixels that are currently
plotted on the screen will be changed to the new color and
the new color becomes color one for all further commands.

Windows on the screen are an excellent way to change
just a small area of the screen while leaving the rest of
the screen unchanged. The command WINDOW will define a
window for use with text while the command GRAPHWINDOW will
define &a graphics window. To declare windows, the wupper
left hand corner and the lower right hand corner coordinates
must be used as arguments to the window command. Once the
window command has been given all further screen control

commands become relative to the active window. The upper
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left hand corner of the window becomes (1,1) if WINDOW has
been called or (0,0) if GRAPHWINDOW has been called. Text
windows leave the rest of the screen unaccessible. I+ the

text entered becomes too long for the line defined in the

window, the text will wrap around to the next line of the
window. The text will also scroll up the window when too
many lines have been entered. Graphics outside the window

will be clipped which means that only the points plotted
within the window will show up on the screen.

Basic graphics in Turbo Pascal contains just two com-
mands: PLOT and DRAW. PLOT turns on the pixel at a given
screen coordinate wusing a referenced color. This color
depends on the palette which is chosen above when the screen
is in medium resolution graphics. In high resolution graph-
ics, the color argument must be set to one or the pixel is
not plotted. DRAW will draw a line between two given screen
coordinates. These arguments must be integers and must be
within the range of pixels which correspond to the current
screen mode for the point to be plotted.

Extended graphics use an included file, GRAPH.P. This
file must be attached to every program which uses the
extended graphics routines. There are ten extended graphics
commands.

The command COLORTABLE supplements the Palette command.

This command allows the four colors in the active palette to
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be redefined by the order in which they appear in the argu-
ment list. The color table is used by the other graphics
commands if the color argument is declared as -1, except for
PUTPIC which always uses the color table.

The command ARC draws an arc starting at a screen
coordinate, which is declared as an argument, through a
given angle, with a given radius, in a specified color.

CIRCLE draws a circle at a given point on the screen of
a specified radius. The location and radius are declared in
the argument list of the command, and use a color specified
by the programmer.

The commands ARC and CIRCLE create nearly perfect cir-
cles and arcs of circles when the screen is in a medium
resolution graphics mode. The high resolution mode causes
the arcs and circles drawn to be elliptical since the aspect
ratio for many high resolution screens is equal to
0.4583333. The medium resoclution screen has an aspect ratio
of 0.9166667. A monitor with a screen aspect ratio of one
would draw perfect circles and arcs.

GETPIC stores the image from a rectangular area of the
screen. The buffer, which is one of the arguments of the
command, must be sized by the programmer since the compiler
will only perform the transfer of the picture into the
buffer.

To copy the picture out of the buffer, the command
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PUTPIC is provided. The picture area to receive the buff-
er’s contents is defined using the lower left hand corner of
the desired picture area.

The commands PATTERN and FILLPATTERN are used to define
a pattern to be used and then places the pattern on the

screen. This command is good for flashy computer displays.

Data Structures in Turbo Pascal

Turbo Pascal has several data structures that are use-
ful to the engineer. The following data structures will be
discussed: arrays, records, linked lists, and files.

"Simply put, an array is a collection of variables of
identical type, each one of which may be referenced by a
unique index value" (2, p. 13-1). An array in Turbo Pascal
may be of any data type that has been defined. Brackets are
used with arrays in Turbo Pascal. The array is defined by
giving the first index number, two periods, and the final
index number. This procedure is followed for each dimension
of the array. Turbo Pascal stores arrays by rows with the
rightmost index changing the fastest as the array is ac-
cessed. When an array is passed into a procedure, the ad-
dress oOf the first element and the offset of the array (the
length) is passed. The procedure then makes the required

local copy of the array. These will become important tac-

tors in the discussion of the band solver which follows in
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chapter three.

A record is a group of related data. The data is
placed in the record in a component called the data field.
The record is defined as a data type with each of the field
names and their types in the definition. To reference the
data field, the variable name that is of the record type is
followed by a period and then the name of the data field.
I+ several of the fields are to be filled at the same time,
the programmer may elect to use the WITH statement. The
syntax for the WITH statement is WITH (variable name) DO.
After this statement is used, only the data field names are
needed in the assignment statements. WITH statements may be
nested to nine levels on a DOS system compiler.

Turbo Pascal has a record type called the variant
record. This type follows all the rules of the regular
record, but it has one data field called the tag +field.
This +field may be filled with data of differing types which
must be listed in the field definition of the record.
Enough space is reserved in storage for each variant record,
using the largest data type that has been declared for the
variant field.

When records are passed into procedures, only the ad-
dress and the offset are passed into the procedure. The
procedure makes the local copy of the record, as it does

with the array, to the stack.
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Dynamic variables are variables that are allotted to
the heap. They are called by using a pointer variable. A
pointer variable is a variable that points to an address on
the heap. The address on the heap contains the value of the
variable in question. As stated above, program FRAME uses
an array of pointer variables to store the global stiffness
matrix for the plane frame analysis. The pointer just
points to the place in the memory where the value is stored.

"A linked list or simply list is a sequence of nodes in
which each node is linked or connected to the node following
it (11, p. 487). The linked list is a data structure which
relies on the pointer variable. Linked lists are lists of
records which have two or more data fields. One or more of
these fields may'contain pointer variables that point to
other records in the list. I+ a list is singly linked,
there is only one data field that contains a pointer to
another record, usually the next record of the list. A
doubly linked list will point to the record preceding and
the record following for easy access up and down the list.
Binary trees also use two pointer variable fields.

Turbo Pascal supports four types of files: sequential
files, random access files, text files, and untyped files.
All of the file procedures and functions available in Turbo
Pascal will work on each of the four types of files.

ASSIGN associates an internal file name with a file
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name that will be found on the disk. The ASSIGN statement
must be used before any other file procedures or functions
are used. CLOSE closes the file named in the argument list
and updates the disk directory. To erase a file, the com-
mand ERASE is used. FLUSH forces a write of the file buffer
to the disk or empties the buffer so a physical read from
the disk takes place. READ/READLN reads one or more varia-
bles from the file. READ reads only the variables listed.
READLN reads the variables listed and then moves the file
pointer past the next end of line marker in the file.
RENAME associates a new file name with the existing +file
name. The command RESET opens the file to be read. REWRITE
opens the file to be written. In both of the above cases,
the <file pointer is placed at the first record in the file.
This causes an existing record to be overwritten when
REWRITE is used. SEEK positions the file pointer at the

record of the file which is supplied as an argument to the

command. WRITE/WRITELN writes the variables listed to the
tile. WRITELN also writes the end of line marker to the
file. EOF, a boolean function, is true only if the file
pointer is at the end of the specified file. FILEPOS re-

turns an integer indicating the record number to which the
file pointer is pointing. FILESIZE returns the number of
records in the given file. FILEPOS and FILESIZE have equiv-

alents with the word LONG attached at the beginning for
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files that are longer than the maximum integer, which |is
32,767. LONGFILEPOS and LONGFILESIZE return real numbers
for the position and size, respectively.

The +file operations are sequential by default. Each
write operation writes to the end of the file. To read a
record from the file, all the records which were written to
the file before the desired record must be read.

Since Turbo Pascal files and records have been defined
before they are wused, any sequential file may become a
random access file using the above command SEEK.

Many other languages including BASIC and FORTRAN create

text tiles. Pascal, specifically Turbo Pascal, creates
binary <files on the disk. Turbo Pascal will support text
files by the special definition TEXT. The text files that

are stored on the disk can be read and used by other pro-
gramming languages. Text files are good for large amounts
of data which must be edited.

Turbo Pascal will also support untyped +files. These
files are just defined as FILE. They must be operated on in
blocks of 128 bytes. The whole 128 bytes must be read or

written at once. The author did not use untyped files.

Ihe Main Menu

Turbo Pascal works from a main menu of 11 commands.

The DOS commands to change the logged drive and the active
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directory pathname are supported on the main menu. Entering
L allows the logged drive to be changed while an A permits
changes to the active directory. The work file, loaded into
the compiler, is edited, compiled, run, or saved. To change
the work file a W must be entered. "The M command may be
used to define a main file when working with programs which
use the compiler directive $I to include a file. The Main
file should be the file which contains the include direc-
tives" (1, p. 16). To use the built-in editor the E command
is entered. The command C compiles the source code of the
work file while the command R runs the program. If the code
has not been compiled, the command R compiles and runs the
program. The compiler will load the main file before com-
piling or running the program. To save the results of the
editing, the S command is used. The command D will display
the directory of the logged disk drive. Turbo Pascal is
exited by entering @, the command to quit. There are three
places that Turbo Pascal will place compiled code. The
command 0O allows the programmer to enter the compiler
options menu.

The default location of compiled code is the memory.
The command M in the compiler options menu selects the
memory as the location of the compiled code. To create a
stand alone program the compiled program must be stored on

the disk. A command file, which stands alone, is produced
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by entering the command C from the compiler options menu.
The third location that can be chosen from the compiler
options menu is a chain file. The command H instructs the
compiler to create a chain file. A chain file, like a
command file, is compiled code stored on a disk. The chain
file does not contain the Pascal library. Chain files are
called from command files to extend the capabilities of
Turbo Pascal beyond the 64K object code size or to link two
programs together as the author did with programs PREP and
FRAME. The compiler options menu has two additional helpful
commands. The F command allows the programmer to find a run

time error that occurred while using a command or chain

file. The address of the error, which is given in the error
message, is entered and the editor locates the offending
statement in the source code. "The P-command lets you enter

one or more parameters which are passed to your program when
running it in Memory mode, just as if they had been entered
on the DOS command line" (1, p. 192). The compiler options
menu has a @ command that returns control to the main menu

of Turbo Pascal.



Chapter 3 Comparisons and Translations

This chapter is included to give a comparison of Turbo
Pascal with BASIC and FORTRAN, languages that are in general
use by engineers today. Published benchmark test results
will be cited and an accurracy test described. Later in
this chapter, Turbo Pascal is compared to BASIC using prob-
lems assigned by Dr. Kamal Rojiani to his class, Microcom-
puter Applications for Civil Engineers. A comparison to
FORTRAN will follow using a translation of program FRAME as

developed by Holzer (8, pp. 337-360).

Benchmark Tests

The benchmark tests are designed to compare various

languages, created for different uses, by a common measure-
ment. The benchmark test are usually programs or procedures
that measure the speed of the language being tested. Al-

though no standard benchmark tests have been established,
many leading computer science journals have designed and
published their own tests.

PC Magazine uses the following tests: the Empty Loop,
Integer Addition, Floating-Point Arithmetic, Character
String Concatenation, Table Lookup, and File Access tests
(S, p. 111). The Empty Loop test does nothing 10,000 times.

The Integer Addition test counts from zero to 32,767. The

Floating-Point Arithmetic test performs a loop 10,000 times

29
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which multiplies and then divides two real numbers. The
String Concatenation test joins two strings into one 10,000
times. The Table Lookup test fills an array with integers,
then accesses the array 10,000 times. The File Access
creates and opens a new file, writes the file of string
records 132 bytes long, closes the file, re-opens the file,
reads the file, modifies the records, writes them out again,
and closes the file for the final time. The editors of PC
Magazine purposely designed the File Access to be unfair to
DOS or the languages by using the 132 byte records (S, p.

111)., Table 3-1 shows the results of PC Magazine’'s tests

for various languages and compilers.

Personal Engineering & Instrumentation News has pub-
lished two benchmark tests that test Turbo Pascal, BASIC,
compiled BASIC, MS Pascal, and Pascal MT+ (12, p. 31). The
first uses the Sieve prime-number generator for testing
integer operations, and the second performs matrix multipli-
cation wusing a 10x10 matrix for testing floating point
calculations (12, p. 31). See Table 3-2 for the published
data.

The benchmarks used by BYTE include the Sieve prime-
number generator, a puzzle solving program, and a quick sort
on a worst case array of 100 real numbers (16, p. 272). The

results are presented in Table 3-3. Wadlow’s results (16,

P. 272) are obtained using an earlier version of Turbo
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Execution Time for PC Magazine’s
Benchmark Tests (S5, p. 142 & p. 118).
(in seconds)
Integer Table File Float. String
Count Lookup Access Point Concat.
1.00 1.10 6.0 39.0 19.0
0.71 0.%90 2.0 18.0 14.0
0.70 1.00 N/A 33.0 9.0
275.00 175.00 40.0 275.0 140.0
1.00 25.00 38.0 10.0 25.0
14.00 325.00 50.0 27.0 16.0
1.00 25.00 38.0 10.0 25.0
25.00 27.00 45.0 140.0 70.0
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Benchmark Tests Results (12, p.30)
(in seconds)

Table 3-2--Personal Engineering & Instrumentation News’s

Turbo BASIC Compiled MS Pascal

Pascal BASIC Pascal MT+
Sieve 1.5 1568 1.5 1.1 1.95S
Matrix 1.7 14 1.0 1.5 ?.9

Table 3-3--BYTE’s Benchmark Test Results (16, p.272)
(in seconds)

Time for: Sieve Puzzle Qsort

Turbo Pascal
Compile to memory

0.8 5.7 3.4

Compile to COMFILE 2.0 3.6 4.0

Execute in memory 15.0 69.0 1.3

Execute COM file 15.0 69.0 1.1
IBM Pascal

Execute EXE file ?6.0 416.0 1.2

IBM BASICA
Execute 1980.0
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Pascal.

Benchmark tests on Turbo Pascal, Version 3.0, for the
puzzle solving program show an increase in speed to 65
seconds and an increase in speed on the Sieve test to 13.0

seconds (3, pp. 282-283).

Accuracy

Currently, there are no published benchmark tests that
measure the quality of a compiler or interpreter. William
Kahan, a professor at the University of California at San
Francisco, has developed a program called Paranoia to test
the arithmetic used by a system. Testing the arithmetic is
a measure of the quality of a system, whether it is a com-
piler or an interpreter. The results of his study are in
print, Listings of the portion of Paranoia which deal with
guard digits for round-off error have been published (10,
PP- 230-235). Table 3-4 presents the results when each is
run on a DOS based computer.

In Table 3-4, ulp refers to the unit-in-the-last-place,
radix is the base in which the computer works (radix 2,
binary, and radix 16, hexadecimal, are the most common bases
in computer use), precision is the number of significant
digits used in the base radix, and width is the number at
which adding one makes no difference in the answer; the

answer is too large to be affected by an addition of one.
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Table 3-4--Results of the Guard Program

GUARD. PAS

Turbo Pascal

Radix= 2.0000000000E+00
Precision= 4.0000000000E+00
Width= 1,0995116278E+12
UlpOne= 9.0949470177E-13

Add/subtract lacks guard digit, cancellation obscured.

Turbo-87
Radix= 2.00000000000000E+000
Precision= S5.30000000000000E+001
Width= ?.00719925474099E+015
UlpOne= 1.11022302462516E-016

Add/subtract has a guard digit as it should.

GUARD. BAS
GW BASIC
Radix= 2
Precision= 249
Fpwidth= 1.677722E+07
UlpOne= 5.960465E-08

Add/subtract has a guard digit as it should.
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BASIC vs Turbo Pascal

"BASIC is the most widely used programming language for
microcomputers” (14, Chapter 3). Software packages that
come with most microcomputers include some version of BASIC.
Many engineers working with microcomputers use BASIC. A
course given at Virginia Tech by Dr. Kamal Rojiani teaches
Civil Engineering students the fundamentals of BASIC through
practical problems which are commonly found in the practice
of Civil Engineering. The problem statements and listings
in both Turbo Pascal and BASIC for CE 4980, Microcomputer
Applications in Civil Engineering (Winter GQuarter 1986), are
presented in Appendix | for a comparison of the languages.
Five of the six problem sets assigned are discussed below.

Problem Set 2 covers the syntax for writing equations
and using the built-in functions square and square root.
The assignment included writing programs to compute the
distance between two points, the combined resistance of four
resistors arranged in parallel, and the area and the radius
of the inscribed circle of a triangle from the lengths of
the three sides. The differences in syntax occur in the
built-in functions. BASIC uses SAR for square root where
Turbo Pascal uses SGRT. Exponentiation shows a great dif-
ference between BASIC and Turbo Pascal. BASIC supports
exponentiation by using the carrot () between the base and

its exponent. Turbo Pascal does not support exponentiation.
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The user is responsible for writing a subroutine to perform
exponentiation. The function SGR will compute the square of
the argument in Turbo Pascal.

Finding the roots of an equation using the bisection
method was an introductory problem in numerical analysis
assigned by Problem Set 3. A channel design using Manning’s
equation, which applied finding the roots of an equation
using the bisection method, and a grade assignment problem
rounded out the problem set. The roots of an equation
problem was assigned a transcendental function. BASIC and
Turbo Pascal both use the same syntax for the exponential,
e, and the trigonometric functions, EXP(x) and SIN(x), re-
spectively. Turbo Pascal closely adheres to the Pascal
language as written by Niklaus Wirth and includes only the
sine, cosine, and arctangent trigonometric functions. The
programmer is responsible for writing routines that perform
all the other trigonometric functions. The procedure for
solution follows Rojiani (14, Chapter 12). This problem
also incorporates the idea of the convergence factor.

The Manning’s equation flow problem uses the binary
search method from the problem above. The function that
requires the roots to be found becomes more complex. In
comparing the 1listings, note the simplicity of the BASIC
statement where exponentiation is required. The correspond-

ing Turbo Pascal statement must include EXP((2/3¥%LN(hydrau-
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lic radius)) in place of (hydraulic radius)”~(2/3), This
limitation is not significant if the programmer is willing
to make a library of mathematical functions which are often
used but not supported by Turbo Pascal.

The grade assignment problem forces the programmer into
using IF THEN statements to convert numerical data into
characters. The DATA statement is used in the BASIC version
for input. There is no equivalent in Turbo Pascal for the
DATA statement found in BASIC. Turbo Pascal was designed to
be interactive or use files. The DATA statement in BASIC is
a remnant of the days when card batch files were the only
way programs could be run.

Problem Set 4 continues in numerical analysis with a
problem concerning numerical integration and moves into
design using a column allowable axial load problem.
Simpsaon’s Rule (14, Chapter 12) was used to perform the
numerical integration. The listings show that the differ-
ence between BASIC and Turbo Pascal is structure.

The program in Turbo Pascal could have been written
without using functions and procedures, but the coding is
cleaner when they are used. The BASIC code requires careful
reading and possibly a flow chart to allow a clear under-
standing of the flow of the program.

BASIC supports a STEP function when it enters a loop.

Turbo Pascal does not support this function.
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The +for...do loop in Pascal sacrifices con-
venience for a gain in power. You cannot specify

3 step value by which to change [the counterl, as

you can in most other languages. To do that, you

have to create your own loop using one of the

other loop constructs... (2, p. 10-27).

In Turbo Pascal the counter does not have to be an integer,
it can be any defined data type but real. This includes a
data type that the programmer defines. Some types that the
programmer defines will not lead to a clear use of the STEP
function so it is not supported. The Turbo Pascal program
for this problem uses the WHILE DO loop and increments a
self kept counter within the loop to substitute for the STEP
function.

The axial load problem was designed to show how useful
small programs, which do not need to iterate to find the
solution, can be in design where the engineer is required to
solve one or two calculations many times in his work. The
BASIC listing is written to emulate structure. This allows
the program to be read from the top down. The simplicity of
the calculations that it performs makes the control trans-
fers easy to understand and follow.

Linear regression analysis using the least squares
method was the only problem in Problem Set S. Linear re-
gression analysis is covered in Rojiani, {14, Chapter 10),

which includes a listing of Rojiani’s solution to Problem

Set S. Rojiani’s solution in BASIC is more sophisticated
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than the problem statement required. The Turbo Pascal ver-
sion of the linear regression problem uses the Turbo Pascal
subroutines which are called procedures. These procedures
make it longer than the BASIC solution but allows the reader
to inspect each task individually.

Problem Set 6 covered a variety of topics in the re-
quirement of generating a simple xy graph. The programming
required the following tasks: reading data from a data
file, using arrays to store N points generated from a user
defined function, and writing subroutines to perform the
above and the necessary calculations for plotting the graph
to the screen.

There are several differences in the listings when
comparing the subroutines of BASIC to those of Turbo Pascal.
The order of the subroutines is the first apparent differ-
ence. BASIC allows the subroutines to be placed anywhere in
the program listing as long as they are not in a line of
code which will be accessed before the subroutine is called.
Standard practice is to place the subroutines in order after
the main program listing. Turbo Pascal requires the subrou-
tines, called procedures, to either be listed before the
statement which calls the procedure or at least be prede-
clared before it is called. The author has chosen to 1list
his procedures’ code before the main program body or the

procedure which calls the procedure in question. This will
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save space in the file which stores the program listing.

BASIC writes a file as a text file. Turbo Pascal
writes the file to the disk as a binary file unless a text
file is specified in the variable declaration of the file’s
name. Using the default file format promotes an efficient
use of disk space. Turbo Pascal has added the text option
to allow user-entered data. The predefined data type TEXT
is equivalent to FILE OF CHAR, a file composed entirely of
character variables, which is not available under Turbo
Pascal (2, p. 18-7).

Dynamic dimensioning of arrays is the only significant
difference between BASIC and Turbo Pascal with respect to
arrays. The educational basis of Turbo Pascal demands that
all aspects of variables, including array variables, be
declared before the variable is used in the code. BASIC
will allow an array to be dimensioned using a variable input
by the user. Another data structure must be used by Turbo
Pascal to achieve dynamic dimensioning.

Turbo Pascal and BASIC use very similar commands and
the same screen coordinates for graphing in both the medium
resolution and the high resoclution modes. Two differences
occur between the BASIC and Turbo Pascal graphics commands.
Turbo Pascal will not allow relative coordinates to be used
when plotting points or drawing lines. BASIC will only plot

white on black when high resolution graphics are being used.
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Turbo Pascal allows the programmer to choose the color that
will be plotted on the black background. The color is
chosen from the table of colors that BASIC also uses for
adding color when working in text mode. Accessing the color
chip through a commercial program will change the plotting

color to black on black.

FORTRAN vs Turbo Pascal

The comparative 1listings between FORTRAN and Turbo
Pascal are found in Appendix 2. The program involved is a
program that evaluates a plane frame through the matrix
displacement method. The FORTRAN program is developed in
Holzer (8, pp. 337-360).

The program FRAME was enhanced as well as translated
from FORTRAN. Procedures to handle the hinges near member
ends, the accompanying modifications to the member code and
the joint code, the prescribed joint displacements, and the
plotting of the frame in its undeformed and deformed config-
urations were added to the FRAME program. Modification of
the band solver was necessary due to differences in the way
FORTRAN and Turbo Pascal handle arrays when passing them
between subroutines.

The translation process from FORTRAN to Turbo Pascal is
fairly simple and straight forward. The FORTRAN version of

program FRAME was developed using the principles of struc-
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tured programming even though the language 1is "not con-
sidered to be well suited for coding structured programs”
(8, p.334). The elementary operations, addition, subtrac-
tion, multiplication, and division, have the same syntax.
The differences in the languages occur in the number of
built-in functions that each supports and the fact that
FORTRAN was not designed as a structured language.

FORTRAN has several built-in functions that are omitted

from Turbo Pascal. FORTRAN supports the following trigono-

metric functions: sine, cosine, tangent, cotangent, arc-
sine, arccosine, and arctangent. Turbo Pascal supports only
the sine, cosine, and arctangent functions. The following

FORTRAN functions have no built-in equivalents in Turbo
Pascal: the common logarithm, hyperbolic sine, hyperbolic
cosine, and hyperbolic tangent, the statistical functions
error function and gamma function, complex conjugate, trans-
fer of sign, largest and smallest values, positive differ-
ence, and the type conversions integer to real, and the
complex number conversions. These functions were left out
of the formal definition of Pascal since Pascal was intended
to be a teaching language. The functions are easily written
by the programmer and placed in a library that he creates
and then attaches to his programs as an included file when
the functions are needed.

FORTRAN 77 has added some of the structures which
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allow structured programs to be written. To emulate the
other structures still requires use of the GOTO statement.
To translate a block of FORTRAN code that is not structured,
like the LINPACK routines used by the FORTRAN version of the
program FRAME, it is sometimes necessary to draw a flow
chart of the FORTRAM block in gquestion. A structured flow
chart, called a Nassi-Schneiderman diagram, is then prepared
from the flow chart of the FORTRAN code. The coding for the
Turbo Pascal version of the block follows the N-S diagram.
The problems encountered in translating program FRAME from
FORTRAN to Turbo Pascal from this step on were due to dy-
namic dimensioning technigques available only in FORTRAN.

The 64K limit on the Data Segment became a major hurdle
when translating program FRAME from FORTRAN into Turbo
Pascal, since the frame program was translated to run using
the 8087 math coprocessor. The difference in the internal
data format is four bytes of storage per real number. The
version of Turbo Pascal which accesses the 8087 math coproc-
essor uses an internal storage of eight bytes per real
number. The version of Turbo Pascal which does not access
the 8087 math coprocessor only uses a four byte real number
in internal storage. When a large array is defined the
memory necessary for storage of the largest matrix possible
is reserved. The array in question is the 90 by 90 stiff-

ness matrix from program FRAME. The matrix above takes up
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63.28K of the data segment when the math coprocessor is
used. If the coprocessor was not used the matrix would only
use 31.6494K of the data segment.

The translated version of the program uses the heap to
store the stiffness matrix. A full 90 by 90 matrix of
pointers is defined and reserved. As the size of the global
stiffness matrix is determined, only the amount of storage
space required is requested on the heap. The price paid for
this dynamic dimensioning of the global stiffness matrix is
that for every coefficient of the stiffness matrix there are
12 bytes of storage used instead of the usual eight for a
real number.

The band solver of the FORTRAN program was a commercial
program LINPACK. LINPACK used dynamic dimensioning tech-
niques available in FORTRAN 66 which are not available in
Turbo Pascal. The technique which led to changing the band
solver was the ability of FORTRAN to dynamically dimension
an array as it is passed from one subroutine to another.
The array is passed by passing only one coefficient.
FORTRAN will than copy the array, by column, until the end
of the array is reached. As stated in Chapter 2, Turbo
Pascal transters the address and the offset of the array to
the subroutine and the subroutine makes the local copy of
the array on the stack. Also, the array is stored by rows

rather than by columns in Turbo Pascal. The band solver is
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now a translation of the band solver presented by Cook (4,
p- 43) Grandin (27, pp. 419-434) presents another complete
frame program with a similar band solver. Cook’s band
solver was chosen because it had been used previously by the
author for an earlier version of program FRAME written in
FORTRAN.

The Turbo Pascal version of program FRAME uses the
graphic capabilities to plot two views of the frame to the
screen. The +frame appears with and without deformations
caused by the load case being run. There are no equivalent

screen controls or graphics capabilities in FORTRAN.



Chapter 4 Program PREP

Special planning must be made when writing large pro-
grams in any language, Turbo Pascal included. Program PREP
(see Appendix 3) is a 4500 line program designed to create
the data file necessary for program FRAME. The file created
should not cause a run-time error to occur when program
FRAME is called. This chapter includes discussions on the

planning and the design of program PREP.

There are several questions to be answered before writ-
ing a program. The programmer must decide the objective of
the program or, if specifications are given, he must make
them as complete as possible. He must also decide what data
structures to use and how to implement them, how many tasks
each of the procedures is to handle, and some alternatives
must be considered for all of these questions.

The objective of program PREP is to provide the user
with a preprocessor which allows him complete freedom in

editing the data file required by program FRAME. The pre-

processor is a tool to be used by the engineer. It is not
to limit him or force him into a prescribed routine. It
allows him to create not just manipulate. The limitations

of program PREP are the limitations of program FRAME.

The data structure for program PREP was the major

46



47

question to be answered. Several alternatives were consid-
ered: RAM disk files merged into a single floppy disk file
upon completion of the editing session, intermediate floppy
disk files merged into a single floppy disk file upon com-
pletion of the editing session, and linked lists written to
a floppy disk data file upon completion of the editing
session.

The RAM disk was removed as one of the possibilities
since it is DOS dependent (version 3.0 or later). The user
would have to set up his own RAM disks. This option re-
quires many file operations which makes the program much
longer. The program was written to be used on most systems
that are now in place.

The intermediate disk files would have placed a great
burden on the user since large amounts of space would be

needed on the disk to write the intermediate files and then

the final data file. Each problem would need to start with
a nearly empty data disk. This method also would have been
slow, needing marn, saa, closed, reo-

pened, written to, and finally merged into one file. All of
these actions would be performed un wnwe resatively slow
floppy disk drives.

The linked list became the proper choice because unlike
the first two choices the size of the data used would not be

restricted to the disk size available. The a vantages of
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the RAM disk are still preseirt since the linked 1list is
maintained on the he-p. With the linked list in internal
memory, access times are much faster than having the data
maintained in external files. The only drawback to using
the linked list is the lack of information supplied with
Turbo Pascal by Borland International on the Turbo Pascal
implementation of the linked list. Koffman (11) or Radford
and Haigh (13) give much better introductions to the Turbo
Pascal implementation of the linked list.

The grouping of tasks into procedures needs to be
flexible yet still stay within some guidelines. Most guide-
lines on structured programming recommend a length of no
more than one page per subroutine. However, a length of no
more than two pages of code was chosen as a good size for
procedures. The whole procedure is readily followed yvyet
there is enough room for many operations on two pages.
Exceptions to the length limitation were allowed when the
extra statements were an integral part of the subroutine or
when the size of the stack grew unusually large due to the

addition of another level of subroutines.

Design of Program PREP

After choosing the linked list as the data structure,
the decision to use a linked list for each type of data

needed by the program FRAME was made. The lists were de-
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fined by the number and type of data fields needed. Some of
the lists were able to be combined because they used the
same number and types of data fields. The following types
of data were combined: hinge and joint constraint data, the
element properties data, and the joint load and prescribed
joint displacement data.

A modified top down approach was used to develop pro-
gram PREP. The method used wrote and tested each branch of
the program from top to bottom instead of writing and
testing the program from the first level to the bottom level
of the program as a true top-down approach would take (8, p.
332). See Figure 4-1 for the tree chart of program PREP.
Each group of procedures that created and maintained a
specific type of data was written and tested before a new
group of procedures for another data type were started.

The branches of the program were written in the order
in which the program FRAME calls the data. Program PREP was
started as a single source file. The 64K limitation of the
Turbo Pascal editor was reached when all the procedures up
to and including the element properties were in place. When
the editor limitation was reached each group of procedures,
corresponding to a type of linked list, was separated into a
separate included file. The final included files are as
follows: MEMINS.PAS, TYPEl1.PAS, JTCOORDS.PAS, ELPROP.PAS,

LOADS.PAS, TYPE3.PAS, MACT.PAS, DRAWS.PAS, and ETDOS.PAS.
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Working with included files is very easy. When using
the editor, the included file is declared as the working
file and the file containing the main program is declared as
the main file. When the program is to be compiled and run
in memory, the compiler will load the main file if the run

command is given when the included file is declared as the

working +file. No linking needs to be done by the pro-
grammer. The compiler, which is a one pass compiler, will
do all the file manipulations. The code can be compiled to

memory to be tested. After the final debugging the compila-
tion toggle is set to create a command file or a chained
file, if the program is to be called from another Turbo
Pascal program. The included file is compiled in the object
code with the main file.

Each of the included files in program PREP created and
maintained a linked list as the data structure. The linked
lists for member incidence, joint coordinates, and element
properties are order dependent. Program FRAME will asso-
ciate a number for a member or a joint to a record of the
linked list without the record specifically stating the
association in one of the data fields. The linked lists for
hinges, joint coordinates, joint loads, member actions, and
prescribed joint displacements are not order dependent. One
of the data fields in the record being examined will state

with which member or joint the rest of the data is associ-
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ated.

Several of the linked lists are identical, i.e., the
records have the same data fields declared in the same
order. Hinge data and joint constraint data are combined in
TYPEL. TYPE!1 has a record that uses two integer data fields
and a pointer field. The element properties, area, moment
of inertia, modulus of elasticity, and coefficient of ther-
mal expansion, all have records that contain one real data
field and a pointer field. These linked lists are TYPE2
linked lists. Joint loads and prescribed joint displace-
ments are combined as TYPES3. They include two integer data
fields, a real data field, and a pointer +field.

The member incidence records use two integer fields and

a pointer field. Joint coordinates records consist of two
real data fields and a pointer field. The member action
records are the longest. They include two integer data

fields, three real data fields, and a pointer field.
Subroutines have been written to perform the following
operations on the linked lists: changing data in one of the
records, deleting a record, adding a record, inserting a
record, finding the location where a record is to be placed
in the list, listing all the records to the screen, and
placing the subheadings on the screen. The element proper-
ties routines include a routine that will add several iden-

tical records consecutively. The order dependent linked
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lists allow changing the data in the records where the non-
order dependent linked lists will not allow the data to be
changed. Inserting records is allowed only with the order
dependent linked lists. The non-order dependent linked
lists are placed in order by the contents of their records.
This ordering on the screen allows the user to input data in
a comfortable order, not a forced order. The data is or-
dered on the screen for easy editing. The ordered list is
the list that is written to the data file on the floppy
disk.

Since each data type requires a separate set of proce-
dures to create and maintain the linked list, the 64K limit
on object code was reached during the development of the
loading procedures. Overlay procedures were easily created.

The "dummy" procedures ONE and TWO are compiled in a +file

called PREP.00O. These dummy procedures are called through
a case statement. The indicator variable used to call the
dummy procedure is passed into the dummy procedure. The

editing procedures are then called through another case
statement wusing this same indicator variable. The pro-
cedures were split between the definition of the frame and
the definition of the loading on the +frame. Disk access
occurs when a new overlay file is called. Splitting the
procedures as described above places the disk access at a

time when a major shift in thinking by the user is
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occurring. The procedures to handle the main menu, the
control variables, the input of the file name and date, and
the reading of the previous data file are still in the main
file.

Many menus are used in program PREP. The menus are
coupled with the use of the function keys. Defining func-
tion keys is a3 simple case structure embedded in a REPEAT
UNTIL loop. Figure 4-2 presents an N-S diagram showing the
defining of the function keys. The function key generates a
two character code. The first character is character 27, the
character generated by the escape key on the keyboard. The
second character code generated will be from S99 to 68.
These codes correspond to characters on the keyboard. When

coupled with the escape character they indicate one of the

function keys. These coupled codes correspond to PF1
through PF10 respectively. Character codes 59 through 64
correspond to miscellaneous symbols. Codes 65 through 68

correspond to the capital letters A through D, respectively.
The program uses the built-in function keypressed to deter-
mine if more than one character code is generated from the
read statement. The «call to read the keyboard is issued
after the REPEAT UNTIL block is started. A case statement
using the second part of the function key character code
directs the flow of the program to the desired procedure.

The use of the menus and the function keys provides the user



fx - a character variable to obtain input from
she keyboard.
EscHit - a boolean variable teo Indicate the
Escape character has been recorded.

READ XEYBOARD : fk
IF (fk = CHR(27)) and KEYPRESSED
then else
loe it - ‘' TRUE' Let
AD KEYBOARD : fk user
CASE fk OF: know he
did not
CHR(S9) |CHR(6®) |{[CHR(61 ) |eise Fueetf
(F1)  [(F2) (F3) Let Yeu. ol
g.
user
know he
PRBCEDURE A|PROCEDURE 8 |PROCEDURE c{did not
use a
defined
function
key.
UNTIL EecHit and KEYPRESSED

Figure 4-2. An N-8 Diagram to Define the Function Keys.
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with a one keystroke choice where all of the choices are
grouped in one place instead of being spread out over the
keyboard as with a letter menu.

The items in the main menu of PREP include: Control
Variables, Member Incidences, Joint Constraints, Hinges,
Joint Coordinates, Element Properties, Loads, drawing the
frame to the screen, exiting program PREP to run program
FRAME, and exiting program PREP to return to DOGS. When

procedures that maintain the linked lists are called +from

the main menu of PREP they too run on menus. The included
files, depending on the type of linked list accessed, per-
form the operations described above: changing records,

deleting records, adding records, and inserting records.
The function key labeled F10 will always be a return to the
menu which called the present menu except in the main menu
where the user is returned to DOS.

The main menu and the use of the linked list as the
data structure allows the user to reenter a data group one
or more times. The list is easily maintained with counters
for ordered data and accessing the pointer fields place non-
ordered data into the list.

The simplest linked lists procedures were not used.
Usually the required space for the new record is acquired
from the top of the heap. The pointers are then changed to

point to the new data record from the record which preceeds
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it and from the new data record to the record which follows
it. In PREP data is shuffled up and down the list as rec-
ords are added and deleted. The last record of the data
group will be the space that is freed when a record is
deleted. The newly freed memory is closest to the heap and
many times becomes the bottom of the heap. I+ the wusual
linked list procedures were used the dynamic memory could
become fragmented. Fragmented memory will only allow the
same type or a smaller type of record to be placed in newly
freed memory. Placing the newly freed records as close to
the free heap as possible helps to keep the memory from
becoming fragmented. The author added to the complexity of
program PREP by maintaining the linked lists used in this
manner.

A pictorial menu is developed for the member actions.
This allows the user to get a feel for the type of loading
he is placing on the structure and the solutions to be
expected from the program FRAME.

The same drawing routine is used in PREP that is used
in program FRAME to plot the undeformed frame. The data
structure usage had to be changed to match the linked lists
of program PREP.

Bullet-proofing routines and loops were written to en-
sure a file that would not cause a run time error when used

with program FRAME. The small loops around integer or real
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number input directs the compiler to turn off the internal
Input/Output checking routines. The program must then call
the function IORESULT to determine if a type error was made
when the user input the integer or the real number. If an
error was made PREP beeps and loops back around the read
statement to ask for the same input. This procedure will
continue until the correct type of input is received. The
small loop bullet-proofer keeps program PREP from prema-
turely halting due to an Input/Output error.

The bullet-proof routines and blocks of routines are
written to protect program FRAME from a bad data +file.
These routines depend on the control variables input or read

from the existing data file at the beginning of the program

run. The data is forced to match the corresponding control
variable. Order dependent linked lists have the control
built in to the editing procedure. The user must add or

delete data records until the control variable is matched.
Exit from the routine is not permitted until the control
variable is matched. The non-order dependent procedures
have a section of code at the start of the editing procedure
that searches the list for bad data. If bad data is found
it is deleted.

The load cases needed special bullet-proofing routines
since a piece of bad data could be embedded in the linked

list. The other non-order dependent linked lists will only



S9

have bad data at the end of the list. If too many 1load
cases are present, the program will allow the user to return

to the program’s menu to change the number of load cases or

look at the declared load cases. The alternative choice is
to delete an entire load case. Placing a load on a joint or
a member which does not exist, possible only when the con-

trol variable is reduced after the loads are declared, will
cause the load record to be deleted. All of the load case
counters are changed when records are deleted in this
manner.

The program checks all of the 1linked lists before
allowing the lists to be written to the disk. Any discrep-
ancies are listed to the screen and the user is required to
return to the main menu and fix the data before saving any
of the changes.

When the lists are ready to be written to the disk two
choices remainj the files may be written to the disk and
control of the computer is returned to DOS or the file may
be written to the disk and the chained program FRAME run.
The chained program FRAME is found compiled in FRAME.CHN.
This <file can not run without being called from PREP which
supplies FRAME.CHN with the Pascal library. The file name
is passed from PREP into FRAME through the Data Segment.
Both programs declare the file name as the first variable.

When FRAME is chained, the Data Segment is not reinitialized
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or cleared so the file name can be shared. Chained programs
can pass any number of variables in this way. They must be
the first variables declared and they must be declared in

the same order.



Chapter S Users’ Guide for PREP and FRAME

The programs PREP and FRAME require the following hard-
ware: an IBM PC, or compatible, with 256K (512K or more is

recommended), the 8087 coprocessor chip and a graphics card.

Setting Up to Run PREP or FRAME

Boot DOS version 2.1 or later. PREP and FRAME have been
compiled to run only under a DOS system.

Enter the DOS command GRAPHICS if a print out of the
graphics screens from PREP or FRAME is desired. GRAPHICS is
included on the DOS system disk.

Place PREP/FRAME Workdisk in the default disk drive.
PREP uses an overlay +ile, PREP.000, which must be found on
the disk in thg default disk drive or a run-time error will
occur. On most computers the default disk drive is the A>
drive. On computers with hard disk drives PREP and FRAME
should be copied to the hard disk or the default drive
should be changed to the A> drive before loading the

appropriate program.

It is up to the user to keep the units consistent
throughout both PREP and FRAME. The units to be used are:

kips, inches, radians, and degrees Fahrenheit.

61
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Running Program PREP

Function--to create or edit a data file for use with
program FRAME.

To run program PREP enter PREP from the keyboard. As
with program FRAME, an introductory paragraph will be
written to the screen. Hit any key to proceed with the
program.

After the screen is cleared;, the prompt Enter File Name
(1 to 8 characters): will appear. The drive designation may
be entered along with the filename if the data file resides
or is to reside on a specific disk. The file extension must
not be entered or an I/0 Error will occur at the end of the
session when the file is to be written to the disk. The
file extension .DAT will be added by the program to all file
names. If the data file exists with an extension different
from .DAT, rename the file or copy it to a file which has
the extension .DAT.

The user will be prompted for the date. This date will
be written to the file even if the file is only being
inspected.

The program will search for the given file name with
the .DAT extension. If the file is found, the statements
Editing existing +file. FILENAME.DAT was edited last on
DATE. appears. DATE is the first piece of information found

in the data file. The rest of the data file is read into



memory and the program advances to the MAIN MENU. I+ the
given data +file is not found, the message Creating a new
+ile appears and the program starts with the Control Vari-
able Menu. The Control Variable Menu will be described
below.

The remaining sections of PREP are designed to be sel+f
explanatory. In general the responses to prompts will be:
using the function keys, entering a character, entering an
integer number or entering a real number. I+ a function key
is to be used no return is required to answer the prompt.
To answer the prompt for any other type of response the
appropriate entry must be made and followed by a return.
Loops are provided to protect against 1/0 Errors due to type
mismatch. If the data is required to be in a range, the
loop also checks the value entered against the corresponding

control variable.

MAIN MENU

The main menu lists the groups of data needed to create
a data file for FRAME. The function keys must be used to
select the data group. The data groups are as follows:
Control Variables, Member Incidence, Joint Constraints,

Hinges, Joint Coordinates, Element Properties, Load Data,

Display Frame, Exit to FRAME, and Exit to DOS.
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Control Variables 1initializes the main control vari-
ables, NE, the number of elements, NJ, the number of joints,
and NLC, the number of load conditions or load cases. The
specific control variable is chosen using a function key.
The input for the variable is an integer followed by a
return. If no data file exists, the procedure Control
Variables is entered before the MAIN MENU is written to the
screen. The Control Variables, NE, NJ, and NLC, must be the
first to be defined so that the data may be checked by the
subroutines as it is entered. This helps to create a file

which will not cause a run-time error.

In the following data groups there are similar routines
to handle the +following chores: Change, Add, Insert,
Delete, and Return.

Change allows the information within the record to be
altered without breaking the order of the list of records.
Change is available only for the order dependent data
groups: Member Incidences, Joint Coordinates, and Element
Properties.

Add attaches a new record to the end of the 1list of
records.

Insert places a record within the list of records. The

new record is inserted before the record the user inputs in
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response to the prompt. Like Change, Insert is available
only for the order dependent data groups.

Delete removes a record from the list of records. When
working with the order dependent data groups only the record
number is required to delete a record. PREP safeguards this
delete by echoing the data in the record to be deleted and
asking if the user still wants the record to be deleted.
The random data groups--Joint Constraints, Hinges, and Load
Data--require all the data field information of the record
to be read so an exact match and only an exact match will
cause a record to be deleted.

Return moves the user back one menu. I+ Return is
invoked from one of the primary menus, F2 through FZ7, the
number of records is compared with the corresponding control
variable. Program control may not be returned from the
primary menu to the MAIN MENU until the number of records

matches the corresponding control variable.

E2-Member Incidence

The menu for Member Incidences includes: Change, Add,
Insert, Delete, and Return.

Entry into Member Incidence causes a check for four
conditions: no Member Incidence records, fewer Member

Incidence records than the declared NE, more Member

Incidence records than the declared NE, or the same number
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of Member Incidence records as the declared NE.

When there are no Member Incidence records, i.e., a
file is being created, the Add routine is entered until NE
Member Incidence records are declared.

If the control variable NE has been changed such that
more Member Incidences must be declared, the user is given
the option of using the Add routine or the Insert routine.

Having more Member Incidence records than the control
variable ME, forces the user into a loop which will delete
records until only NE Member Incidence records remain.

After all of the above checks have taken place the menu
for Member Incidence is written to the bottom of the screen.
Function keys must be used to invoke the desired routine.
The updated list of Member Incidence records will be written

to the screen after each routine is called.

F3-Joint Constraints

Joint Constraints will force the user to declare at
least one joint constraint by entering the Add routine if no
Joint Constraint records exist.

The menu for Joint Constraints consists of Add, Delete,
and Return.

Choosing Add from the Joint Constraint menu will cause
another menu to be written to the screen. The choices are

as follows:
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Fl- Fixed
All deflections at the joint entered will be con-
strained.

F2- Pinned
The deflections in the global 1 and 2 directions
will be constrained.

F3- 1-3 Constraint
The deflections in the global 1 and 3 directions
will be constrained.

F4- 2-3 Constraint
The deflections in the global 2 and 3 directions
will be constrained.

FS- 1 Constraint
The deflection in the global 1 direction will be
constrained.

Fé6- 2 Constraint
The deflection in the global 2 direction will be
constrained.

F?7- 3 Constraint
The deflection in the global 3 direction will be
constrained.

These entries are made by the function keys and shown
immediately on the list written to the screen.
To delete a joint constraint record all o¢f the data

fields must be matched exactly before the record will be
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deleted.

When Hinges is entered the Add, Delete, Return menu
will be written to the screen.

The Add sub-menu consists o+f:

F1-A end a hinge is placed at the A end of the
member.

F2-B end a hinge is placed at the B end of the
member.

F3-Both ends 2 hinge 1is placed at each end of the
member.
Like Joint Constraints, just using the function key causes
the list of records to be updated.
To delete a hinge record all of the data fields must be

matched exactly before the record will be deleted.

FS-Joint Cogrdinates

Joint Coordinates is an order dependent data group. It
has checks similar to Member Incidences upon entry that
depend on NJ instead of NE. The Change, Add, Insert, De-
lete, Return menu works the same as Member Incidences. The
only difference between the two types of records is the
format of the data fields within the record. Member Inci-

dence works using integer data fields while Joint Coordi-
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nates uses real numbers in the data fields. Joint Coordi-
nates may be entered without a decimal point if the frac-
tional part of an inch is not desired. The data will be
right justified in the columns on the screen regardless of
whether the decimal point is supplied by the user or the

program.

———— e ———h e m

Element Properties is also an order dependent data
group. The first sub-menu written to the screen contains:
F1 -AREA
F2 -MOMENT OF INERTIA
F3 -MODULUS OF ELASTICITY
F4 -COEFFICIENT OF THERMAL EXPANSION
F10-RETURN TO MAIN MENU
The Element Properties routine goes through the same checks
as Member Incidence.
The initial Add or the Add caused by NE being greater

than the number of Element Properties records will send the

user to a loop which asks: Enter range: member i to
member _. The variable i will be the next record to be
declared and will be provided by the program. The response

to the prompt is the largest member number that has the same
property as i. It can be i or any member number greater

than i and less than or equal to NE. The list of the
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property will be updated and the prompt will reappear if the
number of records does not equal NE.

The routines for Change, Add, Insert, and Delete are
the same as the routines for Member Incidence except for the
type of data handled. One real data field is used to handle
each Element Property.

The Return in each separate Member Property menu will
return the user to the Member Properties sub-menu. The
return in the Member Properties sub-menu will allow the
return to MAIMN MENU only if all Member Properties record

lists contain NE records.

EZ-Load Data
If no Load Data records have been declared, PREP will

enter the first load case and display the load case menu.
Having only one load case will also place the user at this
menu. The load case menu is as follows:

F1 -Joint Loads

F2 -Member Actions

F3 -Prescribed Joint Displacements

F10-End Load Case
Each function key calls the corresponding Load Data type.
These data types are described below.

When the data file is read from a disk and there are

less than NLC Load Data records, PREP will add load cases
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until the number of Load Data records matches NMNLC.
After the number of Load Data records matches NLC the
menu will read:
F1 -SELECT LOAD CASE
F10-RETURN
When F1 is chosen the next prompt will be Edit load case (1
to NLC):. The appropriate choice is made and the load case

menu appears.

Joint Loads
The Joint Loads sub-menu contains Add, Delete, and
Return. When Add is chosen this range prompt appears:

Choose S for single 1oad or M for multiples of the same

load. An S will place the load at the joint number the user

provides next. Entering M will cause the user to be asked
for the first joint. The user will then be asked for the
last joint to be loaded with the same load. After the

direction of the load and the magnitude of the load are
entered, the joint load records will be created so that the
load is placed on each joint from the first joint declared
through the last joint declared. The list of Joint Load
records will be written to the screen.

Delete will delete the record input by the user in
response to the prompts from the list of Joint Load records.

The data +fields must be declared as they are listed to be
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deleted from the Joint Load list.

Member Actions

Member Actions uses a menu which includes Add, Delete,
and Return.

Add will ask the same range question that Joint Loads
asked. Then the screen will be cleared and a graphics menu
will appear. This menu will show all the load types
available for member actions. These load types include the
following: Concentrated Lateral Load, Uniformly Distrib-
uted Lateral Load, Concentrated Axial Load, Uniformly Dis-
tributed Axial Load, Temperature Change, Element Imperfec-
tions, and Triangularly Distributed Lateral Load. The
individual load type is chosen using the function keys. The
screen will be cleared and the chosen load type data input
graphics will be drawn to the screen. The load data is
input in response to the prompts. The data will be placed
on the drawing of the generalized member as each item is
entered. The only exceptions to this are temperature
changes and element imperfections where the data is only
maintained on the command lines. The Add, Delete, Return
menu will appear after each member action type is declared.

The Delete routine will only delete records which match

the prompted delete data.



When entering Prescribed Joint Displacements for the
first time in each load case the user will be asked to enter
PFAC. PFAC is the penalty factor to be used by FRAME when
prescribed joint displacements are declared. (For more
information on the penalty method see Bathe, K.J. 1982.

Finite Element Procedures in Engineering Analysis. Prentice-

Hall, Englewood Cliffs, New Jersey. p. 111-13.) The recom-
mended PFAC is 1000. If the resulting displacement does not
match the prescribed displacement a larger PFAC will be
required to get an accurate solution.
Subsequent entries into Prescribed Joint Displacements
will cause the user to be asked if he wants to change PFAC.
The Add, Delete, and Return routines work as described

above in the section on Joint Loads.

Display Frame will use the Joint Coordinates, the
Member Incidence, and the Hinge data to plot the frame model
on the screen. This is to allow the user a quick visual
check of his model.

Warning: Hinges are shown as circles around the joint
at the end where the hinge occurs. Since hinges are modeled
as being near the members’ ends, joints which have more than

one member with a hinge at that joint should be checked



carefully to ensure that all hinges are modeled. No member
information is given with the hinge display.

A copy of the screen is available using the <SHIFT>
PrtSc keys if the DOS command GRAPHICS has been entered. To

return to the MAIN MENU from Display Frame, hit any key.

F2-Exit to FRAME

Entering Exit to FRAME causes the data to be checked
against the control variables. If any discrepancies occur
the wuser is alerted and must change the data in the memory
before PREP will call FRAME. PREP will indicate which data
lists are keeping FRAME from being run.

Before FRAME can be called, PREP must write the data
record lists to a disk and delete these lists from the
memory of the computer. This is necessary so that FRAME has

enocough memory to pass the global stiffness matrix between

subroutines. The user is told which operation PREP is
working on by the messages: Writing +ile FILENAME.DAT. and
Deleting records from memory. Control is then switched over

to program FRAME.

The chained FRAME program follows the steps described
below with the exceptions of writing the introductory para-
graph to the screen and asking for the input file name. The

input file name is passed from PREP into FRAME.
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Ei10-Exit to DOS
Exit to DOS uses the same subroutines as Exit to FRAME.

An IF-THEN statement which checks a parameter passed into

the subroutine keeps Exit to DOS from calling program FRAME.

Many safeguards have been built into PREP to ensure a
data file that will not cause a run-time error when FRAME is
called. The loops which limit data to a range corresponding
to a control variable and the check before Exit to FRAME or
Exit to DOS are just two of them. The subroutines for Joint
Constraints, Hinges, and Load Data have checks for joint
numbers or member numbers larger than NJ or NE respectively.
If Exit to FRAME or Exit to DOS directs the user to one of
these data groups the offending data records will
automatically be deleted when the appropriate group is
called +from the MAIN MENU. If any members or joints other
than the last member or joint are to be deleted the
corresponding joint constraints, hinges, and load data must
be checked by the user to ensure the proper frame model is

being evaluated.

Running Program FRAME

Function--to evaluate a frame model using the matrix

displacement method. The input data, local element forces,
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joint displacements, and joint forces are written to the
output file FRAME.OUT. The frame model is plotted on sepa-
rate screens with and without the deformations caused by the
given loadings.

Program PREP should be run before running FRAME so that
the input data file will be found. If the input data file
is not found an I/0 Error will occur and the program will be
terminated. The purpose of program FRAME is to run, or
rerun, data files which have been previously created. No
provisions have been made to exit from program FRAME once it
has been invoked. The standard <{Control> Break interrupt
will abort the program and search for COMMAND.COM on the
default disk drive.

To start program FRAME just enter FRAME +from the
keyboard. The disk will be accessed, the screen will be
cleared, and an introductory paragraph will be written to
the screen. As instructed, strike any key to continue.

The program will ask for the input data file. The input
file may reside on any disk drive. The required response to
this inquiry is an optional drive designation followed by
the file name, a period, and the extension. No directory
path information may be input on this command line. For
example, the workdisk is in drive A> and the input data file
to be evaluated, FRAME1.DAT, is in drive B>. The correct

response to Input data file: would be BIFRAMELl.DAT.



Remember the file extension must be declared when running
program FRAME.

The next direction required by the program concerns the
disk drive onto which the output +file, FRAME.GUT, is
written. The question asked is: Write FRAME.OUT to the
default drive (Y/N)? Here, as in all cases where character

input is required, either upper or lower case letters may be

used. If the output file is to reside on the workdisk then
a 'Y’ may be entered. I¥f the file is to reside on a disk
which is in another drive then an N’ must be entered. The
program will repeat this prompt until a 'Y’ or an ’'N’ is

entered. When an N’ is entered the following question is
asked ot the user: Which drive do you want to write
FRAME.OUT to: A, B, or C? Any legal drive designator may
be wused here. I+ the computer has two floppy disk drives
then only A’ or B’ may be entered. If the computer has a
hard disk installed then A’ or B’ or 'C’ may be entered as
the response. The default drive may be entered here if the
user wishes.

FRAME.OUT will always be the filename and extension of
the output file. The default drive, as discussed above, has
the PREP/FRAME Workdisk inserted. I+ the +file FRAME.OUT
already resides on the disk which is designated to receive
the output file, it will be written over. There is no file

manipulation built into the program. All renaming or
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copying to another disk or filename must be done from DOS

before entering the program.
The program uses the matrix displacement method as

presented by Holzer, S.M. 1985. Caomputer Analysis of Struc

tures. Elsevier, MNew York. The band solver is presented by

Cook, R.D. 1974. Concepts and Applications of Finite Element

Analysis. John Wiley & Sons, New York.

The screen will be erased, the joints plotted and the
members connecting the joints will be drawn. The frame will
not show deformations and displacements at this time. Hit
any key to proceed to the next screen.

The displaced and deformed frame will be drawn next.
The deformations are calculated using eqgns. 1.182-84 from
Holzer’s text, pp. S53-54. To proceed to the next load case
hit any key. If the final load case is on the screen the
program will end at this point.

FRAME.OUT will be closed and the program will return to
DOsS if COMMAND.COM is +found on drive A> or drive C>.
Otherwise the computer will require that a disk which has

COMMAND.COM be placed in drive A> and any key hit before the

computer can be used for any other program.



Chapter 6 Conclusions

Turbo Pascal has become a very popular programming

language under many different applications. Its success is
due to many factors. Turbo Pascal has held up very well in
the benchmark tests. It rarely is the fastest compiled

language yet it is consistently among the top languages
tested.

Speed is not the only gquality upon which to base a

decision to use a language. The ease with which a program
can be developed is another, sometimes more important, fac-
tor to be considered. The built-in editor that comes with
Turbo Pascal is an excellent full screen editor. It emu-
lates the popular word processing program WordStar. The

author was familiar with WordStar before using Turbo Pascal
so efficient use of the editor took little time to learn.
During the development of the program, when the program is
compiled in the memory and not on the disk, the built-in
editor and the error locating functions within the compiler
make Turbo Pascal as easy to use as an interpreted language.
When an error is detected in the code during compilation the
compiler returns an address of the offending statement. The
error message is written to the screen and the editor starts
to search for the location of the error. When it is found
the editor waits for the programmer to strike the Escape key

and then places the programmer in the code at the error.
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The error messages are clear. (To save room in the memory,
the error messages may be excluded from the run. The error
number is given, as it is when the error messages are in-
cluded, and may be looked up in the reference manual.)
After the error is corrected the programmer goes through a
series of four keystrokes to get the program to begin an-
other run. Five keystrokes will save the corrected file and
begin the next run. Compilation is quick. The 4500 line
program PREP compiles in approximately two and one hal+f
minutes.

Turbo Pascal requires the programmer to use structured
programming when writing code. This structure leads the
programmer to writing code which is easy to follow and easy
for other programmers to pick up and read. Documentation is
still necessary but bad documentation can be overcome if the
problem statement and the coding structures of the language
are known. The control structures’ syntax is very close to
the wording that is used to describe the solution procedure.
The choice as to which control structure to use thus comes
naturally.

The Turbo Pascal compiler can not be surpassed in a
cost/benefit ratio. The base version of Turbo Pascal, Ver-
sion 3.0, is priced $6%9.95. The Turbo Pascal compiler that
supports the 8087 math coprocessor, also Version 3.0, sells

for $109.90 (1, p. 381). Turbo Pascal, Version 3.0, is
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currently available in the University Bookstore for $35.
Comparatively, the Microsoft Pascal Compiler, Version 3.3,
costs $300 and the Professional Pascal, Version 2.3, costs
€595 (S, p-. 143) . BetterBASIC costs %199, and the 8087
math support is an additional %49. The QuickBASIC Compiler
costs $99. A newer version can be ordered through an educa-
tional discount for $49, but the compiler lacks any 8087
math coprocessor support. The BASIC Compiler from IBM costs
$495 (S, p. 119).

The combination of Turbo Pascal’s low price and inter-
active editor makes it the ideal language for the engineer.
Although engineering +firms may decide to pay more for a
language compiler, they will probably hire someone to per-
form their programming. If engineers write their own pro-
grams, the Turbo Pascal compiler is less complicated to use
and therefore the necessary software would be less expensive
to develop.

Turbo Pascal is not without its drawbacks. As compared
to FORTRAN, whether on a main frame computer or a personal
computer, Turbo Pascal lacks many built-in mathematical
functions. As stated earlier, the programmer can develop
his own library of mathematical functions. Some mental
gymnastics are required to circumvent the 64K limits placed
on the source code, the object code, and the Data Segment.

Version 4.0 of Turbo Pascal, which is to be released in
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1982, is expected "to work around the 64K code barrier”
(15).

Engineering students should learn several computer
languages. Computer literacy is necessary in today’s world
of engineering design and analysis as more and more +irms
utilize personal computers. Turbo Pascal is an excellent
language for the student engineer to learn and use. The
programming skills and habits that are taught through use of
the language will prove invaluable when applied to unstruc-
tured languages. Borland International has a very competi-
tive product with students because of the low price which is
charged and the power of the compiler.

FORTRAN may never be replaced on main frame computers
but Turbo Pascal may replace it on the personal computer for

engineering programming.
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CE 4980 PROBLEM SET 2 Due: Jan. 27, 86

The distance between two points (x1,yl1l) and (x2,vy2) is
given by:

2 2

Distance = j (x1-x2) + (y1l-y2)

Write a program that uses INPUT statements to read in
the coordinates of four points (x1,y1), (x2,y2),
(x3,¥3), and (x4,vy4). Calculate and print the distance
between points 1 and 2, { and 3, 1 and 4, 2 and 3, 2 and
4, and 3 and 4.

The combined resistance for N resistors arranged in
parallel is equal to:

RT = 1
1/RY + 1/R2 + . . . + 1/RN

Write a program to read four resistance values R, R2,
R3, and R4 and compute the combined resistance RT.

The area of a triangle is given by:

Area = Jis(s-a)(s-b)(s-c)1

where a, b, and c are the lengths of the three sides and
s is one-half of the perimeter of the triangle.

s = (atb+c) /2
The radius of the inscribed circle r is given by!
r = Area/s
Write a program to read in the values of a, b, and ¢

from a DATA statement and compute the area, and r.
Print the input data and the value of area and r.
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10 DEFDBL D,X,Y  ‘USING DOUBLE PRECISION ON ALL VARIABLES
20 CLS

30 PRINT "THIS PROGRAM FINDS ALL THE it
40 PRINT "YOU WILL BE ASKED TO INPUT THE X
S0 PRINT "THE DISTANCES FOUND ARE C”MPU £
60 PRINT 'D'SYnNCE = SOREIXL-A2)"2+4¥L-YR)
70 INPUT "WHAT IS5 X1"iX1:INPUT "WHRT 15 ¥{"ivi "INPUT

80 INPUT "WHART I: K2" 3 X2:INPUT "WHAT IS Y2°:iY2 'FROM

90 INPUT °"WHAT IS X3"iX3:INFUT "WHAT IS ¥3"3 3 "THE

100 INPUT "WHAT IS X4°iX4:INPUT "WHAT IS Y4"iY4 'KEYHGARD

11D PRINT "Yi="3X1i®vi="5¥{ "ECHO

120 PRINT *X3="1X23"¥2="{Y2 "INPUT

130 PRINT “X3="3X3;°V¥3="3¥3 70

140 PRINT "X4="3X43"Y4="{Y4 "SCREEN

150 DIST12=5QR{(X1-X2)~2+(¥1-y2)~2} "DISTANCE FROM PI 10 P2

150 DISTI3=58R{{X1-X3)"2+{Y1-Y3)"2) "DISTANCE FROM P1 7O F3

170 DIST14=5BR{{X1-X4)*2+{¥1-¥4)°2) "DISTANCE FROM P1 TG P4

184 DIST23=5BR({X2-X3)"2+4¥2-¥31"2) 'DISTANCE FROM F2 TO0 F3

170 DIST24=5ER{(X2-X4)"2+{¥2-¥4)"2} "DISTANCE FROM P2 TQ P4

200 DIST34=58R{(X3-X4)"2+£¥3-Y4}"2) *DISTANCE FRCM F3 T3 &4

210 PRINT “THE DISTANCE FROM PL ("iX3","s¥15") 7O P2 {*§x23","¥2") I5"iDIST2
220 PRINT “THE DISTANCE FROM PL {"3X15","3¥Ei"™) TO P3 {"343:","¥3" IS“:DISTIB

CES BETWEEN FOUR PDINTS.®
AND Y UCPDIN TES."
BY THE FORMULA:®
9

I

STAN
£

230 FRINT “THE DISTANCE FROM P! (";Xl.“.”.?;. TO P4 1"3Xa3", "3¥4"y 15"5DISTLa
240 FRINT "THE DISTANCE FROM P2 (""9 U025 TOOPI LUX35v, Y3y ISTIBISTES
250 PRINT °THE DISTARCE FROM P2 i"3X23", .(9 “} TO Py ,X».'.”:.h ) 18"iD15T24
250 FRINT °THE DISTANCE FROM P3 (",13-",', 3" 70 P4 ("3X45%,"iva") 1S°3DISTI4
270 END

progras  DistanceBetweenPoints

“al
1152, 83404 : Real;
Y1a024134Y4 : Reals
DIST12,DIST13,DI5T14 : Reals
DIST23,DIST24 : Reals
DIST3Y : Reals
begin
{rereeieets Inpul FEREEREREE)
ClrScrs

writelnt Thiz pregras finds all the distances between four points.’hy
Writeln( ¥ou will be asked to input the X and ¥ coordinates of four peints.”)
Writelnt'The distance foraula 15 DIST=SqriiSqr(X1-X2i+5qr(¥1-¥2)31.7 )3
writeln(® ')

writelnt’ ')

Writei'Flease enter X1 )



end,

87

ReadintXi)}
Writet’Please enter ¥i
Readln(Y1);
Write!’Please enter X
ReadlnlX2)}
Arite{'Please enter Y2 '3
Readinf¥2is

Write{’Flease enter X3 "1
ReadintX3is

dritef'Please enter Y3 ')
Readln{¥3};

Write{'Please enter X4 ')
Readlnifa);

Write{ Please enter Y4 )3
Readin{¥di;

(g%
-

(eerseerees Echo Input  eEReeeress]
Writelnt'Xi="K1," P1=7 10
Writelni{™¥2=",X2,"  ¥2=",¥2is
Writeln{’¥3=",%3,”  ¥3=",¥3)
Writeln{'X4="X4,"  ¥4=",74)3

{ereesrerer Compute the dislances SEeErreres]
Disti2:=Sqrt(SqriXi-X2)+Sqri¥l-¥2}); {(Distance froam point § to point 23
Dist13:=5qrt{SqriXt-X3i+Sari¥1-¥3irs {Distance froem point 1 to point 33
Distl4:=5qrtiSqriXi-X4)+5qri¥i-¥4})1 {Distance from point 1 to poin
Dist23:=Sgrt(5qriX2-X3)+Sqriy¥2-¥31)s {(Distance from point 2 to poin
Dist24:=5qrt{Sqr(X2-Xa) +5qri¥2-¥4) s <{Distance from point 2 to poin
Di5t34:=8qrtiSqr(X3-X4}+5qr{¥3-¥4}): {(Distance froa point 3 to point 43

t
t
t 43
t 3
t 4

A

2
A
}

Cietertard Print results o the screen EE¥FEersss;

Writelu'The distance from P €7,X1,°, "Y1, %) to P2 £7,42,7,70¥2y ") s
aritein{’The distance from P O°4X1, 7 0ty ) £0 F3 (00X3, 7,70 Y307) i
writelnt’The distance from P €7,X8, 77 ¥E") to PO 070477 vw ™) i3
Writeln{ The distance from P2 (7,X2,7,7,¥2,") to P3 {7,43,°,7,¥3)) is
Writeln('The distance froa P2 (,X2,7,7,¥2,") to P4 {°,X4,7,"\¥4,") i3
Writeln{’The distance from P3 (7,43,,7¥3,7) to P4 {°,X4,7,7\¥4,7) 15

(eee+ end of the progras #ied]

“oDistigh
T Distldng
T Distiang
Ty 0ist2305
" Dist2d);
T Dist34 )
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10 DEFDBL R "SETS ALL RESISTANCES TO DOUBLE PERCISION

20 CLS

30 READ R1,R2,R3,R4 *READS THE FGUR RESISTANCES FROM DATA STATEMENT

40 RT=1/{1/R1+1/R2+1/R3+1/Ra) *RT 1S THE TOTAL RESISTANCE

50 FRINT "THIS PROGRAM COMPUTES THE TOTAL RESISTANCE OF FOUR RESISTORS IN PARALLEL®
50 PRINT "THE TOTAL RESISTAMCE S COMPUTED BY:®

TG PRINT "TOTAL RESISTANCE = L/{1/R1+1/R2+1/RI+I/RG)"

30 PRINT "R1="iRii"R2="3R2{"R3="{RI:"R4="3RY

90 PRINT "THE TOTAL RESISTANCE OF THESE FOUR RESISTORS IN PARALLEL IS"iRT
100 DATA 100,800,4.5,1.2

110 END

progras Resistances:
(R R R R R R R R R R E R R R LR R R R R R RN RS

Thiz program reads four resisiances from the keyboard
and coaputes the total resistance of a civcuit with
these four resistors in parallel.

R1,R2,R3, and R4 are the resistances imput.

KT is the resistance of the circuit,
RT=1/11/R1+1/R2+1/R3+1/Rb)

BB R PR E RN PR F R R RN R R R RN LR R R

var
X1y RZ, R3, R4, RT : Resls

begin
{erereeeres Initialize Valups EEEEEXEEEE)
Rl:=0.0%
R2:=0.0%
£3:=0.04
R4 :=0.03
RT:=0.03%

[epeereries  INPUT  ereereeres)
€lrSers

Write(’What is R1? ')
Readln{R1):

Write{'®hat is R2? ')3
feadlniR2)s

Writef'What is R3? ")
Readln{R3};

Writei'®hat is R47 °)};
Readln{Ré4)



8%

(eeeeeeeist ECHO INFUT  ®eseeeeser)

ClrScrs

Writeln{’The data vou input is as follows:™)3
Writeln(’ Ri= 7, Ri};

Writelnl’ R2= °, R2);

Writeln{® R3= 7, K3}

Writelnt® Ré= ', Ré4);

(eesrerrere Calculation EEEREERES)
RT:=1/41/RE+1/R241/RI+1/RE)S

(exrereress QUTPUT  seresesses)

Writelni® *)i Writeln(® ’)5 HWriteln(® ')

Writeln{® The total resistance of these four resistors ’)%
Writeln(’ in paralie: = ’,RT)}

end.



%0

10 CLS

20 READ A,B,C "READS THE LENGTHS QOF THE THREE SIDES OF A TRIANGLE
30 PRINT "THIS PROGRAM COMPUTES THE AREA OF A TRIANGLE AND"
40 PRINT "THE RADIUS OF THE INSCRIBED CIRCLE."

30 S=(R+B+C)/2 5 IS5 HALF OF THE FERIMETER OF THE TRIANGLE.
50 AREA=SOR(S¥{5-A}#{5-B)#i5-C)}

70 RADIUS=AREA/S

30 PRINT "THE LENGTH OF SIDE A="iR

99 PRINT "THE LENGTH GF SIDE B="1B

100 FRINT “THE LENGTH OF SIDE C="iC

t10 PRINT "THE AREA OF THE TRIANGLE="{RREA

120 PRINT "THE RADIUS OF THE IWSCRIBED CIRCLE="SRADIUS

139 DATA 5.75,8.9,12

140 END

progras Triangle:
(R R R R R R R R R R R R RN E R R F R R R LR EE

This program reads the lenaths of the three sides of &
triangle froa the kevboard, computes the area of the
triangle, and computes the radius of the inscribed circle.
A, By and C are the lengths of the triangle’s sides.

5 15 half of the perisiter of the triangle. OS=(AR+B+0)/2.
AREA=Sqrt{S#iG-Ai#{5-B)#(5-Ci}.

RADIUS=ARER/S.

122322323 22222322 2332232322222 a2 2 sz ele s zessesITIsT2TN

var

£, B.Cy S ARER\RADILS 3 Reals

begin

{eeeeeeeeer Initialice Values EEEEEEEser)
#:=0.0%

B:=0.0%

€:=0.0;

5:=0.0;

AREA:=0.0%

RADIUS:=0.0%
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€222222122 SN EI1T34 FEERFFEEEE

ClrSer;

Writeln{'This program coaputes the area of a triangle with');
Writeln{’sides A, B, and C and then it cosputes the radius’ii
Writeln{’of the inscribed circle.’ )

Write('What is the length of side A7 °)3

ReadlniR)}
Writet 'What 15 the lergth of side B?  7)3
ReadlniB)}
Nrite{'®What is the lenoth of side C7  °)3
ReadlatC)s

[errereeeet Echo Input  REERRREREE)

ClrSers

Writeln{ Your triangle 15 defined as follows:™ )y
Writelnt’'The length of side A is  ’.A)j
Writein{’The length of side B 15 °,B)§
Writeln{'The length of side € 15 ".0)3

(eeexeerert Caloculadions SRERREEEEE]
S:=(R+B+CH/2.04

AREA:=3grt (S#{S-AI#{5-B)¥i5-C} )4
RADIUS:=AREA/SS

(xpreerrrsr Qubpul  EREEREEREE]

Writelnt’ 715 Wrateln(® )¢ Writelnd® )4

Writelnt'The area of your triangle 15 " AREANS
Writelni{ The radius of the imscribed civcle 1s L, RADIUS)S



CE 4980 PROBLEM SET 3 Due: Feb. 5, 86

Write a program to find the roots of an equation using
the bisection method. Input to your program shall
consist of the left and right-hand limits XA and XB,
such that the function f(x) evaluated at XA and XB has
opposite signs, and the tolerance . I+ the absolute
value of the difference between two successive estimates
of the root is less than then the current estimate of
the root is acceptable.

Use your program to evaluate the roots of:

-x
fi(x) = e - sin(-Ttx/2)

The BASIC statement to evaluate the function is:
FX = EXP(=-X) - SIN(-PI¥X/2)

You may use the following input values:

a) XA = O XB = 3, EPSILON = 1.0E-06
b) XA = S XB = 7
c) XA = 15 B = 172

@2
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Microcomputer Applications in CE Programming Exercises

2.

The discharge @ through an open channel of trapezoidal

section is given by Manning’s equation as

1.486 273 1/2
q = n A R S
in which @ = discharge, n = Manning’s coefficient, A =
channel area, S = bed slope and R = hydraulic radius.

The hydraulic radius is given by

A
R = 2
(b + 2d z + 1)

where b is the bottom width, d is the depth and z is the

2
side slope. The term b + 2d z +1 is known as the
wetted perimeter. The area of the trapezoidal channel
is
A = (b + zd)d
h b + 2zd ﬁ
d slope =z

Modify vyour program to determine the normal depth d
corresponding to a required flow Q. Compute d for the

following data

0.0002

o
]

a) @ = 400, z = 1.5, n = 0.015, b 10,

1))
\

b) @ 250, z 0.0002

|

[
a
3
]

0.015, b 10,



CE 4980 P

3. Professor Rojiani wou

grades for his CE 4980 class.

to read the name and
from DATA statement
according to the foll

94

roblem Set 3

1d like your assistance in assigning
You are to write a program
score for each student in the class
s and determine a letter grade

owing scale:

Score Grade_

100 - 90 A

89 - 80 B

79 - 270 o

69 - 60 D
<_&0 E

The
in the class. Your
consisting of the name,
Use the following data:

400
410
420
430
440
450
460
470
480
490
500
S1i0

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

first DATA statement contains the number of students

table
student.

program should print
score and grade for each

a

11

"PAUL BALSERAK",
"WILLIAM CADDEN",
"GREGORY CURREY",
"CARL DUNCAN", 99
"LISBETH FREEMAN",
"TODD GREENWOOD",
"DAVID HALL", SS
"ROBERT HUNTGATE",
"PAUL KNAEBEL", 78
"KEVIN LONG", 88
"HELEN STEYER",

70
80
{0

@S
85

66
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1) CLS

L DESCRIPTION OF PROBRAM ---—--------=-=---o—mmmememmoooooooooooe
K1V THIS PROGRAM USES THE BINARY SEARCH (HALF INTERVAL) METHOD

40 ° 70 COMPUTE THE RGCTS OF THE EQUATION:

I FOO=EXR(-X)-5INI-FIeX/2)

80 To-emmoe-- INITIALIZE CONSTANTS AND COUNTER --------moomommmommomomoco oo
70 I%=1

80 PI1=3.141559256544
90 EPSILON=.000001

L FUNCTION DEFIRITION -m---mmmmommemmmmmcooooccmocmoooooooooe
110 DEF FNFUX)=EXP(-X)-3IN(-FI#Y/2)
120 *=mmmmene INPUT  =--mmmmmmmmmmmmemooeeeee - memmememmenees

130 PRINT "THIS PROGRAM USES THE BINARY SEARCH {HALF INTERVAL) METHOD®

140 PRINT "70 COMPUTE THE RGOTS OF THE COUATION:”

150 PRINT "FiX0=EAP{-Xi-SINC-FI#X/2)."

160 PRIRT "PI IS DEFINED AS"; Pl

170 FRINT "THE SMALLEST INTERYAL CONSIDERED, EPSILON, IS"iEPSILON

180 PRINT "THE INPUT WILL BE FROM THE KEYBORRD.®

190 PRINT: PRINT: PRINT :PRINT

200 FRINT "PLEASE ENTER THE ENDPGINTS OF AN INTERVAL YOU THINK CONTAINS A& ROOT®
210 INPUT "WHAT 15 XR":XA

239 INPUT "WHAT IS XB®iXB

230 PRINT :PRINT :FRINT

264 PRINT “YOUR INTERVAL IS BETWEEN Xn="jiR{"AKD 1B="; R

250 Te---oee- FIND VALUES AT INTERVAL ENDS ----------mm-momommommomooo e
250 FXA=FNFOXR)

270 FXB=FNFi¥B}

e CHECK FGR OPPOSITE SIGNS - mommmssmsmsoomooooooee
270 IF SSN{FXA} <> SBM{FYB) THEN GDTO 339 TEMPTY TRUE BLOCK

300 PRINT "FiXRi="5 FXA; "FEXB)="3 FXB

310 PRINT °YGUR IMTERVAL HAS THE SAME SIGN AT BOTH ENDS. PLEASE TRY AGAIN.®

320 6810 130 T RETURNS FOR NEK INPUT

330 T---memee- CHECK FOR ENDPOINT EQUAL TO Z2ERB -----------o-omomommocooooooee
340 IF FXA=0! THEK GOTC 380

350 6070 330 " EMPTY FALSE BLOCK

360 ROOT=XA : FRODT=FYA

370 6070 580 ' SEND TO CUTPUY

380 IF FXB=0! THEN GOTQ 400

390 6OTO 420 ' EMPTY FALSE BLOCK

400 RDOT=XB : FROOT=FB

410 GOTG 580 * SERD TG OUTPUT

420 * END IFS

430 T ---soo--- ITERATIVE PROCEDURE - it
449 (M=(XA+XB)/2 * RIDPOINT

4390 FXN=FRF (XM " FUNCTION VALUE AT MIDPOINT
boQ P-mmmmmee- CHECK FOR FXM ERUAL 70 2ERQ ----------m-oommmmomeo oo oo
470 IF FX¥=C! THEN G010 &7 ' TRANSFER TO ROOT ASSIGNMENT STATEMENT
480 *--------- REFLACE ONE ENDFOINT WITH XM ------emor-omomomemooemo oo oo
430 IF SBNIFXM) = SGM{FXA) THEN GOTD 496 ' REPLACES YA

493 6070 500



435 XA=1N

498 FAA=FIN

500 IF SBN{FXM) = SGN(FXB)
503 6070 S5t

306 XB=tn

508 FXB=FXM

510 IF I%=% THER GGTD 539
520 IF ABSCLASTX-XM: < EPSILON THEM GCTQ 367
530 LASTX=1M

540 [%=1%+1

350 6870 430

THEK 60TQ 508

550 7 -mmnmmnnn ROOT ASSIGHMENT -------------
57 ROOT=XN : FRODT=FIN
580 7--------- T

390 PRINT "IT TOOK":1%3"
500 PRINT “ROCT=":ROBT
510 PRINT “F{ROOT}="3FROOT

630 PRINT :PRINT

530 INPUT "ARE THERE DTHER RODTS (Y/Ni"iARSS
650 IF ANS$="N" OR ANSG=';" THEN SGTO 874
650 Th=1 &+ 60TQ 19¢
570 END

Prearae BimarySearchMethods
const
Epsilon=1E-053

var
YA, XBy XM, FUA. FYE, FXM, LASTY: real:
ANSHER: char;

function F(X: real):real;
begin
Fr=Exp{-X)-Sin{-Pi#X/2}
ends (of function FIX)3

USER CONTROL FOR ANOTHER ROOT

* RESET COUNTER

@6

* REPLACES XB

' TEST ALL BUT FIRST ITERATION
' TRANSFER TG ROOT ASSIGNMENT
* SET LASTX FOR NEXT ITERATION
! aET COUNTER FOR MEXT ITERATIGN
* RETURN FOR MEXT ITERATION

ITERATIONS TO 5ET AN ANSKER.®

X AND RETURN TO TOP CF PROGRAM



@7

function SaniFX:real):inteqer;
begin
if FX = 0 then beain
San:=0
end
else begin
if AbstFX)=FY
then Sgn:=l
else San:=-13
ends
end;

beqin

CirSery

writelni’This progras finds the roots of an equation using the binary search’is
writeln{’thalf interval) method. The equation, found in the fumction FEX}, "33
writeln('isy fli)=expi-x)-sini-pitx/2}, where x will be entered frow the, )
writeln{’kevboard and pi="\Pi,". 03

writelnt’ The error tolerance epsilon=" Epsitoen,’.’)3

repeat {until ANSWER = X’ or 'n° Mo reols to be found)l
repeat (until SaniFXA) { SgniFiB) (E
writeln; writelns
write("What is XAT '}y
readln{XR)}
writef’®What is 187 ")
readlnf{XB)}
writeln; writeln;
writelni’You have defined XA= "y XA, and XB= 7, MBI
FXR:=F{IR): {Call function FiXi3
FXB:=F{XB): {Call function FIX)3
if SgniFXA} = San{FXB} then begin
writeln; writeln:
writelnUFXA= 7, FXA):
writelnt"FYB= ", FYB);
writeln{"ERROR: same sign. Please try again!’)s
end;
until Son(FXR) < SgniFiR)s
if FYR=0.0 then beqin
M:=YR;
FXM:=FXR;
end;
if FXB=0.0 then beain
M:=1B;
FiMe=FYB;
end;

stigates on either side of root.is
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if (FYA ¢ 0.0) and (FXB <> 0.0} then beain
XM:={XA+XB)/2;
FM:=F{XM)s  (call function FIX)3
LASTX:=1B000000000000000000050000.04
{1f using TURBO-87 w/ pussibility of large root use 1E+303:
if FIM ¢ 0.0 then benin
if San{FXA)=SqniFM) then beain
HIELH
FAs=FIM;
end
elce beqin
1B:=4;
FXB:=F M}
end)
repeat {until AbeiLASTX-YM)CEPSILON or FiM=0}
LASTX:=iM;
M= (XA+XB) /23
FXM:=F{XM)s  (CALL FUNCTION F{X)3
if FXM (& 0.0 then beain
if Sgn{FXM)=5gniFX#) then begin
Xhr=1M3
FXhe=FiMs
end
glse begin
1B:=il;
FYB:=FIN;
ends
end;
until (Rb{LASTX-XM) ¢ EPSILONY or (FiM=0.0)¢
ends
end;
writelns writelns
writelni’The root equals ', XM}
writeln{ The actual value at the root is *,FIM)S
writelni® ")}5 writelnt” ')3
write{ Are there any other roots to be found 1Y/NI? )%
readin{ANSWER);
until (ANSWER =’N’) or (ANSWER = 'n’)3
end.
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10 CLS

20 COLOR 1,0,0

307

40 tomeooem- PROGRAM DESCRIPTION ------------mommommmmommm oo oo oo
50 PRINT "THIS PROGRAM USES THE BINARY SEARCH (HALF INTERVAL) METHGD®

50 PRINT “TQ FIND THE DEPTH OF A TRAPEZOIDAL CHANNEL REQUIRED FOR A*

70 PRINT °"GIVEN DISCHARGE USING MANNING'S EQUATION:"

80 PRINT "Q=1.486/N¥AER"(2/3)€5%(1/2)"

90 PRINT "WHERE G=DISCHARGE REBUIRED, N=MANNING'S COEFFICIENT,"

100 PRINT "5=BED SLOPE, Z=5LOFE OF CHANNEL WALLS, B=MIN. WIDTH OF CHANNEL,"

110 PRINT "A=CROSS SECTIONAL AREA OF CHANNEL {=(B+I¥D)#D), AND"

129 PRINT "R=HYDRAULIC RADIUS {=A/{E+2¢D#SQR(Z*2+1)))."

130 PRINT "YOU WILL DEFINE @.Z,N,§, AND § FROM THE KEYEOARD."

140 PRINT "LATER YOU WILL BE ASKED FOR & RANGE 70U THINK D RILL FALL IN.®

150 °

160 *--o-e--- INPUT  ~mmmmmmmmm oo oo oo oo e
170 PRINT :PRINT :PRINT :PRINT

180 COLOR 2,0.,0

190 INPUT "WHAT IS THE MINIMUm CHANNEL WIDTH, B"iB

200 INPUT "WHAT IS MANNING’S COEFFICIENT, N"iK

210 INPUT "WHAT IS THE REBUIRED DISCHARGE, Q"3

220 INPUT “WHAT 1S THE BED SLOPE, 53°:i53

230 INPUT "WHAT 15 THE SLOPE OF THE CHANNEL WALLS. 2"i2

240 PRINT :PRINT :PRINT :FRINT

250 COLOR 349,80

260 PRINT "YOU HAVE DEFINED THE FOLLOWING:®

270 PRINT “MININUM CHANNEL WIDTH B="iB

230 PRINT "MANNING'S COEFFICIENT K="1iN

290 PRINT "REQUIRED DISCHARGE G="1iC

300 PRINT "BED SLOFE 5="i5

310 PRINT "SLOPE OF THE CHANNEL WALLS 2="iZ

320 °

330 -=meee- DEFINE FUNCTIONS ----------mmmmmmmmm oo oo oo oo
340 DEF FMA{E,D 2)={B+2¥D) 4D

350 DEF FNRCAREA.B,D,Z)=AREA/{B+2¥DESORIZEZ+L))

366 DEF FNG(N,AREA,HYDR,S)=1,085/ NeAREAHYDR™{2/3) ¥5QR(5)

3617

362 T-mmomee- INPUT ESTIMATED DEPTHS ------------ooomomomoo oo
370 PRINT :PRINT :PRINT :PRINT

380 COLOR 4,040

330 PRINT "ENTER TWO DEPTHS THAT 5SPAN THE RANGE OF THE REQUIRED DEPTH.*

430 PRINT

410 INPUT "WHAT 15 THE MINIMUM DEPTH"iMINDEFTH

420 INPUT “"WHAT IS THE MAXIMUM DEPTH"iMAXDEPTH

430 °

440 T-------- FLON AT DEFINED DEPTHS ------------mmommmmommo oo
450 AREAMIN=FNA{B,MINDEPTH,2}

460 RADMIN=FNR{AREAMIN,B,MINDEPTH,2)

470 QMIN=FNQ{N,AREAMIN,RADMIN,S}

480 AREAMAX=FNA(B,MAXDEPTH,Z)
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490 RADMAX=FNR{AREAMAX,B,MAXDEFTH,Z)

500 OMAX=FNQ(N,AREAMAX,RADNAX,S)

5107

53¢ T-ememme- CHECK FOR OPPDSITE SIGNS -----------------=m--omomommooooooooooe
530 IF SEN(GMIN-Q@) < SBN(EMAX-@) THEN BOTO &3¢

540 PRINT :PRINT :PRINT :PRINT

530 COLOR 31,4,8

Sh0 PRINT "MINIMUM DEPTH="iMINDEFTH;"YIELDS A DISCHARGE=":1QMIN
570 PRINT "MAXIMUM DEPTH=":iMAIDEPTHi"YIELDS A [ISCHARGE=";CMAX
580 PRINT "THE REQUIRED DISCHARGE=":Q

590 PRINT “THE ESTIMATED DEFTHS ENTERED ARE NOT ACCEPTRELE."
500 PRINT "PLEASE PREPARE NEW ESTIMATES.”

510 60TD 352

620 °

630 '-------- CHECK FOR ESTIMATED DISCHARGE EQUAL 7O REGUIRED ----------------
540 IF GMIN=Q@ THEN 6OTO 450

650 6070 6%¢ * EMPTY FALSE BLOCK

56¢ REQDDEPTH=MINDEPTH
670 REQDO=ORIN
575 AREACK=AREAMIN

580 G070 1210 * SENDS TO QUTPUT
5% IF GMRX=Q THEM 6078 7i0
700 G013 740 " EMPTY FALSE BLOCK

71¢ REGDDEPTH=MAXDEPTH
720 REGDE=GNAL
25 RREAQK=AREAMAX

"
’

2
id

734 80O 1210 * SENDS TO QUTPYT
740
750 *--emme- FIRST ITERATION =--m-mmm=mmmmmmmmmmosmo s

To0 MIDDEFTH={MINDEFTH+MAXDERTH)/
770 AREAMID=FRA{(B,MIDDEFTH,2)
780 RADMID=FNR{AREAMID,B.RIDDEPTH,2)
730 @MID=FNO(N,AREAMID,RADMID,S)

n

300 °

81y Te-omme-- TEST FOR FIRST ITERATION CQUAL TD REGUIRED FLOW -----------o---
320 IF GMIT=Q THEN &OTO 1179 ' SENDS TG ASSIGHMERT
830 ’

849 *-------- REPLACE CORRESPONDING DEPTH WITH MIDDEFTH (FIRST ITERATION) ----
850 IF SGN(GMID-Q)=5GN{GMIN-Q) THEN GOTO 870

340 6OTO 890 * EMPTY FALSE BLOCK

70 GMIN=GMID
930 MINDEPTH=MIDDEPTH
399 IF SEN(QNID-Q)=5GN{QMAX-G) THEN GOTOC 910
99¢ GOTD 730 T EMPTY FALSE RLOCK
910 GMAX=OMID
720 MAYDEPTH=MIDDEPTH

930 LASTDEPTH=YIDDEPTH * SETS COMPARISON
2% °
350 7=mmmmmen SUBSEQUENT 1TERATIONS -- mmmmmmmemee oo

950 MIDDEPTH=(MINDEPTH+NAXDEPTH) /2
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970 AREAMID=FNA{B,MIDDEPTH,Z)
980 RADMID=FNR{AREAMID,B,MIDDEPTH,Z!
990 GMID=FNG(N,AREAMID,RADNID,S!

1400

1010 "--mommm- TEST FOR SUBSEQUENT ITERATIONS EQUAL TO REQUIRED FLOW ---------
1620 1F @MID=8 THEN BOTQ 1176 * SENDS TG ASSIGNMENT
1036 °

1040 7 -mmmeem REPLACE CORRESPONDING DEFTH wiTH WIDDEPTH ------------eooooooo-
1050 IF SEN{QMID-Q)=SGN(GMIN-G; THEN GOTO 1077

1060 60T0 1090 ' EMPTY FALSE BLOCK

1070 GMIN=GMID

1080 MINDEPTH=MIDDEPTH

1090 IF SEN(GMID-Q)=SEN{EMAX-Q) THEN GOTO 1110

1106 6070 1130 * EMPTY FALSE BLOCK
1110 QMAX=0M1D

1120 MAXDEPTH=MIDDEPTH

1130 IF ABS{LASTDEPTH-MIDDEFTH: {00000 THEN 60TO 1:70 " SENDS TQ ASSIGNMENT
1140 LASTDEPTH=MIDDEFTH * RESET COMPARISCN
1150 6070 956 ' START NEMW ITERATION
£180 7

{170 *=mmmmmem ASSIGNNENT OF DEFTH, DISCHARGE AND CHANNEL AREA ---------------
1180 KEQDDEPTH=MIDDERTH
1130 REQDQ=0MID
1195 AREAGK=AREANID

1200 °
1210 *-=-mmne- QUTRUT  ===mmmmmmmmem oo oo oo -
1220 FRINT :PRINT :FRINT :PRINT

1230 COLOR 5,040

1240 PRINT "FOR & REGUIRED DISCHARGE OF*:C

1350 COLOR 6,040

£250 PRINT “THE REQUIRED DEPTH OF THE CHANNEL I5”{REQDDEFTH

1273 COLOR 7,0,

230 PRINT "THIS YIELDS & CHANNEL CRDSS SECTIONAL AREA GF"iAREAOK

1299 COLOR 9.9.0

1300 PRINT "THE ACTUAL DISCHARBE SUPPORTED BY THIS AREA 15" iREDDE

1319 COLOR 10,0490

1320 PRINT "THE PERCENTAGE DIFFERENCE IN DISCHARGE 15 {{(REGDE-G}/Q#100;"%"
1330 °

1360 To-moeme- USER CONTROL FOR NEW PROBLEM --------------ooooooommmoocooee
1350 PRINT :PRINT :PRINT :PRINT

1360 COLOR 11,0,0

1370 INPUT “DO YOU HAVE ANOTHER DISCHARGE PRCBLEM (Y/N)"1ANS3

1380 IF ANS$="N" OR ANS$="n" THEN GOTD 1400

1390 6070 160 * RETURN TG InPUT
1400 END
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Progras ManningsfFlow;

var
by miy Gy Sy 2v
sindepth, maxdepth, middepth.
aTreaMin, areaRaz, areasid,
gain, gmeax, gaid,
lastdepth: reald
answer: chars

functien SqniFX: real): integers
begin
if FX = 0.0
then Sgni=0
else begin
if abs{FX}=FX
then Sgni=l
else Sgni=-{
endy
end}

function Aib.dy2: realld: reald
begin

Ar=ib+aed) ®ds

ends

function Rifa,bodyze realls reald
besin

Ri=fa/{b+2edesqrilzezet))

ends

function FQinyfashrys: real): reals
begin
FB:=1.436/nefakenpti2/ ) #lnthr) Y esgriis)y
end)

begin

clrsers

writeln{’This progras uses the binary search {half intervall method™ )
writeln{’to find the depth of 2 trapezcidal channel required for a given’)i
writeln{’discharge using Mannings equation: @={,4356/N#R#R{2/3)%5%(1/2)7 )3
writeln{ Where: @8=discharge, N=Mannings coefficient, S=bed slope,’ )’

writelnt’ Z=siope of channel walls, B=sminisum width of channel,’)s
writelni® D=depth of channel R=ares of channel ={B+ZeD)*D, and’}§
writelnt’ R=hydraulic radius =A/(B+2#D#Sqrt{SgriZi+i)}.”)}

writeln{ Later you will be asked for a range you believe D will appear in.'i:

repeat {until answer is nor N. No acre probless.’



103

writeln; writeln; writeln:

write{’What is Mannings coefficient. N7 713

readlaln)}

write({’What is the minisum width of the channel, B 7 ’);
readinib);

write{’What is your required discharge.s 8 7 ")§
readinig);

writet{ What is the bed slepe, 5 7 "1%

readlnts);

write{’What is the slope of the channel walls, 2 7 "i%
readlnfz)}

writelni writelns

writeln{ You have defined the following:')i
writeln{'N= *yn,’ B= *\b," &= ",qi¢

writeln(’5= *y5,7 2= ', Q)

repeat {until Sgnigein-gq) <> Sngfgmax-qi}
writelni writeln:
writeln{ You new need to enter vour estimates of the depth ac zsked:’'ii
write{’What is the sinisus depth you expect? )
readintaindepth)y
write("What is the manimus depth vyou expect? ")4
readlntmaxdepthl}y
writelny writelni
writeln{’The sinimum depth you expect is ’,a&indepthis
writelni’The saxisus depth you expect is ".maxdepthii

areamins=hib.eindepth,z}:  {call functiem A3
gkin:=F@{n,areasin.Riareanin b aindepth,2) e}t {calls functions FQ & RS
areadaxi=hib.zaxdepth,z}tt  {call function &3

qeax:=F@{n.areamax Riareamar,bmaxdepth zt,sit {calls functions F@ & RY

i1f Sgnigrin-g}=Sgnigraz-q} then begin
writelni writeln)
writeln{'Min depth=",mindepth,’ therefore min flows",ominls
writeln{ Max depth=",maxdepth,’ therefore max flow=",gqmaiis

writeln{'These depths are not acceptable. Please try tac new depths.’
ends

uritil Sgnigein-g} <> Sgniqmax-q)i

if gsin = q then begin
siddepth:=aindepth;
areamid:=areamin)
gmid:=q@1n
end
else begin
if gmax = g then begin
piddepth:=aaxdepth;
areamid:=aresmax:
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geid:=gmax
end
else begin
aiddepth:=(aindepthtmaxdepthi/ 21
areasid:=Albaiddepthy2is  (call function A}
qaid:=F@in,areanid.Riareamid b.widdepthat sty {calls functions F@ & &}
1f geid <& g then begin
if Sgniqmid-gi=5Sgnigmin-qi then begin
sindepthi=aiddepthi
areakini=areasids
gein:=gaid
end
else begin
saxdepth:=aiddepth;
areamaxi=areaslds
gmax:=qeid
end}
repeat {until absilastdepth-siddepth}{iE-08 or qaid=0.03
lastdepthii=mddepth:
siddepth:={aindepth+aaxdenth)/a;
areasigd:=hib,middepth i
geid:=F@in,arzadid,Riareanid b.aiddepth,ciyeis
if qaid & g then begin
if Sgnigmid-q)=Sgnigain-g) then begin
mindepttis=aiddepths
areamin:=areastds
gkin:=gmid
end
else begin
gardepth:=aiddepth:
areamaxi=areamid)
qaax:=qaid

end)
end:
until iabsilastdepth-aiddepth) < 1E-08) v fgmid=g)
end
end
ends

writelns writeln; writeln:
writeln(’The depth required to allow a discharge of *,git
writeln{’is ",middepth,’.’};
writeln{’This depth yields an area of ’,areanid):
writeln{’The actual discharge will be ".qmid}}
writeln{’The resulting per centage error s ",{gaid-g)/q#10d)}
writeln; writelns
aritel’Is there another probles to be solved (Y/N)? )3
readinianswer)
until (answer="N'} or (answer="n") {no remaining probless}
end.
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10 ° R -
20’ PROGRAM ASNGRADE ASSIGNS LETTER GRADES TC NUMERICAL SCORES

30 INPUT 1S FROM DATA STATEMENTS FOUND AT THE END OF LISTING.

4 VARIABLE STUNAME HOLDS CHARACTER STRING FOR STUDENTS' NANES.

50 VARIABLE SCORE HOLDS THE NUMERICAL SCORE.

80 ° YARTABLE GRADE HOLDS TYHE LETTER GRADE.

70 VARTABLE NOSTUDKT 15 THE NUMBER OF STUDENTS IN THE CLASS.

B0 Mmoo e

30 PRINT "THIS PROGRAM ASSIGNS LETTER GRADES TO NUMERICAL SCORES.”

100 FRINT °THE DATA IS READ INTO THE COMPUTER VIA DATA STATEMENTS"

110 PRINT "FOUND AT THE END OF THE PROGRAM. THE NAMES ARE LIMITED”

120 FRINT "T0 15 CHARACTERS. THE FIRST DATA STATEMENT MUST CONTRIN AN
130 PRINT "INTEGER WHICH 1S5 THE NUMBER OF STUDENTS® BRADES BEING SOUBHT.”
14G PRINT @ PRINT

150 PRINT TAB{IL)I"NAME™{ TAB424):"SCORE™: TAB(32}:"GRADE"

160 PRINT TAB{S}:"----mmmmmoome "{ TAB(24)30----- °i TAR(32)30----- "

170 RERD NOSTUDNTY "READS NO. OF STUDENTS IN THE CLASS
180 FOR I=1 TO NOSTUDNTX

170 FEAD STUNAMES, SCORE "INPUTS NAME AND SCORE
200 IF SCORE 5= 901 THEN GRADES="&" "ASSIGHMENT

210 IF SCORE < 70! ARD SCORE >=30! THEN GRADE$="B" O

220 IF SCORE < 30! AND SCORE »=70! THEN GRADE$="C* * THE

230 IF SCORE < 70! AND SCORE >=50! THEN GRADE$="D" * BRADE

249 IF SCORE < &0! THEN GRADES$="F" * SECTION

250 PRINT TAB{S)STUNAMES: TAB(24)5CORE; TAB(34)6RADES "QUTPUT LINE
250 IF SCORE>100 OR SCORECO THEN PRINT "LAST SCORE OUT OF USUAL RANGE!'!}"
270 NEXT I

280 PRINT : PRINT

290 PRINT “eeees ALL GRADES ASSIGNED! #x#ee” & PRINT

300 DATA 11

310 DATA "PAUL BALSERRK", 70

320 DATA "WILLIAM CADDER*, 80

330 DATA "GREBORY CURREY", 970

340 DATA "CARL DUNCAN", 99

330 DATA "LISBETH FREEMAN®, 95

350 DATH “TODD GREENWODD", 85

370 DATA "DAVID HALL®", 33

380 DATR “ROBERT HUNTGATE",5%

390 DATA "PAUL KNAEBEL", 78

400 DATA "KEVIN LONG"*, 88

430 DATA “HELEN STEYER", 91

420 END
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Program Assignbrade;

var
1, nostudents: integer;
score: reals
stunage, grage: etringlishs

begin

clrsers

writelnt'This program assigns ietter grades to numeric scores input’)i
writeln(’from the kevboard.’)s
writeln{ NAME holds character string for studente names.’)s
writeln{ SCORE holds the numeric score.’)d
writeln{ GRADE holds the letter orade.’}s
writeln{ NOSTUDENTS 1s the number of students grades to be processed.’)s
writelny writeln;
write( What is the nusber of gqrades to be processed? iy
readlninostudents)s
for 1:=! to nostudents do begin
writeln: writeln:
writed ' Bhat 15 the students name? )i
readinistuname)’
writel"khat is this students stoere? ')4
readin{scorels
if scarer=90
then grade:="A"
else begin
if scorer=39
then grade:="B’
else begin
if scorex=70
then grade:='C’
else begin
1f scorer=40
then grade:=’D"
else grade:='F’
{end}
ends
end;
end}
writelni writeln;
writelnistunase:13,” has & numeric score of*yscore,” and & grade of ".gradel:
if {scorer100) or {scoredd) then begin
writeln: writelns
writelnt'Score is outside usual ranges please check score.’)
end3
end;
end.



CE 4980 Problem Set 4 Due: Feb. 12, 86

1.

MUMERICAL INTEGRATION

Write a program to evaluate the integral

b
I = S f(x)dx

a

using Simpson’s rule. Input to the program shall consist
of the upper and lower limits of the integral XU and XL
and the desired tolerance EPSILON. You should begin by
evaluating the integral using two intervals, then double
the number of intervals after each step until the desired
accuracy is achieved.

Use the following statement to test for convergence

IF (A.CURR - A.PREV) < ABS(A.CURR ¥ EPSILON) THEMN (gquit)

where A.CURR is the current value of the integral, and
A.PREV the value of the integral from the previous step.
Note that the statement uses a relative tolerance
criterion to avoid problems which may occur if the value
of the integral is small (e.g9., 1E-12).

Test your program by comparing your results with
those for several analytical solutions.

Your program should print the number of intervals
and the current value of the integral after each step.

107
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CE 4980 Problem Set 4

2.

The axial load capacity of a steel column is:

where Fa is the allowable stress and A the area of the
column. The allowable stress as given by the American
Institute for Steel Construction is:

2 2
Fy [t - (kl/r) /(2Cc )31
FS for kl/r £ Cc
Fa =
2 2
127U E/L23¢(kl1/r) ] for kl/r > Cc
where FS = factor of safety
3
=5 + 3(kl/r) - 1(kl/r)
3 8 Cc 8 Cc
Cc = J 2T2E/Fy |
(kl/r) = slendernescs ratio
r = radius of gyration
1 = length of column

E = modulus of elasticity (29,000 ksi)

Fy = yield stress of steel

Note that the above equations only apply to main members
for which kl/r is less than 200. Also since a column can
fail by buckling about either the strong or weak axis,
the value of kl/r to be used in the above equations is
the larger of (kl/r)y and (kl/r)y where the subscripts x
and y represent the strong and weak axis.

Write a program to read in Lx, Ly, kv, Ky, rx, ry,
A, and Fy for a column and compute the allowable load.
Your program should print an error message if (kl/r)max

is greater than 200.
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0 CLS

20 PRINT "THIS PROGRAM PERFORMS NUMERICAL INTEGRATION USING SIMPSON’S RULE.®
30 PRINT "THE FUNCTION TO BE INTEGRATED I5 DEFINED IN PROGRAM LINE 180.°

40 PRINT "IT WILL NEED TO RE CHANGED BEFORE CONTINUING.®

30 INPUT “HAVE YOU CHANGED THE FUNCTION TO BE INTEGRATED"{ANSS

60 IF ANS$="N" OR ANS$="n" THEN 80T 510 60 TO END
6%’
M Temeeee- INPUT LIMITS OF INTEGRATION AND REQUIRED TOLERANCE --------------

30 FRINT :PRINT :

90 IKPUT "WHAT IS THE LOMER LIMIT OF INTEGRATION"IXL

190 INPUT "WHAT IS THE UPPER LIMIT OF INTEGRATION®:XY

110 INPUT "WHAT IS THE REQUIRED TOLERANCE™;EPSILON

119’

120 *-memmmm- ECHO INPUT ------oommmomo e e
130 PRINT :FRINT

140 PRINT "THE FUNCTION YOU HAVE DEFINED IN PROGRAM LINE 180 WILL BE INTESRATED"
150 PRINT “FROM®SXL:® TO"{Xuse-.*

160 PRINT *YOU HAVE A REQUIRED TOLERANCE OF"{EPSILON;"."

169
170 *ommmeee DEFINE THE FUNCTION T BE INTESRATED ------- -
180 DEF FNF{X)=XeSIN(2EY)

189

190 ?=mmmnnne INITIALIZE NO. OF INTERVALS & STEP COUNTER ---------=----n-=mmo-

200 NOINT4=2

210 1TSTEPX=1

219 °

R SET UP & PRINT HEADINGS -------—---mmm e

230 PRINT :PRINT

240 PRINT TRB{S)"STEP*sTAB(13)°NO. OF INTERVALS"{TAR(33)"CURRENT VALUE GF THE INTEGRAL"
250 PRINT TRAB{S)"~=--";TRB{ 13} "~-mmmmmmmmm oo mmm FATRR(A3) e e e y

25

260 Temmmmmmm FIRST ITERATION —=-=memmemmmmm oo oo

270 H=(XU-XL) /NGINTX

280 FYL=FNF{XL)

290 FXU=FNF YU}

300 I¥=IL+H

310 AREA=HE(FXL+FXU+4RENF{XN)) /3

320 PRINT TAB{S)ITSTEPY; TAB(IBINDINTX TAB(44 ) AREA

330 7

WY P -------- SUBSEQUENT ITERATIONS mm oo

360 ' INCREMENT NOINTX, STEPX, AREA.PREV, & H
370 NOINT4=2#NOINTX

380 ITSTEP%=ITSTEPL+!

399 AREA.PREV=ARER

400 H=11U-XL) /NOINTY

509 °

410 * SET UP 0DD SuM

430 FOR 1=1 TO NOINTX-1 STEP 2

430 XI=XL+H#l
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440 0DDSUN=ODDSUN#FNF (X1)
450 NEXT 1

49

460 ' SET UP EVEN SUM

470 FOR 1=2 TO NOINTY-2 STEF 2

430 XI=KL+Hel

490 EVENSUN=EVENSUM+FNE (X1)

500 NEAT 1

509 °

510 * CALCULATE AREA

520 AREA=H® (FXU+F KL e4#0DDSUN+2EEVENSUN) /3

529

530 PRINT ANSWERS FOR CURRENT STEP

540 PRINT TAB(S) ITSTEPH;TAB(1S)NDINTA TAB 441 AREA

549

550 ' TEST FOR CONVERGENCE

560 IF ABSIAREA-AREA.PREV) > ABS(AREA*EPSILON) THEN BOTO 564  RESET SUKS
5

362 6070 570 Texsekeerex CONVERGENCE REACHED wrrexresrs

b4 0DDSUN=C "RESET SUMS

546 EVENSUM=0 o

368 60T0 340 "START NEW ITERATION

589 °

570 * CONVERGENCE REACHED

37t

80 t-------- PRINT RESULTS ---------mm-- ----

590 PRINT :PRINT :PRINT :PRINT
600 PRINT "THE YALUE OF YOUR INTEGRAL 15 "iAREAI".T
510 PRINT :PRINT :PRINT :FRINT :END

program Numericallntegraticn;  (using Simpsen’s Rulel

var xlowustolireals

function Fix:reall:real; {the fumction to be integrated)
begin  Fi=x#sin{2%x) end;

function dx{range:reals subsinteger)irealy  (length of intervall
begin  dx:=range/sub ends

function Arealxl.xu,range,cdd.evenireals cubtinteger):reals {#rea under curvel
begin  Area:=s(F{x])+Flau) +hepdd+2teven) #dr(range subl /3 ends
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function Sua{K,sub:integer: xl.H:ireali:reali (perforas sueaations:
var Tsumireals I:integer:
begin  Tsum:=0; I:=K% {imtialize variables:
while I <= {sub-K} do begin
Toum:=ToumtF(xl+I#H) ¢
Ii=142 erds  {of ahiles
Sum:=Tsua erds {of function Sus}

procedure Datalvar slyxutolireal)s

begin
clrscry writeln(’#%% Reseaber to change Fix}! ###7)§
writelnt writeln{’---- Integration bty Siapsuns Rule ----"i%
writelni writeln;
writei’sl= ")ireadinixzl)s
writel zu= ’)ireadinfzuly
write{ tol= ")ireadlnttcl)

ends  (of Datad

procedure Echofnl,zutolsrealls

begin
writeln; writelny writeln:
writeln( xl="yx1:9:3,° $u="vrusd:3y’ tol="ytos?)

endy (of Echol

procedure Headings:
begin
writelny writeln:
writelnt’ Step Intervals  Current Area’)s
writelnt® e ")
ends {of Headings}

procedure Busywsrkivar xlyxu.tolireal)s
begin
Dataixl,xustol)s
Echoixl,xu,tol}s
Headings
end; (of Busywork}

procedure Gutputi{step.sub:integer; Aireal)s
begin
writeln(’ ":0,steprb,” "shycubid,t T:7,Aci2:6)
endi (of Dutputs
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procedure Incresent{var lasth.Aireali var step,subiinteger)s
begin
lasth:=A;
stepi=step+!s
subi=2¥sub
ends  (of Increment’

procedure Initialivar range,iliau,fereals var step.subiinteger)s

begin
rangessxu-xl3
step:=ty
subii=d}
fe=tF(x} ) eF{cu) #4¥F{nltdnirange,subl) i ®du{range sul) /33
Qutputistep.sub.f)
end; {cf Inttiall

procedure Subseguentivar A.rangesxlyrustolitealy var stepo.cubiintegeris
var  lasth  :real;
begin
repeat

Increaent!lasth A step.subls
hi=hrealxl au.range.susil,sub,al,dxirange,subl) sumi2 sub,ildutrange,sub) ) subis

Qutput(step,sub.h)
until absih-lasth) < absif#tol))
ends (of Subseguent’

procedure Finallfreal)s
begin
writelns writeins
writein(’The value of your integral is *,A)
end;

procedure Calculatiomsivar xlyxustolireal)s

var
rangey A treals
step, sub sintegers
begin

Initial{range,xl,xu,fstep.subils
Subsequent{f.range,xl.xu.tol,step,sublsy
Finali#)

ends (of Calculationss

begin
Busywoerkizlyiustel}s
Calculations{xl xu,told

end, {of Main Program?
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10 CLS

20 PRINT "THIS PROGRAM MILL COMPUTE THE ALLOWABLE LOAD FOR A STEEL COLUMN AS"
30 PRINT “GIVEN BY AISC EQUATION ¢1.3-1) OR {1.5-2).°

40 PRINT "THE REGUIRED INPUT DATA IS THE LENGTH, EFFECTIVE LENGTH FACTOR, AND"
50 PRINT "RADIUS OF BYRATION ABOUT BOTH THE X AND Y AXES. THE GROSS AREA OF"
50 PRINT “THE COLUMN, AND THE YIELD STRESS OF THE STEEL BEING USED."

70 PRINT :PRINT

80 PRINT "THE AISC RECOMMENDS THE FOLLOWING EFFECTIVE LENGTH FACTORS:”

%0 PRINT *FIXED-FIXED 0,65

100 PRINT *FIXED-PINNED 0.80"

110 PRINT *FIXED-TRANSLATION FREE & ROTATION FIXED L.20"

120 PRINT "PINNED-PINNED 00"

130 PRINT *FIXED-FREE 2.10"

140 PRINT *PINNED-TRANSLATION FREE L ROTATION FIXED 2.09"

150 °

160 T=mmmnmnn T

170 PRINT :PRINT :PRINT :PRINT

130 INPUT "WHAT I35 THE YIELD 5STRESS GF YOUR STEEL IN KSI":iFY

199 INPUT "WHAT IS THE GROSS ARER OF YDU COLUMN IN INCHES SEUARED®:A
200 PRINT "----- 1 AXIS PROPERTIES -----*

210 INPUT "WHAT IS THE LENGTH OF YOUR COLUMN IN DECIMAL FEET"iLX

220 INPUT "WHAT IS THE EFFECTIVE LENGTH FACTOR OF YOUR COLUMN"iX

230 INPUT "WHAT 1S THE RADIUS OF GYRATION OF YOUR COLUMN IN INCHES®iRX
240 PRINT "----- ¥ AXIS PROPERTIES ----- "

250 INPUT "WHAT IS THE LENGTH OF YOUR COLUMN IN DECIMAL FEET®:ilY

250 INPUT "WHAT IS THE EFFECTIVE LENGTH FACTOR OF YOUR COLUMK®iKY

270 INPUT “WHAT IS THE RADIUS OF GYRATION OF YOUR COLUMM IN INCHES"iRY
280 °

290 "--mm-ee- ECHQ INPUT  =mm==mmmmmmmmm oo oo oo
300 PRINT :PRINT :FRINT :PRINT
310 PRINT "FY="3FY;"KS1  A=":A3"IN"2"

320 PRINT “LX="iLXS'FT  KX="§KX8®  RX="SRXUINT

330 PRINT *L¥="3LYS"FT  KY="{K¥i"  RY="iRY{"IN"

349 ¢

350 Tmmmmeee- o e g
350 PI=3.141392633594

37¢ E=29000 '¥51 = MODULUS OF ELASTICITY

380 PRINT °THE MODULUS OF ELASTICITY IS TAKEN AS"3E;"KSL."

3%0 °

400 *--mmme-- EALCULATE CC  --------mmomomommmom e oo oo
310 CC=SOR{(2ePI#PI#E/FY)

420 °

43¢ T-emomem- SLENDERNESS RATIO bt
440 "X AXIS

450 SRX=Ki#LX#12/RX

460 Y AXIS

470 SRY=KY#LY#{2/RY

480 *CONTROLING

499 IF SRX > SRY THEN SR=SRX: KL=SR#RX: AXIS$="X": G5OTO 510 °X AXIS CONTROLS
300 SR=SRY: KL=SR#RY: AXIS$="Y" 'Y AXIS CONTROLS
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510 7
520 *--mmnn- CHECK FOR SR 3 200 ------------ mommemmmeenneeeee
530 IF SR ¢ 200 THEN §0TO 574 'SR ¢ MAY ALLOWED  OK

340 PRINT :PRINT
550 PRINT "ERROR: CONTROLING SLENDERNESS RATIO ="iSRi" > SRMAX=200 BY THE®

360 PRINT * AISC SPEC 1.8.4. THE CONTROLING AXIS IS5 THE *;AXIS$i"AXIS.®
361 PRINT * THE EFFECTIVE LENGTH ABOUT THIS AXIS IS"iKL:i"IN."

552 PRINT * RECHECK YOUR LENETHS AND EFFECTIVE LEMSTH COEFFICIENMTS.®

370 6070 72 'GOTO END

574 PRINT :PRINT

575 PRINT "THE CONTROLING SLENDERNESS RARTID IS"i3R:". 1T IS ABOUT"

575 PRINT °THE °;AXISS:® AXIS WHICH HAS AN EFFECTIVE LENGTH OF"ikLi"IN.®
577 PRINT “THIS EFFECTIVE LENGTH EBUALS™ KL/ 127"FT."

390 T----m--- CALCULATE ALLOWABLE LOAD ------ --= i e
400 "TEST FOR APPROPRTIATE EQUATION

610 IF SR » CC THEN 6OTQ 450

620 "EQUATION (1.5-1):

530 PR=ReFY#{1-SR#SR/{2€CC#CC} 1/ (5/3+3%3R/ (3¥CCI-563/(8#LL"I))

540 GOTO 680 '60TE PRINTOUT

650 "EQUATIOR (1.5-2):

660 PA=ARIZXPI*PI#E/ (23#SR¥SR)

670 °

L PRINTOUT  —---mmmmmmmom oo oo e
590 FRINT :PRINT

764 PRINT “THE ALLOWABLE AXIAL LOAD FOR YOUR COLUMN IS"iPAI"KIPS."

710 PRINT sPRINT

720 END

program Columnillowableloads  {using AISC Egms. 1.3-1 and 1.3-23
tonst =290004 (ksi}

var FoFy Koy Kyy Ixa by Tayryireals

procedure Definition
begin

clrscrsd
writelni{'--- Allowable Coluan Loads by AISC Spec. ---"13%
writeln{ Required Input: A=Ares of column,’ 3
writelnt® *117, 'Fy=Allokable vield stress in ksi,’ )3
writeln(® *:17,'K=Effective length factor,’ )3
writeln{’® ":17,'1=Length between bracing in feet,'):
writeln(’ ":17,’r=Radius of gyration in inches.’ 1}
writeln;
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writeln{’ Table Ci.3.1 froe AISC p.3-1247 )

writeln{’ fixed-fixed

writelnt’ fixed-pinned

writelnt’ rotation fized/translation free-fized

writeln{’ pinned-pinned

writelnt® fixed-free

writelnt® rotation fized/translation free-pinned
endt (of Defimition}

-
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procedure Dataivar A Fy Kao Ky lzolvyrryryirealds
begin
writelniwriteln;
write! A= ’)ireadlnifls
writel'Fy= *)ireadiniFyi;
writelni #%¢ X Auis Properties ###');
writel{ Kx= ")ireadiniKi)s
writel lx= ")ireadlniln)i
writel'tx= “lireadinirx)s
writelnt #¥% Y Qi Properiies ##¢’})
writel’Ky= *}ireadintkvii
write! ly= “)ireadlniiy)y
writef'rv= ")ireadin{ry}
ends (of Datal

procedure Echo{RE Fy oL Ky dxydyyriaryireal )y

begin
cirsary
writeln{ Echo Properties’ iy
writelni’General: A=",A:6:2,°sq iny E="4Esb:0"ksiy Fy="\Fyihi0 ks, ")
writeln "X Rrise  Ex=',Kxaésdy’y Ix="2leebedy ' fb, ra=tarnnbedain TN
ariteln’¥ Axis:  Ky=",Ky:4:2,7y ly="Wlyibedy 'ty ry="yry26:3, %107}

end: (of Echol

procedure Busyworkivar AyFy.Ke Ky,lxidy.reyryerealhs
begin
Definition:
DatalA,Fy XK Ky Ixolyyrayry)s
EChO(“;E)Fy,KX)Kyinyly!fﬁgfy)
end? (of Busywork}

function ErrorCheckiSRireal):Boolean;
begin
if GR > 200
then ErrorCheck:=True
else ErrorCheck:=False
ends {of ErrorCheck}
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function SeparatingPoint(E,Fy:irealiireals
begin  SeparatingPoint:=sqrt(2ePieRisE/Fyi  endi. (cf SeparatingPoints

precedure SlendernessRaticivar Kxy Xy bxalyorx ryvoSRireals var Axisichar);
begin
if Kx#lnire) = (Ky#lyiry)
then begin
SRi=Kx#ln#i2/7ys
Aris:="X"4
end
else begin
SR:=Kyelv#i2/ry}
Axis:="Y’
ends (1f}
end: (of SlendernessRatios

procedure BackgroundCalcstvar CC Py KxoKyolaylyaraary,SRiteals var Avis:chary var Error:Booleants
begin
CC:=SeparatingPointiE,Fy):
SlendernessRatictix Ky, L lyyraoTy SR.AX1S):
Errore=ErrorCheck (SR)
ends (of BackgroundCalcs?

function ShortColuaniFy,6Rirealisreals
begin
ShortColuan:=Fy#(1-6R#BR/2) / {5/ 3+6R*:3-6R*ER}/8)
end; {of ShortColuand

function LongColuantE,5Rireal):reals
begin
LongColuan:=12#P1#P1#E/ {23#5R#5R)
endt  (&f LongColuen:

procedure Output{PR,SR:real: Axis:char)i
begin
writelnjwritelnsuriteln:
writeln{’The ’,Axis:2,” Axis controls.’is
writeln{’The Slenderness Ratic = *,5R:%:59)
writeln! The caximum allowable axial lead = *,FA:T:2)
endy {of Output’
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procedure Load(R.CC,E,Fy SKireals Auis:icharis
var  Phireal:
begin
if SR <= CC
then  PA:=A#Shor tColuantFy, {SR/CC))
else  PR:=A¥LonglolumntE,SR1¢
Qutput{PA,5R,Axis)
ends {of Load>

prucedure ErrorMessageiSRireals Axis:char)y

begin
writelnjwritelniwriteiniuriteln;
writeln{ ®#ee® ERROR w¥#¥}:
writelni’SR=",5R:6:2," about the “JAxis:ily’ Axis.')g
aritelnt RISC aliows a aax SR = 200.’)%
writelnt 'Please check vour input data.”)

end: {of ErrorMessage;

procedure Calculations{A Fyv KKy Dy lvarxaryireal)s

var CC\5R:realy Axis:chars  ErvoriBocleans

begin
BackgroundCalestCT Fy K Ky ey oty SRyARE S Error s
if Ervor

then ErrorMessaget5R.Axis)
else Load(A,CCLEFv, SR AN1S)
endy (of Calculations?

begin
Busywork{AsFyobn Ky luylyorx,yrils
Calculations (A Fv K Ky biadyerayryd

end. {of progras Columnhllowableload:



CE 4980 Problem Set S Due: Feb. 21, 1986

LINEAR REGRESSION ANALYSIS

Engineers <frequently perform experiments which vyield
measurements on two variables X and Y. They then attempt to
determine the fundamental relationships between these two
variables. The most common model is based on the assumption
of a linear relationship between X and Y of the form

Y = a + bX

where a 1is the intercept, and b the slope of the line
passing through the data points. The values of a and b are
determined so that the straight line passes through the data
points with the least error.

The most widely wused technique for fitting a line
through a series of observed data points is the least

squares method. The least squares mehtod minimizes the
squares of the error between the observed data points and
the line. The error associated with each point is
A
eL = YL - Yi = yi - (a + bxy)

where e the ith error is the difference between the
observed value 9; is the ordinate of the fitting straight
line at x, (Fig. 1).
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Fig. 1 Regression line and error associated with a
point (x_ ,vi.).

The sum of the squared errors is

118
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s =
i

n n
e;_z =2_ [y, - fa + b x; ) 32
=1 i=1
This sum can be minimized with respect to a and b by
taking the partial derivatives of S with respect to a and b
and setting the resulting equation equal to zero

39S n

— = -2 [y - ta + bxy)1 =0
?2a i=1

2SS n

—=-2ng[y;’. - (a + bx{)1l =0
b i=1

The solution of the above simultaneous equations gives
E:xaya - nxXy

b = —
Zx;" - nx%

a =y - bx
_ 1 _ 1
where x = -Zx; and y = = Z}/L
n n

There are several indicators of how well the data can
be represented by a straight line. One indicator is the
correlation coefficient which can be calculated from

Txivi - (/D x Dy

r =
(2 %2 - (1/m) (2 x ) 1Ly - (1/m) (X vt
The value of r ranges from -1 to 1. The correlation
coefficient indicates the strength of the linear

relationship between X and Y. A value of r close to +1 or -
1 indicates that there is a strong linear relationship
between X and Y. A value of r close to O indicates that
there is no relationship between X and Y or that this
relationship is non-linear.

Another useful indicator is the coefficient of
determination. The coefficient of determination expressis
the proportion of the total change in the dependent variable
Y which can be explained by the regression line. Thus



A
explained variation z:(yL - y;)z
2 _ = 1

total variation 2:(y; - y)2

It is mathematically equal to the square of the correlation

coefficient. The value of r ranges from O to 1. The
closer r is to one, the better the regression equation fits
the data. The sample coefficient of determination is

usually computed from the following equation
a2 yi +b2Zxiyi - (1/m) Xyt
Zvd - Xy #

One other useful indicator is the standard error of the
estimate s . This is given by

w2

1 2 (vi - $08
5: = -—-Ezef =
n-2 n-2
It measures how close the predicted values vy is to the
measured value vy . A zero value indicates a perfect fit.
As the +fit gradually becomes worse, the standard error
increases. It is easier to use the following expression to

compute the standard error of the estimate

2 yd - Ay - b2 xivi

n-2

Se

Write a program to fit a straight line to a set of
observations (xl,y1), (X2,¥2)y +« « « SxXn,yn). Compute the
values of a and b for the regression line. To determine how
well the data can be represented by a straight line,
computer also the correlation coefficient, the coefficient
of determination and the standard error of the estimate.

Use the following data. The independent variable x
represents the number of data points and the dependent
variable the computer processing time (in seconds)

. S, G % _XY_ X X X XY
105 44 330 143 435 208 @7 S2
S11 214 211 112 27S 138 182 103
401 193 332 155 SS 34 266 110
622 299 322 131 128 ?3

n = 15 a = 7.939797 b = 0.441875%

r = 0.986136 r2 = 0.9724646 s, = 12.49375
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10 CLS: DEFINT I,N

20 PRINT "--- LINERR REBRESSION ANALYSIS ---": FRINT

30 PRINT "THIS PROGRAM USES THE LERST SQUARES METHOD TO DETERMINE®

40 PRINT "THE SLOPE AND INTERCEPT OF THE LINE WHICH BEST FIT5 YOUR®

50 PRINT "N DATA POINTS, THE CORRELATION COEFFICIENT, THE COEFFICIENT OF°
50 PRINT "DETERMINATION. AND THE STANDARD ERROR ARE ALSO CALCULATED."

7
i

I e
90 °

100 TINITIALIZE ALL SUMS TO ZERD 50 SEVERAL PROBLEMS MAY BE RUN IN SEGUENMCE.

110 XSUM=f: YSUM=0: XYSUM=(: XESU%-J. YEEU”=O

120 INPUT "N= "IN

130 FOR I= 1 TO N

160 PRINT * X':I.'.Y s ": {NPUT X1.Y1
156 ISUM=XSUMeXT: YSUM=YSUM#Y M=y
160 X2SUN= i’SUH+XI*X‘ ¥a '“%=

2SUNEYI#YI

170 NEXT |
184 °

95 T--emmme- CALCULATIONS -----mommmmmmmmom oo e
200 YBAR=XSUM/N: YBAR=YSUM/N
210 °SLOPE:
220 B=tXYSUM-NEXBAREYBAR, / { X25UN-NeXBRR#IRAR)

230 TINTERCERT:
240 A ?BAR-B*VBRR

250 "CORRELATION COEFFICIENT:

250 R=1{YSUM- XabPiYSUH’N fSURTE{2SUM-XSUMSXSUM/N G {Y2SUR-YSUMEYSUN/N) )

270 TCOEFFICIENT OF DETERMINATION:

280 R““n*VS“H*B*XY Ut-7SUMEYSUNM NG/ Y 5UN-YSUMEYSUM/ M)

290 "STANDARD ERROR:

300 5: SQR{CY2SUM-A#YSUN-B#1YSUM}/ IN-2)

FI

329 T--meme-- GUTPUT  —-mmmmmmmmm oo o e
33¢ CLS: COLOR ,0.3

340 PRIRT "xexer#r RESULTS OF LINEAR REGRESSION ANQLYSIS reeeeee”: COLOR 2.90.9
350 PRINT :FRINT Mi" DATK POINTS WERE USED IN THE ANALYSIS.*: TOLOR 3.,4,10

350 PRINT :PRINT " ¥ = "{:COLDR 4,0, 10:PRINT h\'C"‘SR G LOPRIRT " ¢ "8

370 COLOR 4.0,10:PRINT B3:COLOR 3,04 i0:PRINT ¥ X.°

380 COLOR S,0,11:PRINT :PRINT “CORRELATION COEFFICIENT = "

390 COLOR 640, 12:PRINT "COEFFICIENT OF DETERMINATION = “"

400 COLOR 7,0,13:PRINT "STANDARD ERROR = "iSE

410 END
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program LinearRegressionfAnalysisi { Least Squares Method

var niintegeri XSum,ySURyiySuk,idsum.yIsusiresl’

procedure Initializelvar xsum.ysud.iysud.v2sum,wasudireally

begin
x508:=04
ysum:=03
xysus=0;
x2sum:=0}
yesum:=0
ends {of Initialized

rocedure Sussiklyyiirealy var Xsu@ysuRyiveulR i2Sul,ylsubivealls
p ¥ '

begin
ASURISXSUGHRLS
VEURITYSURTYL )
FVSURITRysuRtRiEy Y
V°sun'=:2=un+f1*xi:
JSURI=Y2SURtYL

end: {of Suams}

procedure Datalvar niintegery var icud,wSum iv5uB i2sul v2sumirealls

var liintegert xi.yiiresls
begin
Inttialized xoum, vEuR. 1y5uk k22U v 25URT Y
writelnsnritelnd
writei'n= ")ireadlnin}y
for 1 := 1 to n do begin
writed’ 27 Ity w71ty = T
readinini,vils
SUBSER14 Y1 ASURYYSURXYSUMy X O5UR, Y2SUR}
ends  {cf for...do
ends (of Datas

procedure Definitiond

begin
clrscid
writelnt’--- Linear Regression Analysis ---"}
ariteln?
writeln('This program uses the least sguares sethad to
aritelni’line to n dats points. The input reguired is:
writeln{ nuaber of data points and x1 & vi, the related
writeln{’where i = | to w.”)

end; (of Definition)

£3
A

a straight’
M the "i4

dats points,’

’

.
Y
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procedure Busywork{var n:integeri var xsul,ySuR,xysus,x2su,vZsusiteal)’
begin
Definition;
Data(n, XsulyYSURYAYSUB, X2SUR YISUR]
end: {of Busyworkl

function Slopefxysua.xbar,ybar.udsussreall niinteger)ireals
begin  Slope:={xysum-n#ubar¥ybar)/(x2sua-n¥xbartrbar) end: ({of Slopel

function Interceptivbar,b.abar:reallireals
)

begin  Intercept:=ybar-bexbar endi {of Intercept:

procedure Linein:integers xsul.isumyiysum,sidsusiresls var a,birealls
var wbar,ybarireals
begin
sbari=isus/n;
vhar1=ysun/nt
1=51opeiivaubyibar,yhar v 2 2susynd s
s=Interceptiybar b, svs. )
{of Linel

b
F
end;

function Correlationixysumyxsud,ysum,x2ses,vasumireals niintegeriies’;
begin

Correlation:={xysua-xsumtysun/n)/saritixdsua-xeumbisum/n) #{y2sum-ysuatysud/n})
endt {of Correlation?

function Determinationia.ysumyb.xysua,ydsusireals nrintegerisveal:
begin
Determination:={atysumtbEiveun-ysumkysus/n)/ {y2sun-ysuntveun/n)
ends {of Detersimationd

function StandardError{y2sum,a,ysumyb.iysuaireal niinteger)ireald
begin  StandardError:=sqrit{y2sus-atysus-b¥xvsua)/in-2)}  end:

procedure Indicatorsin:integer; xsum,vsumyxysud,x2sud.ylsum,abireals
var r.ra.seivealls
begin
Ti=CorrelationfxysuB ¥5udySum, #2SURv25uB, T} Y
r2:=Deterainationlaysum.byxysus,v2sumnli
se:=3tandardError{y2suaaveumbviysus, nl
ends  (of Indicatorss



124

procedure Output(a,b,r,r2,se:reali nrinteger)s
begin
clrscri writeln; writelnd
writeln( ¢x% FResults of Linear Regression Analysis ##%7)}

writeln:

writeln{ Input consisted of *ym:l,® data points.’id
writelas

wrstein{’Y= 7ya:tis9, 7 CGbiihi9 KL TS

nriteln;

writelni’Correlation Coefficient = 7,r:i2:%)
writeln{'Coefficient of Determination = *,r2:i1:7)3
writelni{’Standard Error = ",ce:i2:8)

endy  {of Qutput}

procedure Calculationsinsinteger: xsud,vsum.xvsuk,i2sus,y2sumsreal)s
vat  a«b.rr.sesreals
begin
Linie{n,#5ud, ySUR XYSURyAESUBa b))}

Outputia,byr,r2,s5e,n)
ends {of Calculations)

begin
Busywork{n,isum,ySuk,xvsul,i25u8,y25uR}}
Calculationsingxsumy vEUR, kySUB, xCEUM, ¥OSURT
end. {of prugras LinearRegressionAnalysiss



CE 4980 Problem Set &

Write a program to generate a simple xy graph. Your program
should be capable of:

a) reading a data file called GRAPH.DAT containing the
x and y coordinates of the points to be plotted. The first
record of the data file contains the number of points N.

b) generating x and y values from a user defined
function. The number of points generated will be determined

by user input.

Store the x and y values in two arrays named X( ) and
Ye¢ ).

Write separate subroutines to:
a) Obtain user input.
b) read the coordinates from the data file.
c) generate x and y values from the user defined function.
d) compute the maximum and minimum nalues of x and vy.

e) perform necessary scaling and transformations from world
coordinates to screen coordinates.

) draw the graph in high resolution mode.

125
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10 CLS

20 T--emmem- INTRE --------moommommmo oo oo oo
3¢ PRINT “THIS PROGRAM WILL PLOT A SIMPLE X-Y GRAPH FROM EITHER & USER"

40 PRINT "DEFINED FUNCTION OR FROM & FILE NAMED GRAPH.DAT. THE DATA FILE"

50 PRINT "MUST CONTAIN THE NUMBER GF POINTS TO BE PLOTTED IN THE FIRST®

50 PRINT "RECORD. SUBSEGUENT RECORDS MUST COWTAIN AN X YALUE FOLLOWED BY"

70 PRINT " ¥ YALUE. FOR & USER DEFINED FUNCTION THE FUNCTION MUST BE CHANGED"
30 PRINT *PRIOR TC RUNNING THE PROGRAM, THEN YOU WILL BE ASKED FOR THE WUMBER"
90 PRINT "OF POINTS TQ BE PLOTTED, N. AND FINALLY VOU WILL BE ASKED FCR iMAX"
100 PRIRT "AND XMIN. THE PROGRAM WILL THEN GENERATE THE X VALUES AND THE"

110 FRINT "Y VALUES.®

120

130 7---meee- USER DEFINED FUNCTION ------------moommmmmmomc oo
140 DEF ENF{X)=3#SIN{2.3#1)#SIN{20%X)

159 °

160 *----o--- DEFINE INTEGERS ------------orommmccmm e -
170 DEFINT I.J.K LN

189 °

R CONTROGL TO FILE OF TO FUNCTION --------ommommmmooo-

139 PRINT :PRIRT :PRINT :PRINT

200 PRINT “INFUT: 1 -FOR AYA FILE OR 2 -FOR USER CONTROLLED INPUT.”
210 INFUT "WHICH MODE ARE (GU CHOGSING": MGDE

220 IF MODE % § ARD MODE < 2 THEN PRINT "TRY AGAIN PLERSE!™:507C 199
230 MODEX=CINT{MODE}

240 ON MODEX GOSUE 1000, 200G T L0D0=6RAPH FILE  2G00=USER INPUT
ESG IF MODEX = | THEN BOSUR 4006 T X MINJMAX DMLY IF GRAFH FILE
250 60SUR 5000 TY MINARAX
27¢ 505UB 5000 " SCALING & TRANSFORMING FUNCTIONS
290 GOSUR 7000 * DRAK THE GRAPH
299 ENG
300 7
3
1990 *---m-m-- RERD GRAPH FILE -----------e-oomomcmi oo
1910

152G "GENERATES (1) & Y(I1} FROM FILE GRAPH.DAT

1030 OPEN "B:GRAPH.DAT" FOR INPUT AS &1
1940 INPUT #1.N

1050 DIM XiNb,¥iMy
1060 FOR 1 = 1 TON

1079 INPUT 41, X{D), Y{D)
1030 NEXT I

1630 CLOSE Mt
1100 RETURN

1110 °
1120
2000 T-------- USER INPUT  -----moemmommom oo
2010 °
2020 "GET NUMBER OF POINTS

2030 INPUT "HOW MANY POINTS DO YOU WANT T0 PLOT TODAY®:iN
2040 7



2050 "DIMENSION ARRAYS

2060 DIN X{N), Y(N)

2070 °

2089 "ASK FOR RANGE QF XiI:

2090 INPUT “XMIN= "1iMIN

2100 INPUT "iMAX= "1XMAX

21107

2120 6OSUB 3009 ' GE
2130 RETURN

21690 °

2150 7

e

ERATES X AKD ¥ WALUES

[=y]

3000 *------=- BENERATE X AND ¥ VALUES —----m-=mmm=mmmmmmmommomeo oo

3010 °
3920 "CALCULATE INTERVAL LEKGTH
303G DX={XMAX-XMIN}/iN-1]
30406 7
3650 "FIRST VALUES
3060 X{1)=XMIN
3076 FEL)=ENFEXILY)
3080 °
3090 *SUBSERUENT VALUES
JOGFOR F =2 TON
I X3=Xid-1+DX
3120 ¥1I)=FRFINiT})
3130 NEXT J
3140 7
3150 RETURN
3180

170 7

B0 T -mmmmmee { WIN/MAY  =mmmmmmmmmmmmmm e

4010 * FINDS MINIMUM AND MRYIMUM VALUES OF X(D)
4020 XMIN=X{L)
5030 IMAX=X{l}

4040 FOR I = 2 TO N

405 iF XCTE O AMIN THER IXIN=X(D)

4060 IF XAT3 5 INAX THEN XMAX=X(D)

4970 NEXT I

4080 RETURN

4499 °

3100 7

5000 T-------- Y HIN/HRX ---- - --

5010 > FINDS MINIMUM AND MAXIMUM VALUES OF V(I
3029 YMIN=Y(L)

3030 THAX=Y(LS

SO40 FCR 1 = 2 TO N

3030 IF Y415 YMIN THEN YMIN=Y{D)

3050 IF YE1) > YMAX THEN YMAX=YiD}

3070 NEXT 1

3080 RETURN

5050
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3100 °
5000 '--eemmm- SCALING AND TRANSFORMING X AND Y COORDINATES -----------------
5010 *DEFINE FUNCTIONS FOR SCALING AND TRANSFORMING WGRLD COORDINATES T
5920 7 SCREEN COORDINATES.
5630 DEF FNXTRANS(MAX MINVZ)=CINTIS00#(Z-MIN) /7 (NAX-MIN}+33)
6040 DEF FNYTRANSINMAX MIN.Z)=CIRT{L80€IMAX-Z)/ (MAX-NIK)+11)
5030 RETURN

5060 7

5070 7

7000 P --mmoe- DRAN BRAPH  ----------mmmmmmm e
7010 CLS: KEY OFF

7020 SCREEN 2 " HIGH RESOLUTION GRAPHICS SCREEN

7030 LOCATE 2.37
7040 1F MODE = 2 THEN PRINT "FUNCTION F(X:°
7050 1F MODE = § THEN PRINT "FRCM GRAPH.DAT®
7060 LOCATE 24,39: PRINT "RBSCISSAS”
7070 LOCATE 3,1: PRINT "0": LOCATE 9.1: PRINT "R": LOCATE 10,1: FRINT "D"
7080 LOCATE t1,1: PRINT "I": LOCATE 12.1: FRINT "N": LOCATE 13 : PREINT "&"
7090 LOCATE 14,%: PRINT "T*: LOGCATE !S,t: PRINT "E": LOCATE 16.1: PRINT *3"
7100 LOCATE 2,1: FRINT YHMAX
7110 LOCATE 22,1 PRINT YMIN
7120 LOCATE 23,53: PRINT XMIN
7130 LOCATE 23,73: PRINT XMAX
7140 TF XMIN %= { THEN LINE{(353,173)-(35,9)
7190 IF XMAY (= O THEM LINE{535.173)-{535.%
716» IF YMIN »= O THEN LINE{33,1715-{540,1710
175 IF YMAX <= O THEN LINE(33,i1}-{540.11)

?180 IF XRIN C 0 AND XMAX O & THEN II=FNXTRANSOXMAXXMIN,0):LINECIT,IT6
TI90 IF YMIN € O AND YHAX 5 O THEN JI=FRYTRANS(YMAX,TMIN,O):LINE(30,IT)
"200 PSETH FNXTRHNS SMAKIMING L)) FRYTRERSUYMAL YMINGY (D) )

7210 FOR K = 2 TO M
732“ LINE-iFNXTRQNS(XHAX.XNIN,X(K}),FHYTRANS(YNAX\YHIH.Y(E))
7230 NEXT X
7240 TOEND$=INKEY$
7330 IF TOENDS = “" THEN 7240
7250 SCREEN 0,1: COLOR 4,0,i: LOCATE 13,27: KEY ON
7370 PRINT "FINISHED GRAPHING POINTS!"

7280 L3CATE 24,1: RETURN

\

11T 07

Y :
I Pad N

1840,33)

progras Graphfointss

type matriz = arravli..s00] of realt
var Casenu:integer:



function Flzsireal)ireal;
begin
F:=0,08727#cos{2/2%x ) #Ces (20}
endt (of Fix)}

function XtransiXmax,Xein,XI:real}sinteger:
begin
ftrans:=Round{600#{XI-Yair)/ {Xsax-X&in}+35}
end; (of Xtrans}

function Ytrans(Yaax,Ymin,¥lireal}:integers
begin
ftrans:=Round{160#{Yaax-YIi/ {¥aan-Yoini+11)
ends  (of Ytrams)

procedure MinMaxiNsintegery Armalrizi var AmanAmintrealhs
var  ll:integers
begin
naaxi=Alll]
fmin:=AlL]S
for 11:= 2 to N do begin
i1 ALTIY  Amax
then Amax:=Al1l]
else if ATHID < Raim
then Azin:=Alil]
end(for}
endy lof MinMax}

procedure YaluesiNsintegers var X,Y:matriz: Xsax.Xein:real)d
var 1l:integer:
dx:real;
begin
dx:={Xmax-Xgin}/{N-1)3
[1):=Xains
Y{13:=F{Xpindy
for 11:= 2 to N do begin
L{11T:=XT11-11+d23
YEHIY:=F (XTI
endi(fors
gndy  {of Yalues



procedure Titles;

begin
BotoX¥{37,1);
BotoX7{39,25):
GotouX¥it,8)3
GotoXY{1,9)3
BotoXY{l 1008
BotoXYit, 1133
GotoXYil,12)3
BotoXY(1,13)3
BotoXYel, 14)3
SotoXY{1,15)%
BotoX¥il, 1603

ends {of Titles}

writel{ Function Fix)' )3
write{ Abscissas’)s
writel’07 s

write 't
writei’d’ s
write(17 )
writei'n’ 3
writet™a’’s
writel’t’)
writel'e'}s
writet'cs’ )y

procedure Labels{Xsax.Xnin.Yaax, atn:ireal}s

begin
GotoXYit,e)s
GotoX¥(1,22)%
BoteX¥i5,23)%
GotoXYi{73,23)%

ends f{of Labels:

writelimax:8:2)3
write{Yain:3:2)3
write{Xmin:3:2)3
writetiman:8:2)

procedure Axestimar,imin,Ymax, YRinirealls

var
DEgln

1f Imin = 0

11,11 inteqer;

then dfi“'::gfh 173\35\9\ i3

if Xmax <= 0

then draw{835,173,635,9,4)1%

if Yain 3= 0
then

if Ymax <= 0

then draw(s?

granis?,171,840,171, 108

111,840,114 104
if {Xain € 0) and (Xmax > 0) then begin

Ils=Xtrans(Xmax . X&in,0.9)4
dram(il,173,11.9,1}

end; (if3

if (Yain < 9) and {¥Ymax ¥ 0) then begin

JJ:=Ytrans{Ymax.fmin 0.0
dram{33,13,540,]3,1}

ends (if3
endy {of Axes’

130



procedure PointsiN:integers X.Y:aatrizi XeaxdeinYmax,Yeiniveal)s

var K,11,128,31,J2:integers
begin
I1e=XtranstXeax, Xmin A{i1)4
Jis=Ytrans{Yeax,Yein, Y[11)}
for ¥:= 2 to N do begin
I2:=XtransiXmaz, fmin XIK1 S
J2:=Ytrans! Yaan fmin, V(K11
dramtilyJi, 124324103
It:=12%
=32
endi (for}
endy {of Points)

procedure FromFilefvar Niintegers var X,Yimalrix
var GraphDat  :text;
I tintegery
ERRR A eals
beqin
assignibraphDat, "6RAFH.DAT )
reset!Graphdat)s
readibraphbat,Nis
for I:= 1 to N do begin
read{braphBat A1,Y1)3
X{13:=X1s
Y{11:=¥1
ends{fors
tloseibraphlat);
MinMay (N, X Kmaz Xmam) s
MinMar iR, Y Yaax, Yain}
ends (cf FrosFiles

procedure Equationivar Nrinteger; var X,Y:imatrixl var faax,f@in,¥amas, 78l

begim
writelniwriteln;
write(’What is the nurber of points vou wish to plet? "N
writelni
write(’Xain = ’)} readlnt¥ain)i
write{’max = "3 readin{Xmar)s

Values{R X ¥ Xaasi Xa1n)s
MinMax{N. Y, Yaax, Yand
ends {of Equationd

var Xmax X&in,Y@ax,¥minicealls

firealls

readiniMis
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procedure DramwiNiinteger; ¥,Yisatrizl Xeax Xmin YaaxYeinirealls
begin
clrscrs
HiRes: HiResColoridis
Titles)

Labels{{max Amin, Ymax Yainis
fresiXmax, AminyYoak. faindi
Points{NJ X, Yy Xmas, imin, Yeas, Va0
repeat until Keyfressed:
TextModes

endy {of Draws

procedure Introt
begin
writeln! This program will vist a simpie X-Y graph.’)s
writeln(’The progras will allow wou fo ¢ from a du file namsed’ )
aritelnt’BRAPH.DAT o1 use a wcer defined functionm, For the dats file’ i
writelnt’d, the nusber of porats plotted 1s in the fi:st recoidy s
writeln(’then subsequent records contain X013 and Y13, For user’ )
writelnt defined functions N will be the nusber of polnts evaluated’}
wiiteln!'and plotted N 1s input through the keyboard)., Yamax and')s
writeln{ Xain wiil be entered defining vour range. X0I3 and YIID'DS
aritelni will be coaputed and then piotled.’)s
ends  (of Intros

procedure Questionsivar Casenciintegeris
begin

writelniwritelninritelninriteln

writein{ Input Choices: - for data file'is

writelnt’ 2 - for user defined function’ )i

writeln: writelnt

write{ 'Caseno = ')y readinilasencii

writelniwriteln:

1f (Casenoc <> 1) and (Casenc ¥ 2} then begin
writelniwritelns
writeln{’e#+es ERROR ####47);
writelnt’Your case entiy was out of ra “h
writelnt’You will need to restart from
writeln{’To do so just strike the R key.

end; {if}

if Caseno = §  then begin
writelni writelns
writelnt You have chosen to use input froa file BRAPH.DAT)

end: (if}

if Casenv = 2 then begin
writelninriteln:
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writeln{'You have choced tc use input frow functienm Fix) (lige 8)°)4
writeln{’If you have rot changed this function the graph drawn’ii
writeln{’will not be as vou anticipate.”)
endi{if}
endy {of Questions}

prucedure Submaini{Casenc:integer):

var Niintegers
Xy Yematring
Yaax, fminyYmax,¥einireal
begin
if Caseno = |

then FrosFiledN, X, Y Xaax (@in,Yaax, Yain);
if Caseno = 2
then EquationtN X, Y feax XainYaax,Yain)s
if {Casenv = 1) or (Caseno = 2)
then DrawiN, X ¥ Xmax, Xain, Yaan, Yain),
endy (of Submain:

begin
clrscrs
Intros
QuestionsiCasency
SubrainiCasenc)
end., {of program SraphPoints:



Appendix 2
Computer Listing

for
Program FRAME

134
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Frograa Frame;  (11-4-863
{($1 GRAPH.P}
(R R R R R R R R R R R R R E R LR R R R R R R R R R LR R R R R RN £ R 5

*

PROGRAM FUNCTION

¥

R R R R R R R R E R R R R R R R B XE

const  ax=30; mxmeq=30: title=’PLANE FRAMT ANALY
i

The prograa perfores the matrix displacesent analysis {fig. 3.9}
of plane frakes cosposed of prisaatic eeabers, which may have
distinct geosetric and material properties. It handles multiple
load conditions. Each load condition aay comsist of joint loads
and coabinations of the following meaber actiens: a concentrated
load at any point of a seaber ifig. A.9), a uniformly distributed
load over any portion of the semter (fig. R.1C), an axial load
acting at any point on the sesber (fig. A.11), a uniforaly

{trisngular) distributed lead acting cver & user defined distance,

& meaber 1sperfection (meaber is not the right lenmgth or is bent),
and a unifora tesperature change feq. 4.233 with Delta 7 = 0),

The frame mav have internal hinges. Joint despiacesents, such as
joint settlemsents, may be prescribed. Frescribed joint displacements
are trealed according to the Penmalty Method {Bathe, p.7t of Helier’s
text as dof at the eleaent level.

315%
Chea
vy

units="UNITS: kip, inch, radian. fahrenhe

tvpe RP=real:

Matriz=arrayll..exneq,i..sineql of “RPS
Loaddisp=arravltl..axreql of “RP}
Elemprops=arravit..enl of “RP3
Disp=arrayli..b8] of "8PF;3
Force=arrayll..641..82) of “RP}
Bstiff=arravil..7] of “RP;
HMeatriz=arrayli.. 3. .ax] of “RP;
Geoords=arrayll..3.1..ex) of “RP;
Mewber=arravli..5,t..8x) of integer;
Rctions=arrayll..ex) of integer:
Joint=arrayll.. 3,1, .ex] of integers
Indeat=arrayll..8,1..6] of integer:
Incidence=arrayll..2,1..ax) of integer:
Jdisp=array(l..3,1..ax1 of real§
Dcoords=arraylt..nx] of integer;
Hdat=array(l,.2.1..860) of integers
58=ctringl81;

Sit=stringlilds

514=stringl14];
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var  fname 5143 date  :58; thedr  :chari
X 16coords; h Hdat: FRO St
{ :Force; g tLoaddicps
P tlfmatring acode  :Meabers
5% tHatrixg jcode  :lointi
winc  lncidences s thctionss

area, 21, emvd, cte, eleng, ¢!y o2 :Eleaprops:
rey Rjs nlcy lcy negqe abdy sk 1, j integers
sutfile, 1nfile ety

(322233232223 T eIy ey ey egyyeeyyyyszsssyysyzess,

¥ UTILITIES: MAX, BIN. and F§ *

3T Yy Ty Yy ey YTy Yy Yy eIy aeseeaTILLIIIITY
function MAX{a.beinteger):integer: { Returns the larger of a or b,
begin if al= b then MAX:=a else MAX:=bi erds  {of MAXS
function MINta.biintegeriiinteger; { PReturns the cmaller of a or b, 3
begin ifad=t then MIN:=a  else MIN:=bi gngs  {of MINS
function FS{cti c2i flx,flvireal)ireals { Transforms local to giobal,
begin For=cliwflzec2infly engs  {of FG3

(R R R R R R R R R R R R R R LR E R E R H R R E LR R R EE R R
¥ CODES *
R R R R R R R R R R R R R R R R R R R R R RN E)

procedure CODES(var mcodesMember: var jredesJointy sminciincidences

ne.nj:integery var negqiinteger)s

benerate joint code, jcode, by ascsigning integers in sequence.

by coluens, to all nonzero elements of jcode from ! to seqs
generate the member code, acode, by transferving via minc columns
of fcode 1nte columns of acode.

Gererate jrode:
var 1y jykilrintegers
begin
neq:=03
for j:=1 to nj do begin
for 1:=1 to 3 do begin
if jcodellyjl 0 O then begin
neg=neqgt!s
jcodell, jli=neqs
endi {11}
endi{fors
end; {for}

-~
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Generate scode:

for i:=1 to ne do begin
jr=aincllyidi
ki=sinci2ily
for 1:=t %o 3 do begin
scodell,1d:=5codell, 38
acodel1+3,11:=jcodell k];
endi{for?
endi{for}
end; {of CODES}

(R R R R R R R R R R R R R E R R R R ER R RN
¥ MODM ¥
R R R R R R R E R R R R R R R R ER R R E R R ERE)

procedure MODM(var wcode:Member: ne.an.ae:integeri var jdofiintegeris

3
\

Medify mcode for hinge in member nuaber, an. st mesber end, ae.
var jyliintegers
begin
if aest
then jdofi=acede(3,mn]
elze jdofi=mcode{b.mnli
for ji:=! to ne do bedin
for 1:=t to § do begin
1f mcedelly 1 b jdef
then accdell.jli=acodell,jl+]}
engi{for;
endi (fors
if me=!
then acodel3,anl:=jdof+l
else acedels,ands=jdofel;
end; {of MODM}

R R R R R R R R E R R R LR R R R R E R R R E RS
% HoDJ ¥
R R R R R R R R R E R R R R R R R E R B R R E RO E R

procedure MODJt{var jcode:Jointi nj,jdofiinteger)y

T
1Y

Wodify jcode for hinge in sesber nusber, am, at meaber end, ae.

var jrlintegers
tegin
for j:=1 to nj do begin
for 1:=! to 3 do begin
if jeedellyjl > jdof
then jcodell,jli=jcodell,ji¢l}
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end; (for}
end;{for}
end; {of WODJ}

(R R A R R PR R R R R R R R R R E R R R R R R R
¥ HINGE 4
R R R R R R R R E R B R R R R R R R R E R R R )

procedure HINBE(var mcode:Meaberi var jccdesJoints nesnjsintegers

var neq.nhiintegers var hihdat)s

¥odify acode and jcode to account for degrees of freedom
introduced by internal hinges.
var i,jdof,me.an:integer;
begin
readin{infile.nh}y
for 1:=1 to 3 do writelnioutfile)s
if ah & O then begin
writeinfoutfile,’ INTERMAL HINGES')§
writelnioutfile,’ Meaber End’ s
for 1:=1 to ah do begin
neg:zneqtls
readlnfinfile,sn,ze)s
writelntoutfile,’ ToEmedy Yyaerl)s
MODR{mcode,re,an ke, jdof )}
HODJ{ jeodeynjy jdafds
nllvidi=ans
h{2y11:=pe}
endi{for; end
else
writelntoutfiles’ Frase has no internat hinges.'):
ends  {of HINGES

(R R R R R R R R R R R R R R R EFE R RS H R R R LR R R E T4
¥ MBAND ¥
R R R R R R R R R R R R R R R R R R R R R R R R R}

function MBAND(mcode:Mesberi ne:integer):integer:

{

Coapute the half bandwidth, aband, bv eg. 6.2: in each column of
acode, the first and last nonzerc integers are the cmaliest ang
targest nonzere inteqers, respectively, of that coclumn, MBARD is
the maxisum cifference of the nonzero integers in any column of
acode.

¥

var iyii.idif.is.dtaband:integer;
begin

teband:=5;

for 1:=1 to ne do begin
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1:=t3
while {scodell,i1)=0) and (1 ¢ 5} do
li=1¢f;
is:=acodell, i1}
1:=6%
while {acodell,1]=0) and ¢1 > {) do
li=l-14
il:=acodell 1]}
idifi=it-1s3
if idif > teband
then taband:=i1difs
end;{fors
sband:=taband;
end; (of MBAND:

(R R R R R R R R R E R LR R R R R R R E R R R R R E R R R R R LR R R R R HE
4 PROP ¥
R R R R R R R R R R Rt RN R PR R E R R R R R R R EREER R R R R R R EER)

procedure PROP{var #:Bcoordsy var area.zi.eaod.cte.eleng.cl c2:Eleapropss

sinc:Incidence; newnitinteger);

[

fead and eche joint coordinates, xf1.33% coapute for each
eiement by eqs. C.21 the length, eienglil, and the direction
cesines, cifidy, c2li1d} read for each element the crouss sectional
area, arealil, the soment of inertia about the lecal 2{3)-axis,
2:{1}y the modulus of elasticity, emcdlily and the coefficien
uf thermal espansion, ctelils print element properties.

val  iejeksintegers eliyel2 41,t2,t3.84,t50realy

begin

for 1:=1 to 3 do writelntoutfilelds
writelnfoutfile,’ JOINT COORDINATES'):
writelnfoutfile,’ Joint Direction-! Direction-27)3
for j:=1 to nj do begin

readlntinfile,elt,eldl;

#ltejite=elly

22y §3%=eldy

writelnfoutfile,’ Tyjtdy? Teeltidsdy’ ’.el12:8:2)3
end; {for}
for 1:=1 to 3 do writelnloutfile)!
writeln{outfile,”  ELEMENT PROPERTIES’);

writelnfoutfile,’ Mosent of "y
'Elastic Theraal ')
writelnfoutfile,’ Elesent ATea Inertia i

"Medulus  Coefficient  Length’)s
for 1:=! to ne do begin
jr=minclty iy
ki=ainci2,ili
elle=xll k120,534
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el2:=xl(2,k3*-x[2,j1%3

elenglil*:=sqrifelitelirellsell}]

cili}*:=ell/elenglil™;
c2lil*:=el/elenglil®}

readln(lnfxle,tl_t W34

arealil*:=tis

2i{i1":=t25

esod(311%:=13}

ctel1} =14

tS:=elenglil®s

writelnicutfile,’ Tei:dy’ Tetlat2e4,0 yt2:12i,7 7,

$3:82:4,7 thri2se,T T, t5i8:3)
endi{fors
end; (of PROP}

(R R R R R R R E R R R R R R R R R R R E R R PR R R F R R R R R
¥ STRUCT ¥
R R R S R R R R R R R R R P R R LR R R R R R ER R RE]

arocedure STRUCT!var x:Bcoordsy var ares.zi.emod.cte.eleng.cl,c2:Elempropss

var scode:Meaber: var jcede:Jointy var sinc:lnci dence.
nevnjrintegers var neg.abd.ahcintegers var hiHdat
friame:5i47 date:S8)3

-~

Read and echo the seaber incidences, minceliily indfialize the
elewents of the joint cede astrix, jcode, tou umity, read the rusber
of joint comstrainis, njci read and echo for each joint comstraint
the the joint number, jrus, and joint directiom, jdir, and siore s
zeru in the corresponding location of jcoded call CODES, MBAND. and
PRGP.
var 1yjeidirtyjrus.donjorinteger;
bEQin
for 1:=1 to 3 do writelndoutfilels
writelnfoutfile,’ MEMBER INCIDENCES’};
wiitelnfcutfile,’ Meaber s-end b-end’ )3
for 1:=1 to ne do begin
readintinfile,sinclt,id,a8incl2,i3)3
writelnfoutfile,’ Te113y° tyeincllyi3:dy Theinclda11:308
end; (fors
for j:=1 to nj do begin
for 1:=f to 3 do
jeodellyjle=13
endi(fors
readin{infile.njcis
for 1:=1 to 3 do writelnioutfilels
writelntoutfile,’ JOINT CONSTRRINTS’ )
writelnioutfile,’ Joint Direction’’y
for 1:=! to njc do begin
readiniinfile, joue, jdir}s
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writelnloutfile,’ Tyyiug 3y’
jeodel jdir, jnund:=0;
endi{for}
CODES(mcodesjcudekint ne iy 1)
HINGE (acode, jcodenienijneqynh, his
abd:=MBAND{mcode,nels
FROP{x,area,zi ekod cte eleng civcd Bing nenjin

end; {(of STRUCT:

(R EE R R R R R R R LR E RV R R R R R R R R R R R R R R RN R R RS BRE R E 2
¥ JLOAD ¥
R R R R R R R R R R R R R R R R R PR R R R R R R R P R ERE)

procedure JLOAD{var giloaddispi jcode:Juintis

I

{

Read the nuaber of joint loads. njly for mil times read the
joint riusber, jnum, the joint direction. jdir, and the applied
force, force, them print jnum, jdir, and force, and fimally
store force in g.

3

var  jfor:realy  wjlyjnus, jdiryikiintegers

begin

readiniinfile.njlls
for 1:=! to 3 do writeinfoutfileld
if njl <> @ then begin
writelnfoutfile,’ JOINT LOADS )3
writelnfoutfile,’ Joint Direction Force')s
for 1:=! to njl do begin
readin{infile, jnum, jdiry jfor iy
writelnfoutfile,’ Tyjnues3,’ Tyjdirsty’ Yyjfor:10:3)g
kr=jcodeljdir, jnunls
qlkl*i=jfory
endi{for) end(thend
else
writetnicutfile,’ NO JGINT FORCES’)
ends (of JLOAD

R R R R R R R R R R R R R R RN R R R R PR RN R KRR R E R R C P F R R
t #SSENMF ¥
R R R RN R R R R R R R R R R PR Rt R R R R R R HE)

procedure ASSENF!f:Forces var g:loaddisps ci,c2:Elespropss mcode:Mesber

nathctionsy neintegeris

-~

Transfore and asseable the local fixed-end forces, fll,il, to
produce the equivalent joint load vector, g, by egs. 2.34, 3.37,
3.92 - 3.94, and the force transformation of section 2.4,

var 1,k.liinteger;
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kegin
for 1:=! to ne duv begin
if naf1] ¢ 0 then begin
for 1:=! to & do beoin
ky=mcodell,ils
if & 0 then begin
case i of
qlkI* =gk -FBLIciid -c2Da 3 f UL 130 F L2010
21 gk} e=gqlkd~-FGic2li 1 vt Uil fLIL 30 FLR2W1 3N
3: glk)*r=qlkd*-fi3,:1%
Q qlk Y =gk -FEictii Ty 2021 FL4, 135 LS 110
S gqlkd e=gledr-FEic20idn a0l 104,130 PG 000
&1 glkd*r=glkd*-fl&vi1"s
end;{case}
end; (if}
end: (for)
endi (3f3
endi(fors
ends (of ASSEMF3

(R R B R R R R LR E R R R SRR R R LR R R R RE R R R R HE
) MRCT *
R R R R R E R R R R R R R E LR F SRR R R R R R R R R R EE )

procedure MACT(var f:forced var giloaddispi area,zi.esod.cle.eleng.ci,

cd:Eleaprops: mcode:Member; var nathctionsy nedinteger)y

Read the nusber of cember actions, nmact: for nmact times read
the meaber rusber, an, the sester action tvpe, mat, the actiom,
act, and the two distances, distl, distd.i print an, conpute and
accuaulate the fived-end forcesy call ASSEMF,
vat  iyneact,en.gatintegers  act,distl.dist2.eiassoestybopocoditeals
begin
readintinfile nmact})s
for 1:=1 tc 3 do writelntoutfilels
if nmact <> 0 then begin
writelnioutfile,’ MEMBER ACTIONS'}3
writelnfoutfile,’ Merber Type fiction Distance-! Distamce-27)%
for 1:=t to nmact do begin
readinfinfile.an.sat act,distidist2)s
writelnfoutfile,’ Yyanedy? Yymatsl,t 7yact:i0:3," 7,
distl:8:3,° "odist2:8:3)%
nalanli=nalanl+ly
case aat of
1: begin {#% CONCENTRATED VERTICAL LOAD ##}
el:=elenglanl®}
a:=disti/el;
fl2,anl :=fl2.anl"-act®(ltakaticea-3) 1}
f{3,an)*s=f{3,anl -acttelratii-al#il-a)}



143

fiS,anl*:=f{S,anl tact#atakic*a-3);
fl6,an1*1=1{b,anl +actteleatakil-aj}
end; (1}
2: begin (#& URIFCRMLY DISTRIBUTED VERTICAL LOAD &
el:=elenglmnl”s
soi=distl/el;
sti=distd/els
as=stestesticpesucs,
bi=gtestestectestesotstesohspsokcokssd
pi=act#el/d;
fl2 wnl*:=fl2.anl -prist-so)ei2-2%ath};
fl3,an}":=f{3,an)"-prelist-co) #{okicitcoi-BRatIth}/ 5]
f(5yanl*:=f{S,anl"-prist-sui*i{2¥a-b);
flsyanlti=fla anl +ptelefct-oul#{aea-I¥b)/5;
endi {2}
3: begin {#s CONCENTRATED AXIAL LOAD ##)
el:=elerglanl®i
a:=gistifels
flivanl*=fll,anl"-acteii-als
fla,and*=flb anl -actea;
end; {35
4: beqin {#¥ UNIFORMLY DISTRIBUTED AXIAL LOAD ##}
el:=elenglanl®i
pi=acteei/2;
fltanit=fllanl®-pt
fla,enl*=fl4,anl1"-p3
endi{4>
3: begin (¢ TRIANGULARLY DISTRIBUTED VERTICAL LORD ##}
eli=elenglan]®i
soi=disti/els
sti=distd/el;
gi=3#stictdectisotsnkse
di=i¥stectict+Iectectecpedectisukcotepisutso)
pi=acteel/20}
fI2,8n)":=f12,an]"-ptist-so) ¥{{0-Sect2d)]
fL3,anl =T (3 anl -prel#ist-so {108 2tcttop) - 10kC+IRE} /31
fiS.mnl*:=f(S,anl*-pist-g0) #{58c-2%0);
fl5,anl*:=flo mnl +prelict-cpieiSec-31d} /3¢
endi {5}
&3 begin {¥% CELEMENT IMPERFECTION ##}
el:=elenglanl”?
a:=eacd{en) #zilan)*/{elseltel s
bi=arealanl teirel/ziland"!
fli,end*1=f{{,anl"takbacts
fla,anl*=fl2.anl t12%akdist {-bkpikakdistdy
f{3,anl*:=f(3,an) t5¢eltakdisti-2xeltel katdistd;
fl4,wnl*i=fl4,anl"-akbracty
f{5,enl":=f(5,en)"-12%akdictitbtel #akdiste;
fls,anl*s=fl5,anl thtel tardisti-4telreltardistd;s
endi {63
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7: begin (#x TEMPERATURE CHANGE #¢}
pi=arealsnl”#eacdlani*#ctelanl kacts
fl1,an)*:=ftanl +ps
flovand*e=fl4,anl*-p3

endi {7}
ends(case’

endi(for’

ASSEMF(f,q,clyc2 mcode nia nel s
end
else begin

writeln{outfile,’ NO MEMBER ACTIONS' )i
ends (if3

end: {of MACT:

(R R EE R R R R R R E PR R E R R R R R R R R R R R R E5 R4
¥ LOAD *
Ty Yy Y Yy Y e TezezTsLILITITINY

procedure LOAD{var f:Forces var g:loaddispi area.emod.cte.eleng.clic2:

Elemprope: acode:Meaber: jcode:Joints var nathActicns;
ne,neq:integer!;

Initialize to zere the joint load wector, g, the local element
{pesber) force vectory fy and the nuaber of actions vecter, nas
call JLOAD and MACT.

)
i

wal 1.kyliintegers
begin
for k:=t tc neq do
gikie=0.04
for 1:= § to ne do begin
nalili=dy
for 1:=1 to 6 do
fl1,11%:=0.04
end: (fors
JLOAD{q, jcodely
MACT{f,qarea,z1.en0d,cte eleng i 2 acode,na nels
endi (of LOAD:

(R R R R R R EE R R R R E R RN R R R F FEF R R R R R E R R R R R E S
t DATA *
R R E R R R E R R R R R R R R R R R R PR E R R R R R R R ]

procedure DATALvar f:Forces wvar x:Gcoords; var giloaddisps

var area, 1, emod, cte, eleng, ¢ty c2:Eleaprops;

var scode:Mesbery var jcedesJointi var ainciincidence;

var natActionsi ne, njiintegery var neg, abd:iinieger:
lctintegers var nhiintegers var hiHdat: frame:314; date:SB1:

{ For the first load condition, ic=!, call STRUCT and LOAD,
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for subsequent load conditions, ic > §, call LOAD.
var trinteger;
begin
if lc=1 then begin
STRUCTtxyarea,zi,envd cte eleng ci 2 acode, jCode,ainc,neynjyneg,abd,
nhyhafname,date) s
( Allocate real matricies to the heap: 3
for 1:=! to neq do begin
new{glil};
for ji=t to (abdtt} do
newiss{iyjl};
end: (for?
endi{if}
for i:=1 to 4 de writelnfoutfile)
writelnioutfile);
writelntoutfile,”  LOAD CORDITION ’,ic:2}
writelnioutfile,”  -----------oooee- "
LOAD{f,q,aTea emud, cte, eleng el c2,0c0de, jeodenaynieyneql s
ends {of DATR}

IR Ty Ty Yy T ey izyTaessszasy
¥ ELEMS *
FREEERE R R R R R R R R R E R R R E R R R R F R R B R AR E R )

procedure ELEMS{area,zi escd eleng,cl c2:Elespropss var g:6stiffi niinteger)s

s

For eleaent ny conpute the global stiffness coefficients, ¢f7?2,
defined in eqs. 3.5,
var cin,c2nielialfa,betasreal;s
begin
clns=clinl®s
ceni=c2inl”y
gli=zelenglnl®;
alfar=emodlnl®#2ilnl"/lel*eltel )]
beta:=arealnlseirel/21nlY;
glil*:=alfasibetascin®cintl2. Okcankcnl s
gf21*:=alfakcinkcntibeta-12.0)5
gl31*:=alfat({betatc2nkcdnti2. O%cinkclind;
glal*:=-alfasb.0%el¥cdn;
gl51*:=alfasb.0teltcln;
glb1*i=alfash, Okeltel;
gl71":=alfakd.Q4elrel;
end; {of ELEMS}
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(R R R R R R R R R R R R R R R R R RS

t RISEMS ¥
T T T T 2 i e e iR iiiiy

procedure ASSENS(var ss:Matrix; g:6stiff; mcude:Mesber; abd,n:integer}s

{
Initialize index by eq. 7.43 assign stiffress ceefficients, gfll,
of elesent n to the system stiffress band satrix, ss, by index,
sccde, and eg. 4.7.

3

var index:Indeat: i.ieyj.jesk.liintegery

begin

{ Initialize index:

index{!,11:=13
1ndek[1)J]" ]
index{2,31:=5;
index[3,11:=4;
indexf3,31:=-5
index(4,3):=-43

1
B

indexli,21:=2;
indexl(1,611=43
index{2,43:=-2}
index[3,21:=5¢
indexf3,61:=7¢
inder[4,41:=13

tndexlt,33:=4

index{2 1J.-L‘
index{2,93:=-3;
index{3,31:=63
index(4,1):=-13
index{4,53:=23

inder{l,4}:=-13
index[2,2):=3;
index{2,63:23;
index{3,41:=-43
index(4,21:=-2;
indexlb,611=-43

index{S,11:=-25  index{5,23:=-3; indexl5,33:=-5¢ index(5,4]:=2%
index5,511=33 index{5,61:=-5¢  indexlé.1]1:=43 indexl6,211=5;
index{5,31:=73 index{6,63:=-47 index{5,51:=-3% index{b,8):=6%

for jes={ o 6 do begin
je=mcodel jeynly
if § & 0 then begin
for te:=je to & do begin
1:=acodelie.nls
if 1 <3 0 then begin
ki=i- 3*‘1;
l:=indexlie,jel}
if 1340
then ssljykl*i=ssljk1*+glll”
else sslj.k]*:=sslj,kl*-gl-11"}
end;{if3}
ends{for’
end; (if3
endi(fors
end; (of ASSEMS)

(R R R R R R R E R R R R E R R R R R R R R R R LR
¥ STIFF ¥
e I L I L I T T A R T2y e E e ey E Y T E R 2 S TR TI2 IS

procedure STIFFivar ss:Matrixi area,zi,esod,eleng.cl,c2:Elesprops:

mcode:Menberi ne,neq.pbd:inteqer)y

{

Initialize the system stiffress satrix, ss, to zeroy for
each element call ELEMS and ASSENS.

o
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var jylymyniinteger; g:6stiff;
begin
for j:=t to 7 de newigljl};
pr=abdtl}
for j:=t to neq do begin
for 1:=1 to 2 do
55l 117:=20.05
end;{forl
for n:={ to ne do begin
ELEMS{area,z1,esod,eleng,clyc2gonit
#5SEMS{s5,q,mcode,sbdyn)}
end; (ford
for ji=t to 7 do disposelgl;l}}
ends (of STIFF:

(R R R R R R F R R R R R R R R E R R R E R R R RO RERE R 1
¥ MODIFY *
B R R R R R R R R R R R R R R R R R R R R EE R R R LR EER)

procedure MODIFYivar ss:Matrixi var q:loaddispi jcoderJoints

neq,abd, lctinteger);

{

Ispuse prescribed juint displacements {at the systes levell by
modifying ss and g via the Penalty Method.

1

var  jnusy jdir,npjd,j.icinteger; pfac.prue,displireal;

begin

readintinfile,npjd);
for 1:=1 to 3 do writelnfoutfilels
if npjd O 0 then begin
readini{infile.pfachy
priue:=0.03
for j:={ to neg do begin
if ss{j 13"  pnum then
prugs=sslj 11753
end; (for?
if lc=1 then
pnuas=pfactpnua;
writelnioutfile,”  PRESCRIBED JGINT DISPLACEMENTS®){
writelnfoutfile,’ PFAC= ’,pfac:7:l,y’ PNUM= " pnum:lé:4)s
writeln{outfile,’ Joint Direction Displacement’);
for i:=! to np;jd do begin
readinlinfile, jrua, jdir,displ)s
writelrfoutfile,’ Tyjrumidy’ Tyjdirsty’ i
displ:3:3)3
jr=jcodel jdir, jnuals
ss{jy13*:=pnum;
gl i1 s=displeprun;
end; {for}
end
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else
writelntoutfile,’ NO PRESCRIBED JOINT DISPLACEMENTS’)S
endy (of MODIFY}

(R R R R R R R E R R R E R LR R R R R R R R EE
¥ 50LVE ¥
R R R R R R LR R R R R E R R R R )

procedure SOLYE{var ss:Matrix; var g:loaddispi neq.abd,lc:integer);

(

For the first load conditiom, lc=!, perfors forward reduction

of the stiffress matrix, forward reducticn of the load-

displacesent aatrix, g, then solve for the umknowns;

for subsequent icad conditions, lc > 1y perform fourward reduction

of the load-displacesent aatriz, g, then sovive for the unknowns.
var  iyjykylyeiniinteger; cireald

begin

if tc=! then begin
( Forward reduction of stiffress matrix {Gaucs Elimiration) i
for n:=! tc neg do begin
for 1:=2 to (abd+!) do begin
1f sslny11* 0 0.0 then begin
1=ptl-13
c:=ssln 11 /s5{n, 113
ji=0y
for ki=l to (abd+!} do begin
ji=jthi
esli,j1*s=ssfl, j1 -c¥ssin, k13
endi (for?
ss{n 13%i=cy
end; (i}
end:(for}
end;{for’
end; (1f}
{ Forward reduction of constants {Gauss Elimination)
for n:=1 to neg do begin
for 1:=2 to {sbdt!) do begin
if ssiny11* (> 0.0 then begin
1:=ntl-13
qli}*:=qli1]*-ssln,11%#glnl*}
end; (if}
end;(ford
ginl*:=glnl*/ssln, 11
end; (for?
{ Sclve for unknoens by back-substitution
for a:=2 to neq do begin
ni=neqti-s)
for 1:=2 to (abd¢l) do begin
if ssfny11* O 0.0 then begin

.-

[
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ki=ntl-13
ginl*:=qinl*-ssin,ti"#glk1™:
end; {1f}
ends{for}
endi{for’
ends {of SOLVED

(R R R R R R R R R R R R R R R P R R R R R R R T R F R R R R R R R

t SYSTEM *
L g sy I e saaazsestisy

procedure SYSTEM{var ss:Matrixi var g:loaddispi area.zi,emod,eleng,
clyc2:Eleapropsi scode:Meaber: ne,neg,sbd,lciinteger)s

(
For the first load condition, lc=st, call STIFF and SOLVE; for
subsequent load conditions, lc > 1, call SOLVE.
Note: the input arquement, g, stores the joint lcads; the
output arguement, g, stures the joint displacement.
begin
if ic=l

then STIFF(ss,area,zi encd,eleng ct c2 acode neneq abd}y
MODIFY(ss,q, jcode neg abd. i)
30LVE(es,q.neg.bdyic)s
ends {of SYSTEN:

(R R R R R R R R R E R R CF E R R LR LR R R R R R R R R RS
¥ ELENF ¥
R R C R R R R R R R E R R LR R R R F RN EER)

procedure ELEMF(var f:Force: q:Loaddisp; area.zi.escd.eleng,clyc2:Eleapropss

mcode:Mesber; itinteger)s

I

Coapute the local forces in elesent i, fL6,11: deteraine the
global element displaceaents, dibl, fros the joint displaesent
vectory g, via acodes compule the local forces at the a-end
of the elesent by egs. 2.34, 2.35, & 3.59; use epuilibriua to
cospute the local forces at the b-end of the elesent and
eg. 3.93 to cospute the actual element forces.
var  cli,cdi,el,alfa,bets,dts,des,d3s, f1,f2,f3reals
kiliinteger; d:Disp;
begin
for k:=t tc & do newld{kl);
clis=eililg
ciz=cafil™y
el:=elengfil”y
alfa:=emodlil*#2ilii"/{elteltel);
beta:=arealil*#el®el/zil11%}
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GLOBAL ELEMENT DISPLACEMENTS:
Actual Displacesents:

~

for 1:=1 to 6 do begin
ki=acodell,il
if k=0
then df11%:=0.0
else dl1}*:=gqlk3*s
ends(for?

-~

Relative Displacesents:

..

dig:=dl1]1*-d[43"3
d25:=4[21"-d{51"3
d36:=d[31*+d[61"}

-~

Forces at a-end due to end dispiacemente

.-

fii=alfasbetaticlitdlaec2ivd2s)
f2:=5.0%alfati{2.0rcli#d23-2, O%c210d10+el 43615
f3:=2.0%alfarel#{3.04cli#d25-3.0%c2ivd 4tel+id[3]+d35));

-~

fttual eleaent-end forces

-

fltade=fll, 1141
fL2,11%:=f[2,11"+12;
1311213411743
flaviln=fld,110-113

3 i1%=105,13°-128

flavil e=fle i) tel#f2-f38

for k:=t to &5 do disposeicdlkls

end: {of ELENFS

CEREEE R R R R R R R E R R FR R R R R R R R R R R R E R H R RS
¥ JOINTF ¥
R R R R R R R R R R F R R R E R R R R R R R R R ERRER )

srocedure JOINTF(f:Forces var p:Jfaatrini cl,c2:Elempropei minc:incidence)

1iinteger)y

{

Transfora the local forces of elesent 1, f{5.11,y to global
forces and assign thea to the feint force aatriz, oo by
€gqs. 2.29, 2.34, 2.37, and ainc.

¥

¥ar  jhkrintegers

begin

pEminclhyily
kr=mincl2,i1i
pllyjdre=pll I eRB (03 20104, 708,10, FL2y i 3008
al2y 17 e=pl2y 3o ebbic2 ) e 01 FLL 3 FL3 v 0
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pl3,j1%:=pl3, §17+€03,1 17
plt, k1 s=pll, kM +FE )%y 201" L4134 500
pl2,k3%i=pl2 k1% 4FBLCRL 3 013N F UG, 07 FLST
pl3, k1% e=pl3,k1M4F 16,117

end; {of JOINTFD

(R R R R R R R R E R R R R R R R BB R R R R E R R R R R RS R EE R R R4
¥ FORCES ¥
R R R R R R R R R R E R R R PR R R R R R R R R LR R EE)

procedure FORCES{var f:iForces var piifmatrizy g:loaddicps areazi.esod,

eleng,cl,c2:Eleaprops acode:Mesber; sinc:lncidence;
ne:integer)y

For each element I, call ELEMF and JOINTF.

M
)

var itintegers
begin
for i:=1 to ne do begin
ELEMFif,qsarea,ziemodeleng,clvc2 mcode i)y
JOIRTF(f,pyctocd,yming, iy
endi{fors
end; {of FORCES)

(R R R R R R R R R R R R F R R R R C R F R Y
1 DRANWF #
R R R R R R R R E R R R R R R F R R R R R R RER )

srocedure DRAWF(i:Gcoordsy minciIncidences hiBdaty frnamesSi4s dates58;

nevnipynhylorinteqers var ixyiysbeeordss var wrange,sf,
atnxyushiftyyrange,sfy maiy yshiftireal )y

-

Draws the structure using input data: x. global ceordinates, ainc,
aesber incidences, h, hinge data, ne, nusber of elesents, nj, number
of juints, and ohy number of hinges.
var
tyjakodiintegers
kiny.maxxireals
tegin
clrscrs hires;y hirescolor(i)y
gotoxy(i,i);
writeifriane};
gotoryid2)s
writeldatels
gotoxyil,S)3
arite(’toad Case ",lc:t);
gins:=1E9%  ainy:=1E97 maxx:=-1E9; maxy:=-1E%%
for i:=t to nj do begin
if k{113 < minx then aimxi=x{l,il™)
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if x[1,13* > saxx then saxx:=xll,13%}
if x(2,11* C siny then siny:=x[2,11"}
if x[2y1)* » saxy then maxy:=xi2,il*;
end; {for}
ATange:=maxi-Minki yYTange:=aaxy-ainy;
if xrange »= yrange then begin
sfxi=t.04
sfyi=yrange/irange;
end
else begin
sfy:=1.0}
sfx:=irange/yrange;
end;{if}
sshifti={i-sfx)/2;
yshifti=it-cfy}/as
for j:=1 to nj do begin
if xrange ¢ 0
then ix[jl:=roundi330#icfelxil, j3"-a1nz) /xrangetushift)+154)
else 1x[j1:=330;
if yrange ¢+ 9
then tyljli=round(160%isTykipaxy-2[2,j1" Y/ yrangetyshift)+29)
else ivljl:=99
endi{for:
for ji=t to nj do begin
protéinljlyivljhtls
drawlix[ i3+t ayljlet,inljlet iyl l-1, 100
drawfizfjd-1,ivljlet inljd-tyay(jI-ta1h
dramiizljled aylji-1,ax0j3-tyavl3I-4, 1038
dramiinf 3+l ivljiet axlyd-tyivljiet 103
endi{fors
for 1:=1 to ne do begin
je=mincllils
kr=mincl2yils
drawliz[;eiv[lainlklavlk] )8
end; (for
if nk > 0 then begin
for 1:={ to nh do begin
jishlilils
k:=hl2,i1}
l:=ainclk,jl;
circletixfld, iyl1d,4,1);
end:{for}
endi (113
repeat until keypressed;
erdy (cf DRAWF:
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(R R R R R E R R R R R R R R R E R R R R R R RN
* LRAWDF ¥
R R R R R R PR R R R R R R R R R R E R R EE ]

procedure DRAMDF{x:Bcoords: ainc:Incidences hiHdat; frname:5i4; date:58;

neynjinholoiintegers uildisps var tx.dy:Deoordsy clcds
eleng:Eleapropsi srange.sfx,minxn,eshift,yrangesfv,may,
yshiftireal)s

-~

Draws the deflected structure using input data: 1% and iy, drawing
courdinates, minc, seaber incidences. h. hinge data, ne. nruasber of
elesents, nj, nusber of joints, nh, nuaber of hinges, and uy joint
displacesents.
var
iyjokeLalxalyspaypysinteger:
arbycyclieli,dl d2463,d4,d5, 86 r1ev r 2yl udusak vdiveals

function MRAIR{a bireall:real; {Returns the absolute maximum of two reals
begin 1f absi{a) »= abs{b)
then MRXR:=absta)

else MAXR:=abs(b) end; {of MAXRY
function UDISP{(dl,d4,xi:7eal)reals {Calcuiates the u displacement’
begin UDISP:=di+(d9-di)#xi end: {of UDISPS

function VDISP(d2,d3,d5.db rlvxizreal)rreals {Calculates the v displacesent’
begin VDISP:=(2#(d2-d5)¢r1#{d3+db) ) #risxitxi
+{361d5-d2)-r1#{2ed 3406} Jeniend

triedIesied2 end; {t1 VDISF}

procedure GTL{var a,b,cic2:ireal)s {Transforas global to locals
var cydireals

begin c:=ai dizbj arsckcitdecds bi=decli-cec? end; {of 6L

procedure LTG{var a.b,cl,cdirealls {Transforms local v globals
var c.d:reals

begin ci=aj d:=bi ai=ceci-d#cd: be=diclec#c end; {of LTS}

begin

umaz:=absiull, i1y
for 1:=f to nj do begin
for j:=1 to 2 do begin
if absfulj,il) > umax then umair=absiulj,il}}

endy{for}

end: (for’

for i:=1 to ne do begin
jr=mincilaily ki=minci2 ids
di:=uftyjli dar=ullykls
2:=uldy e doi=uld, bl
g3:=ul3d, s dé:=ul3d ki
clis=cdfil?y c2i=cali )™y

ris=elengfi*}
6TL{d1,d2,cliyc2i)s
GTL(d‘hdfs&h,tEl ):
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as=3e{2#{d2-dS) ¢rie{d3+dsils
ba=2#(3#{dS-d2)-r1e(2rd3+db) i1
1=r1#d3;
if (a & 0.0} and {(b#b-G#a#c) >=(.0) then begin
ris={-btsqrii{beb-4%akci)/(2%a)}
72:={-b-cqrtibtb-a*atc)}/i2%a)}
if 0.0 <= rl) and (! 4= 1.0) then begin
ud:=UDISP{dt,db,r1)s
vd:=VDISP(d2,d3,d5db.rl,rids
LTGfud,vdycli i)y
umax:=MAXR{umax ud}i
umax:=KAlR{umax, vd};
end; {11}
if (0.9 <= r2) and {r2 (= 1.0) then begin
ud:=UDISP{dl,d4,r2};
vd:=VDI5P(d2,d3,d5,d8,r1,72)s
LT6{ud,vdyclieids
usay:=MAXR{umaxz, ud}s
umax :=MAXR{umax,va i
endilif}
ends (313
endi{for}
for j:=t tov njy do begin
if wmax & 0 then begin
12ljle=roundCial jleat®ult,y j umani s
ivljlesroundtiyljl-17%al2, j3/unax)s
endy(1f3
endi{fori
cirscry hiresy hirescolor{ils
fer ji=t to nj do begin
plottialjlvivljlytis
drawiixljdedyivljied inljiet iyljl-tathy
dramiizljl-tyiyljdet anld-tavljl-ting
drawiinf letaylyl-taanljl-taylji-1,1)
drawiizljled iplpdet ialjd-tyiyljlet 133
ends{fors
for 1:=] to ne do begin
jr=ainclinids ki=minci2, 133
if umax=0.0 then
drawlixljl,iyljdeinlkdivikd, i)

else begin
di:=ull, 13 dd=ull, k13
de:=uf2,j1i d5s=uld k14
d3:=uld,jls db:=uld k13
clie=ctlil™s c2i=c2iilN

ri:zelenglil”y

GTL{d1,d2,cli,c2i)3

6TL{d4,d3,ctiyc2i)3

for 1:=0 to 250 do begin
*1:=1/2504
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ud:=UDISP(d1,d4,xi}}
vd:=VDISP(d2,d3,d5.d56,71,x1)3
if xrange <3 0.0
then pxi=roundf3S0#{sfxe(xll,j1 -minxexitelenglid ecilil™}y/
srangetishift)+iSheiat/uman) #fudecilil -vdec2[13°)}
else px:=330+roundifdt /upaxteiudectiil -vdec2i1]*} )y
if yrange < 9.9
then py:=round!160¥{ciyeigany-xf2, j3 -xitelenglil 211"}/
yrangetyshift)+20+{-1%/upax)#ivoect {11 tudec2{il"))
elce py:=99+round{{-13/umaxitiviectiil tudtcelil™) )i
if 14X 0 then drawiptypyeixedy 10
Ix:=px;
lyi=py}
end: (for}
end: {if}
end: {for
if nh > O then begin
for 1:=1 to nh do begin
js=hitaly
kr=hi2,13%
Le=aincik,jls
circletisl1d iyl 6,103
end; {for’
end; (if}
gotoxyilile
arite{frasels
gotoay (3,243
writeidate)
gotoy(l, 50
writel"tead Case ",lcit)y
gotorytl,7)3
write{ Deflected’};
gutaxy(1,8)3
writel Structure’ )y
hirescolor (43
repeat until keypressed;
textacde’
endy (uf DRARDFS

.

Y
i
!

(R R R R R R R EF R F R R R SRR R E R R F R R FE R ER R R R LR 1S
£ QUTRUT ¥
R R R R R R R R R R R R E R R R R B R R F R F R SR LR R R R F R E 4R )

procedure QUTPUT(f:Forces p:Jfmatrixi g:loaddicp; jcode:loints

ney mjy ok, leiintegery x:bcoords; hiHdats frame:Si4;
date:58% minc:Incidences cl.c2.eleng:Eleapropsis

use joint displaceaent vector, g, and jcede to print joind
displacesents {including joint constraints}y print lecal
element forces, fibynel; print joint forces, pidynjhs
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call DRRNWF and DRAWDF.

)
?
var 1sjrkylrintegers utJdisp; 1%y1y:Deowrds;

t t1,42,xrange.sfx mimeyichift,yrange sfy aaxy,yshiftireals
begin

for 1:=f te 3 do writelnicutfile)s
writelnfoutfile,’ LOCAL ELEMENT FORCES’)3

writelnloutfile,’ a-end’y
! b-end’ )
writelnfoutfile,”  ------- ’y
Y e~ e ———————— - ———— - - _P);

writelnfoutfile,’ Element Direct-! Direct-2  Direct-3  Direct-4’,
Direct-5  Dirert-4)
for i:=! to ne do begin
writefoutfile,’ Tei:d)s
for 1:=1 to & do beginm
te=fl1,i17
writefoutfile,” *,t:10:3);
ends {fors
writelnfcutfilels
endy{for)
for 1:=1 to 3 do writelnicutfile)s
sritelnf{outfile,”’ JOINT DISPLACEMENTS )
writelnioutfile,’ Joint Directicn-t Direction-2 Divecticn-3'13
for j:=! to nj do begin
for 1:=f to 3 do begin
ki=jcedelly s
if k=0 then
ullyj3:=0.0
else
ullyjle=glkl™s
end: (for?
writelnfoutfile,’ SR afteglet@ess w2 hsss Ty
uf3y 311019}
end; (forl
for i:=! to 3 do writelnicutfilel;
writelnioutfile,’ JCINT FORCES i3
writelnfoutfile,’ Joint Direction-1 Directicn-2 Direction-37)%
for j:=! to nj do begin
te=pliy i1ty tiaspl2,51%5 t2:=pl3,j17
writeln{outfile,’ Tjtdy’ WEr10:3,7 0 Ty EE0:3, T T t2i10e30s
endi(for}
ORAWF (x ainc hyTnase,dateyne nj nhlcoiz, iy, arange,sfx minxk,ishift,yrange,
sty maay,yshiftly
ORANDF (xyminc hofrase,dateneynj oy louais iy, el 2 elengairange, sfx minn,
ishift yrange.sfymaxy,vshift)s
ends {of DUTPUT:
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(R R R R R R R R R R R R R R R R R R PR RN LR £ S
¥ RESULT *
R R R R R R R R R R R R R R R R R R R E R R EHE)

procedure RESULT(f:Force; var p:lfsatrix; q:Loaddisp) ares, zi, eacd,

eleng, cl, c2:Eleaprops; acode:Mesbery jcode:loint;
sinc:Incidence; nesnj.nhylciintegery x:Bcoerdsy heHdats
frame:514; date:58);

-~

Initializes the joint force satriz, p, to zerod call
FORCES and QUTPUT.
var  jyl:integer:
begin
for j:=! to nj do begin
for 1:=t to 3 do begim
newipllyjl);
pll,j3%:=20.04
endi{for}
endi(for}
FORCES(f,pyqyarea,zi,encd.eleng,cl 2 8ucde ming, nels
QUTPUTEfypog, jodeniesnj ahylcyiohyfrase,datessincci c2 eleng) s
end; {of RESULT]

R R R R R R R R R R R R R R R R R R R R R R R H S
¥ ARIN *
B R R R R R R R P R R R R R F RS TR

Initialize parameters ax, axneqi read and echo ney nj. nlct if ne
and nj are less than or equal to ax, call for each load condition
DATA, SYSTEM, and RESULT; else print error sessage and stop.

2
J

begin

clrscry

texteolor(sls

writelnt’ Pregram FRAME was translated and enhanced by '
Kenneth R.’);

writeln(’ Nuttali as part of his research for an M5 in CE at .
'Virginia’')s

writelnl’ Polytechnic Institute and State Univercity. It was 7,
*translated to’)s

writelnl’ Turbe Pascal froa FORTRAN as it is developed in Holzer,’,
TS M

writelnt’ 1985. Computer Analysis of Structures. Elsevier, New York',
'y and’ )3

writelnt’ taught in CE 4001 and CE 4092. This versien of FRAME also 7,
Tincor-T03

writeln(’ porates the extensicns covered by CE 4980 during Spring ',
*Buarter’ )

writeln(’ 1986. These extemsions are: hinges at &esbers’’ ends
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'{Holzer,’ )5

aritelnt’ Section 4.4) and gecmetric iaperfections {(Holzer, 7,
*Section 4.7}.7 )1

writeln{’  Prescribed joint displacements are sodeled as degrees of
*freedoms i)

writeint’ i.e.y they are not constrained. then they are declared *
‘under the');

writelnt’ appropriate load case.’)s

writeln(’ Ty
4 November 1986°)3

writelns

writelns

writelng

writeln{’Hit any key to continue.’is

repeat until keypressed:

writeln;

writelng

writeln)

Open Data Files: 3

write{ Input data file: )i readintfrnanel’

assigniinfile,fnasels recetiinfile)s

repeat
writei Write FRAME.QUT to the default drive (Y/N}? ')
readinich);

if tuprasefch) & "Y'} and tupcaselch? (& "N’} then write{"6)
until lupcaseich)="Y") or {upcasefch)="N")3
if uprasetchi="Y" then
FRO:="FRAME.OUT’
else begin
repeat
writeln)
write{ ¥hich drive do vou want to write FRAME.OUT to: Ay By o7 7y
T )
readinidr}i
if {upcase{dr}<}’A’} and {upcasefdr)<>’B') and (upcaseldr)(:’C*)
then writel{"G)
antil (upcaseidr)="A") or {upcaseldri="8") or (upcaseidr)="C"};
FRO:=dr+’ :FRAME.OUT’
end;
assignioutfile,FRO); rewritefcutfilels
readint{infile,date);
readln{infile,ne,nj,nlcl;
writelnioutfile,
CEEEREEEE R R R R R E R R R R R R R R R R R E R R R R R R R R EEHEE )}
aritelnloutfile,
'k "ytitle:d0 v £
writelnfoutfile,
¥ {Nuttall, 1986} £14
writelntoutfile,
TR R R R R R R R R R R R R R R R R R LR R R R R R R EE )}
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writelntoutfile)}
aritelnioutfile,
DATR FILE: ’,fnase:12,’ DATE:  ",date:8):
writelnfoutfile)iwritelnioutfile)s
writelntoutfile,’ TyunatsrdShy
for 1:={ to 3 do writelnfoutfilels
writeln{outfile,’ CONTROL YARIABLES’ )3
writelnfoutfile,’ Nuaber of elements E-H O
writeinfoutfile,’ Nusber of joints Tymjrhly
aritelnfoutfile,’ Nusber of load conditions’ynlcid)s
if {ne (= mx) and fnj <= sx) then begin
{ Allocate real matricies to the heap: H
for 1:=! to 6 do begin
for j:=1 to ne do
new{fliyjlhg
endi {(for’
for 1:=1 to 3 do begin
for j:=t to nj do
newixliyj1)5
end: {for’
for 1:=1 to ne do begin
newlarealil)s
newizilil)s
newiesodlil}y
newfctelilis
newfelenglil);
newictlilhg
newic2[11)}
end; {for’
for ler=! to nlc do begin
DATA{f x qoaTea 21 en0d cte eleng.cl 2 acude, jeode 8inc,nayneng,
neg,ebd. 1o nhyhfname date)
SY¥STEMiss,q.areas2i eaud,eleng,ct 2 mcudene neq abd )
RESULT{f,p.g.area i encdseleng,cl cdydcude, jcodesdinc e njynhy ey
iihyfnasedate)
ends (fors
end
else begin
for ji=t to 3 do writelnfoutfilels
writelntoutfile, ERROR MESSABE: at least ne or ny exceeds mui’ )3

writelnfoutfile,’ increase value of &x and change'):
writelntoutfile,’ axneq to 3¥{mz-1).7 )3

end;{if}

closelcutfile)s

closelinfilels

erd. (of Program Framel
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Computer Listing

for
Program PREP
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progras PREP;  (11-4-86}
type

S2=stringl2]} S3=stringl3}; S4=gtringlals Sé=stringl6ls
5 51

58=stringl8}; S9=stringl?13 5t0=stringl1013

2=stringl12);

Si4=ctring{i41:  518=stringl1B3; S24=ztringl243; S23=ciringf23}y

S36=string{38]:  S46=stringl4dl;
KIPtr="41; {Mesber lncidences}
MI=record
nl.a2:integers
nextai:MIPtr
end;
TiPtr="T13 {Joint Comsiraints § Hinges:
Ti=record
Ti1,712:integer;
nextl:TiFtr
end;
LYFEr="XY; {Juint Coordinates?
Y=record
xlynderealy
nexty i XfFtr
end;
T2Ftr="12;
T2=record
T2lireal;
next2: TaFftr
ends;
T3Ptr="13; (Joint teads & Frescribed Joint Displaceaents:
TI=record
731,132 integer;
T33:reals
nextd:TIPLr
end;
MLPtT="HL} (Heaber Actions:
ML=record
slmaltiintegers
sld.aldl,mid2:real;

,.-
x>
ot
—

section properties:

nextmlMLPYr
ends

ControlPtr="Control; (Counters for each load casel
Control=record

connjl,connmat,connp jd:integers

conpfac:real;

nextcon:ControlPir

ends
var

fnage 15143
Fai.lai WPt
FicsLjcyFhylh (TPt

FayiLay HYPtr
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Fa,lLa,Fziyl2i,Fe Le Fete,lcte (TP
FilhLjl,Fpjdstpjd 1T3Ptr s
Fract,Lmact MLPt
Fleocv,blcev :ControlPirs
SCVy5Ei45jC8hy SRy ,58p.51d 1533

fu 15104

date :58¢

th schars

neyjenicynjcynhytujl.trmact, tnpjd,
NRINC,\RXY B3 NZiyneEOd Rt DlCEY rintegers

ifasofn stents
frase sfiles
EH thoolean;

{$1 GRAPH.P

Iy R A R A I 223323 a2t
¥ BLANKxxi1, ) %
R R R R R R R R R R R R R R R R R R R R R R R LT )
{ BLANKxx{1,j) writes xx blank spaces starting at coluen i on line j. 3
srocedure BLANKBG!1:integer)s

begin  gutoxyfisi)y clrecl ends
procedore BLANKGO(L, jrinteger);

begin  gotonyli,jls

writet’ R end;
procedure BLANK24(i,j:integer);

begin  gotoxyiiejiy  writed’ '} ends
procedure BLANK2O(i,jsinteger);

begin  gotonyiiyjly  writed’ ' end;
procedure BLANKIO(:, j:integer):

begin gotoxvii,jli  writel’ i ends
procedure BLANKS{1,j:integer);

begin  gotoxyiil,jii  write!’ ') end:

(R R R R R R R R R E R R R F R R PR RN R LR R R R R RN
* ETMrE1, jok) 4
R R R R R R R R R R R R R R R E R R R ER R R R LS}
{ GTHxti,j k) goes to screen cocrdinates f1.j) and wriles k. &
precedure GTWEGL, jokiinteger)s
begin  gotoxyfi,j); writetk:l) ends
srucedure BTWi{i,jrinteger: cichar);
begin  gotoxyii,j)s  writelc:l)  ends
procedure 6TH2(1,jrintegers A:52)%
begin  gotoxyiij)s  writelfs2)  ends
procedure GTW3(1,j:integer; A:53)}
begin gotoxyti,j)y  write{f:3)  end:
procedure GTWa{i,j:integers A:54)3
begin  gotoxyti,j)y  write{f:4) end:
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procedure 6TWe{1,j:integers A:56)%

begin  gotoxyfi,j); writeif:6) ends
procedure BTWA{1,jsintegeri A:58)3

begin  gotoxyfi,jli  write(h:8)  end:
procedure 6TW9{1,j:integers A:59):

begin gotoxy{i,j)y writefh:9) end;
procedure 6THIO(1, jrintegery A:510)3

begin gotoxviiyjls  write(R:td)  endi
procedure BTWI2(1,j:integer A:512)3

begin  gotoxyfiyj)i  writel{f:i2)  end;
procedure GTWiB¢1, jeinteger; A:518)%

begin  gotoxyli,jly  write(h:18)  end;
procedure GTW24{1,j:integers #:5234)%

begin gotoxyii.j)s  write{f:d4)  ends
procedure GTW25¢1,j1integers A:533)%

begin  gotoxyfi,jls  writeif:23)  end;
procedure GTW3bi1,jsintegers R:5361%

begin  gotosyfivj)y  writed:38)  end;
procedure GTHGb( jrintegers Ai545):

begin  gotoxylivjli  writelf:dd)  end;

LR R R R R R RN R R E R R R R R R R R R RS F R R R R R RE
* RTMM ¥
R R R R R RN R R R R PR F R RO R R R R R B RO 4E ]
{ RTHM returns centrel to Main Menu.
procedure RTMMS
begin  clrscry GTW24129,9, "Returning to HAIN MENU. "3%
gotoxyil,25)%  delayf1500} ends

I R Ty T a Ty Ay i ey
¥ BEL ¥
R R R R R R R R R R R R R E R R LR R R R R R R R R RS
{ BEL writes *G 3

procedure BELY begin  write("6) endi

Q2222321222222 22222 2222322222322 23 3732228122222 12323323 3323
* BM ¥
F2 222221232122 22222 2322222zt etz yyyee ey azeizzassizszazsy

A}

( BM writes bottos senus
procedure BM;

begin
6TW?{14,24, Ft-Change’ )} BTWS136,24,'F3-Rdd" )1
BTH9(S3,24, F3-Insert’ )y 6TWF {14,295, F4-Delete’};
6TW10435,25, "F10-Return’ ) gotoxy(1,23)%

ends

procedure BMFK(i:integer};
begin
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textcolort3t); BEL; BTH2{14,26,°F1" 4
STW2(34,24,°F27 )5 BTW2(53,24,°F3")s  GTW2{14,25,°F4° )3
BTW3{36,25,'F107};  gotoxyil,25)4 textcoloriil

ends

procedure BMIG

begin  BLANKBO(24);  BLANKB(H2S): GTW4{b1,24, Insert™); endd
procedure BMCS

begin  BLANKBO(24);  BLANKBOI23); GTW6{17,24, Change’};  end:
procedure BMD:

begin  BLANKBO(24)5  BLANKBO{23i{ GTWo{17,23,'Delete’): end;
procedure BMAS

begin  BLANKBO{24)5  BLANKBOI23){ 6TW3{37,24,'Add’}:  end:

(§22222 22222222 2 222 22 2 g 2e sl e zaes eIy asyIasyzaszayzsezssly

¥ READFILE

R R R R R R R R R R R R R R R R RN R BRI REE)

procedure READFILE{var ne,nj.nlciintegers var Fai.Lai:MIPtrd var Ficolic,
FhoLheTIPtrs var Fay,Lay:XYPtry var Fa,la,Fzi.lzi,Fesie,
Fcte,LetesTaPtry var Fil Ljl FpidiLpjd: T3Pt
var Faact,Lmact:MLPtri var Flcov,LlcoviControlPtrs
var nicynhytnjl tnsact inpidrdinc nayonawnzineaod,ncte,
niccviinteger)s

var  dvjynjlinsat.npjdiintegery  pfacireals

P

Reads the file which is cpered in OLDFILE ard places it in the memory.

3
J

BEQLT
readiniifn e njenichs {Control Yariablec?
for ::=1 to ne do begin (Member Incidences.

if 1= then begin
new{Fmiis
Lgi:=Fai
end
eise begin
aewitsl®, nextails
Lai:=Lai*.nextai
ends
with Le1* do begin
readln{ifn,al,ad);
nextsi:=nil
ends
NAINC:=Nainc+!
ends
veadinlifn.nichs {Juint Cometraintss
for 1:=t to njc do begin
if 1=l then begin
newiFjcis
Ljce=Fijc
end
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else begin
newf{Ljc . nextl)]
Ljc:=tjc*.nextt
ends
with Ljc® do begin
readlnlifn,T41,T12)
nexti:=nil
end
end’
readintifn,nh)s {Hinges>
for 1:=1 to nh du begin
1f i=1 then begin
new{Fh}}
Lhs=Fh
end
else begin
new{Lh*.nexti)s
Lhs=th*.next!
ends
with Lh* do begin
readintifn, 711, 71203
nextli=mil
end
ends
for 1:=1 to n; do begin {Joint Coordinates?
if i=! then begin
new{Fuy)s
Lavs=Fxy
end
else begin
new{biy®.nextxl)i
Layislay®,nexty
ends
with Lay* do begin
readlnfifnety i)y
nextai=nil
endsi
nxy Ryl
end;
for 1:=l to ne do begin {Mester Froperties?
if 1=l then begin
new{Fal;
La:=Fa;s
newtFzi)s
trissfFain
newiFe)}
Le:=Fe;
newiFcte);
Leter=Fcte
end
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else begin
new{la”.next2);
La:=La*.nextd;
nenilzi*.nextd)s
Lris=Lzi*.nextds
nemile”.neitd)y
Le:=Le®. nextds
new{lcte".nextd});
Letes=Letet . next2
end;
with La* do begin
readtifn, 7213
next2:=nil
end;
nai=natl
with tzi* do begin
read{ifn, 721}
nextdi=nil
end}
nzis=naitly
with Le® do begin
readfifn,721)3
nextd:=nil
end}
nesod:=nerod+]
with Lete® do begin
readlniifn, 721034
next2:=nil
ends
ncter=nctett
end;
for 1:=t to nlc do begin
pfac:=9.9%
readinfifa,njlly
for j:={ tu njl do begin
if Fyl=nit then begin
new(Fil}s
Lili=Fjl
end
else begin
newlljl*.nextd}si
Ljle=Ljl*.nextd
end;
with Lj1* do begin
readintifn,731,732,733}%
nextd:=nil
ends
trjlistnjled
ends
readintifn,naat);

{Load Cazes?

{Joint Leads:

{Member Acticnel
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for j:=! to nmat do begin
if Faact=nil then begin
new(Faact)s
Lract:=Faact
end
else begin
rewilaact®. nextpl):
Lpact:=Loact*.nextal
end)
with Loact® do begin
readlniifr.eln,elt,sld,uldl ldd)s
nextal:=nil
end;
tneact:=tnaact+!
end;
readintifn.npidls {Prescribed Joint Displacements:
if npjo <> 0 then begin
readin(ifr,pfachy
for j:=! to npjd duv begin
if Fpjd=nil then begin
newi{Fpjd}s
Lpjdi=Fpjd
end
else begin
newilpjd®.nextd)s
Lpjd:=Lpid”.nextd
end:
with Lpjd* do begin
readintifn, 731,732,733}
nextd:=nil
ends
tnpjdi=tapjdel
end
end;
if 1= ther begin
new{Floov)s
Lleceve=Fleow
end
else begin
newfLiccv® . nextcon)
ticevestlcevt . nexteon
end;
with Llccv® do begin
conmji=ngly
connimat:=nmat;
connpjd:=npjd;
conpfacs=pfacs
nextcon:=nil
ends
nlecovi=nlcovd
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end;
closelifn)s
end;

€21 2222 2232 2 s e Iz iaz eIy ez asae iz teessyzizsestiiyeesizaszs
* OLDFILE ¥
R R R R R R R R R R R R E R R F R R R R R R R RE)
procedure OLDFILE{var fn:510% var date:SB: var nmewnjinlcynjcanbatniltnaact,
tripjd,nBIRC RRYVRay0Zneatd ncte,nicoviintegers var Fal.bel:
MIPtrs var Fic,LicoFhyLh:TiPtrd var Fuy, Ly XYPtrg
var Fa,La,Fzi,b21,Fe,le Fete,LotesT2Pers var Fil,Lil,
FpidsLpjdsT3Ptri war Fmact,laact:MLPtr var Floow,lices:
ContrulPtr):
var inntegery o0d:S8% inf:5143 ok:booleand

[
3

Reads the name of the data file and the datei checks for an existing
file of the same names if file is found calls READFILE.
}
begin
tirsers
textcolor i)y
gotoxy(18,8);
write(’Enter File Name (1 t 8 charactersi: ')
reatln{fn)}
gotoxy{33,10);
writel Date: )%
readintdate)s
for i:=! to 7 do writelns
infi=fne’ JDAT’S
assignfifn,infi;
{$1-3 reset(ifni {$l¢33
ok:=(10result=0);
if ok then begin
readlnfifn,od)s
gotoxy{30,14)5
write{’Editing existing file.’)s
gotoxy(21,13)3
write{inf:12," was edited last on ’,0d:8);
gotoxy{l,23)}
READFILE{ne,nj.nlc,Fai,Lai Fic,Ljc FhiLhyFayvibay,Fa,laFai Lzt Feile,
Fcte,Lete FjlyLilFpydotpjdoFract Lract, Fleov,Licovynjeamh,
tnjl tneact,tnpjd,neinc niy nanzinesod,acte,nicev)sy
end
glse begin
gotoxy(31,14}3
writelnt’Creating a new file.’)§
gotory(1,33)
ends
delay{2000)
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ends

(€122 22222 222 el iy re e Iz e il iz T22222 22332324

* CONTY ¥
R R PR R R R E R R R R R R R R R R R R HE R R R R )
procedure CONTV(fn:510; date:S3: var ne.njwniciinteger)s

var fkichary i:integer; EH.OK:boolean;

!
3

Reads and edits the Control Variables, ne, nusber of elesents,
nj, nusber of joints, nlc, the nuaber of load conditions.

e

procedure CVFY; (Flashes the fumction key indicators}

begin
gotoxy{25,13)7  textcoler{31}y  writei*6,°Ft, F2, F3, or F107};
gotoxy{1,23)3 textcolor{td)

end; (flash F keys)

begin
clrser; texteolorti2ly
gotoxy(9.1}3 write{fn, .DAT )}
gotory€32,113  writei{’CONTROL VARIABLES'):
gotozvidb, i)y writeldate);
gotoxyidl,3ii  write{'NE=",ne:2,” NJ=".nj:2," HLC=",nlc:d}s
gotoxyi24,8): writet’Key To Chanmge’)i
gotexyi24,9)5  writef'--- -l
gotoxvi2e,10)7 writel’fFl The nuaber of elements’);
gotoxy (24,1107 write{'F2  The nurber of joints’);
gotoxy(24,125¢ write(’F3  The ruster of loading cases’):
gotoxy (24,1315 writel'F10  Return to the MAIN MENU’):
repeat
EH:=Falses
gotoxyitl 13)5 writei’Please use the Fi, F3, F3, or FI10 key to enter °,
Tvour choice.’)s

gotory{1,25)4
repeat
EH:=False;
readikbd,fk);
ER:={fk=427)}
if EH and keypressed then begin

read{kbd,fk)}
case Tk of
§59:begin {Nusber of Eleaents}
Tepeat
6TW3138,19,°NE=")5  BTN(36,20,7 41 to 30)" )4
gotoxyidl,19)4

{$1-} rveadinined; (8143

0x:={10result=0);

if {ne ¢ 1) or (ne ) 30) or {net OK) then begin
BEL:
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BTWaA(17,22,
Parageter entered is cut of range. Try again.’)s
BLANK10(41,19)
end
else begin
gotoxyi34,5)5 writelne:2i:
for 1:=19 to 22 do BLANKBO(1)

end
until {ne i= 1) and {ne <= 30) and OK
ends
$60:begin {(Nusber of Jeints]
repeat
6TW3(38,19,°NJ=")7  GTWR(36,20,7 {1 to 30)7)3
gotoxy{at 19)}
(31-) readlninj)i {314}
OK:={10result=0);
if {ny < 1) o7 4nj  30) or inot OK) then begin
BEL}
6TH46117,22,
"Paraseter entered it out of range. Try again.”)d
BLANKLO{41,1%)
end
else begin
gotoavial 3y writeinj:2h
for $:=19 to 22 do BLANKBOL1}
end
until tnj = 1) and inj <= 3%) and OK
ends
#61:begin {Kusber of Load Cases)
repeat
6TW10¢38,17,"RLE= )i
gotokyisad19i;

{$1-) readlninlc)y (4§14}
OKy={10result=0)4
if not OK  then BEL
until OK3
gotoxy{49,3); write{nlic:2);
BLANKB0{19)
end;
$68:begin (Return to MAIN MERUS
if {ne <& 0) and iny <> 0) and inlc <> 0) then
RTHY
else begin
fk:=457;
gotoxyidd, 19
write{*G, Al control variables must be defined.’)s
delay{1500}}
BLANKBO(19)
end
end;
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end
end

else CVFK
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(#11 other input}

until 11fk=452) or (fk=450) or {fk=%#61) or (fk=#63}) and EH
until (f:=#63) ard EH

end;

(€222 222222 2y 222 elaaeIas el g ey ye iy e eszIeszagIozizasy

L 3

RENU

¥

R R R E R R R R R R R R R R R R R E R R R EE)
procedure MENU(fn:510; date:S8% scv.smi.sjc.sh.siy,sep,sld:S3)

{

Writes the main senu tv the screen at the beginning of the program
and after each editing subroutine returns to the sain senu.

1
;

begin
clrsers
textcolor(4)y
gotoxy(?,4)3
gotoxy(38.1)8
gotoxy(6b,1)3
gotoxy{24,5)%
gotoxyi3d,5);
gotoxy{S1,3)3
gutory{24,6)3
gotoxyi2s, 704
gotoxyi24,38}:
gotoxyi2a, 9}y
gotexyi2d,10);
gotory(24,11)5
gotoxy (24,123
gotoxyida,13)8
gotoxy{24,15)3
gotoxyi2a,13);
gatoxy{24,1613
gotoxy{iSy19)3

gotoxy(l,23)
ends

write{fn: 10,7 .DAT )}
writel MAIN MENUT 33
writefdate:8):
writei’Key' )3
writet Function™ )3
write(’Status’)s

writet’---  ----memmeoemee-
textcolortid): writei’Fi
textcolori9)y  writei'F2
textcolori2)s  write(’F3
textcolor(3)y  writet’F4
tertcolorib)y  write(’FS
textcolor{3ly  write(’FS
textcoloriti)s write(’F?
textcolorit)y  writel'F8
textcolor{la)y write(’F9
textcolor{iSi: writet’Fi9
textcolori)s

’I:

Tysrvidls
Tysmiidhg
"vgicd);

Control Varlables
Mesber Incidence
Joint Constraints

Hinges *yshiid)s
Juint Ceordinates Tysryid)s
Element Properties Tysepidls

Load Data
Display Frame’):
Exit to FRAME™);
Extt to DOST)

Tysldidds

write{ Please use the function keys to 7

‘enter vour choice.’)s

(R R R R R R R R R R R R R R R R R R PR R AR R ERE R E R E

¥

overlay ONE

£

R R R L R R R R R F R R R R R R R E F R R R R R R R R R E )
wverlay procedure ONE(fn:5165 date:53% var Fal,LeisMIPtri var Fjoc.bjc.Fhiih
sTEPtrs var Fxy,bLayiXYPiry var Fa,ta.Fzislzi,Fe,lelfeote,
Lete:T2Ptrs newnjynlcsintegers var nRIRCRjC Ol AxyY ) fidy
nzi,neavd,ncte:inteqer; fkachar!s
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Allows for code targer then 44K. Calls MEMINS, TYPEY, JTCOORDS,
and ELPROP,
(%1 MEMINS.PARS)
(%1 TYPEL.PAS}
{$1 JTCOORDS.PAS}
(%1 ELPROP.PAS}
begin
case fk of
$60:MEMINS(fri,date,Fai,Lat,ne 0 n@incis
$61:TYPEL{fn,date,Fjc Ljc Lynjanjcis
$62: TYPEL{fn,date,FhyLh,2ynenhid}
$63: JTCOORDS( fndate Fryv Layonjymiyds
$64:ELPROP(fr date Fa,La\F2iLzi Fe,leFote,Lote ne na nzivnemed ncte)
end
end,

(R R R R R R R R R R R R R R R AR R LR R R R £ E
* overiay THO *
R R R R R R R R R R E R R R R R R R R R R RE R R R R E R R E )

overlay procedure THO{fni5105 date:535 var Fai.lai:MIFtri var Fyc.Ljc Fhth

(TiPtry var FuyoLxyX¥Ptry var Fa.laoFailzisFeile,fcte,
LetesT2PErs war ©5l.L 1,Fpid,LpjdsT3PEc; var Fasct,lmact
MLPtrd var Floow bleoviControdPird nesnjonlcinaing,
njcynhynryyna nzineacd,nctesintegers var tajlitoeact,
tnpjdynlccviintegers var fkichar)i

-~

#liows for code larger tham 54X, Calls LOADS, DRAWS, RFRAME, and ETDOS.

[

-

{41 TYPEI.PAS:
{31 MACT.PASS
{$1 LOADS.PAS}
{$1 DRAWS.PRS}
{$! ETDOS.PASY
begin
case fk of
165:L0ADS fn date,Fjl,Lj1,FpidiLpid Fract Lmact,Flecy,blcov newnjonlc,
tnjl.tnmact,tnpjdynlccv)s
$66:DRANS (T date,Fxy,Lxy Fai,Lal FhisLhyneynj nh)y
#47:ETDOS({n,date,Fei,LaiFjc.LjcFhyLhyFry Ly, Fa,La,Fei Lz, Fe,be,Fete,
tete FilaLjl Fpyd,ipid Faact,Leact Fleev,Licev,tyneynionlc,
njconhynaincynry na nziynesod,ncte nlcevetnjlbomact, tapjd fkis
$68:ETDOS{fn,date,Fai, Lot Fjc,Lic Fhoth,Fry,Lry Fasta Fai Lo, Fe,leFete,
LetesFjlob gl FpjdyLpjdFaact Laact,Ficcviticeovidyne njinlc,
TjCynly NAITC BkYyha N2ty neaed nctey ntocvatngt  bnmact tnpid fRD
erd
end;
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(R R R R R R R R R R R R R R R R R R R R E R R R R R R
¥ PREP ¥
R E R R R R R R R R R R R R R R R R R R R R R BN R R E R E 1 E)
(

Prepares the data file for program FRAME.COM. Each categery of data
has at least one separate subroutine for entering data. Old data files
can be called, read into mesory, edited, and saved for future runs

from FRAME,COM, FRAME.COM can be run from PREP.

oy

procedure PFK; (Flashes words function kevs:

begin
gotory(30,19); textcolor {3t} write{™G, function keys' )i
textcolor{d)s gotoxyil,25);
end;
begin
Feis=nily  Leii=mily  Fjci=mids Ljeesmly Fhesadld Lhi=nil;
Faye=nily  Lyyi=mily  Fai=mily Lai=nili 2is=mily Lzie=mily
Fe:=nil;j te=nilg Fcte:=nily  Lete:=aily  Fiyli=mily  Ljli=nils
Fpjd:=nils Lpjde=nily Faacti=nili Lmact:=nili Fleeveisnily bleovesnils
nes=03 njs=03 nlc:=0; nyci=0y nb:=03 tnjli=0y
tnmacts=0%  tnpjd:=d3 neinc:=04 niy =04 na:=dy nzis=0y
neasd:=0;  ncte:=0; nlceve=0; sevis'Be’y smii=’Ne’y sjci="Ne's

shi="No' 3 syy:="No’y  sepi="No’s  sld:="No's

cirscry

testcolor(4);

writelns writelny writeln;

writelnt’ Progras PREP was develcped by Kenneth R. Muttall as 7,

‘part of )3
writeln(®  his research for an M5 in CE at Yirginia Polytechnic 7,

"Institute’);

writelnt’ and State University. It creates the data file reguired’,
by

writeln{’ prograa FRAME which was translated to Turbo Pascal from ',
"FORTRAN )5

writelnt’ as it is developed in Holzer, S.M. 1985, Computer °,
*Analysis of )3

writelnt’  Structures. Elsevier. MNew York, and taught in CE 4001 °,
*and CE’);

writeln{® 4002, This version of FRAME alsc inmcorporates the °,
‘extensions’);

writein{’ covered by CE 4980 during the Spring Ouarter 1786,  These °,
Texten-'1}

writelnt’ sions are: hinges at eewbers’’ ends (Holzer, Section ’,
'4,4) ard’}y

writeln{’  geosetric isperfections (Holzer, Section 4.7). 7,
"Prescribed joint’)y
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writelnt’  displacements are scdeled as degrees of freedom, i.e., 7,
"they are’);

writelnt’ not constrained, then they are declared under the °,
'appropriate’);

writelnt’ load case.’)s

aritelnt’ "
‘4 Novesber 1986°);

GTH24(29,23,Hit any key to continue.’);

repeat until keypressed;

OLDFILE(fn,date,neynj nlconjconhatnjlytrmact tnpjdyneinc iy na nzi, nesod,
ncte nlcov Fai,Lei Fie,Lic Fhoth Fry,LivyFa,la FoilbzioFeyle,
Fcte,Lcte,Fit Ljl,Fpd,Lpid Faact Laact Flcovsiicov)d

fname:=fnre’ . DAT '3

if {ne=0) or (nj=0) or {nlc=0} then begin

CONTVifn,date,neynjanicis
scvei="Yes’
end}
repeat
MENU{fn,date,scvys@1 45 §C,h,exy,sep,sld);
repeat
EH:=Falce;
read{kbdychis
EH:={ch=427)3
if {ch=427) and keypressed then begin
readi{kbd,ch}}
case ch of

#39:begin {Cenirol Variables}
ecvi="Yes'y
CONTV{fn.date,nenjinict

endi

$50:begin {Heaber Incidences’
smii="Yes's
ONE(fﬂpditEyF.i)Lli3FjCyL}CthyU’lyFﬂ"y‘pLX‘{gF&yLinZi,\Ll'i9

Fe.Le.Fcte,Leteynesnjonlcyniing,njcanhynxyynasnzi,
nemod,ncte,chis
end}

#61:begin {Juint Constraints}
sjci="Yes’s
ONEtfn,date,Fei Ll Fjc Ljc Fhoth,Fry, Ly FaylaFaiytzi,

Fe,Le.Fcte.Lcteyne njynlc neing,njonhenry,naynzi,
nerod,ncte,ch)i
end}

$62:begin {Hinges}
shi="Yes'§
ONE(fn,date,Fat Let Fjc Lo Fhybh Fay,Luy FastalFaiodoi,

Fe.Le,Fcte,Lete neynjonlc naing,njconhynxy,na nii,
neacd,ncte,chiy
end;

$63:begin (Juint Coordinatess

sxy:="Yes’;
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ONE{fn,date,Fei,LoiFic.Ljc,Fhith,Fry Ly FaitalFai,tai,
Fe,LeyFctesLeteynesnjonlcnming, njoynhyniy naynzi,
nesod.ncteychli

end;
164:begin {Meaber Properties;
seps='Yes';

ONE{fn,date,Fai.La1 . Fjc.LicyFhybh, Fry.Lryv FasLlayFaitai,
Fe.Le.Fcte,letenesnjynlconRingynicynhyreynasnzi,
neacd,nctechis

end;
$65:begin {Lovad Case Data’
sld:="Yes'{

TWO{fn,date,Fei.Lni Fic,Ljc FhiLh Fxy.Liv.Fa,LasFai,lzi,
Fe,Le.FcteLetesFjlaLjlyFpjditpjd.Faact,Leact Flcoy,
Liccvene,njynlc neinc,njcynhyniy,yna 2l nencd.ncte,
tnjlytnmact.topjdiniccvy,chis

end;
$65:TWO(fn date Fai,Lal,F o LjoFhiLh Fry Lxy FaibayFzi,Lai,
Fe.te,Fecte,Lcte Fil Ll Fpdiipjd,Fract Leact,Flccy,
Llccvinesnjynlc,natnc pic nhoniy,na nzi neacd, ncte,
tnjlytamact tnpjdynlccvachig {Drams Frame’
$67:TH0tfn,date,Fai,Lat,Fjc Lic FhyLhyFay Lay Fa,laFaiybai,
FeiLe.Fctel.lctedFjlakjl Fpjd.tpid.Fmact,Laact,Fleov,
Liccveneynjanlconaing,njc,akoniynaynzi nesod,nete,
tnjlitnmact tnpjdinlccv,chis
{Writes file, runs FRAME.COM, and returns to DOSI
$68: THO fn date Foi o Lmd Fjoo b jooFhoLh FayaLay Fata Fai b,
Fe.ie.Fcte,beteFjl Ll Fpjd,tpjd Faact.Laact Flcc,
LlcevneynjanicynBACy i jCynhy ARy a0zl nERGd RO LR,
trjlytnaact dnpjdnlccvach)y
{Writes file and returns to DOS:
else PFK
end
end
else PFK
until ({ch=459) or (ch=440) or {ch=461) or {ch=%52) or {ch=%63} or
fch=854) or (ch=R63) or (ch=3658) or (ch=367) or {ch=#68)) and

EH
until {{ch=867) or (ch=468)) and EH
end.
g Y Ty Ty Ry Yy 2222232 13133232333 1233223
3 SUBSHI ¥

R R R R R R R R R R R R R R LR R R R R R R R R R R RN R )

procedure SUBSMI(nminc:integer);

const Hi="Mew a-end b-emd ' HA='--- ---mm ----- s

!
A

Writes the subheadings to the screen for mesber imcidences.

‘.
)

begin
BLANKBO(4);  BLANKBO(S);  BLANKB0424);  BLANKB0(25}:
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A\,

if nainc > 15 then begin
GTW1Bi16,4,H1); BTWIBL4B8,4, K113
BTW1B(16,5,H2)5 GTWIB(AZ,S.HE}S

end

else begin
BTWIB(32,4,H1); GTWIBI32,5,H2};

end

ends

(B R R R R R R LR R R R R R R R R R R E R LR R LR R RN EHE
¥ LISTHI ¥
R R R R R R R R R R R R R R R R R R R RO HE)

procedure LISTMI(nminc:integers Fei:MiPtr)s

var i,jeintegers Tat:MIPtr:

r
S

Lists the eesber incidences in & tabular fora.
Y
begin
if neinc=tS  then begin
for 1:=8 to 20 do BLANK2O{18,i133
BLANK2D(48,5)
ends
if nsinc=16 then for 1:=5 to 20 do BLANK20!32,1)4
Twi:=Fals
for 1:=1 to nainc do begin
:f nminc ¢ 15 then begin
if 1 (= 15
then gotonyilsyiSein}
else gqutonyidd,{1-101)
end
elze qotoxyidd, {9+11)3
with Tai™ do writeli:d)’ “yatidy? Tyadid)i
Taii=Tat . nextsl

then BLAMK20{32,6)
else if nainc (= {5
then BLANK20(32,{i+6))
eise BLARK20{48,{1-9})
ends

R R R R P E R R R R R R F R E R R R R R R R R R R R B S AP R R R R HEEFE
* ADDHI &
EREE R R R R E B E R R R R R L R R R R R R R R R R R R FE R R R R R4}

procedure ADDMIinjsintegers var Fal,LaisMIPtry var mainceintegeris

var jrintegery OK:boolean:

!
S

ndds a record of the type MIPtr,
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1
J

begin
BMA:
nBincIsnminctly
gotoryi28,22); writei Mesber imaminc:
if Fai=ni! then begin
newiFails
Lris=Fai
end
else begin
new{imi”. nextails
Lai:slei®.nextsl
end;
with Lai* do begin
repeat
gotory(44,32)4
{$1-) readlnialis (314}
0¥:={I0result=0)3
if {8t < 1) or {mi > njt oor fnct 00 then begin

3,7y a-end=")4

-

gotoxy{26,231% writei"6, Cut of range. AR-end=! tv "ymjid. .
BLANKS(04,22)
end
eice BLANKB0{23)
until (Al ¥= 1) and (&t <= nj) and OKS
6THE(48,22,"'b-end="13
repeat
gotoxnyi54,22)3
($1-3 readlniad)s (8143
0r:={10result=0);
1f (a2 < 1) or (82  nj) or (not OK)  then begin
gotoxyi28,23)7 writet*6,'0ut of range. B-end=! to "ymj:dy".')3
BLANKS(34,22)
end

until (@2 3= 1) and {82 <= nj} and OK§
nextmii=nil
end;
for §:=22 %o 23 do BLANKBO(;};
end}

(R R R R R R R R R E R R R R R LR R R R R R R R R E R R HE
¥ DELMI ¥
FEE R R R R R R F R R R R R R R R E R R R R R R E R R ]

procedure DELMI(var Fei,Lei:MIPtri var nairciinteger)s

var  jykykl:integeri ans:chary Tai Nlsi:MIPtri OK:booleam:

{

Deletes a record of the type MIPtr.

H

begin

BMD:
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Tai:=Fai;
Nimi:=Tai;
repeat
6TW25429,23, 'Delete sesber nuaber= 1
gotory(50,23)4
($1-} readlntk); {314}
BKs={10result=0)3
if (k C1hoor (k> neinc) or inot OK)  then BEL
until {k = 1) and {k <= nainc: and OK;
kiszk-13
while ¥1 > O do begin
kli=ki-t3

Kimi:=Tais
Toi:=Toi".nextml
endi
Tepeat
for j:=22 to 23 do BLANKBO(;);

to
gotoxy{23,22)%  write{'Delete zember ",k:l,. A-end=",Tai*.al:l,
'y Boend=’, Tmit.a2:1,077 )
BTNB(35,233,"{Y/H): "hi
readin(ans)y
if (upcasefans} <& "Y'} and {upcaseians) <» "N’} then BEL:
if upcaseians)='Y’ then begin
if Fei=tsi then begin
disposeiFRils
Faiz=nils
Lais=Fmi
end
else begin
for j:=k to inminc-1) do begin
if tk=i) and (j=i)
then Nisi:=Tai
else Nlmi:=Nlmi*,mextai;
Twi:=Tai".nexteis
Hlmit.al:=Tait.aly
Rim*.a2:=Tei". 0
end:
Lei:=Nlsi;
dispose{Lai”.nextei)}
Lei*.nextaiz=nil
end;
nainc:=nainc-{
end
until (upcasefans)="Y’) or fupcaselans)="N')§
Ter 31=22 to 23 dou BLANKBOL;!
ends

€t N T g i dg itz zdlalid:
¥ CHANGEMI *



179

R R R R LR R R R R R R R R
procedure CHANGEMI{var Fai:MIPtri ne.nj:integer)s
var iyjrintegers Tmi:MIPtri OK:boolean;

r
[y

Changes record of the tvpe HIPtr,
peqin
BNCs
Tei:=Fai;
repeat
gotoxy{30,221%
gotoxy(a2,22}3
($1-} readlntily (8§14}
OK:={10result=0);
if (1 1) or €1 3 ned or fnet OK)  then BEL
until (3 >= 1) and {1 <= ne) and OK}
113114
while 1 » 0 do begin
i=i-1y
Tat:=Tai*.nextmi
end;
with Tai* do begin
repeat
gotoxy{28,23)7  writei'Change a-end froa "ei:2s to 'h
gutonyisa,23);
i$1-3 readin(yis  {314)
0¥:={10result=0}
if {3 <0 or €5 % nj) or inet 8K} then BEL
antil t1 <= j) and € <= nji and QK3
al:=is
repeat
gotoxyi28,231;  writel Change b-end free ,e2:2," to BN
gotory(32,23)4
($1-3 readlntjhy {814}
OK:=tI0result=0);
if {5 C 1y or €3 3 0y or (not K} then BEL
until {1 <= j) and {j <= nj) and 0K}
82:=j
end;
for 1:=22 to 23 do BLANK3O(D)
ends

writed'Change which aesber? Bk

(R R R FE R R R R R R E R R R R R R E R R R R E R E R R R AR R R R LR R R R R R R E S
1 TN )
R P R R E R R R R R R R R R R R R R R R R R R ]

procedure INMI{var nainc.mjiintegers var Fai.Lai:MIPtr)s

var  Tei:MIPtry 111,128, j2:integer; OK:booleanm;

r
3

Inserts a record of the type MIPr into the list of existing



180

records.
begin
BMI;
new{Lsi”.nextail:
Lai:=Lai*.nextai;
Lei*.nextmii=ails
Taii=Fai;}
repeat
gutoxy (26,22}  write!’Insert new sesber before mesber
gotoxy{57,22)3
{(#1-) readlnfiis (414}
0K:={10result=0}3
if (1 1) or {1 neinc) of inet QK3 them BEL
until (1 >= 1} and (1 (= nminc) and OKS
1:71-43
shile i1 > 0 do begin
i1=i-4;
Tai:=Tai". rextai
end:
repeat
6TWI2(37,23, A-end= BN
gotoxy{43,23)¢
{$I-} readintilyy (31¢}
3K:={10result=013
tf 3t 1) o €31 5wy or {net QK)  then BEL
until €1 (= 11) and (31 <= nyl and OKS
repeat
6TW12437,23, 'B-end= BN
gotouy(43,23)3
(31-) readinti2)i (%14}
OKs={10result=0)}
if 412 {1 or €12 ¥ nj) o7 {net OK)  then BEL
until {1 <= i2) and {12 <= nj) and OK3}
while Tai*.nextmi <> ni! do begin
with Tei* do begin
jli=aty
je=ad;
si:=ily
82:=i2
ends;
Tai:=Tai".nextni;
idi=ls
id:=j2
end;
Tai*.pli=ils
Tai*.&d:=12}
RALRCI=NBINC LS
for 1:=22 to 23 do BLANKBO(: )
ends

.‘);
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(R EER R R R R R R E R R E PR ERE R LR R R R R R E R E AR R R R RS
¥ NEMINS &
R R R R R R R R PR R R RO R R FE R R R R R R R E R ]

procedure MEMINS!fn:510; date:58% wvar Fai.Lai:MIPtri var ne.nj.nminciinteger)s

var iyjrintegers EH:booleant fk.ansichars

({

Reads and edits the mesber :ncidemces.
begin
clrscrs textcolori9is
gotoxvi9.1)s  writeifn, .DAT');
gotoxyi32,1); write( MEMBER INCIDERCES'):
gotoxyibl,1)i writeldatels
Tepeat
EH:=Falce:
SUBSMI{nainc}:
LISTHI(nminc,Fai)}
if nminc=0  then for i:st fo ne de begin
ADDMIrj FBi Ll nmine) s
SUBSMI{nmincty
LISTMI(nminc,Fai)
end;
if nainc < ne then begin
jrEnminCHis
for 1:=j to ne do begin
repeat
6TW24¢29,22'Add o7 Insert? (&/Iir "hi
readiniansii
BLANKBG(22)4
if (upcasefans} < ’A°) and {(upcaselans) > "7} then BEL
unti] fupcaselans)="RA") or lupcasefansi="["J4
if upcasefansi='h’
then ADDMI{nj Fat. Lol nminc)
elee INMI(nminc,nj,Fo1,bla)d
SUBSMI{nainc)s
LISTHI (nminc,Fei)
end
end
else begin
if neinc > ne then begin
ji=nminc-nes
gotoxyte?,22)5 writei'You sust delete °,j:2," mesberc.’)y
for 1:=1 to j do begin
DELMI(Fai,Lei nminc);
SUBSMI{neinc)s
LISTHI{nminc Fal)
end
end
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end;
BM3
repeat
readfkbd.fk);
if (fk=427) and kevpressed then begin
EH:=True;
read(kbd,fk)}
case fk of
$59:CHANGEMI (Fai neynji
$60:ADDML4n; FoiLed naincis
361 INMIinmincynij Fal el
$62:DELMI(Fai Lol naing)s
$53:RTHNS
else BMFK{9)
end
end
else BMFK{%)
until ((Fk=859) or (fk=450) or (fk=461) or (fi=462) or ifk=#58))
and EH3
until {fk=868) and EH and insinc=re)
ends

CE R R E R R R R R PR E R R G R F R E R R R R R R E R R R R R R R R R4 H
¥ Flash *
EEREEE R R R R R R R R R R R R F R R R R R E R R R R B RE £ R R IR
{ Flash F keys 3

procedure TiFK{j,itinteger:s

begin

BEL: textcolor{31); GTW2(1,8,'F1')  G6TW2(1,3,°F2' 14
if 1=1 then BTW3(1,10,°F107) else BTWR2{1,10,7F3" )%
textcolor{(j+1))s  gotoxy(t,2d)

gnds

procedure TIAFKS

begin

textcolor{3l)y GTWa(L, 11, "F4");  GTW2(1,12,'F3'):  GTW2{L,13,°F&" )8
BTWC(L1,14,°F77);  textcolor(2)s gotony{l,23)
ends

(R R R R R R R R R R R R R F R R R R R R R R R RS £ HE
¥ ChNTL %
R R R R R R R R PR R R PR R F R R F R R R RRF R R R ER )

procedure CNNTH(FEL:TiPYrs var nac:integer!s

war  TELRIELTiPtrS

!
S

Counts the nuaber of joints that have joint comstraints or the nusber
uf sesbers that tave hinges. Returns this walue as nnjc. Nrc may be
less than or equal to njc or to sh.
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beain
anc ;=03
Tti:=Ftl;
if Tt < nil  then begin
Tepeat
if Tt onext! <& nil  thew beain
Nitt:=Tt1
Tti=Tt . next!s
if HIE1A T & THETHD then nnci=nnct!
end
until Tt1*.nexti=nils
nncI=nnc+H!
end
ends

R R R R R R R R R R R R R R R R R R R R R R R R R R LR R R R R EE
¥ SUBSTH *
B R R R R R FF EE  E R R R B R R R R R R R E R RN R C RN R R RN R R Y]

precedure SUBSTi{ jyrnciinteger);

var  H1,H2:59;

{

Writes the cubheadings o the streenm for joint comstraints {(§=1)
or for hinges ij=2}.

1
B

begin
BLANKEGI4)3 BLANKBO(S): BLARKB0:124) 5 LARK3D(2S) S

if j=1 then begin

Hi=?J7 {23 Hawz'-- - -7
end
else begin

His=" MEM A B’ He:=” --—- - -7
end;

if nnc ¥ 15 then begin
GTWFi28,4.Hi}s GTHI(SH,4,HL):
BTW9{28,5,H2); GTNI(54,5,H2)

end

else begin
6THI(36,4,H1); GTHIL36,5,H2);5

end

end;

DR R R R R R R R PR R EE R E R C R E R R R R R R R
t LISTY ¥
R R R R R R E R R R E R R R R R R R R R E R RN B R R R 4E ]

procedure LISTHFtL:TIPtry j,nnciintegeris

var  l.prixyiysintegers  TtisTiPtrs
{
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Lists the joint constraints {j=1) or the hinges (;=2) in tabular fora.

1
2

begin
if nac=i5  then begin
for 1:=6 to 20 do BLANKIO{2S,1},

BLANK1(0 (54,6}
ends
if nnc=16 then for 1:=6 to 20 do BLANKIGI3T.i)3
pi=03

Ttli=Fitg
for 1:3={ to anc do begin
if nnc ¥ 15 then begin
tf 1 4= 15 then begin
if 3=t
then ix:=28
else 1x:=39;
1y:1=1+5
end
else begin
if 3=t
then 1x3=34
else 1112598
1yi=i-19
end
id
else begin
if j=1
then 3x:=3¢
glse 1232373
1yi=i+§

L g

end)
qotexyitn,iy)y  writedTE1~, TH:2y I
repeat

if j=1 then begin
case Tt1".T12 of
LiETREE€Rath) iy, " 170
2:6Twl{{ixth) iy, "2 )5
J:6TRE({ix+8),1y,’3")
end
end
else if Tt1*.T12=1
then GTHI({ix+3),1y, A"}
else GTHL{(ix+T) 1y, "8 )4
pe=TH TH
Ttia=Ttt nexntl
antil p O TN TH
end;
if Fti=nil
then BLANK10(36,8)
else BLANK1OCin, {iyel))
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ends

(R R R R R R R E R E RS E R R R R R R R R R R R R R R R EE
+ P71 4
R R R R R R R E R E R SRR R R R R FE RN F EEE R R RE )

procedure PTlEvar Ft1,LE1:TIPtry jumosivintegert var ncrinteger)s

var  TL:TIPtry 11,12, 38y j22integery  cichars

{

Searches the linked list for the joint censtraint which satches or is
larger than the given joint constraint or the hinge which matches or is
larger then the given hinge. The new data iz then inserted in the
appropriate place.

1
¥

begin
1f Fti=mil then begin
new{Ftl)3
Lili=Fits
with Lt1* do begin
THs=no3
T12:=1;
nextii=nil
ends
ACi=nCH}
end
else begin
Tti:=Ft1;
while (TE1°. 741 (= not and {TE1%.next! < nil) and
T T O omod or (TEINTI2 € 1) do THle=Tit",mextls
i AT THD G omed or ATEEALTIZ2 (0 1) then begin
newilt!". nexti)s
Lils=Lt1" nextls
Lti*.nextis=nils
noi=mctls
tf CETE1 Tl =no) and (TEER.TIZ 3 11) or {T4E°.T8L F nol  then begin
ili=nos
12:=1%
while Tt1".mextt < nil do begin
with Tt1* do begin
jla=Tity
jessTidy
Tit:=ily
Ti2:=12
ends

.o

end;
TH TH =1
Tt~ 712:=12

2
y

.

‘
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end
else begin
Lt1*.Tit=no;
LEts, Tigs=i
end
end
else begin
gotoxyil7,24)3
if =1 then
write! Joint 'ynosty' ic alveady constrained in direction 7,
1t
else begin
if 1=t
then c:="A"
glse ci='8"s
writef Meaber "yno:l,’ alveady has & hinge at end "ycitfy’. ')
end;
delay {1504}
end
end
ends

R R E R R R R R R R R AR E R R E RN P R R R R R R R R R R R R R R ERE
¥ ADOTY ¥
R R R R R R R R R R R R R R R R E R ER F R B R R R O R R R R EER)

procedure ADDTH!var Ftl,LtL:sTIFtr} jecviintegers var ac:integeris

var  1.nodintegers  EH\OK:boolean;  fkichars 353

I3
A

Vat
LY

Reads nt, the joint to be comstrained =i} o the zesber that hac
a hinge on at least one end {j=2), and ihe type of joint comstraint
desired {j=1) or the end on which the hinge is to be placed. Calle
PTi to add to the linked list.

beqin
for i:=8 to 10 do BLANKIO{I4i1}: BTN3(S, 6, Add’) s
repeat
EH:=False;
gotoxyi24,23)3
if j=t
then w:="joint °
else wi="nesber’;
write!{ Enter ’,w:b,’ number {1 to "yousty7) K
gotexviS6,23)5
{($1-) readlnino)s {31¢)
0K:={10result=0);
it (s (1) or fno > cv) or (not 0K}  them BEL
until {no >= 1) and {no <= cvi and DK
BLANKB0{23);3
if j=i then begin
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6TW12(1,8,'F1- Fixed )3 6TH12¢1,9,°F2- Pinned ')
5TW18(1,10,°F3- {-3 Constraint’)s GTW1B{L 1L, "Fa- 2-3 Constraint’)s
6TWIBI1,12,°FS- § Constraint °)i BTWI3{1,13,"F5- 2 Constraint
6TW1811,14,°F7- 3 Constraint )
end
else begin
GTWI2{1,8,"Fl-Aend ') GTHI261,9,°F2-Bend )4
GTN12{1,10,°F3-Both ends’)
ends
gotory(!,25)%
repeat
read(kbd,fk);
if (fk=427) and keypressed then begin
EH:=True;
read{kbd.fk}s
if j=1 ther begin
cace fk of
$39:for 1:=1 tc 3 do PTH(FEL.LtLjinostemcis
$60:7or 131 to 2 do PTLIFEL Lt jwnosimc)s
#61:begin
PTLEFEL LELy jymoy Lynehs
PTH(FtL, Lty jan0y3unes
end}
$62:for 1:=2 to 3 do PTLOREL,LEL, janooionc)y
$63:PTLLFEL Lty jonostonTis
$60:PTL(FEL Lty jam0 2y nE)s
$55:PTHRLE LE L jonoo 3ymc dd

Ty
I

else begin
TIFKEL, 20 TIRFK
end
end
end
else begin
cace fk of
#S‘?:PTI‘:FtI,Ltipj;n[’yl)nc);
$60:PTHIFEL, LEL jano2amc)s
R5i:for i:=! to 2 do PTU4FtL,LE,janosivncis
else TIFK(j,2)
end
end
end
else begin
TIFKE§.2)8
if 3=t then TIAFK
end

until EX and ¢{fk=439) or (fk=460) or (fk=851);
or {4j=1) and ({fk=862) or (fk=483) or {fk=8&4) or (fe=843))):
BLANKS (4,6}
ends
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(R R R R R R L R R R R R E R R R R RN R R R R R
k DELT! *
R R R R R R FEF R R R EE R R E R R R R R R R HE)

procedure DELTt{var Ftl,LtL:TiFtri jicviintegers var ncrintegeris

var  ic.dykokizintegers  THI,NItL:TiPtr;  wi367  cichars  Oi:becleant

{

Pusitions the linked list of joint constraints {j=1) or hinges {;=2)
at the proper record to be deleted then it shuffles the datz down the
records and disposes of the last record.

2
E)

begin
for 1:=3 to 10 do BLANKIO(!,133 GTW5(S,7, "Delete’ )
ics=dy
Tt1:=Fti;
repeat
gutonyi2s,23)3
if j=1
then wi="joint ’
else wi="menber '
write{’Enter "\wib," nusber {1 f¢ Tyovely ') T}
gotoryiS6,23i3
($1-3 readintk)ls {81¢}
0K:={10result=0)3
if (b (1) or fk > cv) or inot OK) then BEL
until (k »= 1) and (k <= ¢vi and OK3
BLANKBG{23)4
if j=t then btegia
Tepeat
gotoxy{22,23}3 writet’Enter direction muaber {1 fo 3): 1
gotoxy(58,23)3
($1-3 readintkl}y ($1¢}
0K:={10result=0};3
if (ki £ 1) or (kY ¥ 3) or (not OK)  then BEL
until tkt = 1) and (ki <= 3) and OX;

-n

end
eise begin
repeat
gotoxyt26,23); write(’Enter member end i{f or E): K
gotoxy{34,23); readinici}
if {uprase{c)="A’} or (upcaseic)="B’) then begin
if upraselc)=’A’
then kl:=t
else ki:=2
end
else BEL
until {tupcaseic}="A’) or {upcaseic)="B"}
ends
BLANKBO{23):

while (TELSTH (= k) and SATUEAVTIL O k) or (TEISTIZ G0 k1))
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and {Tt!%.nextt & nil} do begin
ici=ic+ts
NItl:=Ttl;
T41:=TH  nextl
ends
if (THE TUE=k) and (TE1°.782=ki)  then teqin
if Lttt & Ftl o then begin
ic:=sictly
for l:=ic to {nc-1} do begin
if fic=1} and {1=1)
then Niti:=Tt!
else Nitt:=Nit!t.nestis
Tt1:=Tt!* nextly
NItI~ . Tih=TH N T
NIt1A. T12:=TH1A, 112
end;
Ltt:=Nitls
disposeibtl®.nextl)s
Lt~ nextli=ntl
end
else begin
disposelFtlis
Fti:=nils

Lti:=Ft
ends;
ncs=nc-1
end
else begin
gutony{20,26)3
if j=t
then write! Joint kit 15 not constrained in divection ",kisl, ')
else write(’Mesber ’,k:i,’ does not have 3 hinge at end "yCify7.7 )4
delayt1500)
end
end;

(R R R R R P R R R E P R R B R PR R E R R R R R R E R R R R LR R R EF E R E R4
% TYPEL ¥
R R R R R R R R LR R E R R R R R R R R R R R R R R R R R R LR R ERE)

procedure TYPE1{fn:510; date:58% var Ft{,Lt1:TIPtri jicviintegers

var nciinteger)

var  Tt1:TtPtr:  i.nnceiintegery  fkichari  EHibooleans

{
Compiles and edits the joint comstraint data {j=1) or the hinge
data {j=2). Calls CNNTi, SUBST!, LISTi, ADDTt, and DELTL.
begin

tlrsery textcolor{ijetd)
gotoxy(9.1}4 writelfn,”.DAT )3



gotoxyibhyt)s  writetdate)s
if j=! then begin
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gotoxy{32,1)5  writef JOINT CONSTRAINTS')

end
else begin
gotory{37,1}%  writef "HINGES')
end;
if Ftt <> nil then begin
while Lt1~,T11 > cv do begin
case ac of
{:begin
disposelLttls
Ftii=nils
Ltt:=Ftl
ends
2:begin
LEl:=Fttg
disposeilti”.nextl)s
Lttt nextis=nil
ends:
else begin
Tti:=Ftlg
for 1:=1 to {nc-2} do Ttl:
Lti:=Ttls
disposeiLt!™ . nextt)s
Lt1* nextii=nil
end
ends
nei=nc-1
end
ends
repeat
EH:=False;
CANTLIFt L mnci s
SUBSTH jonmc )y
LISTH{FtLvjynnc)s
if tnc=9) and {j=1) then begin
“DDT“Ftl\LtX)J\CV)ﬂCH
nnc:=1y
LIST‘(Ft"J)nnC)
end;
6TWi2¢1,8,'F1- Add "1
GTW18{t 10, F1C-Return *h
for 1:=11 to 19 do BUANK2OIL,i)4
BLANKBO423)
BLANKBO:24)3
gotoiyil, 25}
repeat
readikbd,fk)}

=T nextls

GTN12(1.2,'F2- Delete

if {fk=4#27} and keypressed then begin

b

N
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EH:=True;
read{kbd,fk};
case fk of
$3:ADDTLERL L, LY, 5y avynicds
R0 DELTLCFEL Lty jecvaneis
$63:RTHMS
else TIFK{j, 1)
end
end
else TiFK{i, 1)
until ({fk=33%) or {(fk=#50) or {fk=3$583)) and EH}
until (fk=468} and EH
end;

(EEEERRE R R R R R ER R R PR R R E R R R R R R R R E R
¥ 5UBSKY t
R Ty R R 2 I YT R 2 T TR 22222 T2TY)

procedure SUBSXY{mxy:integer):

const Hi=37 1 R B &

r
8

Writes the subheadings to the screen for joint cocrdinates.
begin
BLANKBO(4) 3 LARKGO(T) .  BLANKBOI24):  BLANK3D(23LS
if mey > 1S then begin
GTW24(12,4,HL13 GTH24{46,4,HL)}

GTH24112,5,H2) s GTW34145,5,H213
end
else begin
6TW24129,4,R1} BTW2412%,3,H2)3
end
end;

(R R R R R R R R R R R R R R R R R R R R R R R R R E R R R R £ R RE R H S
¥ LISTXY %
R R R R R R R R R R R R P R PR PR R E R R R R E R R R R E)

procedure LISTXY{nxv:integers Fry:iYPtris

var 1yjrintegery Tay:XYPtrs

{

Lists the joint coordinates in & tabular fora.
}
begin
if wxy=13 then begin
for i:=8 to 20 do BLANKR24(12,1)3
BLANK26{46,6)
ends
if nxy=18 then for 1:=6 to 20 do BLANK24{29.1)3
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Txy:=Fxy;
for i:=! to nxy do begin
if nxy > 13 then begin
if i (=13
then gotoxy{i2,(5+1)})
else gotoxy{as,{i-10})
end
else goutoxy{29,{5+i));
with Txy* do writelis2,” “vxli%?:4,0 7,udi9idd;
Tryr=Txy*.nexty
end)
if Fay=nil
then BLANK24(29,5)
else if nxy <= 15
then BLANK24(29,i¢4)
else BLANK24(46,1-7)3
ends

(R R R R R R R R R R R R E R R R R R R R R R R R R R R RSN

¥ ADDXY

B R R R R R R R E R R P R R RO R R F R R R R R R R R R R Y

procedure ADDXY{var Fxy,LaviXYPtri var nuyviintegeris
var jrintegery OK:booleani
({

Adds & record of the type XYPir.

2
¥

beqin
BMAS
nRyISARYELL
gotoxy{22,22): write(’Joint “ynxyily'r 7N
if Fxy=nil then begin
newiFiy);
Lryi=Fxy
end
else begin
riewl{lry* . nexta)y
Lays=Llay*.nexty
ends
with Lxy* do begin
repeat
6TW18133,22,"X1= B
gotoay(35,22)3
(31-} readinixtiys (814}
O¥:={10result=0)}
if not 0K them BEL
until OKs
repeat
6TH1D147,22, X2= K
gotoxy(50,22)3
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($I-} readln{x2)y {$i+}
0K:=(I0result=0)}
if not 0K then BEL
until OK3
nextri=nil
end;
BLANKB0{32) 5
ends:

(R R R R R R R R R R R R R R E R R E R R R R EE R R R
¥ DELXY *
R R R R R R R R LR R R E R E R C R R R R R R E)

procedure DELXY{var Fay.Lay:XYPtri var nryiinteger)s

var jykykirinteger; ans:chars Txy Nlxy:fX¥Piri OK:bocleans
(

Deletes a record of the type XYPir.

B
¥

begin
BMD}
Tuys=sFayy
repeat
6TW25(30,23, 'Delete joint nusber= ")
gotony(30,33)5
{$1-} readlntk); (8§14
OK:={10result=0)3
if k4 1Y or (k> oaxyd or {not OK)  them BEL
until fk >= 17 and (k <= nzy) and OK3

kte=k-13
while k1 > 0 do begin
ki:=ki-t3

Ninve=Tuyy
Tayi=Txy*.nexts
end)
repeat
for j:=22 tc 23 do BLANKBO!j);
gotouy{19,32)% write{ Delete joint ",ksl,’y N1=7\Tuy*.21:9s4,
Ty X2=Ty Taytan2e9:4,7 770,
6THB(34,23, (Y/N)}: ')y
readin{ans);
if (upcasefans) <> ’Y’) and fupcasefans) <& °N°) thern BEL;
if upcasefans)="Y’ then begin
for j:=k to (mxy-1) do begin
if (k=1) and (j=1)
then Nlxy:sTuy
else Nlzys=Nluy*.nextud
Try:=Txy*.nextas
Nlxy*.xde=Try®only
Nlxy~.x2:=Teyr.n2
ends
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Lry:=Nlxys
dispose{lxy”.nextx);
Lxy*.nextxi=nil}
nxys=nxy-1
end
until (upraselans)=’Y’) or (uprasefansi='N’)}
for j:=22 to 23 do BLANKBO(;)
end;

222332 322 ey eyt Ry Y Yy Y2 22222213122333123322223223223%7227
* CHANGEXY %
Yy Y Yy Eyyy y Y Rl aasaiyasataast gttt e esyssssssssassssITITITIITIY

procedure CHANBEXY{var Fxy:XYPtry njiinteger)s

var i:integers Tuye:XYPtri rireals OK:iboolean;

7
3

Changes record of the type XYPir,

B3
)

begin
BMC:
Tuyr=Fayi
repeat
6TH25(29,22, Change which joimt? L
gotoxy<50,22}%
{$1-} readliniily ($14}
BK:={10result=0)}
if 41 < 1) or €3 > ny) or inct 0K} then BEL
until {1 3= 1) and {3 <= nj) and OK:

1:=1-14
shiie 2 > 0 do begin
1:=1-43
Taye=Tay*. nexta
end;
atth Tey* do begin
repeat
gotoxyi22,23)3
writet’Change X! from *,x1:9:4,7 to 1
gotoxy(30,23);

{$I-} readinix}; ($1+:
0¥:={10result=0);
if not 0K then BEL
until OK;
wi=xy
repeat
gotoxyide,23);
write{’Change X2 from *,22:9:4, to '
gotoxy(50,23);
($1-3 readlnix); ($i¢}
0K:={10result=0);
if not 0K then BEL
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until OK3
x21=x
end;
for 1:=22 to 23 do BLANKBO{i)
ends

(PR R R R R R R R R R R E R R R R R R R R R R R F R R R4 E
t INXY ¥
R R R R R R R R R R C R LR R R R R R E R R R E PR R R R R R R R R R )

procedure INXY{var nxv:integert war Fav,LiysXYPEr)s

var  Txy:XYPiri i:integers wlyw2yzi.22:reali OK:boolean:

{

Inserts & record of the tvpe XYPtr into the list of existing
records.

}

begin

Bl;
newtLuy" . mentads
Laye=bay*.nextxy
Lay*.nextres=nily
Taye=Frys
repeat
gotoxy(25,22}%  write{'Insert new joint before joimt '
gotoxyis3, 224
{$I-} readinti)y {$1¢}
Ok:={10result=0)}
if 1 4 1y or €3 3 njd or inot O then BEL
antil {1 >= §) and {1 <= nuy) and OK3§

1:=1-138
while 1 > 0 do begin
11=i-48
Tuy:=Tay*.nextx
end}
repeat
6TW13(35,23,"X1= L
gotoxyi38,23)3

($1-3 readintwliy ($1+)
0K:={10result=0);
if not 0K then BEL

until OK3

repeat
6TW18(35,23,7X2= BN
gotoxyi38,23)3
(¢1-3 readlniwdis (%14}
0¥:={10resuit=0)}
if not OK  then BEL

until OK3

while Txy*.nextx <) nil do begin
with Tay* do begin
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li=xdy
12:=x2;
xis=ul}
221702
end:
Trys=Tuy . nextss
wli=zly
wd:=z2
end;
Try*.ali=ndy
Tay*.222=ud;
nrys=nxy+iy
for 1:=22 to 23 do BLANKBOL1);
ends

(R R R R R R R R R E R R R R R P E R E R R F R F R E R R R 1
% JTCOORDS H
R E R R R EF P R R R R R R R R R R R E R R R R R E R R R R R )

procedure JTCOORDS{fn:S105 date:583 var Fay.lay:XYPEri var nj.nryiintegerhy

var 1,jiinteger; EHibocleany fkyans:chars

r
S

Reads and edits the joint coordinate data.
begin
clrscry textcolortb)s
gotory (9105 writeifn ".DAT™ 1Y
gutoxv(32,1; write(’ JOINT CODRDINATES )i
gotoxzv{dh 1)y writeidate)s
repeat
EH:=False;
SUBSXYinxy)s
LISTXY{nxy Fryhs
if axy=0 then for 1:={ to nj do begin
ADDXY (FayoLnvymay Y
SUBSXY{nxy)s
LISTXY{nxy Fxv)
end;
if nxy < nj then begin
jisnxy+ls
for 1:=j to nj do begin
repeat
6TH24(29,22,Add or Insert? (A/1}: ')
readlnfans)y
BLANKBO(22):
if fupcasefans){:'A’) ang (upcaselans)<d’I’) then BEL
until {upcasefans)="A’) or (upcasefansi="1"}}
if upcasefansi="f’
then ADDXY(Fxy,Lxy,nxy)
else INXY(nry, Fry,Lxy}s
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SUBSXY(nxy);
LISTAY (nxy,Fxy}
end
end
else begin
if nxy > nj then begin
ji=mRy-njs
gutoxy(26,22): write{’You amust delete "(jii,’ jointis).’)3
for 1:=! to j do begin
DELXY(Fxy Luavennyhs
SUBSXY{nxy)}
LISTXY {nxy Fay}
end
end
ends
BM;
repeat
read{kbd,fk)}
1f (fk=%27) and kevpressed then begin
EH:=Trues
read{kbd.fk}3
tase fk of
$59:CHANBEXY (Fxy.njls
B60ADDXY (Fxy Ly onay)s
6L INCY Eney Py Ly ) s
$62:DELXY (Fxy Lrvynay)s
#68:RTHN;
else BMFK(S)
end
end
else BMFK{S)
until {{fk=437) or (fk=2580) or (fk=R61} or (fk=#62) o7 [Tk=453})
and EH3
until (fk=868) and EN and {nxy=nj}
end;

(R R R R R R R R R R R R R R R R R R R EE R R LR R R EE R R RS
4 SUBST2 ¥
R R R R R R R R R R R R R R E R R R R R EE)

procedure SUBST2{it,nc:integer);

var  Hi:S12;  H2:5183

[
(Y

Writes the subheadings to the screenm for the asesber properties.

M
J

begin
BLANKBO(4) 4 BLANKBO(S) BLANKBO(24) 3 BLANKB0(25)+
case it of
1:begin Hi:="MEM  ARER '3 H2i='=--  —mmmeoe- ! ends
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2:begin Hi:="MEN 2l Ha:='-=m mmmmemeee- ! end;

3:begin Hi:="MEM  EMDD Has='-mm mmmomee- ’ ends

4:begin His="NEM CTE "% e ! end
ends

1f nc > 15 then begin
if (it=1) o7 (1t=3) then beqin
GTWI2(19,4,Ht) s GTWI3(19,5,H2)5 GBTHI2i30,4,H1} GBTWIB{50,5,H2)
end
else begin
GTW12(18,4,H1)7 6TWIB{18,3,H2)% GTWL214%,4,H1): BTWIB(49,5,d3)
end
end
else begin
if it=2 then begin
ETH12(33,4,H1)3 §7W18¢33,3,H2)
end
eise begin
GTR12(34,4,H1)3 GTW18¢34,5,H2}
end
end
end:

(R R E R R R R R R R R R R R R R LR E R R R R R R R R ERE
¥ LIST2 ¥
R E R R R R R R R R R R R R R R R EE R E R R R R R R R A H R R R HEE)

procedure LIST2(1t,ncrintegers FE2:T2Pir)s

var 1,jejiiintegers Tt2:T2Ptr:

r
1S

Lists the joint coordinates in a tabular fora.
begin
if ne=13  then begin
for 1:26 to 20 do BLANK2O(13,1):
LANK2G(49,8)
ends
if nxy=16 then for 1:=6 to 20 do BLANK0(33,1);
Tt2:=Ftas
for 1:=1 to nc do begin
if nc > 15
then if 1 (= 13
then if (it=1) or {it=3)
then gotoxy(17,(3+1))
else gotoxy{18,{5+1}))
else if {1t=1) or {it=3)
then gotoxy{30,(1-10}}
else gotoxy{49,{i-12})
else if 1t=2
then gotory(33,13+1))
glse golory!34,(5+i));
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with Tt2* do begin
case it of
{iwritedisg,” *,721:8:3);
2ewritedisd,” N, 721102303
Jrwritefizd,” ',721:8:1)3
quwriteding,” 7,721:9:8)
end
end;
Tt2:=Tt2*.next2
endi
if Ft2=nil
then BLANK20433,5}
else if nc (= 1§
then BLANK20{33,1+¢5}
else BLARK24{49,1-9);
end;

(R R LR R R R R R R R E R R R R R R LR R R R R R R E R LR R R R R R RS
¢ RANGET2 ]
R R R R R R R LR R R E R R R R R R R E R R ER R LR RN EREEE)

procedure RANGET2{var Li2:T2Ptry it,ne:integeri var nciinteger)s

var  1legskiintegery  pereall  Of:booleani

pegin

1:=nc+ly
repeat
gotexvid3, 22}y writei’Enter range: amember ',1:2,° io measber BN
gotorvis8,22):
1= readln(jly  ($1+}
0K:={I0result=0);
if 4 1) oor { F oned or inot OK}  them BEL
urtil {3 <= 3} and {j <= ne) and OK3
repeat
gotory{35,23)4
case 1t of
L:tegin
wittel f= i
gotoxy{37,23)
end;
2:begin
write{’l= )3
gotoxyi37,23)
ends
3:begin
write{'E= B
gotoryt37,23)
endi
4:begin
write{'CTE= B H
gotoxy(39,23}
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end
ends
($1-} readlnip)i {$1+}
0¥:={10result=0i;
if not OK  then BEL
until 0K§
for k:=1 to {j-1) do begin
Li2*. T2 :=p;
new{lt2" . nextd);
Ltd:=Lt2* . nextds
RCI=nCH
end;
Lte* . T21:=p3
Lt2*.nextd:=nil}
nes=nctly
BLANKB0{223) BLANKBG(23)
end;

(EE R R R R E R E R R E R E R E R R R R R R RE R R ERE R R R R RN REEE
¥ ADDTZ *
R R R R R R R R E R E R R LR R R R R E R B R RN R R

procedure ADDT2(it:inteqer; var Fi2,Lt2:T2Ptri var ac:integeris

var  jrintegery Oi:booleans

A

fdds & recerd of the type T2Ptr.

Tepeat
gotoryi29,22); writei'Meaber “ync:ly” 'H
case it of
t:begin
aritel’h= i
gotory(ad,
end;
2:begin
writel’l= oK
gotoxy(42,
end;
3:begin
writei'E= N
gotoxy(42,22)
end;
4:begin
wiitel’CTE= ")
gotoxy(44,22)
end
end;

(4%
n
~

a
o
-—
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if Ft2=nil then begin
new(Fta);
tt2:=Ft2
end
else begin
new{lLt2". nextld}s
L12:=Lt2% next2
ends
if it=4
then gotoxyisé,22)
elce qotoxy(ed,22);
{$1-3 readlntLt2*.T21}: (8143
0K:={10result=0)}
if not OK then BEL
until 0Kj
Lt2* . next2:=nil;
BLANKBO{22);
end;

(FE R R R R R R R R E R L S LR R R R E R R LR EE R R R ER R RS
¥ DELTR *
R R R R R R R R R R B R R E R R R R R R R R R R F R R E R R R R R )

procedure DELTRivar Fi2,L42:T2Ptry it:integers var nciinteger);

var  jokeki:integery ams:chari T2,H1t2:72Ptry Ok:booleans
{

Deletes a record of the type TePtr.

\
)

begin
BND:
Tt2:=Ft2;
Tepeat
6TW25(29,23, Delete member number= N
gotory(30,23)4%
{$1-) readlnikiy ($1+)
DK:={10result=0);
if (k¢ 1) or (k> nch oor {not OKi  then BEL
until (k >= 1} and {k <= nc) and OK3

ki=k-13
while ki > 0 do begin
k1:=ki-13

Nit2:=Ttds
Tt2:=T12" . nexte
end3
repeat
for j:=22 to 23 do BLANKBOL ;)3
gotoxry(26,22)%  writel’Delete member ",k:t)}
with Tt2* do begin
case it of
frwritef’, f=',721:8:3)%
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2uwrite(’, 1=7,721:10:31%
Junritel’, E=7,721:8:1)3
Gwritet’, CTE=",T21:9:5)
end
end:
write{’ 1}
GTWB(36,23,7(f/N): ")
readlnfans};
if fupcasefans) < ’Y’) and {upcaselanc) <+ "N’} then BEL;
if upcase{ans)="Y" then begin
if Ft2=Lt2 then begin
dispose(Fta):
Ft2:=nil;
Lt2:=Ft2
end
else begin
for j:=k to inc-1} do begin
if {k=1) and {j=t)
then Nit2:=Tt2
else Nlt2:=N1t2*,nextld;
Tt2:=Tt2 . nextd;
NIt2~.T21:=Tt24, 721
ends
Li2:=N1E2s
disposefltd”.nextd}i
Lt2*. nextdr=nil
end;
nci=nc-t
end
until {upcasefans}="Y') or {upraselansi="N");
for j:=22 to 23 do BLANKBOLj)
end;

(R ER R R R R R R R R R R R LR R R F LR R R R LR R R R E R RE R EEE
) CHAMBET2 4
1222222223332 2122282222222 232y e ey et Iess Tz szyzIz2TTZZ2I2TIT N

procedure CHANBET2(var Ft2:T2Ptri it,nizinteger)t

var itinteger; Ti2:T2Ptry x:veali OK:boolean$

I
A

Changes record of the type T2Pir.
begin

BMC;

Tt2:=Ft2;

repeat
6TM25(29,22, Change which aeaber? BN
gotexy(31,22)3
(¢1-} readlinli)y {$i+}
O):={10result=0)3
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if {3 C 1) or €1 > nj) or inot QK)  then BEL
until (1 >= 1) and {i ¢= nj) and OK;
i:=1-43
while t > 0 do begin
i:=i-13
Tt2:=Tt2*. next2
end;
with Tt2* do begin
repeat
gotoxyi22,23)3
case it of
tiwrite{’Change & from *,721:8:3," to ')
2:write(’Change I from *,T721:10:3,7 to )3
Jiwrite!'Change € from *,T21:8:%," to *)5
Giwrite{'Change CTE from *,T21:7:6,7 to 7)
ends
{$1-3 readlniT2l)y (8143
OK:={I0result=0);
1f not Ok then BEL
until OK
end;
for 1:=22 to 23 do BLANKBO(1)
ends

(R R R R E R R R R R PR R R R R R R R R R R R R R R LR LR L EH
1 INT2 ¥
FERE R R R E R R R E R R R R R R R R R R R R R R EER R EERRE)

procedure INT2{it:inteqers var nciintegery var Fi2,ii2:T2Ptr)s

var Tt2:T2Ptr; irimtegers wl,ziirealy OK:boolean;

{

Inserts & record of the type T2Ptr into the list of existing
records.

begin

BMI;
new(Lt2*.nextd):
Lt2:=Lt2* . nextd;
Lt2*.next2:=nil;
Tt2:=Ft2;
repeat
gotoxy(24,22); writel’Insert new mesber before weaber )i
gotoxy{36,223)%
($1-3 readlnti)s (314}
0K:=4{10result=0)}
if €4 (1) or (3 ) ne) or inoct OKY  them BEL
until {1 >= 1) and {1 <= nc} and OK;
1131-135
while 1 > 0 do begin
1=i-43
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Ti2:=Tt2 . next2
end}
repeat
gotoxyi35,23)3
case it of
{:beain
writel’f= K
gotoxy{37,23)
end:
2:begin
write{’]= "3
gotoxy(37,23)
ends
J:begin
writet’E= '3
gotoxy(37,23)
end;
4:begin
write{’CTE= )3
gotoxy(39,23)
end
ends
{$1-} readiniwl}; ($I+}
0¥:={10result=0};
if not OK then BEL
until OK3
shile Tt2*.next2 <& nil do begin
1:=Tt2%.728
T2, T21:=wi;
TE2:=Ti2" . nextd;
wiisziy
end;
Tt2*. T21:=ul;
nCi=nCH;
for 1:=22 to 23 do BLANKBO{i):
ends

(R R R R R R R R e R R R R P R R R R R PR R R R R E PR R R RIS
* TYPE2 ¥
R R R R R EE R R EF R R R R R R LR F FRE R R R R R REE)

procedure TYPE2{var Ft2,Lt2:T3Ptri it,neinteger: var ncrinteger)s

var i,jsinteger; EH:boolean; fk.ams:chars

(

Reads and edits the joint coordinate data.
beqin

for 1:=8 to 12 do BLANKBO!: )

case it of

1:6TH4(38,2,"ARER’ )}
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2:6TW18(32,2, NOMENT OF INERTIA ')
3:6TW24(30,2, MODULUS OF ELASTICITY 3§
4:6TH36¢25,2, COEFFICIENT OF THERMAL EXPANSION  7)

ends
Tepeat
EH:=False;
SUBST2{it.nc)s
LISTR¢ it ne,FE2)
if nc=0 then begin
repeat
if F2=nil then begin
nentFt2);
Lt2:=Ft2
end
else begin
new{Lt3".nextd)}
Lt2:=Lt2" . next2
end)
RANGET2ILE2,1t neynC) s
SUBST2{1t.nic) s
LIST2(it.nc,Fi2)
until nc=ne
end;
if ac < ne then begin
repeat
repeat
6TW24(29,22, Add or Imsert? (R/1i: ')%
readinfans)}
BLARKBO(22) 4
if (upcasefans)<i’h’) and (upcacefans)<i'17)  them BEL
uritil {upcasefans)="A") or {upcase{ans)="1")}
if upcasetansi=A’ then begin
newtlt2*.rextd);
Lt2:=Lt2" . nextds
RANGET2{Lt2,1t neynici s
5UBST2{1t,nc);
LIST2(it\nc,Fta)
end
else begin
SUBST2(it.nc)s
LIST2(it,nc,Fi2)
ent
until nc=ne
end
else begin
if nc > re then begin
ji=RC-nE}
gotony{25,228)% writef’You aust delete *+j:1," sember{s).’}i
for 1:=! to j do begin
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DELTR(Ft2,Lt2,it,nc)s
SUBST2{it,nc);
LISTE(it,ync,Fta)
end
end
end;
BM;
repeat
readikbd,fk};
if (fk=#427) and kevpressed then begin
EH:=True;
read{kbd,fk);
case fk of
59:CHANGET2(Ft2,it,ne)s
$60:ADDT2(1E,FE3,Lt2 nc )y
$61: INT2¢it ne FE2,Lt2)35
$62:DELTRIFEE, Lt2yit ne)s
#68:begin
BLANKB0{2)
for i:=4 to 20 do BLANKBOLi}4
BLANKBO{24);
BLANKBO{23)
end;
else BMFK{S)
end
end
eise BNMFK{IS)
until ((fk=#39) or (fk=360) or (fk=461) or (fk=452) or (Tk=$68)}
and EH}
until (fk=448) and EH and inc=ne)
ends

(R R R R R R R R R R R R R R R E R E R R R E R R R LR R R E R R R EE R R RO RN E
¥ ELPROP ¥
R R R R R R R R E R R LR R R R R R E R B E )

procedure ELPROP(fn:5105 date:S8y var Fa,la,Fzi.lii,Fe,te,Fecte,Lete:T2Prs

var ne,na,nzi,nesod.nctetinteger}s

var  fkschary EH:bosleans i:integer;

14
[y

Reads and edits the element properties: &, area, zi, acvaent of inertia
about the local 3 axis, emod, the sodulus of elasticity, and cte, the
coefficient of thermal expansion.

..

procedure EPFKS

begin
BeLS testcolor(31)s GTR2{23,3,'F17)3
GTW2{23,%,F27);3 GTH2{23.,10,7F3" )4 GTH2{23. 11, F47 1
BTR3123,12,'F10° 3% textecolor(S)y Gotozyil, 23}
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ends

beqin

clrecrs textcoloriS)s

gotonyi9l)y  writel(fn, . DAT )3

gotony(32,1}: write{ 'MEMBER PROPERTIES )

gotoxyiba. i)y write(datel;

repeat
6768(23,8,"F1 -AREA")}
5TW24(23,9,°F2 -MOMENT OF INERTIA )3
6TW25(23,10,°F3 -MODULUS OF ELASTICITY )3
6TW35{23,11,°F4 -COEFFICIENT OF THERMAL EWFANSION' )G
GTW25023,12,"FLO-RETURK TO MAIN MENU ')
gotoxy{1,33)%
EH:=False;

repeat
read(kbd,fk};
if (fk=427) and keypressed then begin
EH:=True;
read{kbd,fk);
case fk of
$59:TYPER{Fa,Lastynenals (R}
$60:TYPE2(F21,L21,2yneymizl) s {1
51 TYPE2{Fe te,dnieynenod !} s (€}
$62: TYPE2{Fcte,Lote d neynictel s {CTE}
$568:beqin

if fna O ne) or inzi <& oned or {nesod < ned of
(ncte <> ne) then begin
gotoxyi1%.,8)3
writel’There are ".ne:t,’ aesbers, you have only 7
‘defined:’);
for 1:=9 to 12 do BLANKBO(i);
if na <> ne then begin
gotoxy(23,9);  writelna:d,"-Area’)
ends
if nzi < ne then begin
gotoxy{23,40)14
writeinzi:2,’ -Momert of laertia’)
end;
if nemod > ne then begin
gotoxyi23, 110
writeineacd:2, -Meduius of Elasticity’)
ends
if ncte <& ne  then begin
qotoxy(23,12)3
writefncte:d, " -Coefficient of Theraal Expansiocn’)
end}
delay(2009);
for 1:=8 to 12 do BLARKRO(Q)
end
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end;
else EPFK
end
end
else EPFK
until EH and (4fk=459) or ‘fk=#60) or (fk=361) or {fk=452) or (fk=448))
until EH and (fk=%468) and {na=ne) and {rzi=ne! and {neacd=ne) and {ncte=ne);
RTHM;
end;

(R R R R R R R R R R R R E R R R R R R R EE R R E R LR RN R

& B! ]
R R R R R R R R R R R R R R R R R R E R R R R R R R R R R AR E 1)

{ Bottos Menu, One Line 3
procedure BMi;

begin
GTHS(14,425,°F1-RDD" )3 6TW9435,25, F2-DELETE  )§
GTW10458,35, ' FLO-RETURN ;3 gotoxy(l,25)
end;
srocedure BMIFKS {(Flaches BM1's fumztionm keys]
begin
BEL} textcoleridiiy  GTH2{14,25,°F17)y  GTH2135,25,°F2°h
GTH3{53,25, F10°) textcolor (i1} gotosy(l,23)
end'

{ Load’s Top Linge 3

R R R R R E R PR R R R P E R R R F R R R F R R R R E R L H R R LY

t LOADSTL *
13228222 T a L d e sy

procedure LOADSTL{fn:8107 date:S8; lc:integer)t

teqin
BTWE(9, L, Tnis write! . DAT");  BTRBi54,1,date)s
6TH10433,1, Load Case *)5  writel{lc:!)

end;

(F R R R R R R R R R E R R R R R R R R PR R LR E R R R R E R R R R R B R RS
* 5UBST3 %
R R R R R R R R R R R R R R E R R R LR E R R R R R}

procedure SUBST3(j,nc:integer)s

var H1:5197 H2:5243
{

Writez the subheadings to the screen for joint loads {j=1)

or for prescribed jeint displacesents {;=2.

1
B

begin
BUANKBO{4);  BLANKBO(S);  BLANKBO(22):  BLARKANIZIM:  BLANKBD(24)3
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if j=1 then begin
H1:="JT DIR  FORCE '3 H2:="-- --- -==----oe-
end
else begin
Hi:=? JT DIR DISP 77  H2s=" —= -=- --—-----
end:
1f nc > 15 then begin
BTWIB(1S,4,H1 s GTW24413,5,H2)+
GTW1B{48.,4,H1); 6TK24443,5,H2)
end
else begin
GTWIB(31,4,H1}5 GBTN24(31,5,H2):
end
end;

(R R R R R R R R R R R R R R R R R R E R R R R R R SRR R F LR R R RE PR TR E
£ LIST ¥
R R R R R R R R R R R R R R R R R R R EE R R RN R R R R E R R R R E )

procedure LISTIEFE3:TIPErs jnc t3s:inteqer’s

var  1.1E.i3.3%.1veksinteqers  TE3:T3Ptr

{
Lists the joint leads (3=8) or the prescribed joint dicplacesents {j=2)
in tabular form.

begin

if nc=13 then begin
for 1:=8 to 20 do BLANK20{13.,i)}
BLANK20448,6)
ends
if nc=1$ then for 1:=6 to 20 do BLANKZO(3t,113
Tt3:=Ft3;
for 1:=! to t3s do Tt3:=Tt3%.nextd;
isi=nc div 304
ie:=nc acd 303
for 1:={ to 15 do begin
for k:=t to 30 do begin
if k (= 13 ther begin
if j=t
then ix:=13
else ix:=143
iy:=k+3
end
else begin
if =t
then 1x:=48
else ix:=49;
1y:sk-19
end;
BLANK2041x,1y)3



gotoxyl{ixyiyl§
with T43* do
if j=1

then writei731:2," °,738:
else writef731:3," °
Tt3:=Tt3*.next3
ends
6TW24130,22, 'Hit any key for
repeat until keypressed:
BLARK24(30,22)
ends
for i:=! to ie do begin
if ie > 15 then begin
if 1 4= 13 then beqin
if =1
then 1x:=15
else ix:=16}

&ore.

else begin
if =1
then 1x:=43
else 1x:=4%)
1y:=i-10
end
end
else begin
if =t
then 1x:=31
eise 17:=32%
1y31=143
end;
notorylizaiy)s
with Tt3* da
if 5=t
then writeiT3t:2,’
else writetT3t:2,’
Tt3:=Tt3%.next3
ends
if nc=0
then BLANK20(31,6)
else BLANK2O{ix,{iy+1))3
if 1s > 0 then
for 1:=(iett} to 3¢ do
if 1 (=15
then BLANK20{(31,(1+3))
else BLANK20(48,(i-10})

TyT132:1,°
’,T32:1,7

ends

'y T133:10:3)
", 133:3:3)

i

’v733:10:3)
"y 733:8:30%
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(R R R R R R R E R R R R R R F R R R R R R R R R
] F13 t
R R R R R R R E R R F R R R R R E R ERE R R LR E )

procedure PT3{var Ft3,Lt3:T3Ptr} . jino,jtdir.tIssinteqer; var nc.tinciintegers

fordispireal)s

var  T83:T3Ptry 11,125, j2.isciintegers  riderjdirealt  cichars

{

Searches the linked list fur the joint constraint which salches o is
larger than the given joint constraint or the hince which matches or is
larqer then the given hinge. The new data is then inserted in the
appropriate place.

M
B

beqin
Tt3:=Ft3:
for ii:=1 to t3s do Tt3:=T13*.nextd;
if Tt3=nil then beqin
if Ft3=n1l then beqin
newtFt3) )
Lt3:=F13
end
2lse begin
new{Lt3*.nextd)s
Lt3:=Lt3% nextd
ends
with Lt3* do begin
T3t:=jtno;s
T32:=jtdirs
T33:=fordisps
next3di=nil
end
end
else begin
isce:={}
while {isc (= nc) and (Tt3%.mextd <& nil) and (T3°.731 4= jtne) and
({783,731 & jtno) or (TE37.732 {= jtdir)} and
ITE3%.738 & gtno) or (Tt37.732 G jtdir) or {(T83°.733 {= foerdisp!!}
do begin
isce=isctly
T3:=T$3%.next3
end;
new(Lt3*.nextd);
L13:=L83% next3;
Lt3%.next3i=nily
if disc 3 one) or (TE3%.T3L 5 jiee) or LETt3°.T31=jtnc) and
{1T834.732 5 jtdir) or {4T837.732=j¥dir) and (783,733 > furdisp)in)
then begin
il:=jtros
i2:=jtdirs
ri3:=fordisp;
while Tt3*.next3 (> nil do begin
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with Tt3* do begin
jl:=T3Y
j2:=T32;
r§3:=733;
T3t:=ity
132:=183
T33:=r13
end;
Tt3:=Tt3*.next3s
iti=jls
1217523
rid:=rd
end:
with Tt3* du begin
T31:=113
732:=133
133:=r13
end
end
else beqin
with Lt3* do begin
T3t:=jtnos
TI2:=jtdirsy
133:=furdisp
end
end
ends
nei=ncH;
tnci=tncel
ends

(R R R R R R R R R R F R R R R R E R R R EE
¥ ADDT3 *
R R R R R R R R R R TR R R E R RN R R R R R R R PR R R R R )

procedure ADDT3{var F3,Lt3:TIPtrs junj.t3s:inteners var ncotnciintegerdy

var  jtnoyjtdir.fjt,ljtrinteger; fkichary fordispirealy  Ol:beoieans
(

Reads jtno, the joint to be loaded {j=1) or the joint with & prescribed
displacement {j=2), jtdir, the direction uf the joint lead {j=t) or of
the prescribed joint displacement {i=2), and fordicsp, the force (=1} or
the displacement {j=2). Calls P73 tv add to the linked list.

begin

BLANKBO(25): BTN3(17,25,7Add" )
gotoxy{10,22)3
write{’Chovse 5 for single load or ¥ for aultiples of the same lead.’ s
repeat
6TW13{32,23,'Enter 5 or M: )3
gotoxyi47,23)4



213

readlnifk);
if {upcaseffk} <> 5’} and fupcase{fk} {; "W’} then BEL
until (upcase(fk)=’S’) or fupcaseifi)="N"}
BLANKBO(22);  BLANKBO(23);
if upcase(fk)="M’ then begin
repeat
6TW18(27,22, First joint= BE
gotoxy(39,22)3
{($1-3 readln{fjt); {$1+:
QK:={10result=0}}
if {f3t 1) or if5t > njb oot (not 0K} then BEL
until (1 <= i) and (f3t <= nj) and O3
repeat
6TW13143,22, Last joint= K
gotory{S4,232)3
($1-3 readinilit)y ($I4}
OK:={10result=0)}
if (13t 1)y ot {13t > nj) or {nct OK)  then BEL
until {4 <= ljt) and {1t <= nj) and OK
end
else begin
repeat
§TWI0437,22, " Joint= "1}
gotoxy(43,22)3
{$1-} readin(fjt)y {$i+}
OK:={I0result=0}}
if {f5t i oor (f3t 5 owid o dnet OK)
then BEL
else 1it:=fjt
urtil (1 <= fit) and (Fjt <= nj) and OK
ends
Tepeat
6TN13120,23, Divecticn= "
gotoxy{30,23)
($1-3 readlnljtdir)y (814}
OK:={10result=0};
if {jtdir () or {jtdir > 3) or (not OK) then BEL
until (1 <= jtdir) and {jtdir <= 3} and 0K}
repeat
if j=t then begin
6TW18(50,23, Force= K
gutoxy(56,23}
end
else begin
6TN24459,23, Displacesent= ')
gotoxyi63,23)
ends
($1-3 readint{fordisply ($I+}
OK:={10result=0)3
if not OK then BEL



214

until 0K}
for jtno:=fjt to 13t do PTI:FE3.Lt3, . jtro, jtdiryt3sene,tuc,fordisp!
end;

RS R R R R R R R R E R R R E S R R R E R R R E R E R R R EE R R R R EE R R R RERE L EE
% DELT3 ¥
R R R R R R R R R R R R R B R R ER R E R R RE]

procedure DELT3{var Ft3,Lt3:T3Ptrs junj t3ssintegers var no.tnciinteger)s

val  1Cyics.lyjtnoyjtdir  rinteger:

Tt3,Nit3 1T3Ptrs
fordisp iTeals
0K thosieans

-~

Pocitione the linked list of joint loade (j=i) or prescribed joint
displaceaents (j=2) at the proper record to be deleted then it
shuffles the data down the recerds and dispoces of the last record.
beain
BLANKBG(23) 4 BTN6139,25, 'Delete’ !
1c:=03
Tt3:2Ft3;
for 1:=1 to t3s do Tt3:=Ti3*.nextds
repeat
gotoxy(24,23)3
write{ Enter joint nuaber (! to " opils')h: "h
gotoxyiSs, 230
{$1-} readlntjtnody (8143
0K:={10result=0};
if {itno < 40 or {jdne 5 njloor {not OK)  then BEL
until {jtno = 1) and {jtro <= nj) and O3
BLARKBO(23}3
repeat
gotonyi22,23}3
write('Enter direction nusber {{ to 3):
aotoxy (56,2303
($1-3 readinijtdir)y ($l+)
0K:={I0result=0i3
if (itdir < 1) or &3tdir > 3) or inot 0K} then BEL
until (jddir >= 1) and {jtdir <= 3) and 0K
BLANKB0{23);
repeat
if j=1 then beqin
6TW25{29,23, Enter Force: B
qotory(43,23)
end
else begin
6TW36125,23, ' Enter Displacesent: 13
gotonyi47,23)
end;
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($1-} readin{fordisp); (%It}
OK:={I0result=0};
if not 0K then BEL
until OK;
ics:=1y
while {Tt3*.T31 <= jtno} and iTt3".mextd <& aild and fics <= tnc) and
LETE32, 131 &5 jtno) or (T3%.732 <) jtdir) or (Tt3%.733 & foerdisp))
g begin
ici=ictls
icsi=icstl;
N1t3:=Tt3;
Tt3:=Tt3*.nextd
ends
if iT$34.T3=jtne) and iTt3".732=3td2r} and {T£3.733=ferdisp) then begin
if Lt3 > Ft3 then begin
iC:=ic+ty
for l:=ic to (nc-1) do begin
N1t3:=Tt3:
Tt3:=Tt3 . next3s
N1t3*.731:=TE3%. 7314
N1t3~,732:=Tt3".T32:
N1t3~.733:=Tt3".733
ends
Lt3:=R1t3:
disposetltd”.nextd)}
Lt3*.next3i=nil
end
else begin
dispose{Ftl};
Ft3:=nil;
L13:=Ft3
end;
nci=pc-is
trnc:=tnc-t
end
end;

(R R R R R R R E R E PR R R R E SRR R R R R R R R R R R R R ES
¥ TYPE3 *
R R R R R R R R R R R E R R E R R E R E R R R R E)

procedure TYPE3(fn:510; datesSBi var Ft3,L13:T3Ptrs jumjilonst3siintegers

var nc,tnc:integeri var tpfacireal)d

var  Tt3:T3Ptr; 1:integers  fkichar; EH,OK:boolean;

{

Compiles and edits the joint load data {j=1) or the prescribed
joint displacement data (j=2), Calls SUBST3, LIST3, ADDT3,
and DELT3.

1
B

beqin
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cirscry  texteolordil);  LOADSTL!fn.date.lcnly
if j=1 then begin
gotoxy(33,2); writet’Joint Loads”)
end
else beain
gotoxy{28,2)}  writet’'Prescribed Jeint Displacements’)
end}
if j=2 then btegin
if tpfac=0.0 then begin
repeat
6TW25(33,8, "PFAC= RE
gotoxy{38,d}3
{$1-3 readinitpfac): (%1¢3
0K:=(10result=0)3
if not QK then BEL
until OK
end
else begin
gotoxy(33,8);
writet PFAC=",tpfac: 713
repeat
6TN24(3G,7, "Change PFAC (¥/N)? BE
qotoxy(50,9}3
readlnifk)s
if tupcaseifk) & "Y') and fupcaseifk) <& 'N')  then BEL
until fupcaselfk}="¥') or fupcaseifk)="N"1}
if upcaseifk)="Y" then begin
repeat
6TW25433,10, 'PFAC= Th
gotoxvid8,10)3
($I-} readlnitpfac)i (%It
OK:={10result=0};
if not OK then BEL
until 0K
end
endsy
for 1:=8 to 10 do BLANKBGLi}:
gotoxy{35,3)3
write{’PFRC=",tpfac:7)
end;
repeat
BLANK30(23};
BLANKSO(241)
EH:=False;
SUBST3(j,nc)s
LIST3(Ft, janc t3shy
BM1;
repeat
readikbd,fk}}
if {fk=427) and keypressed then begin
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EH:=True;
read(kbd,fk);
case fk of
$59:ADDT3{FE3,Lt3, jamjatdsyncatng )y
#60:DELTI(FE3, L3y janjat3sync, tnc)s
$68:begin  ends
else BMIFK
end
end
else BMIFK
until {(Tk=8#59) or (Tk=#40) or (fk=868)} and EH;
until {fk=468) and EH
end;

(R R E R R R R R R R L F E R R F R R R R R F R R LR R R EE R R I H
¥ SUBSHA ¥
R R R R R EF R R R R R R R R F R R R R R R R E R )

procedure SUBSMA{nmact:integerly

const  Hi="MEM MAT  FORCE DISTt  DIST2 %

H2=" === === mmmmommmem cmeeoon oo "3

(

Writes the subheadings to the screen for aeaber actions.

1
7

begin
BLANKBOL4):  BLANKBO{S): BLANKBO/(22)5  BLANKBO(23)7  BLANKB0{24):
if nmact > 13 then begin
BTW3613,4,H1};  BTW3543,5,H2)
GTH35143,4,Ht); GTK34(43,3,H3)
end
else begin
5TW34123,4,H1}: GTH3SL23,5,H2);
end
end;

(R R R R R R R R R RS R R R R E R R R E R R R R R R R F R R R R LR R R E R EEE
¥ LISTMA %
R R R R R R R R R R R R R E R R R R R R R R R R RN E)

procedure LISTMA(Fmact:MLPtr} nmact.mas:inteqer)i
var  1yie.is.ixliy.krinteger;  Teact:MLPtrs
{
Lists the mesber actions in tabular fora.

H

begin
if {nmact=13) or (nmact=t4) then for i:=6 to 20 dec BLANKBOii):
Teact:=Faacts
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for i:=1 to sas do Tmact:=Tmact”.nextal:
isi=nmact div 303
ier=naact aod 303
for 1:=1 to is do begin
for k:=1 to 30 do begin
if k {= 13 then begin
i%:=33
1y:=k+3
end
else begin
1412434
1y:=k-10
ends
gotoylizyiy)s
with Tmact® do
writefaln:2,” ",&it:t," “,aldi10:3,m1d1:7:3,8142:9:3)¢
Teact:=Tmact”.nextal
end;
6TW24(39,23,'Hit any keyv for sore. 1%
repeat until keypressed;
BLANK24(30,22)
ends
for 1:=! to ie do begin
if ie 7 15 then begin

if 1 (=15
then begin  1x:=3§ ivi=i+s  end
else begin  ix:=437  iy:=i-10 end
end

else begin  1%:=337  ivi=i+S ends
gotoxyiixe1y)i
with Taact® do
writeialn:d,”  Tyaltsl,? elditO:3,eldl:?:3,s1d2:9:31
Teact:=Tmact . rextal
ends
if nmact=0
then BLANK40(23,5)
else BLANKAO{ix, {iy+i})}
if is > 0 then
for i:={ietl) to 30 do
if 1 ¢= 1§
then BLANK&O{23,(1+3)}
else BLANK40(&0,{i-10))
end;

R R R R R R E R EE PR R R P R R E S LR PR R R R R R R LS
# MATL ¥
B R R R R R R R R R R R R R PR E R R R R R R R EE )

procedure MATL(fn:510; date:58; lc:integer);

begin
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5THB(9,1,Tn)} write({’ DAT’)s  GTWB(&4,1,date)s
GTW10(35,t,’Load Case ’)y writetic:t)
end;

(R RN R R E R R R R R R R F L R R R R R R R R R E RN R BB R R
x NAMENU ¥
PR R R R R R R R R R R RS R R R E R R E R R R E R R REE)

procedure MAMENU(fn:5103 date:583 lc:integer)s

vat  1yjekylitintegers

procedure LMEMEL,j:integer); (Draws the little base linel
begin

drambiyjy(14139), 5,103

drawliyfj-21 1, (j42) 103

drawf (14159),§3-2), {14159}, (j+3}, 1)
ends

begin
clrecry  hiresy  hirescolor(il)s  MATLifn.date,lchs
6TW24431,2. Adding Mesber Acticn "h
LMEN(80,42)3
drawf119,20,119,42,1)3
draw{115,24,119,20,1);
draw{123,24,119,20,1}3
gutonyily )3
writel'Fl-Concentrated Lateral Load™}s
LMEM{409,42) %
1324193
while 1 <= 319 do begin
dramwii 20,1,42,1)%
drawii 20,(i-4),24,1)3
1151420
end:
draw{419,20,519,29,1})3
gotoxyiat,7)3
writet'F2-Uniforsly Distributed Lateral Load’i;
LMEM(80,75)3
draw(119,68,119,77,1}3
drawiB4,468,119,68,1);
dram{113,64,119,68,1)3
draw(115,72,119,68,1)3
gotoxy{i 12}3
write(’F3-Concentrated Axial Load’)s
LMEM(409,73) ¢
1174003
while i {= 434 do begin
draw(i,73,{1+10),73,1}%
draw{{itb),69,{1+10},73,1)3
1123417
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end;

while i (= 499 do begin
draw(i,73,(1+9),73,1)
dram({i+3),69,{149),73,1}%
i:=1418

end;

while 1 <= 359 do begin
draw{i,y73,{1+10),73,1)3
dramtii+b),69,(1+10},73,1};
ir=1¢17

end;

6TH3&441,12,'Fo-Uniforaly Dictributed Azial Load °

drawilé6,100,135,123;1);

draw{135,123,137,123,1);

draw{157,123,146,100,1}3

draw(157,100,181,100,1}3

drani170,100,170,123, 1014

6TW24¢1,17, F5-Tesperature Change ")}

LHER{400,125)3

1134943

while i <= 349 do begin
drawli, 125,11+61,125,003
1151416

end;

1124833

i2=125%

for k3=1 to 3 do tegin
case k of

rno

)

"
w

Y
I

w Y e

"
wn

S
endy
dramiiygef1428),(j-1),th8
11214284
ja=j-l

end;

6TW24{41,17,'Fb-Elesent Imperfections®);

LMEM{240,162})

drau(360,163,380,139,1);

1122903

ji=63

while i <= 380 do¢ begin
drau(i.lb?,i,(lb&-}),i);
drawii,(162-j),€1-8), 018654408
12214303
ji=jts

end;

gotoxy (20,2213

writet'F7-Trianqularly Distributed Lateral Load’)

ends
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(R R R R R R R E R R R E R R R R R E
¥ BMEN 4
FEE R R R R R R R R R R R E R R EF H R E R R B R F R R HE )

procedure BMEM{j:integer)i (Draws the big base lime.:

wat  irinteger;

begin

drawisdy 36845013
draw(68,{j-2),88,{j+2),11}
drawfabh, i j42) 3648 §-214 108
11=(j div 3)+33
6THI(9,i,"R7)4
6TWE(7!41,7B7)

end;

(HERE R E R R R R R R R R R R R R R R R E R E R R R R R ER R R E R R R R
¥ DIML ¥
R R R R R R E R F R R R R R R R R R RN L F R R R R R )

procedure DIML{i,j.k:integer}t {Draws the dimension lines.}

beain

drawii, jy(itkiyjal)y

dram{{i-2), {342}, (i42),45-2) 1)

drawi{itk-2), (342} (i4ke2),{5-25,1)
end}

(R R R R C R R E R F R R R R R R R R R E R R R R R R AR R L R R R HE
t hEH *
R R R R R R R R R R R R R R E L E R R R R R R R R R R

procedure MAL(fn:5107 date:S58; lciinteqers var atyp:integers var force,

distl,dist2:real);

var  OK:boolean;

({

Coilects and shows data for mesber action type !.

1

beqin
styp:=13
tlrscry
hiress
hirescolor{il};
MATL{fn,date,lc):
gutoxy(28,2);
write{’Concentrated Lateral Load’)s
BMEM{132);
drawi260,42,260,132,1) 3
drawi2b0,42,256,96,11}
drawi260,42,354,46,1}3
dran(68-148,68-157-1);



draw(260,134,280,157,1};
DINL{68,133,192)}
6TH1(33,5,’P’ )3
6TW4(20,19,°DIST' )}
repeat
6TW12135,23,'P= ’
gotoxyid7,23)3
($1-3 readiniforcels ($I+;
0K:={I0result=0);
if not 0K then BEL
antil 0K
gotoxy{30,3)3
writefforce:10:3,7 k)3
repeat
6TW1B{34,24,°DI5T= BN
gotoxyid?,24);
{$1-} readlnidisti)y ($1¢)
OK:=(10result=0)}
if (dist! < O or inot OK)
then BEL
else dist2:=0.0
until idist! >= 0) and OKS
gutoxy{17,19)3
write{dist!:8:3,""")
ends

(R R EFE R R R R R R R E R R R R EEF R F R R R R R PR R E R R R R R R R REE
¥ HA2 ¥
R E R R R R R R R R R E R R R F R R R R E R R R R R R R R R R E Y]

procedure MA2{fr:S104 date:S83 lc:integers var atyprintegers var force,

distl,distireal)s

var i:integers  OK:boulean;

Y

Collects and shows data for member action type 2.
begin
atyp:=di
tlrscrs
kires;
hirescolor{il};
HATL{fn,date,lc);
6TW36123,2," Uniforsly Distributed Lateral Load )3
BMEM(74) ¢
12=1363
while 1 (= 412 do begin
dra'!iy"’?yi)’zéyl);
dramwfi,a9,(1-4),33,1)}
1251464
ends
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drawt156,49,412,49,1})3
draw{48,89,48,117,1);
draw{156,78,136,101,1)3
dram{412,78,413,117,1)%
DINL{58,97,88);
DIML{68, 113,344}
6THL{36,6,7p" )5
5TWa(12,12,°DISTI "33
6TR6129,14,°DIST2 * )3
repeat
6TH12435,22, p= Y
gotexyi(37,22);
(¢$1-) readlniforcels {31+
BK:={10result=0)}
if not 0K then BEL
until 0K3
gutoxyi3046);
write{force:10:3," kli’);
repeat
BTW18(34,23,'DI5TL= B
gotoxy(49,23)3
{$1-} readlnidistt)s {314}
0K:={10result=0);
if (distt < 0) or inct OK)  then BEL
until fdist! >= 9) and OK§
qotoxyitl, 12}
write(dist1:3:3,7"7)
repeat
6TW18(34,24,°DIST2= ')
gotoxy{40,24) 3
{$1-} readlnidist2)s {$I+}
0K:={10resuit=0);
if {dist2 <= dist!) or {not OK) then BEL
until {dist2 > distt) and O0Kj
gotonyi27,16};
write(dist2:8:3,’"’)

-

ends

(R R R R R R R R R R R R F R R R R R R R E R R R R R R R E R R R R R E LR S

MA3 '

B R R R R R R R R R R R R R R R R R R R R R R R R R R R RS}
procedure MRI{fn:5103 date:39: lc:integeri var mtyprinteger: var force,

var

disti,dist2:real);
O¥:boolean;

Collects and shows data for aeaber action type 3.

begin

atyp:=3;
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clrscry
hiress
hirescolor{tl);
MATL{fn,date,lc)s
6TH24429,2, Concentrated Axial Load "3
BMEM:58) 3
dram{444,68,444,53,1
draw(322,80,444,50,1
dran(644,50,640,56,1
dri““’"h;éo;"“o;é‘h }
drawis8,81,68,93,1});
drawihh4,70,464,93,1};
DINL{68,89,375)%
BTH1(40,8,°P7) %
6TW4{32,11,°DIST )3
repeat
6TW12(35,23,'P= R
gotoxy(37,23}%
($1-} readiniforcely ($it]
OK:={10result=0)3
if not OK then BEL
until DK3
gotoxy$30,8):
write{force:10:3, k')
6TW6(34,24,°D15T= *)3
repeat
BLAKK20(39,24}3
gotozy{39,24)%
{31-} readlnidisti)y {$l+]
OK:=¢{10result=0)4
if {disti < 9) or {mot OK)
then BEL
else distd:=0.9
until {distl »= Q) and OK§
qotoxy (29,4108
writeldist1:8:3,"""}
end:

.

Y
.
)

}
)
H
h

(R R R E R E R E R EE VR E R R R B FE R R R R E R E R LR R E R R E R R E R ERL
¥ MR4 ]
FEE R R R R R R R R R R R R R R R EH RN F RS R R}

procedure MA4{fr:S10¢ date:58; lc:integers var atyprintegers var force,

distl,dist:real)s

var  iiintegery OK:boolean:

(

Collects and shows data for seaber action tvpe 6.

)
J

begin
styp:=b;
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tirscry

hires;

hirescolor{il);

MATLifn,date,lc):

6TWI6(23,2, "Uniforaly Distributed Axial Load "1

BMEM{T4)3

1226834

while 1 (=132 do begin
dramii,74,(1+25),74,1);
draw{ {i+25),74,(1+21),70,1}3
1221432

end;

while 1 <= 443 do beqin
draw(i,74,{1+24),74,1}3
dramiii+d4),74,(14203,70,10%
1:=1431

end;

while 1 (= 344 do begin
drawfi, 74, (1+435),74,1)%
draw{{1425),74,(1421},70,1};
1121432

end;

GTHL(60,9,7p’ )4

repeat
TH12{35,26, p= B
gotory{37,24)3
{$1-} readintforcels ($1+)
OK:={10result=0is
if not 8K then BEL

until OK3

gotoxy{34,9)3

writeiforce:10:3," k1173

distti=0.0}

dist2:=9.9

ends

(FERE R E R R F R R R R R R R R R R R R R R R E R R R R R RS R R R RE
L MRS ¥
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procedure MAS{fn:S103 date:S3: lciintegeri var atvpiintegery var force,

distl,dist@:real}s

var  O¥:sboolean:

{

Collects and showe data for member action type 7.

}

begin

atyp:=T;
clrscrs
hires;
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hirescolor{it);
MATL{fn,date,lc)}
6TW18{32,2,’ Teaperature Change’);
drani299,36,280,93,%);
draw(279,56,318,93,1};
draw(280,95,318,93,1}%
draw(337,55,339,95,1);
dran(320,56,3§8p56,1);
draw{287,184,264,190,1)3
draw{267,184,270,190,1}3
drauidss,170,270,190,1);3
repeat
6TW12(35,24,'T= '}
gotoxy{37,24)3
{$1-} readlni{forcels ($I+;
0K:=(10result=0);
if not 0K then BEL
until OK3
dicti:=0.9}
dist2:=0,9
end;

—~
-

Y
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procedure MR6ifni510% date:33s lc:integers var atyprinteger; var force,

distl,dist2:reall;

var  i:inteqery  D¥:boolean:

(

€ollects and shows data for aeaber action type 6.
beain
atypi=hs
tlrscrs
hires)
hirescolorftill;
MATL(fn;date,lc);
5TH26(30,2, Element Imperfections '}
BMEM(T8) 3
1123535
while i <= 343 do begin
drau(i,?é,(ifEO),76,0);
13214353
end;
dfaﬂ(320)769“46)78y1);
dTa“‘“46)72)573968)1);
draﬂ(573368y58936031);
drawi591,59,623,43,1)3
dran{564,39,364,101,1)}



)
N
N

drau(539'63,539,101,1);
drawi{566,76,623,76,1)
draw{591,60,623,40,1);
DIML{544,97,35);
drawible,60,612476,1)%
drawi{b14,58,510,862,1)3
dramible,74,610,78,1};
6TW2(72,12, el };3
6TW2{78,9,%e2’);
6TW2(78,7,’e3" )
repeat
6TH13(34,22, el= i
gotoxy(37,22)3
($I-} readlntforce)s (14}
0K:={10result=0)y
if not 0K then BEL
until OK3
repeat
6TW18{34,23, e2= ')
gotoxy(37,23)%
($1-} readintdistl)y ($I+]
OK:={10result=0)s
if not OK then BEL
until OK;
repeat
6TW18(34,24, 3= R
gutonyid7.24)3
{$1-} readlntdist2); ($1+4}
OK:=(10result=0)3
if not OX then BEL
until OK
end;

(R R R R E R R R R E R R R R R REER R R E R E RN R R R R R R R R R R R R R F
H MA7 ¥
R R R LR R R E R R R R R R E R R R RE R EEE)

procedure MA7(fn:S103 date:S8; lc:integers var mtypiintegeri var force,

distl,distd:real)s

var  iyjrinteger; OK:beoiean:

{

Collects and shows data for aesber actiom type 5.

hires:
hirescolortll)s
MATL(fn,date,lc)s
qotoxy(22,2};
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write('Trianqularly Distributed taleral Load’ )i
BMEM{76)
11=2203
i2bi
while 1 <= 412 do beain
drawit F6:14878-510 108
dramiii78-3),03-4),(80-55. 105
11=i+443
j3EitT
ends
draw{156,76,412,49,1);
drani{b8,87,68,117,1)%
draw{156,78,156,99,1}3
drawidai2,78,412,117,1 )3
DinLi68,97.,88)3
DIML{58,113, 34414
GTWII52,58,'F")3
BTWa{12412,7DISTL ")
6Th613%,14,°DIGT2 )
repeat
STH12(35,22,° F= TH

.o

(il-- reﬁdln£1orce>; (314
OK:={10result=0)}
1f aot 3K then BEL
until 0K}
getonyiS2.a)y
aritelforce:S:3,7 k73
GTW8(34,23,°DISTI="13
repeat
BLANK20140,23);
gotoxvie0,23);
{$1-3 readlnidistiis {(%1+}
0¥ :={10result=0)3
1f {distt < 0 or fmot OK;  then BEL
uptil fdistl o= ¢ and OK3
gotoay (10,1203
writeidistl:8:3,7% 13
GTH6{34,26,°DIST2=");
repeat
BLANK20{40,24)3
gotory{40,24)
{($1-} readlntdist2); {#l+}
OK:={10result=0};
if (dist2 (= distl) or inmot Q¥) then BEL
until fdist2 > distl) and OKS
qutoxyi2?,10)3
writeldist2:8:3,7"" )4
end3



]
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procedure PMAivar Fmact,Lmact:MLFtry ano,atypo.masiintegers var nmact,

inmact:integers force.distidistdiveally

o Toact:MLPErs  1lhi2vjtva2eiscointegerys  midyridyiidyridyrgdarjdereals

cichars

ai

-~

Searches the linked list for the meaber action type which satches or is
targer than the given mesber action type. The new data 1s them inseried
in the appropriate place.
begin
Tmact:=Fmacts
for 11:=1 to aas do Teact:=Teact*.nextal:
if Tmact=nil then begin
if Faact=nil then begin
newiFaactis
Lmact:=Faact
end
elce beqin
rew(taact”.neztael}s
Lmact:=Laact” . nextm!
ends
sith Loact® do begin
alui=snos
sii=atyp)
ald:=forces
gldi:=distls
nld2:=distad:
nextmli=nil
end
end
else begin
isce=ly
while {isc <= nmact) and (Tmact*.nesxtml <& nild and (Tazact”.sln <= znol

and ({Teact*.als < #sno) or (Tmact®.alt <= atyp)! and

{{Teact*.mln < ano) or (Teact”.slt <& &tvp) or (Tmact™.mle <= forcel!
and {{Tmact*.aln < mno) or {Tmact*.alt O atyp) or

{Twact*.ald < force) or {Taact”.mld! <= distl)} and

{{Tmact*.aln < mno) or (Tmact®.alt < atyp) or (Tmact .aid <& force)

or (Tmact*.mldt <) distl) or (Tmact*.sid2 <= distZ)) do begin
15Cs=isc+ly
Tmact:=Tmact".nextal

ends

newilmact® . nextal)y

Leacts=Laact”.nextal:

Lzact*.nestal:=nil;

if fisc » nmact) or (Teact*.wln > ano) or ({Taact.min=anc) and



({Toact”. o1t > styp) or {{Tmact.alt=atyp) anc {{Taact .ald > force)
or f{Tmact*.sld=force) and {(Tmact.sld! » disit) or
t{Taact”.aldi=distt) and {Tmact*.ald2 » disi2))1))))  then begin
1l=an0s
13:=4tvps
rid:=forces
T1bi=gistly
rig:=distes
shile Tmact*.nextal <> nil dov begin
with Taact” do beoin
ilisming
i2:=mls
rj3:=alds
Ti4i=aldly
Tj9:=mldds
plni=ily
alt:=12y
ald:=rid;
aigl:=ridy
sld2:=ris
ends
Tmact:=Teact . nentaly
ili=gls
1217428
rid:=rids
Ti4:=7 143
1153735
ends
with Tmact™ do beain
sins=ily
witi=idy
sld:=rid;
pidli=ridy
eldd:=ris

end

gnd
eise begin

with Laact” do beain

Bin:=&R0;
alt:=stvp:
ald:=force;
sldl:=distl;
wid2:=distd
end
end
ends

rkatti=nmact+ls
tnmact:=tnaact+!

ends
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(R R R R E R R R R R R R R LR R R R R F R R R R R R R R R R E R R R E
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procedure ADDMAlvar Fmact.Lmact:MLPtri lcngme.mastintegeri var nmact,

trzact:integerhy

var  anc.styp.fa,lazintegers fkichary  force.disti,distl:reals  OK:iboolean:

(

Reads &no, the mesber to be loaded. Calls MA1 and PT3 to add to
the linked list.

begin

BLANKBG(2T) 3 6TW3417,25,"Add" )3
gotoxy{10,32)3
write! "Chouse 5 for single load or ¥ for sultiples of the cake load.’’
repeat
BTW18(32,23,’Enter S or M: ')
gotoxy{47,23)3
readlntfk)s
if {upcaseifk) {» '5°) and f{upraseifk} & "M’ thenm BEL
urtil {upcasei{fk)="S") or {upcase{fki="%");
BLANKBO{22)1  BLANKBG(23::
if upcaselfk)="M" then begin
repeat
6TH13:25,22,°First mester= K
gotoxy(39,22)3
($1-) readinifa); {$I43
OK:={I0result=0);
if ife C1: or (fa > ne) or (not OK) then BEL
until {1 <= fa) and {fe <= ne) and OK:
Tepeat
5TK18143,22, Lact seater= "h
gotouyiS5,22)3
{$1-} readlnilely (414}
OK:={I0result=0)4
if e 4y oor (e >y oned or inot OK)  then BEL
until {1 <= Im) and {la <= ne) and OK
end
else begin
repeat
6TW121(34,22, Hewber= "3
gotoxyi4d,23);
($1-} readlntfa)y {$1¢}
0K:={I0result=0);
if (fe ¢ 1Y or ife ;> ne) or inct OK)
then BEL
elce la:=fa
until {1 <= fo) and ‘fm {= ne) and OK
end;
EH:=False;



MAMENU(fn.dateslcr)s
gotoxy(1,23)3
repeat
readikbd, fk)s
if ifk=#37) and kevpressed then beain
EH:=Trues
teadikbd, fk)}
case fk of
$57:MAt i fn date, don atyp force distt distah
$60:MA2 (fnydates denomtyp force distidist2hs
$61:Mh3ifn date, lenatvp force,disil dict2)s
$62:MR4{frydateslenyatvo, forcedistldistdis
$63: 085 fn date lenvatvp forcedistldist2)s
4 :Mhbifn datestenyatyn  force,dict!,dict}s
$55: 887 Hfn date donwatvp foTce dist!, dist2is
else BEL
end
gnd
else BEL
until EH and ((fk=859) or (fk=3560) or (fk=#&1) or (T4=882) or (fk=#53)
or (fk=#84) or fk=865))1%
for ano:=fm to ls do
PHAiFmact,Laact ano atvp as,naact  tomact, force,distt,dist2)s
BTW24(29,23,Hit amv key to continue,’)s
repeat until keypressed;
textacde
endsi

(FEREFEEEER R R R RE R B EEERCF PR F R R R E R E B C R R E LR R R R F R SRR R F R R R BRI F 8
¥ DELMA #
3 I Ty Ty a Y a3 2322222222223

procedure DELMA{var Fmact,LmactsMLPiri ne.sas:integery var moact,

trgactiintegqer )

var  1C.1Cs.Lyanvatvp  integers

Tmact Nlsact H 844
force,distl.dist? :real:
Hi A tbooleany

-~

Positions the linked list of mesber actions at the proper record to
be deleted then it shuffles the data dewn the records and disposes
of the last record.

1
’

beqin
BLANKBO{2S5)s GTW5139.25, "Delete’ )3
10:=03
Taact:=Feact:
for 1:=! to mas do Tmact:=Teact”.nextmls
repeat
gotory{24,23)4
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write(’Enter aeaber nuaber {1 tu ",me:l,’): K
gotoxy{56423);
($I-3 readlnfanc); ($I+}
GK:=(I0result=0};
if tano < {) or {ent » ne) or (mot OK)  thenm BEL
urntil {ang >= 1) and {anc <= nej and OK3
BLANKBC(23) 4
repeat
gotoxy{28,23); writei’Enter zeaber action tvpe {f to 7): "H
gotoxyiS7,23)3
{$1-3 readintatyp)s {($1¢}
0K:=(I0result=0)}
if imtyp ¢ L ot {mtyp > 70 or inet OK)  then BEL
until (@typ >= 1) and {atvp <= 7) and OK3
BLANKB0(23);
repeat
6TW24129,23, ’Enter Force: )i
gotoxy(43,23);
{%1-) readlniforce)s ($1+}
8K:={10result=0)3
if act 0K then BEL
until OK3
BLANKBO(23) 3
repeat
§TH356128,23, 'Enter Distancel: h
gotoxyisb,23)4
($1-} readlnidistiis {81+
0K:={10result=0);
if not OK then BEL
until 0K;
BLANKBO{23);
repeat
GTH36¢28,23, 'Enter Distanced: iy
gotoxviab,23)3
{$1-) readinidistd)s ($I+
OK:={ICresult=0)3
if not OK then BEL
until OK3
BLANK30(23);
icsi=13
while (Tmact*.aln (= ano) and (Tmact”.nextml <> nil) and f{ice <= tnmact) and
{{Tmact*.aln O eno) or {Teact™.alt < atyp) or (Tmact*.ald <> force) or
{Tmact".ald! <> distl) or {Teact*.aidd (> dist2)} do begin
10:=104
1Cs1=106+13
Nlmact:=Tmact;
Tmact:=Tmact".nextal
end:
if (Teact”.sin=ano} and {Teact*.mlt=styp) and {Taact*.mld=force} and
{Tmact”.sldi=dist!) and (Taact*.sld2=dist2) then begin
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if Lmact (> Feact then begin
ice=icels
for 1:=ic to {nmact-t) do begin
Nlpact:=Tmacts
Tmact:=Taact*.nextal;
Nlgact®.aln:=Tmact”.alng
Nlgact*.alt:=Tmact”.ult;
Nlmact*.ald:=Tmact".nld:
Nlpact”.sldl:=Teact*.mldl;
Nisact”.mld2:=Taact".ald2
end}
Leact:=Nlmact;
dispose{lmact®.nextnl};
Leact*.nextal:=nil
end
else begin
dicpose{Faact)s
Faact:=nil;
Leact:=Fract
end;
noact:=naact-13
trmact:=tnpact-1
end
ends

(R EE R R R R R F R R EE R R E R R R R R R R SRR R R R R R R R R RS LR ER
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procedure MAET{fn:510; date:58¢% var Fmact.Lmact:MLPtri ne,icn.mas:integer:

var neact.tnsactrinteger)

var  Tmact:MLPtri  1:integer;  fhichars  EH:booleans

[
3

Compiles and edits the meaber action data. Calls SUBSMA, LISMA,
ADDMA, and DELMA.

begin
repeat
clrscr; textcoloriitls LOADSTL!frnydate,lcn)s
gotoxyi3a,2); write{'Meaber Actions’}i  BLANK3O0(23);
BLANKB((28); EH:=False;
SUBSMA{nmact);
LISTMA(Faact,nmact masthi
BML3
repeat
read{kbd,fk);
if (fk=#27) and keypressed then Legin
EH:=Trues
read!kbd,fk);
case fr of



$59:ADDMA(Faact,Leact, lcnnemas,naact, tngact s
$60:DELMA(Fpact Lmact ne,mas nBact tnmact)
#68:begin end;
else BMIFK
end
end
else BMIFK
until ((fk=459) or (fk=#50) or (Tk=44B)) and EH
until {fk=448) and EH

ends
(R R R R R R R E R R E R R R B R R PR R R E R R B R R R R R
£ LOADTL *

Ty Iy Yy y ey ity e eszayseessyzyzzeIzesIy)
procedure LOADTL{fr:510; date:58);
14

\

Writes the top line for LOADS to the screen.

1
3

beain
clrscry textcolor{tids  gotexv(?. 04 writelfnai0,’.DAT' Y
gotoxy(s4,1)5 writefdate:8)s  gotoryids, 115 write{’LDAD CATA'):
gotory(1,25)3

end;

(R E R R R R R R R R R R R F R R R E R R R L E R R R R R R F R R LR R REE R HE R RS
4 DELNYLR *
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procedure DELMVLR(FlccviControlPtrs var Fyl.bjlFpidiLpjdaT3Ptrs

var Feact,leact:MiPtry nevnjsnlceviintecers
var tnjl.trmact,topjdsinteger);
var  Tlcov.NilcoviControlPtry  T31.R151,Tpjd Nip;d,S1t3,52t3:T3P¢trs
Teact Nlwact,Sial,S2al:8LPEr 1, j.kidntegers

L)

Find and dispose of any load recerde which are no longer
valid due to a change of NI or NE.

Y
5

begin
Ticevi=Fleovs  TjlesFjls  Tmact:=Fmacts  Tpjdi=Fpjds
for 1:=1 to nlccy do begin
if Tlcovt.connjl > ¢ then begin
ji=hy
while {Tj1%.T31 <= nj) and {j <= Ticcvt.comnjl! do begin
Nljla=Tjls
Tile=Tjl . nextds
j=jHl
ends
if (T§1%.738 5 nj) and (5 <= Tleovt.connjl)  them begin
for k:=j to Tleev*.connil do begin
if Tjl*.next3=nil then begin
if Fjl=Ljl then begin



dispose{Fjl};
Fjli=nils
Ljle=Fjl
end
elee begin
Lile=Rlhi
disgosell jl*.next3)i
tjl*.nextds=nil
end;
Tjli=nil
end
else begin
51t3:=Tj14
repeat
52¢3:=5113;
S1t3:=51t3% . nextds
§2434.731:=5883. 1313
S2t34.732:=51t34.7324
§2t3°.733:=51¢3%.733
until 51t3°.next3=nil;
Ljl:=52833
disposefljl.nextd)s
tjl*.nextdi=mil
end;
trjla=tnjl-ty
Ticevt.connjli=Tlcevt.connjl-1

end
end
end;
if Tleey*.connmat > 9 then begin
=i
while {Toact”.aln <= ne} and (j <= Ticov*.conmmaet) de beginm
Nlwact:=Taacts
Tuact:=Taact”.nextal;
jiziel
end;

if {Taact*.sln > ne) and {j <= Tlccv*.connmat! then beqin
for ki=j to Tlccv*.conmmat do begin
if Teact*.nextal=nil then begin

if Fmact=Laact then beain
dispose{Faact};
Fmact:=nil:
Laact:=Feact

end

else begin
Laact:=Nlaacts
disposeilmact”.nextmiis
Leact*.nextmli=ml

end;

Twact:=nil
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end
else begin
Sial:=Tmact;
repeat
S2sl:=531sl4
Sial:=Siai®.nextals
S2sl*.ain:=5igi .alnd
S2al*.alt:=Siat . alty
S2al™.gid:=5tal".aid;}
S2al*.aldl:=S1al”.aldls
2al”.ald2:=5ial . mld2
urtil Stal*.mestal=nil}
Lmact:=52nl3
disposeilsact”.nestmli;
Leact*.nextmli=ntl
erds
trmact:=trmact-13
Tlecy™. connmat:=Ticov®.connmat-1

end
end
ends
if Tlecov*.connpjd > & then besin
[H
shile {Tpid”. 731 <= nj) and &3 <= Tlecev*.conmpid) do beoin
Nlgjd:=Tpjds
Tpid:=Tpjd*.nextds
jieitd
end;

3f (Tpjd~. 73! 5 nj) and {j (= Tlcevt.connpid)  then begin
for ki=j to Tlecv*.commpid do begim
if Tpjd*.nextd=nil then becin
if Foid=Lpjd then begin
disposeifpjd)i
Fpjdi=nily
Lpids=Fpid
end
else begin
Lpjds=Nlpjds
disposeflpjd*.nextd);
Lpjd*.nextd:=nil
end;
Tpjd:=nil
end
else begin
51t3:=Tpjd}
repeat
52¢3:=51t3;
S1£3:=54t3% nextd;
§52£3*.731:=6183.73L
52t34.732:=51¢3%.732;



§2¢34.733:=51t3*.733
until S51t3%.next3=nils
Lpjd:=62t3;
disposeilpjd®.nextd};
tpjdt.mextd:=nil
ends
tnpyd:=tnpjd-ts
Tleev .connpjd:=Ticcv*.connpid-!
end
end
end;
Tlcev:=Tleov*. nextcon
end
ends

(R L R R R R R R R E R R R R R R R R R R R R R R R R R R E AR EE
* DELNVLE ¥
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procedure DELNVLC(var Fleccv.LiceviControlPtry var FylhljloFpidilpjd: T3R0S
var Feact,Lmact:MLPtri var fiichars nlciintegers
var nlecvatnjl dnmact tnpjdeinteger)s
var  tehkejlsymas,pjds  integer:

Tleov Nilcow ControlPics
Tmact,Nlmact MLPtT
TiloNLjl, TpidoNipid sT3Pir:

ok tbooleans

-~

felete load cases that are no longer valid due to change in KLC, er
return to MAIN MENU to change MLC to a larger nuamber,

1
B

begin
while niccv ¥ nlc do begin
gotoxy(13,9)3
writel"You have set NLC=",nlc:ly’ but there are "micouily
" lead cases in semory.’ )3
gotonv(8, 10
write{'You esay either Return to MAIN to chance HLC or Delete 7
'3 load case.’)}
repeat
GTW44{22,11,'Enter R to Return or U to Delete: h
gotoxy(58,11)3
readini{fk)s
if tupcasetfk) 3 'R’} or (upcaseifk) (& D) then BEL
until {upcase{fk)="R") or {upcasei{fk}="0’}}
if uptase!fki=’R* then exzit;
repeat
6TW36:23,12, 'Delete which load case?
gotony{S3. 120
{$I-} readin{i); (314}
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0K:={10result=0};
if €8 (1) or {3 > nlccw) or inot CK)  then BEL
until {1 7= 1) and € (= nlcov) and 0K
Tleowr=Flecvs
jisi=0f  mas:=0F  pids:=0;
for ji=t to {i-1} do begin
with Tlcev® do begin
jlsi=jlstconnjly
sasi=mastconnmats
pids:=pjdstconnp;d
endi
Tleew:=Tleev . nertcon
end;
for j:=10 to 12 do BLANKBGL )
gotoavi2dy g
with Tinc,
do writef'tead Cace "yl N3t=",commjlily’y NMACT=",connmat:!,
'y NPID=",connpijdii)i
repeat
gotoxyiis,id)s
writel 'Enter £ to Return or D to Delete Load Case *,i:1,": "
gotoxyvisda 12l
readlnifk)y
if {upcaseifk) <& 'R’ and (uprase(fk} < '[’} then BEL
until {upcasef{fk)="R") or {upcaseifk)="0");
if upcase{fk}="R’ then exit;
for ji=ijistl) to {jlstTicevt.comnil) do begin
Tjle=Fiis
Wlil:=Tily
for k1=t to jls do Tji:=Tji".nextds
if L3l < Fjl then begin
for ki=tilet2) to tnjl do begin
Hlil:=Tihy
Til:=Til* . nextd;
NIjIn.T30e=T510, 730
Nijlo.T32:=T 17328
N1j1%.T733:=T417.733
ends
Ljl:=Nl;ls
disposelljl”.next3}s
Ljl*.next3:=nil
end
else begin
dispese (Fii)s
Fili=nild
Ljla=Fil
end}
tnjli=tnjl-t
end;
for ji={mast!) to {mastTlccv*.connmat) do begin
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Teact:=Fmact;
Nlaact:=Tmact;
for k:={ to mas do Teact:=Taact“.nexisl:
if tmact <> Fmact then becin
for k:={mas+2) to tnmact do begin
Hlsact:=Taact;
Tract:=Taact". nextals
Nlgact*.ein:=Taact”.&ln;
Nlmact*.mlt:=Tmact . nlt;
Nlmact”®.ald:=Taact”.&ids
Nlaact”.mld!:=Taact".mldl;
Nlmact®.eld2:=Taact*.&lde
ends
tmact:=Nlasact;
disposeilmact”.nextslls
Loact*.nestal:=nil
end
else begin
dispose {Fmact):
Faact:=nily
Lract:=Faact
end:
trmact:=tnpact-1
end;
for jisipjds+l) to (pjds+¢Ticcv*.conmpjd) do begin
Tpjd:=Fpjds
Nipid:=Tpid;
for k=1 to pjds do Tpid:=Tpjd*.nextd;
if Lpjd <> Fpjd then begin
for ki={pjds+d) to tnpjd do begin
Nipyd:=Tpjds
Tpjd:=Tpjd".next3;
Nipjd*.T31:=Tp;jd*. T34
Nlpid™,T32:=Tp;jd". 7325
Mlpjd™.T33:=Tpjd".733
end:
Lpjd:=Nlpjd;
dispose(Lpid*.next3)s
tpjd*.nextd:=nil
end
else begin
dispose (Fpjd}s
Fpid:=nily
Lpjds=Fp;d
ends
tnpjds=tapid-t
end}
Nilceve=Tleevs
for js=i to {nlccv-1)  do begin
Hlleeve=Tlcevs
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Tleeove=Tlcev*.nextcony
Nllcevr.connjle=Tlcevt.connjls
Nllcocvr.conneat:=Tlccv*.connmats
Nllcov*.connpjde=Tlccv.connpids
Nllcev* . conpfac=Tieev.conpfac

end;

Liccve=Nllcews

disposeftlcev®.mextconi

Liccv* . mextoons=nils

nlcevi=nloeyv-l

end
ends

(R R E R R E R R R R R R R R R R E R EE R R R R E R R RS R R R R R R PR E LS RE R R R EFE
¥ LOADS ¥
R R R R E R R R R R R R F R R R F R R F R R R R R R PR R R R R RE )

procedure LOADS{fn:Si0% date:SBY war Fyl,Ljl.Fpjd.Lpjd:T3Ptrs

var Feact Laact:MPtri var Floow,tbeeviControlPing
newnjyinlcrintegers var tnjl.tnmact.tapjd,nlcoviintegerts

var  EH,OK:booleans

fk schars
dr ireals
Ienviykyjleymas,pyds  tintegers
Ticov Rllcoy lentroiftrd
Til Wl TpidoMlpyd  2T3RERS
Tmact Niaact THLPtTY
{
Calls DELNVLA, DELNVLC, JTLOADS, MEMLOADS, and PIDISFS.
{ Flash F keys
procedure LFK}
begin
textcolori3thy BEL; 6TW2¢31,9,°F1° )3
BTHI(31,10,7F107) 5 gotoxy{l,23)% textcolorill)
end;
procedure LTFK;
begin
textcolor(3t}g BEL; BTW2(24,8,'F1' )3
TH2(24,9,°F2°); BTHR2(24,10,7F3"}1  GTH3124,11,7F107 )3
gutoxyfl,2ahs textcoloritll
end)
begin

DELNVLRiFicev,FijlyLjlyFpjd.Lpjd,Faact,Laact,nenj nicevatnil tnmact tapjdls
LOADTLtfn,date}s
DELMVLC{FlcevoLicev FiliLjl Fpjdybpjd,FRactLeact fkonlconlccvatngly
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tneact tnpjd);
if upcase{fk)=’R’ then beqin
RTMM;
exit
end}
repeat
LOADTL{fr,date)s
EH:=False:
leni=nlecvls
if {nlc=nlcecv) and €nlc > 1) then begin
6TW24(31,9,'F -3ELECT LOAD CASE  *)3
6TW10431,10, FLO-RETURN' )3
gotonvil,25)%

repeat
read{kbd,fk}s
if k=827 and keypresced then begin
EH:=Trues
readtkbd, fk}i
cace fk of
13%:begin
repeat
BLANKBGI1D)s
gotoxy{26,16%4
writei'Edit load case 1 to "wnlcely ')
gotoxviSda 160
($1-3 readinflcn)y {81+
0Ks={10result=0)3
if flen <8 or (lom > nlc) o (not OK)
until i1 (= ln) and flcn <= nlc) and 0K
ends
$63:1cni=0y
else LFE
end
end

else LFK
uritil EH and {{Tk=839) or {(fk=468});
BLANKB0O{?):  BLANKBO(10):  BLANKBO(1S)
end
else if (nlc=nlcecv) and {nlc=st)  then icmesiy
jls:=03  mas:=03 pjds:=07  Tleow:sFloowy  dre=0.0%
for j:=t to (lcn-1) do begin
with Tlccv® do begin
jls:=jlstcennils
pas:=pastconnmats
pidsi=pjdstconnp jd
ends
Tleove=Ticev* . nextcon
ends
if nlcev < alc  then begin
if Fleev=nil then begin

then BEL



nem{Flccvl)s
Llceve=Flecovs
end
eise begin
newitlcev . nextoonts
Llcevesblcevt.mextcond
end3
with Llcev®  do begin
connjle=0y
connaat:=0;
connp jdi=03
conpfac:=0.93
nextcon:=nil
ends
Tlecve=tlcev
end:
if lon < & then begin
repeat
LOADTL(fn.date)s
ootorvi3G.thg
write{’toad Case "o lcnil)s
6TW4{33,2, 'Nenu' 13
6TW1B(24,8,°F! -Jouint Loads )%
6TW18{24,9,°F2 -Meaber Actions’ )i
§TW34(24,10,°F3 -Prescribed Joint Displacements ')
GTW18{24,11, F10-End Load Case )4
gotosyvil25)8
EH:=False;
repeat
readtkbd, kit
if (fk=427) and keypresced then begin
EH:=Trues
readtkbd.fk};
tase fk of
$39:TYPE3¢fr date FitiLjlotongy lony jis Tloew  cconnil,
tnjldris
$60:MACT{fn.date,Foact Loact ne, lon,mas, Tleov” connmat,
trmact)s
$64:TYPEI(fn date, Fojd Lpjdi2ynjoiempids Tlccv™. conmp id,
tnpjdsTlecv® . conpfacts
168:begin
for k:=22 to 24 do BLANKBOLL);
if nleey ¢ alc  then begin
with Tlcev® do begin
if {connjl=0) and {connsat=0) and iconnp;d=d)
then begin
gotoxyi19,2308
write{ You have crealed a
'with no loads. °
delay{2500)

load case .
I



end
ends
nloovisnicovels
1T Inlcov=nic) and fmlc=l)  then lomi=0

end
else if alc=t  then lcne=d
ends
else LTFK
end
end

else LTFK
until EH and {(fk=¥59) or {fk=#60) or (fk=8&1) or {fk=358))
until ER and (fi=363)
end
antil {lcn=0) and {nlccyv=nicis
RTHM
end;

(R B R R R B E R PR B R R PR E R R R F S P F R R LR E R R R R R R R RERE
* BRAKS ¥
R L R R R R R RS P R E R R R R E RN R PR R F R E R PR R F R RS

procedure DRAWS{fr,date:58% FavoluysXYPirs Fal,LaisMIFte: FholhaTIPtrS
nesnjenhiinteger )i

type

fconrds=array()..30] of integers
var

CPir TYPErS

MFLr MIPtTS

HPtr TIPS

tialy slcoordss

1vjakyl  :integer;

MNE ANy RaRKBaxY XTaTQE YT ange,sfx sfyvaic,ve  ireals

{
Uses the joint ceordinates, member incidences, and the hinge data
to graphically depict the frame sodel on the screen.
1
begin
clrserj textcoleril);
clrsers hires; hirescolorill)s
gotonyilellg write(fn, " DAT' )}
gotouy{3.3)3 nriteldate);

sinx:=Fay* ondy sinyveisFayt.agsy
maxx:=Fxy*.sly manye=Favt.ads
CRtri=Fxy;
for 1:=1 to nj do begin
with CPtr* do begin
if %l ( minz  them ainxisxis
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if x! > maxx then saxx:=:il}
if x2 ¢ miny then minvi=zdy

if x2 > aaxy then mawy:=z2
ends
if § < ny then CPtr:=CPir*.mext:

end;
¥range:=maxx-ming,
yrange:=aaxy-ainy;
if zrange »= yrange then begin
sfrs=l.04
sfy:=yrange/xrange
end
etse begin
sfyi=1.0%
sfxi=irange/vrange
ends
®Ci=xinx+d, SkeTange;
yei=miny+0, S¥yrange;
CPtre=Fxvi
for j:=1 Yo nj do begin
with CFtr* do begin
1f s &0
ther 1x{jhi=round{329+20%cfrelnl-nc) /)
else 1xljli=4243
if ve 30
then iv{jli=roundi?7-F0scfyixd-velive)
else iy[j1:=99
ends
if § U nj then Cptri=Cptrt.nests
endy
for j:=! to nj do begin
plotitaljd ivijlalis
dramiinljded,ivljled anl It ivljl-tithe
drawfialjl-toivlydetainljd-taivlji-ta s
drawiix{ided avljl-toinlid-tyayljl-1,10%
dramiizljdel ivljied anljl-tyavljlet 1)
end;
NPtri=Fai;
for 1:=! to ne do begin
with ¥Ptr* do begin
ji=aly
ki=ad;
grawbisl;l iylidaialkdayled,
ends
if 3 one then MPtri=MPir”.nextal
end;
if oh ¥ 0 then begin
HPir:=Fhs
for i:=! to nh do begin
with HPtr* do begin
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jr=TiE-13

k:=Ti2;

WPtr:=Fai;

while {3 > 0) and (MPtr & mil) do beain
ISR
MPtri=MPtr . nextal

ends

if k=t
then l:=MPtr*.al
else 1:=MPtr*.ad;

circteixlll,yiylll 4,1}

end;
HPtrs=HPtr*.next!
end
ends
repeat until keypresczed:
textaode

ends

(R R R R E R R R F R R R R R R R PR R E RN PR E R R R R R R R R R R R R R R F R R ¥

¥ QUTFILE *
R R R R R R R LR E R R R R E R E R E R R ERE R R R R ERR R RE)

procedure QUTFILE(fn:510% date:38% nevnj.nlciintegers Fal,iaisMIPtrd Ficoljc,
FhoLh:TiPtrs Fuy Ly X¥Pry FailaFzislzivFe.ie,Fete,
Lete:T2Ptrs FjliLjl Fojdyipjd:TIPErs Fract.Leact:MLFLy
Fleow Llcey:ControlPtrs njconhytnil treact tnpjdiintegers

var 1y rintegers

otf 15145

Tai MIPtrs

Ttt (TIPET

Tay XYPtrs

Ta Tzl Te,Tcte  :T2Ptrs
Til.Tpjd 1T3P%rs
Taact tMLPtTS
Ticev ControlPtrs

-~

Writes the data fros the linked licts to the file frn.DAT.

b
7

beain

otfi=fne’ . DAT’;

assignfofn,ctflg

rewritef{ofn)s

writelniofn,date);

writelnfofninesdynjiSinlc:d)s

Tai=Fai;

for 1:=! to ne du begin
with Tai* do writelnf{ofn,el:5,8d:3}
Tei:=Tmi".rextal
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end;

writelnfofnynjcid);

Tti:=Fjcsy

for 1:=1 to njc do begin
with Ttt* do writelnlofn, T11:3,712:5)%
Ttle=Ttt . nent!

ends

writeln{ofn,nhi)s

Tti:=Fh;

for 1:=! to nh do begin
with Tt1* do writeinicfn, 71125, T12:30
Tt1:=Tt1 " next!

end;

Tays=Favi

for 1:=! to nj do beoin

with Tuy® do writelnfofnualei2ed,® Tyx2:i2:

Tavi=Tay®onexts
ends
Ta:=Fa;
Tzir=Frig
Tes=Fes
Tcter=Fctes
for 1:=! to ne do begin

writelnfofn,Ta". T2iet2s4, " "\ Tois, T2iet2ehy”

Tcter . T2L: 121408
Tar=Ta".nexts
zi=T21" nextds

Te:=Te".nextd;
Teter=Tote . nestd

engs

Tleeve=sFloows

Tile=Fils

Tmacts=Fmact:

Tpjd:=Fpjds

for 1:=1 tu alc do begin
writelntofn Tlecv® connjli5)s
for ji=1 to Tleev*.comnjl do begin

with Tj1* do writelniofn,731:3,732:5,°
Tjle=Tjl".nextd
end:

writeln{ofn,Tlcovr.connmat:S)s
for j:=! to Tlccv*.connmat do begin
with Teact” do

witelnfofn,&ln:SomiteS,” "ymlidii2:s,’

nid2:12:404
Toact:=Taact”.neitsl
ends
writelntofn, Tleovt.connpjd: s

if Tleev*.connpjd > O then writelnlofn,Ticov.conpfacsiontds

for j:=t to Tleev®.connpid do begin

Ty 13301204

“yaldls

I

13,
il

"0)"

»
\
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with Tpjd* do writeln{ofn,731:5,732:5," 7, T33:12:4)
Tpjdi=Tpd*.next3
ends
Tleew:=Tleov® nestoon
ends
closeiofn)
ends

(FEERER R R R R R R R R E R R EEE R R R E LR R R R R R R R R R LR E R R R R R
¥ DELMEM ¥
R R R R R R R R R R R R R B E R R R R B R R R R RR R R R4S )

procedure DELMEM!var Fai, Lal:MIPtrs var FicoLjooFhobheTIRtrs var Favilavs

{YPtrs var Fa.la.fFzi.lziFe,le Fote,betesT2Ftrs var Fil,
Lyl FpjdolpjdeTIPtry var Fasct.tmactsMLPErs var Floov,
Licevi€ontrelPtr newnjynlcynjconhotngl toaact, tapjd:
integeris

var 1 rintegers
Tal, Timi H G T
TE1. Titd (THPtrS
TawaThxy YRS
Tt2,71t2 1T2P4ry
T43, 7143 1T3Ptr s
Tel,Tial MRty

Tlcev Tilcey sContiolPtry

~~

Deietes ail the limked lizis,
begin

Twi:=Faiy

for 1:=i to ne do begin
Tiai:=Teis
Tmi:=Tai™ . nentmis
disposelTial)

ends

TH=F o

for 1:=t to njc do begin
Tit:=Ttl,
Tti:=Tt1 . nextls
dispose{Titl)

end;

Ttis=Fh3

for 1:=1 to oh do begin
Tith=Tt0s
Tti:=Tt1  nextty
disposeiTitl]

ends

Txys=Frys

for 1:=t to nj do begin
Tlrys=Tays



Txy:=Txy*.nextx;
disposeiTlixy}

ends

Tt2:=Fa;

for 1:=1 to ne do beain
T1t2:=T823
Tt2:=Ttd*.nextd;
dispose{Titd)

endy

Tt2:=Fziy

for 1:=! to ne do begin

end;

Tt2:=Fe?

for 1:=! to ne do begin
Tit2:=Tt2s
Tt2:=Tt2". nextds
disposel{Titd)

end;

Tt2:=Fctes

for 3:=! to ne do begin
Tit2:=Tt2s
Tt2:=Tt2" . nextds
dispose{Tit2}

ends

Tt3:=Fjis

for 1:=! to tnil do begin
Tit3:=Tt3s
Tt3:=Tt3 nestds
dispose(Tit3)

ends

Tal:=Fmact:

for 1:=1 to tnmact do begin
Tial:=Tal}
Tml:=Tal".nextnl;
disposel{Tial)

end:

Tt3:=Fpjds

for 1:=1 to tnpjd do begin
T1£3:=T¢38
Tt3:=Tt3 . nestds
disposetTit3)

end}

Tleeove=Floovs

for i:=1 to alc do begin
Tilcevi=Tlcevs
Ticove=Tlcov* . nextoony
disposed{Tilccy)
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end;

Fai:=nil; tai=nili Fiti=nils Ljci=nily
Fhi=nil} Lhi=nilj Faveznils Liye=nili
Fai=nilj tar=mily Fzii=nils Lzi=nils
Fe:=nil; Le:=nil} Feter=nils Letes=mily
Fili=nily Lili=maly Fracti=nily  tmact:=nili
Fpjdi=nily  Lpjd:=nily  Fleovs=aily  Llcovesnil

end;

(R R R E R R R R R R C R PR R PR R R R R R R HEE R R RREEE
¥ ET065 ¥
R EE R R R R R R R R R R E R B P R E R E R CF R ER R REF R R EF R R R R B Y]

procedure ETDOS(fn:S190; date:58: var Fei.Lei:MIPtry var Fjo.Ljc FhoLhe TIPS

var Fuy.LayidYPtry var Fa.la,izillziFey e FetelotesT2Ptrs

var FilJLjl Fpidobpid:TIPErs var Fract,Laact:MLPLT

var Fleov,LlcovilontraiPir s jonewnjonloynjconh, rminc,yney na,

nzivnesodnctenlcovetanjl tnmact tnpjdeintegers var flkacharis
var  i.8axh.saxjt.gazzeasintegers  Tt3:T3Ftry  Tal:MLPirs

{

Calls WRITEFILE.

1
y

begin
clrecrs
if j=1
then textcoiortib:
elee textcoloriisn
GTWBL9 1)y
writet’ . DAT IS
GTHBIS4, L date)s
if j=t
then GTRI(3S. L, "Run FRAME™)
else BTWI2(33,1,7Exit to DO5' )3
if Lh ¥ nil
then mazh:=Lh*.Til
else maxh:=0;
Tt3:=Fjls
if Fjl & nil
then maxjt:=Tt3*.7131
else saxjt:=0;
for 1:=1 to tnjl do begin
if T834.73¢ > maxjt  ther maxjt:=7i3%.734
T£3:=Tt3".next3
end3
Tal:=Fpacts
if Faact (7 nil
then maxmen:=Tal”.aln
else maxaea:=9;
for 1:=! to tnmact do begin
if Tel*.aln > mavees then saxmes:=Tal*.aimg
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Tel:=Tal*.nextal
end;
Tt3:=Fp;ds
for 1:=1 to topjd do begin
1f TE34.T31 > maxjt then maxjt:=Tt3*.T314
Tt3:=Tt3", next3
ends
if (nainc=ne} and {mjc »= &) and (Ljc*.TH <= aj) and {maxh <= me) and
‘nxy=nj) and fna=ne) and {nzi=ne) and {nemcd=ne} and incle=ne} and
{nlccv=nlet and {eaxjt <= nj) and (maxmem <= nel then begin
qutoxy {28,913
writel ' Writing file 7 fnat0," . DAT. )4
QUTFILE(fn,dateynesnj nlc,Fat Lat Fic Ljo FhobhyFavibayvyFa,la Faidlzi,
Fe.le,Fcte tete Fil Lyl Fpjditpid Faact Leact Flcov,blcovanijc,
rhytnjl tnaact tnpjdis
GTW36(25,12, Deleting recerds from memory, Rk
DELMEM{Fmi Loi,Fjcobje FhoLhyFiy,Lev,Fasta FaiboiFe.lesFotellete Fil,
Lil Fpjdybtpjd.Faact,Laact Flccvy Licovanenjynlconic ahotagl,
trimact.tnpjdis
if j=1  then begin
assigniframe, FRAME.CHN' I}
chainiframe}
end
end
else begin
gotoxy{19,7};
writel’Fite " frn:1d, 7. DAT cannot be written to disk.’)s
gotoxyi13,3}3
writei 'Data recerds do ot agree with the control variable for:™ 13
1f nminc <0 ne  then 5TW1B(33,7, HEMBER INCIDENCE )23
if Injo <ty or (Ljet.THE 3 ng)  then GTWI8432,14,7 JOINT CONSTRAINTS )3
if maxk > ne then GTWE{38,11, HINBES };
tf axy < nj then 5TWIB32,12,"JOINT COORDINATES )
if {na <> nel or inz1 < ne) or inesod < ne) or {ncte < nel
then GTWE3{32,13, ELEMENT PROPERTIES™ )
if {nlcey < wlc) or {maxjt » o)) or (Baxmea > re)
then 6TW9{36,14, LOAD DATA'):
BTH36(23,18,'Hit any key to return to MAIN MERNU. ')
fk:=4#59;
repeat until keypressed
end
ends
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