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<ABSTRACT> 

Turbo Pascal, a compiler for the personal computer, was 

investigated to determine it 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 tor 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. 
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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. 

interpreted 

velopment. 

Some are interpreted and some are compiled. The 

language has advantages during the program de-

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 very 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-

pret&d 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 

1 
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of a compiled language such as FORTRAN. 

Th• objective of this thesis is to evaluate the com-

pi 1 ed 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 cs, 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 cs, 

54) for the deformed structure. 

pp. 53-

A review of the literature yielded very little infer-

mation on Turbo Pascal with respect to engineering appl ica-

tions. The information available is almost without excep-

tion tor business or personal applications. Although 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 
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in Ch&ptar 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 E~~£~i User Manual and Reeort" <1, p. 1 ) • Ex-

the 

the 

tensions such as graphics, random access files, and 

system have been added to the capab i 1 i ty of overlay 

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. 

Turbo Pascal, 

The limitations and restrictions placed on 

Version 3.0, as well as the graphics and data 

structures 

discussed. 

that are supported by Turbo Pascal will also be 

A description of the Main Menu wi 11 conclude 

this chapter. 

Ih~ Great Underl~ing Rule of Pascal 

Pascal requires that 0 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 

4 
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2-1 pr•s•nts 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 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 
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PROGRAM Sample; 

CThis program receives thr•• numbers 
to store in an array. Th• larg•st 
of the thr•e numb•rs is th•n returned 
to the screen.> 

CONST 
A•100f 

TYPE 

VAR 

Group• array Cl •• 31 of r•all 

input, bigg•st 
i 
B 

r•al I 
integ•rl 

: Groupl 

FUNCTION Max <s,t . real>:r•all . 
BEGIN 

IF 5 >= t 
THEN Max :- • ELSE Max :• ti 

ENDI 

BEGIN 
WRITE<'Ent•r a numb•r:'>I 
READLN <input> I 
biggest := inputl 
BC 1 l : • 1 nput I 
FOR 1:• 2 to 3 DO BEGIN 

WRITEC'Ent•r a numb•r:•>1 
READLN C 1 npu t > I 
bigge•t :• Max (bigg••t,input>I 
BC 1 l :• input I 

ENDI 

<D•claration ••ction> 

<Programming body> 

WRITELNC'Your array is: , BCll, BC2l, BC3l>I 
WRITELNC'Th• larg••t numb•r in your array is', bigg••t>f 

END. 

Figur• 2-1. A Sample Turbo Pa•cal Program. 
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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. 

using 

The procedure or function may be forward declared by 

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 list 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 

fined. 

have been defined in the calling block may be rede-

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 

1 i st 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 
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statement, 

statements 

which is followed by a period, 

are followed by a semicolon. 

all Turbo Pascal 

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. 

Turbo Pascal and Structured Programming 

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 

tures. 

struc-

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, 
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and REPEAT UNTIL. The WHILE DO loop performs the FOR DO, 

block of operations as long as the given condition is true. 

A FOR DO loop will perform the block of operations a set 

numb•r of times according to the parameters assigned to the 

counter variable of the loop. The REPEAT UNTIL loop struc-

ture tests the given 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). 

the 

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 

necessary control structures within the block. 

of 

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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dur•• 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 

Borland 

environment. Phillippe Kahn and his employees at 

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 f i 1 e. 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 dir•ctive is placed in the code of the main pro9ram to 

cal 1 the included file. When the compiler directive is 

encountered at compilation, the disk, referenced by the 

optional drive designation, is searched. When the included 

is found, it is compiled along with the main file 

file. If the included file is not found a compilation error 

occurs. 

Since the code se9ment 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 comp i 1 er 

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 lar9e as 64K. The penalty for 

usin9 overlay procedures is the increased time of execution 

due to the accessin9 of the disks. The author, and others 

who have used the pro9ram PREP, have not found this to be a 
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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. 

memory for use by the program 

The heap is the dynamic 

The stack and the heap utilize the remaining memory 

after DOS, 

Th• ••gm•nts 

stored under 

the program, and the Data Segment are stored. 

in the Memory Use (see figure 2-2> that are 

the stack/heap usually take up approximately 

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

512K system has over 430K of memory in the heap, ••• " <2, p. 

17-5). 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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Tep of "••or1i1 

Stack 

Heap 

Variables 
<Data Segment) 

Program 
Storage 

PIS-DOS 

~S,ur• 2-2. MMlory U•• <6, p. 87>. 
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wards to th• stack. The Turbo Pascal compiler keeps track of 

th• siz•• of the stack and heap and will issue an error 

stat&ment if the stack and the heap collide. This collision 

can readily occur when many procedures are used in a program 

that uses sev•ral pointers or anoth•r data structure called 

the linked list. 

There are memory management commands available to the 

that allow him to creat• and destroy the data 

structures stored on the heap. The heap manag&ment is en-

tirely the responsibility of the programm&r. 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. Th• difference in the commands is the 

control of th• memory allotted. The Turbo Pascal compiler 

determin•s 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 h••P• 

Th• 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 only as 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 

free a large block of memory. It is best used when 

programmer is creating a large data structure that will 

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 treed tor further use when 

RELEASE is called. The argument for both MARK and RELEASE 

is an arbitrary variable of the type pointer to an integer 

(Ainteger>. 

MARK/RELEASE. 

Figure 2-3 shows a comparison of DISPOSE and 

DISPOSE and MARK/RELEASE should never be used 

Gr§2hics 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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compltttely 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, 

capabilities of the DOS system. 

do not have the graphics 

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 

fol lowed 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 



magenta, yellow and white. 

cause the colors to flash. 

18 

The integers 16 through 31 will 

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 TEXTBACKGR0UND<I>. 

For this command I is an integer ranging from O through 7 or 

the corresponding name of the color from the 1 i st above. 

There are several cursor commands to allow the programmer to 

design the desired screen. The commands WHEREX and WHEREY 

w i 11 return integers corresponding to the column and 1 in• 

numbers respectively. To place the cursor at a certain 

location, the command G0T0XY<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. 

GRAPHC0L0RM0DE is a medium resolution graphics mode 

which w i 11 address 320 vertical pixels by 200 horizontal 

pixel •. Colors ara- 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 GRAPHBACKGR0UND<I>. The 

colors are chosen using the colors zero through 15 as listed 

above. 
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GRAPHMODE 

GRAPHCOLORMODE. 

is the black and white equivalent of 

On computers with color monitors, there is 

still a limited choice of color. The PALETTE command will 

allow a choice between two palettes. 

The HIRES mode, which activates the screen to high 

resolution 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 

the 

a small area of the screen while leaving the 

screen unchanged. The command WINDOW will 

rest of 

define a 

window for use with text while the command GRAPHWINDOW will 

a graphics window. To declare windows, the upper 

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 

been called or <O,O> if GRAPHWINDOW has been ca 11 ed. 

windows leave the rest of the screen unaccessible. If 

text entered becomes too lon9 for the line defined in 

window, 

window. 

the text will wrap around to the next line of 

The text will also scroll up the window when 

has 

Text 

the 

the 

the 

too 

many 

w i 11 

lines have been entered. Graphics outside the window 

be clipped which means that only the points plotted 

within the window will show up on the screen. 

Basic 9raphics in Turbo Pascal contains just two com-

mands: PLOT and DRAW. PLOT turns on the pixel at a 9iven 

screen coordinate usin9 a referenced color. This color 

depends on the palette which is chosen above when the screen 

is in medium resolution 9raphics. In hi9h resolution 9raph-

ics, the color ar9ument must be set to one or the pixel is 

not plotted. DRAW will draw a line between two 9iven screen 

coordinates. These ar9uments must be inte9ers and must be 

within the ran9e of pixels which correspond to the current 

screen mode for the point to be plotted. 

Extended 9raphics use an included file, GRAPH.P. This 

fil• must be attached to every pro9ram which uses the 

extended 9raphics routines. 

commands. 

There are ten extended 9raphics 

The command COLORTABLE supplements the Palette command. 

This command allows the four colors in the active palette to 
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be red•fined by the order in which they appear in the 

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, 

by the programmer. 

and use a color specified 

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 resolution 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 

scre•n. The buffer, which is one of the arguments of the 

command, must be sized by the programmer since the compiler 

wi 11 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 butt-

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 tor flashy computer displays. 

Qsis Structures in Turbo Pascal 

Turbo Pascal has several data structures that are use-

tul to the engineer. The following data structures will be 

discussed: arrays, records, linked lists, and files. 

"Simply 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. 

of the array. 

This procedure is followed for each dimension 

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 of 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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A record is a 9roup 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, 

fol lowed by 

the variable name that is of the record type is 

a period and then the name of the data field. 

If several of the fields are to be filled at the same time, 

the programmer may elect to use the WITH statement. 

syntax for the WITH statement is WITH (variable name> 

The 

DO. 

After this statement is used, only the data field names are 

needed in the assi9nment statements. WITH statements may be 

nested to nine levels on a DOS system compiler. 

Turbo Pascal has a record type cal 1 ed 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 1 i sted in the field definition of the record. 

Enou9h space is r•served in storage for each variant record, 

using the largest data type that has been declared tor 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 

i t " < 11 , p. 487 > • The linked list is a data structure which 

re 1 i es on the pointer variable. Linked lists are lists of 

records which have two or more data fields. One or more of 

fields may contain pointer variables that point to these 

other 

there 

records in the list. It a list is singly linked, 

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 tor easy access up and down the li&t. 

Binary trees also us.e two pointer variable fields. 

Turbo Pascal supports tour types of files: sequential 

files., random access files, text files, and untyped files. 

All of the file procedures and functions available in 

Pascal will work on each of the four types of files. 

ASSIGN associates an internal tile name with 

Turbo 

a ti 1 e 
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name that will be found on the disk. The ASSIGN statement 

must b• 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 

th• disk takes place. 

bles from the file. 

READ/READLN reads one or more varia-

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 

record 

command. 

file. 

file. 

is used. SEEK positions the file pointer at the 

of the file which is supplied as an argument to the 

WRITE/WRITELN writes the variables listed to the 

WRITELN also writes the end of line marker to the 

EOF, a boolean function, is true only if the file 

is at the end of the specified file. FILEPOS re-

turns an integer indicating the record number to which the 

file pointer is pointing. 

records in the given file. 

FILESIZE returns the number of 

FILEPOS and FILESIZE have equiv-

alents with the word LONG attached at the beginning for 



26 

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 used, any sequential file may become a 

random access file using the above command SEEK. 

Many other languages including BASIC and FORTRAN create 

text f i 1 es. Pascal, specifically Turbo Pascal, creates 

binary files on the disk. Turbo Pascal will support 

files by the special definition TEXT. The text files 

are stored on the disk can be read and used by other 

text 

that 

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 Main Menu 

Turbo Pascal 

The author did not use untyped files. 

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 log9ed drive to be chan9ed while an A permits 

chan9es 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 workin9 with programs which 

use the compiler directive SI to include a file. The Main 

f i 1 e should be the file which contains the include direc-

t i ves" < 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 pro9ram. 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 

editing, 

or running the program. 

the S command is used. 

To save the results of the 

The command D will display 

the directory of the logged disk drive. Turbo Pascal is 

exited by entering Q, the command to quit. There are three 

places that Turbo Pascal will place compiled code. The 

command 0 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 pro9ram the compiled program must be stored on 

the disk. A command file, which stands alone, is produced 
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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, 1 i ke 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 cap ab i 1 i ti es 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 

f i 1 e. 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 Q command that returns control to the main menu 

of Turbo Pase a 1. 



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 I~a~§ 

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 Concat•nation, Table Lookup, and File Access tests 

<5, p. 111>. Th• 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 E~ 

purposely designed the File Access to be unfair to 

DOS or the languages by using the 132 byte records (5, p. 

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

for various languages and compilers. 

e~~~gn~l Engineering~ Instrumentation~~~~ 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 using a 10x10 matrix for testing floating point 

calculations <12, p. 31). 

data. 

See Table 3-2 for the published 

The benchmarks used by IYI& 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 

r•sults are presented in Table 3-3. Wadlow•s results (16, 

p. 272) are obtained using an earlier version of Turbo 
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Table 3-1.--Execution Time for e~ .!'1!!9!!~.!.n~ ' s 
Benchmark Tests ( 5' p. 142 8c p. 118 >. 

<in seconds> 

Empty Integer Table Fi 1 e Float. String 
Loop Count Lookup Access Point Concat. 

Turbo 0.23 1.00 1.10 6.0 39.0 19.0 
Pascal 

Microsoft o. 18 0.71 0.90 9.0 18.0 14.0 
Pascal 

Profes-
sional 0.23 0.70 1.00 NIA 33.0 9.0 

Pascal 

WATC0M 15.00 275.00 175.00 40.0 275.0 140.0 
BASIC 

Gluick o.oo 1.00 25.00 38.0 10.0 25.0 
BASIC 

True 3.00 14.00 325.00 50.0 27.0 16.0 
BASIC 

IBM 0.00 1.00 25.00 38.0 10.0 25.0 
BASIC 

Better 2.00 25.00 27.00 45.0 140.0 70.0 
BASIC 
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Table 3-2--Personal Engineering~ Instrumentation News's 
Benchmark Tests Results (12, p.30> 

c in seconds) 

Tllrbo BASIC Compiled NS Pascal 
Pascal BASIC Pascal MT+ 

Sieve 1.5 168 1. 5 1 • 1 1 1. 95 

Matrix 1.7 14 1.0 1.5 9.9 

Table 3-3--~yrg•s Benchmark Test Results (16, p.272> 
(in seconds) 

Time for: Sieve Puzzle Glsor t 

Turbo Pascal 
Compile to memory 0.8 5.7 3.4 
Compile to CONFILE 2.0 3.6 4.0 
Execute in memory 15.0 69.0 1.3 
Execute COM f i 1 e 15.0 69.0 1. 1 

IBM Pascal 
Execute EXE f i 1 e 76.0 416.0 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). 

8££~.!:.~£.:t 

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-

pi ler 

print. 

guard 

or an interpreter. The results of his study are 

Listings of the portion of Paranoia which deal 

digits for round-off error have been published 

in 

with 

C 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 th• 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 

which adding one makes no difference in the answer; 

answer is too large to be affected by an addition of one. 

at 

the 
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Table 3-4--Results of the Guard Pro9ram 

GUARD.PAS 

Turbo Pascal 
Radix= 2.0000000000E+OO 
Precision= 4.0000000000E+OO 
Width= 1.0995116278E+12 
UlpOne= 9.0949470177E-13 

Add/subtract lacks 9uard di9it, cancellation obscured. 

Turbo-87 
Radix= 2.ooooooooooooooe+ooo 
Precision= 5.30000000000000E+001 
Width= 9.00719925474099E+015 
UlpOne= 1.11022302462516E-016 

Add/subtract has a 9uard di9it as it should. 

GUARD.BAS 

GW BASIC 
Radix= 2 
Precision= 24 
Fpwidth= 1.677722E+07 
UlpOne= 5.960465E-08 

Add/subtract has a 9uard di9it as it should. 
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BASIC vs Turbo E~a£~l 
nBASIC is the most widely used programming language tor 

microcomputers" C 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 Quarter 1986>, are 

presented in Appendix 1 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 

o-f th• inscrib•d circl• of a triangle from the lengths of 

the three sides. The differences in syntax occur in the 

built-in functions. BASIC uses SQR for square root where 

Turbo Pascal uses SQRT. Exponentiation shows a great dif-

ference between BASIC and Turbo Pascal. BASIC supports 

exponentiation 

its exponent. 

by using the carrot (A) between the base and 

Turbo Pascal does not support exponentiation. 
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The user is responsible for writing a subroutine to perform 

exponentiation. The function SQR 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 fol lows Roj iani ( 14, Chapter 12>. This problem 

also incorporates th• id•a 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 listings, 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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1 i c: radius>> in place of <hydraulic: rad i us> " ( 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. 

for input. 

The DATA statement is used in the BASIC version 

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 

design 

Simpson's 

concerning numerical integration and moves into 

using a column allowable axial load problem. 

Rule (14, Chapter 12) was used to perform the 

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 c:ode 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 
a step value by which to change [the counter], 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. 10-7>. 

In Turbo Pascal the counter does not have to be an 

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 

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 

smal 1 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 5. Linear re-

gression analysis is covered in Rojiani, < 14, 

which includes a listing of Rojiani's solution 

Chapter 10), 

to Problem 

Set 5. Rojiani's solution in BASIC is more sophisticated 
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than the problem statement required. The Turbe Pascal ver-

sicn cf the linear regression problem u&es the Turbe 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-

quir•ment of generating a simple xy graph. The programming 

required the following tasks: reading data from a data 

file, 

defined 

using arrays to store N points generated from a user 

function, and writing subroutines to perform the 

above and the necessary calculations fer 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 practic• is to place the subroutines in order after 

the main program listing. Turbo Pa.cal 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 

his procedures• code before the main program body or 

list 

the 

procedure which calls the procedure in question. This will 
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sav• spac• in the tile which stcr•s th• program listing. 

BASIC writes a file as a text f i 1 e. Turbe Pascal 

writes the file to the disk as a binary file unless a text 

f i 1 e 

nam•. 

is specified in the variable declaration of the file's 

Using the default file format promotes an efficient 

use of disk space. Turbo Pascal has added the text option 

to allow user-entered data. 

is equivalent to FILE OF CHAR, 

The predefined data type TEXT 

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 b•tween BASIC and Turbo Pascal with respect to 

arrays. The educational basis of Turbo Pascal demands that 

all aspects of variables, including array variables, ba, 

declared before the variable is used in the code. BASIC 

will allow an array to be dimensioned using a variable input 

by the us•r. 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 resolution modes. Two differences 

occur between the BASIC and Turbe Pascal graphics commands. 

Turbo Pascal will not allow relative coordinates to be used 

when plotting points er drawing lines. BASIC will only plot 

white en black when high resolution graphics are being used. 
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Turbo Pascal allows the programm•r 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 listings 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 is "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, 

FORTRAN 

Pasca 1: 

cosine, 

cosine, and arctangent functions. The following 

functions have no built-in equivalents in Turbo 

the common logarithm, 

and hyperbolic tangent, 

hyperbolic sine, hyperbolic 

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 FORTRAN block in question. 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 techniques 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 31.64K of the data segment. 

The translated version of the program uses the heap to 

store the stiffness matrix. 

pointers is defined and reserved. 

stiffness matrix is determined, 

A full 90 by 90 matrix of 

As the size of the global 

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 transfers 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. 45) 

frame 

Grandin (7, 

program with 

pp. 419-434> presents another complete 

a similar band solver. Cook's band 

solver was chosen because it had been used previously by th• 

author 

FORTRAN. 

The 

graphic 

screen. 

for an earlier version of program FRAME written 

Turbo Pascal version of program FRAME uses 

capabilities to plot two views of the frame to 

in 

the 

the 

Th4t 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 

Sp•cial 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. 

E.l!!nn.i.n.9 

There are several questions to be answered before writ-

ing a program. 

the program or, 

The programmer must decide the objective of 

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 1 i mi t 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 
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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 

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 

needed 

on the user since large amounts of space would be 

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 mari, closed, rec-

p•ned, written to, and finally merged into one file. All of 

actions would be performea ur. '- .... n,.-,at.ively slow 

floppy disk drives. 

The linked list became the proper choice because unlik• 

the first two choices the size of the data used would not b• 

restricted to the disk size available. Th• a, vantages of 
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disk are still pr•••• t since the linked 1 i st is 

maintained With the linked list in internal 

memory, times are much faster than having the data 

maintained in external files. The only drawback to using 

linked list 1s the lack of information supplied with 

Turbo Pascal by Borland International on the Turbo Pascal 

implementation of the linked list. Kottman (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 yet 

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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fin•d 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 •ditor was reached when all th• proc•dur•s 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 

follows: 

included file. 

MEMINS.PAS, 

The final included files are as 

TYPEl.PAS, JTCOORDS.PAS, ELPROP.PAS, 

LOADS.PAS, TYPE3.PAS, MACT.PAS, DRAWS.PAS, and ETDOS.PAS. 



REAOFILE 

Figur• 4-1. Tr••ch~rt for Program PRE~ 

CONTY 

di 
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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 numb•r 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 

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-



52 

ated. 

S•veral of the linked lists are identical, i • e. , the 

records have the same data fields declared in the same 

order. 

TYPEl. 

Hinge data and joint constraint data are combined in 

TYPEl 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 displac•-

ments are combined as TYPE3. 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, 

record, 

in the 

deleting a record, adding a record, inserting a 

finding the location where a record is to be placed 

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 

tical records consecutively. The order dependent 

iden-

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. 

dependent 

Inserting records is allowed only with the order 

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 1 i st 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 f i 1 e 

called PREP.OOO. 

a case statement. 

These dummy procedures are called through 

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 using 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. Split ting 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 

UNTIL loop. 

is a simple case structure embedded in a REPEAT 

Figure 4-2 presents an N-S diagram showing the 

definin9 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 59 to 

These codes correspond to characters on the keyboard. 

coupled with the escape character they indicate one of 

68. 

When 

the 

function keys. These coupled codes correspond to PF1 

through PFlO respectively. Character codes 59 through 

correspond to miscellaneous symbols. Codes 65 through 

64 

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 

the second part of the function key character code using 

directs the flow of the program to the desired procedure. 

The use of the menus and the function keys provides the user 
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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 DOS. When 

procedures that maintain the linked lists are called from 

the main menu of PREP they too run on menus. The included 

f i 1 es, depending on the type of linked list accessed, per-

form the 

deleting 

operations described above: changing 

records, adding records, and inserting 

records, 

records. 

The function key labeled FlO 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 

Usual 1 y 

simplest linked lists procedures were 

the required space for the new record is 

not used. 

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 

w i 11 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. If the usual 

1 inked 1 i st procedures were used the dynamic memory could 

become 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 

of program PREP. 

lists 

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 f i 1 e. 

These routines depend on the control variables input or read 

from 

run. 

the existing data file at the beginning of the program 

The data is forced to match the corresponding control 

variable. Order dependent linked lists have the control 

built 

delete 

Exit 

in to the editing procedure. The user must add or 

data records until the control variable is matched. 

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. 

it is deleted. 

If bad data is found 

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 
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have bad data at the end of the list. If too many load 

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. 

a member which does not exist, 

Placing a load on a joint or 

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 linked 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 remain; the files may be written to the disk and 

control of the computer is returned to DOS or the file may 

be written to th• disk and the chained program FRAME run. 

The chained program FRAME is found compiled in FRAME.CHN. 

Thi& 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 5 Users' Guide for PREP and FRAME 

Reguirements 

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 Ue to Run PREP or EBBMs 
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. 

included on the DOS system disk. 

GRAPHICS is 

Place PREP/FRAME Workdisk in the default disk drive. 

PREP uses an overlay file, PREP.000, which must be found on 

the disk in the default disk drive or a run-time error will 

occur. 

drive. 

should 

should 

On most computers the default disk drive is the A> 

On computers with hard disk drives PREP and FRAME 

be copied 

be cha.n9e-d 

to the hard disk or the default drive 

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 

written to the screen. 

program. 

introductory paragraph will 

Hit any key to proceed with 

be 

the 

After the screen is cleared, the prompt Enter File Name 

Cl 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 w i 11 be prompted for the date. This date w i 11 

be written to the f i 1 e even if the f i 1 e is only being 

inspected. 

The program w i 11 search for the given f i 1 e name with 

the .DAT extension. If the f i 1 e 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 
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memory and the program advances to the MAIN MENU. If the 

given data file is not found, the message Creating a new 

f i 1 e appears and the program starts with the Control Vari-

able Menu. 

below. 

The Control Variable Menu will be described 

The remaining sections of PREP are designed to be self 

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. If 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 I/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. 

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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Fl-Control Variables 

Control Variables initializes the main control vari-

ables, NE, the number of elements, NJ, the number of joints, 

and NLC, 

specific 

The input 

the number of load conditions or load cases. 

control variable is chosen using a function 

for the variable is an integer followed 

The 

key. 

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 f i 1 e 

which will not cause a run-time error. 

In the following data groups there are similar routines 

to handle the followin9 chores: Chan9e, Add, Insert, 

Delete, and Return. 

Chan9e allows the information within the record to be 

altered 

Change 

groups: 

without breaking the order of the list of records. 

is available only for the ord•r dependent data 

Member Incidences, Joint Coordinates, and Element 

Properties. 

Add attaches a new record to the end of the list 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. If Return is 

invoked from one of the primary menus, F2 through F7, 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 

matches the corresponding control variable. 

records 

F2-Member Incidence 

The menu for Member Incidences includes: Change, Add, 

Insert, Delete, and Return. 

Entry into Member Incidence causes a check for four 

conditions: 

Incidence 

no Member 

records than 

Incidence records, 

the declared NE, 

fewer Member 

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 NE, forces the user into a loop which w i l l 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. 

as follows: 

The choices are 
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Fl- Fixed 

All deflections at the joint entered will be con-

strained. 

F2- Pinned 

The deflections in the global land 2 directions 

will be constrained. 

F3- l-3 Constraint 

The deflections in the global land 3 directions 

will be constrained. 

F4- 2-3 Constraint 

The deflections in the global 2 and 3 directions 

will be constrained. 

FS- l Constraint 

The deflection in the global 1 direction will be 

constrained. 

F6- 2 Constraint 

The deflection in the global 2 direction will be 

constrained. 

F7- 3 Constr.aint 

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 of the data 

fields must be matched exactly before the record will be 
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E.1.=!:1.ins~a 

When Hin9es is entered the Add, 

will be written to the screen. 

The Add sub-menu consists of: 

Fl-A end a hi n9e is placed 

member. 

F2-B end a hin9e is placed 

member. 

F3-Both ends a hin9e is placed 

member. 

Delete, Return menu 

at the A end of the 

at the B end of the 

at each end of the 

Like Joint Constraints, just using the function key causes 

the list of records to be updated. 

To delete a hin9e record all of the data fields must be 

matched exactly before the record will be deleted. 

F5-Joint Coordinates 

Joint Coordinates is an order dependent data group. It 

has checks similar to Member Incidences upon entry that 

dep•nd on NJ instead of NE. Add, Insert, De-

lete, 

only 

Return menu works the same as Member Incidences. The 

the difference between the two types of records is 

format of the data fields within the record. Member Inci-

dence works usin9 integer data fields while Joint Coordi-
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nates us•s 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 wi 11 be 

right justified in the columns on the screen regardless of 

whether the decimal point is supplied by the user or the 

program. 

F6-Element Proeerties 

Element Properties is also an order dependent data 

group. The first sub-menu written to the screen contains: 

F 1 -AREA 

F2 -MOMENT OF INERTIA 

F3 -MODULUS OF ELASTICITY 

F4 -COEFFICIENT OF THERMAL EXPANSION 

FlO-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 th• numb•r of Element Propertie» records will send the 

user to a loop which asks: Enter range: member i to 

member The variabl• 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 1 i st 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. 

each Element Property. 

One real data field is used to handle 

The Return in each separate Member Property menu 

the user to the Member Properties sub-menu. 

in the Member Properties sub-menu w i 11 allow 

w i 11 

The 

the 

return 

return 

return to MAIN MENU only if all Member Properties record 

lists contain NE records. 

F7-Load !!!!!.!! 

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 

menu. 

Each 

The load case menu is as follows: 

Fl -Joint Loads 

F2 -Member Action5 

F3 -Prescribed Joint Displacements 

FlO-End Load Case 

function key calls the corresponding Load Data 

These data types are described below. 

When the data file is read from a disk and there 

less than NLC Load Data records, PREP will add load 

this 

type. 

are 

cases 
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until the number of Load Data records matches NLC. 

After the number of Load Data records matches NLC 

menu will read: 

Fl -SELECT LOAD CASE 

FlO-RETURN 

the 

When Fl 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 load or M for multiples of the same 

load. An Swill 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 

last joint to be loaded with the same load. After 

direction of the load and the magnitude of the load 

the 

the 

are 

entered, the joint load records will be created so that the 

load is placed on each joint from the first joint declared 

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, 

and Return. 

Add will ask the same range question that Joint 

Delete, 

Loads 

asked. Then the screen will be cleared and a graphics menu 

w i 11 appear. This menu w i 1 1 show all the load 

available for member actions. These load types include 

types 

the 

following: Concentrated Lateral Load, Uniformly Distrib-

uted Lateral Load, Concentrated Axial Lo~d, 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 w i 1 1 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. 
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Pr•scribed Joint Diselacements 

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. 

information on the penalty method see Bathe, 

<For more 

K.J. 1982. 

Eini~~ Element Procedures in Engineering 8n§i~aia• Prentice-

Hall, Englewood Cliffs, New Jersey. p. lll-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. 

FS-Disela~ Frame 

Display Frame will use the Joint Coordinates, the 

Member Incid•nce, 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 
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car•fully to ensure that all hinges are mod•led. 

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. 

F9-Exit to FRAME 

Entering Exit to FRAME causes the data to be checked 

against the control variables. If any discrepancies occur 

the user 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 

enough memory to pass the global stiffness matrix between 

subroutines. The user is told which operation PREP is 

working on by the messages: 

Deleting records from memory. 

to program FRAME. 

Writing file FILENAME.DAT. and 

Control is then switched over 

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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FlO-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. 

Safeguards 

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 f i 1 e 

is not found an I/O 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 

w i 1 1 abort the program and search for COMMAND.COM on 

default disk drive. 

To start program FRAME just enter FRAME from 

keyboard. The disk will be accessed, the screen will 

cleared, and an introductory paragraph will be written 

the screen. As instructed, strike any key to continue. 

the 

the 

be 

to 

The program will ask for the input data file. The input 

file may reside on any disk drive. The required respon&e 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, FRAMEl.DAT, is in drive B>. The correct 

response to Input data file: would be B:FRAMEl.DAT. 



77 

Remember the file extension must be d•clared when running 

pro9ram FRAME. 

The next direction required by the pro9ram concerns the 

disk drive onto which the output file, FRAME.OUT, is 

written. The question asked is: Write FRAME.OUT to the 

default drive CY/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. If the file is to reside on a disk 

which is in another drive then an 'N' must be entered. The 

pro9ram 

entered. 

asked of 

w i 1 1 

When 

the 

FRAME.OUT to: 

be used here. 

repeat this prompt until a •y• or an , N • is 

an 'N' is entered the followin9 question is 

user: Which drive do you want to write 

A, B, or C? Any le9al drive desi9nator may 

It 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. It the file FRAME.OUT 

already resides on the disk which is desi9nated to receive 

the output file, it will be written over. There is no file 

manipulation built into the pro9ram. A 11 renamin9 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. ComQuter Anal~sis of Struc-

Elsevier, New York. The band solver is presented by 

Cook, R.D. 1974. ConceQts and AQQlications of Finite Element 

Bn~l~§i§• 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 

any key to proceed to the next screen. 

time. 

The di sp 1 aced and deformed frame will be drawn 

The deformations are calculated using eqns. 1.182-84 

Hit 

next. 

from 

Holzer•s text, pp. 53-54. 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 

DOS 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 pro9ramming 

lan9uage under many different applications. Its success is 

due to many factors. 

tests. 

Turbo Pascal has held up very well in 

It rarely is the fastest compiled the benchmark 

langua9e yet 

tested. 

it is consistently among the top 

Speed is not the only quality upon which to base a 

decision 

can be developed is another, 

The ease with which a program 

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 processin9 program WordStar. The 

author was familiar with WordStar before usin9 Turbo Pascal 

so efficient use of the editor took little time to learn. 

During the development of the program, when the pro9ram 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. 

79 
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<To sav• room in the memory, 

th• error messages may be excluded from the run. The error 

number is given, as it is when th• error messages are in-

eluded, 

After 

and may be looked up in the reference manual.> 

the error is corrected the programmer goes through a 

series of 

other run. 

four keystrokes to get the program to begin an-

Five keystrokes will save the corrected file and 

begin the next run. Compilation is quick. The 4500 line 

program PREP compiles 

minutes. 

in approximately two and one half 

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 

costlb•nefit ratio. The base version of Turbo Pascal, Ver-

sion 3.0, is priced S69.95. The Turbo Pascal compiler that 

supports the 8087 math coprocessor, also Version 3.0, sells 

for 5109.90 <1, p. 381). Turbo Pascal, Version 3.0, is 
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curr•ntly available in the University Bookstore for 535. 

Comparatively, the Microsoft Pascal Compiler, Version 3.3, 

costs 5300 and the Professional Pascal, Version 2.3, costs 

5595 CS, p. 143 > • BetterBASIC costs 5199, and the 8087 

math support is an additional S49. The QuickBASIC Compiler 

costs S99. A newer version can be ordered through an educa-

tional discount for 549, 

math coprocessor support. 

5495 < 5, p. 119 > • 

but the compiler lacks any 8087 

The BASIC Compiler from IBM costs 

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 fram• computer or a personal 

computer, 

functions. 

his own 

Turbo Pascal lacks many built-in mathematical 

As stated earlier, the programmer can develop 

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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(1'5). 

is expected 
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"to work around the 64K code barrier" 

Engineering students should learn several computer 

languages. Computer literacy is necessary in today's world 

of engineering design and analysis as more and more firms 

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 pro9rammin9. 
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CE 4980 PROBLEM SET 2 Due: Jan. 27, 86 

1. 

2. 

The distance between two points <xl,yl) and (x2,y2) is 
given by: 

Distance= J (x1-x2) 2 + (y1-y2) 
2 

Write a program that uses INPUT statements to read in 
the coordinates of four points (xl,yl>, (x2,y2>, 
<x3,y3), and <x4,y4). Calculate and print the distance 
between points 1 and 2, 1 and 3, 1 and 4, 2 and 3, 2 and 
4, and 3 and 4. 

The combined resistance 
parallel is equal to: 

RT= 

for N resistors 

1 
1/Rl + 1/R2 + . + 1/RN 

arranged in 

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

3. The area of a triangle is given by: 

Area= J s(s-a> (s-b) (s-c) 

where a, b, and care the lengths of the three sides and 
sis one-half of the perimeter of the triangle. 

s = (a+b+cl/2 

Th• radius of the inscribed circler is ~iven by: 

r = Area/s 

Write a program to read in the values of a, b, and c 
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 PREC!SIDN ON ALL VARIABLES 
20 CLS 
30 PRINT 'THIS PROSRAK FINDS ALL THE DISTANCES BETWEEtl FOUR POINTS.• 
40 PRINT "YOU WILL BE ASKED TO INPUT THE X AND Y COORDHlATES." 
50 PRINT 'THE DISTANCES FOUND ARE COMPUTED BY THE FORMULA:" 
60 PRINT "DISTANCE= SOR(IX!-12)A2+1YI-Y2)A2J.• 
70 INPUT "WHAT IS XI• ;X1: INPUT "WHAT IS 'II"; Y1 'INPUT 
80 INPUT 'WHAT IS X2";X2:INPUT "WHAT IS '/2";Y2 'FROM 
90 INPUT 'WHAT IS X3";X3:INPUT "WHAT IS Y3";Y3 'THE 
100 INPUT "WHAT IS X4';X4:INPUT "WHAT IS t4";Y4 'KEYBOARD 
110 PRINT "Xl=';Xl;"Yl=";YI 'ECHO 
120 PRINT ·x2=•;x2;•v2=·:v2 'INPUT 
130 PRINT "X3=";X3;"Y3=":Y3 'TO 
140 PRINT "X4=";X4;"Y4=";Y4 'SCREEN 
150 DIST12=SQIH (X1-X2)A2+(Y1-V2lA2) 'DJ STANCE FROl'I Pl TO P2 
160 DIST13=SQR( m-rn···2+m-n1··21 'DISTANCE FRON Pl TO P3 
170 DIST14=SQRl(Xl-X4)A2+1Y1-Y4)A2) 'DISTANCE FROM Pl TD P4 
180 DIST23=SOR! !X2-X31-"2+1Y2-Y3l"2l 'DISTANCE FROM P2 TO P3 
190 DIST24=SQR(IX2-X4JA2+1Y2-Y41'2l 'DISTANCE FROl'I P2 TD P4 
200 DIST34=SQR!IX3-X41A2+iY3-Y4)A2) 'DISTANCE FRON P3 Ti} P4 
210 PRINT "THE DISTANCE FROl'I Pl l":Xl;",";'/l;"l TO P2 l";X2;",";Y2"1 IS";DIST12 
220 PRINT "THE DISTAt•CE FROl'I Pl i";Xl;",";Y!;"l TO P3 i";X3;",";Y3"l IS";DIST13 
230 PRINT "THE DISTANCE FROM Pl 1•;11;•,•;Yl;"l TD P4 l";X4;",";Y4"1 IS";DIST14 
240 PRINT "THE DISTANCE FRON P2 !";X2:",";Y2;"1 TO P3 !";X3;",";Y3"1 IS";DIST23 
250 PRINT "THE DISTANCE FROl'I P2 1•;x2;•,•;v2;•1 TO P4 !";X4;',";Y4"} IS";DIST24 
2b0 PRINT 'THE DISTANCE FRON P3 !";X3;",";Y3;"l TO P4 l";X4;",':Y4'l IS";DIST34 
270 END 

prograi DistanceBetweenPoints 

I1,X2,X3,X4 
Y1, 'f2, Y3, Y4 
DIST12,DIST13,DIST14 
D1ST23,DIST24 
DIST34 

begin 

: Real; 
: Real; 
: Real; 
: Real; 
: Real; 

{tttttttttt Input tttttttttt} 
ClrScr; 
Wr1telnl'This prDgra1 finds all the distances between four points.'I; 
Writeln! "fou wi 11 be asked to input the X and Y euurdinates of four peiints.' l; 
Writeln!'The distance foraula is DIST=Sqrt!Sqrlll-X21+SqrlY1-Y211.'1; 
Writeln(' 'l; 
Writelnl' 'l; 
Writel'Please enter XI 'l; 



Readln!Xl l; 
Write('Please enter '11 '\• , ' 
Readlnl Yll; 
Write('Please enter X2 'l; 
Readln!X2J: 
Writel'Please enter {2 .• ); 
Readln('/21; 
Writel'Please enter X3 i : 

Readln03); 
Writel'Please enter Y3 , ); 
Read l rd Y3 l; 
Wr1tel'Please enter X4 '\. 1, 

Readlnn4 l: 
Writel'Please enter Y4 \ . , . 
Readln( V4}; 

(tfttttfttt Echo Input •••••11111} 
Writelnl'Xl=',Xl,' Yl=',Yli: 
Writelni 'X2=', X2,' 
Write 1 n I 'X3=' , X3,' 
Writeln('X4=',X4,' 

Y2=', Y2l; 
Y3=', '/3i; 
Y4=','/4l; 
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{ttt1•••••• Coepute the distances tttttttttt} 
Distl2:=SqrtlSqrlX1-X2l+SqrlY1-Y21l; (Distance fro, point I to point 2} 
Dist13:=SqrtlSqrlX1-X3l+Sqr(Y1-Y3ll: (Distance fro~ point I to point 31 
D1st14:=Sqrt(Sqrlll-14l+Sqr(YI-Y4ll: (Distance fro, point 1 to point 4l 
Dist23:=SqrtlSqrll2-13l+SqrlY2-Y31l; (Distance fro~ point 2 to point 3} 
Dist24:=SqrtlSqrlX2-X41+SqrlY2-Y4)1: {Distance from point 2 to point q} 

Dist34:=SqrtlSqrlX3-141+SqrlY3-Y41l: {Distance fro• point 3 to point 4} 

[~tti,11111 Print results to the screen tttttltttt} 
Write!"•,'T~.~ distance fro, Pl 1',11,',','11,'l to P2 l',X2,',',Y2,') is ',Dist12}: 
Writeln('The distance fro11 Pl (',Xl_.',',f!,'i to P3 (',X3,',','/3,'i is ',Dist13): 
Wr1teln1'The distance fro~ Pl 1',Xl,',',Yl,'l to P4 l',X4,' ,' ,,~.-: is ',Dist14); 
Wr1telnl'The distance P2 1',X2,',',Y2,' I to P3 (',13,',',Y3,' I is ',G~it23l; 
Wr1teln('The distance fro1 P2 1',X2,',',Y2,'l to P4 (',X4,',',Y~,'I 1s ',Dist24l; 
Writelnl'The distance fro• P3 1',B,',','13,'l tD P4 (',X4,',','14,'I 1s ',Dist34l; 

end. { nu end of the pro gr aa HH; 
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10 DEFDBL R 'SETS ALL RESISTANCES TO DOUBLE PERCISION 
20 CLS 
30 READ R1,R2,R3,R4 'READS THE FOUR RESISTANCES FRON DATA STATEMENT 
40 RT=!/11/R1+1/R2+1/R3+1/R•l 'RT IS THE TOTAL RESISTANCE 
50 PRINT "THIS PROGRAM COMPUTES THE TOTAL RESISTANCE OF FOUR RESISTORS IN PARALLEL" 
60 PRINT "THE TOTAL RESISTANCE :s CO~PUTED BY:' 
70 PRINT "TOTAL RESISTANCE= 1/!!:R1+1/R2+1/R3+1/R41" 
80 PRINT "Rl=":Rl:'R2=":R2:'R3=":R3:'R4=';R4 
90 PRINT "THE TOTAL RESISTANCE OF THESE FOUR RESISTORS IN PARALLEL IS":RT 
100 DATA 100,800,4.5,1.2 
110 END 

progra1 Resistances: 
[tttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

This progra1 reads four resistances from the kevboard 
and co1putes the total resistance of a circuit with 
these four resistors in parallel. 
R1,R2,R3, and R4 are the resistances input. 
RT is the resistance of the circuit. 
RT=l/11/Rl+I/R2+1/R3+1/R41 

Rl, R2, R3, R4, RT Re~l: 

begin 
{tttttttttt In1t1al1ze Values tttttttttt} 

Rl:=O.O: 
R2:=0.0: 
R3:=0.0: 
R4:=0.0; 
RT:=O.O: 

{tttttttttt INPUT tttttttttt} 

ClrScr; 
Writel'What is R1? 'l: 
Readln(Rll; 
Write('What is R2? '); 
Readln!R21: 
Write('What is R3? 'li 
Readln(R31; 
Writei'What is R47 'Ii 
Readln(R4l: 



end. 

{ HHHHH ECHO INPUT HHHHH} 

ClrScr; 
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Writeln('The data you input is as follows:'I; 
Writeln(' RI=', Rll; 
Write l n t ' R2= ' , R2) ; 
llriteln(' R3= ', R3J; 
Writelnt' R4= ', R4l; 

(tttttttttt Calculation tttttttttl} 
RT:=l/11/R1+1/R2+1/R3+1/R41: 

[tttttttttt OUTPUT lttttttttt} 
Writeln(' 'l; Writeln(' '}: llriteln(' '): 
Writeln(' The total resistance of these four resistors 'l: 
Write l n ( ' in par a 11 el = ',RT); 
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10 CLS 
20 READ A,B,C 'READS THE LENGTHS OF THE THREE SIDES OF A TRIANGLE 
30 PRINT "THIS PROSRAN COMPUTES THE AREA OF A TRIANGLE AND" 
40 PRINT "THE RADIUS OF THE INSCRIBED CIRCLE.• 
50 S=IA+B+Cl/2 'SIS HALF OF THE PERIMETER OF THE TRIANGLE. 
60 AREA=SQR1St1S-A)t(S-81t!S-CII 
70 RADIUS=AREA/S 
80 PRINT "THE LENGTH OF SIDE A=":A 
90 PR INT • THE LENGTH OF SIDE B=" : 8 
100 PRINT "THE LENGTH OF SIDE C=":C 
110 PRINT "THE AREA OF THE TRIANSLE=•:~REA 
120 PRINT "THE RADIUS OF THE INSCRlBED CIRCLE=";RADIUS 
130 DATA 5.75,8.9,12 
140 EMD 

prograa Triangle; 
{f.ttttttttttttttttttttf.tt.tttttttttttttttttttttttttttttttttttttttttttt 

This prograa reads the lengths of the three sides of a 
triangle froa the keyboard, coaputes the area of the 
triangle, and co~putes the radius of the inscribed circle. 
A, B, and Care the lengths of the triangle's sides. 
S is half of the per11iter of the triangle. S=IA+B+Cl/2, 
AREA=Sqrt(St(S-AJt.15-B)t(S-Cil. 
RADIUS=AREA/S. 

ttttttf.tttttttttttttttttttf.f.ttttttttttttttttf.fftttf.f.ttttttfttf.tf.ttftt} 

var 
A,B,C,S,AREA,RADIUS : Reali 

begin 
{tttttttttt Initialize Values tttttttttt} 

A:=O.O; 
B:=0.0; 
C:=O.O; 
S:=0.0; 
~REA:=O.O: 
RADIUS:=O.O; 



end. 

{tftttttttt Input tftttttttt} 
ClrScr; 

91 

Writelnl'This prograa co~putes the area of a triangle with'); 
Writeln('sides A, B, and C and then it co1putes the radius'); 
Writelnl'of the inscribed circle.'); 
Write('What 1s the length of side A? 
Readln(Al; 
Writel'What is the length of side 87 
Readln(Bli 

' . ,, 

Writel'What is the length of side C7 • l; 

ReadlnlCl: 

[tttttttttt Echo Input tttttttttt} 

ClrScr: 
Writelnl'Your triangle is defined as fGllows:'l: 
Writelnl'The length of side A is ',Al: 
Writelnl'The length of side B is ',B): 
Writelnl'The length of side C is ',Cl: 

[tttttttttt Calculations ttttt1+11t} 
S:=IA+B+Cl/2.0: 
AREA:=SqrtlStlS-AitiS-Bit(S-Cil; 
RADIUS:=AREA/S; 

(tftttttttt Output tttttttttt) 

Writeln!' 'l: Writeln(' 'l; Wr1teln!' ·1: 
Wr1telnl'The area of your triangle is ',AREAi: 
Wr1telnl'The radius cf the 1nscr1bed circle is ',RADIUS): 



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

1. Write a program to find the roots of an equation usin9 
the bisection method. Input to your pro9ram shall 
consist of the left and ri9ht-hand limits XA and XB, 
such that the function fCx> evaluated at XA and XB has 
opposite signs, and the tolerance If 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 pro9ram to evaluate the roots of: 

-x 
f Cx> = e - sin(-"Tix/2) 

The BASIC statement to evaluate the function is: 

FX = EXPC-X> - SINC-PI*X/2) 

You may use the following input values: 

a> 
b> 
c> 

XA = 0 
XA = 5 
XA = 15 

XB 
)<B 
XB 

= 
= 
= 

3, EPSILON= l.OE-06 
7 
17 
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Microcomputer Applications in CE Programming Exercises 

2. The discharge Q through an open channel of trapezoidal 

section is given by Manning's equation as 

1.486 2/3 1/2 
q = n A R S 

in which Q = discharge, n = Manning's coefficient, A = 
channel area, S = bed slope and R = hydraulic radius. 

The hydraulic radius is given by 

where bis the 

side slope. 

A 

R = <b + 2d Jz 2 + 1) 

bottom width, d is the depth and z 

The term b + 2d is knoi,,n 

is the 

as the 

wetted perimeter. The area of the trapezoidal channel 

is 
A= <b + zd)d 

I• b + 2zd 1 
E \- 1-sJope z 

Modify your program to determine the normal depth 

corresponding to a required flow Q. Computed for 

following data 

a> Q = 400, z = 1.5, n = 0.015, b = 10, S = 0.0002 

b) Q = 250, z = 1.5, n = 0.015, b = 10, S = 0.0002 

d 

the 
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CE 4980 Problem Set 3 

3. Professor Rojiani would like your assistance in assigning 
grades for his CE 4980 class. You are to write a program 
to read the name and score for each student in the class 
from DATA statements and determine a letter grade 
according to the following scale: 

Score Grade 
100 - 90 A 
89 - 80 B 
79 - 70 C 
69 - 60 D 

< 60 F 

The first DATA statement contains the number of students 
in the class. Your program should print a table 
consisting of the name, score and grade for each student. 
Use the following data: 

400 
410 
420 
430 
440 
450 
460 
470 
480 
490 
500 
510 

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

11 
PAUL BALSERAK", 70 
WILLIAM CADDEN", 80 
GREGORY CURREY", 90 
CARL DUNCAN", 99 
LISBETH FREEMAN", 95 
TODD GREENWOOD", 85 
DAVID HALL", 55 
ROBERT HUNTGATE", 66 
PAUL KNAEBEL", 78 
KEVIN LONG", 88 
HELEN STEYER", 91 
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10 CLS 
20 '---------- DESCRIPTION OF PROGRAM ----------------------------------------
30 ' THIS PROSRAN USES THE BINARY SEARCH (HALF INTERVAL) METHOD 
40 ' TO COMPUTE THE ROOTS OF THE EQUATION: 
50 ' F(ll=EIP(-XI-SlNI-P!•Xl21 
60 '---------- INITIALIZE CONSTANTS AND COUNTER ------------------------------
70 a=l 
80 PI=3.141592654t 
90 EPSILON=.000001 
100 '--------- FUNCTION DEFINITION -------------------------------------------
110 DEF FNFIXl=EXPI-XI-SINI-Pitl/21 
120 '--------- INPUT ---------------------------------------------------------
130 PP.INT 'THIS PROGRAN USES THE BINARY SEARCH !HALF INTERVAL) NETHOO' 
140 PRINT "TO CO~PUTE THE ROOTS OF THE EQUATION:" 
150 PRINT "FiXl=EIPI-XI-SINI-PitX/21.' 
160 PRINT "PI IS DEFINED AS"; Pl 
170 PRINT 'THE SMALLEST INTERVAL CONSIDERED, EPSILON, IS":EPSILON 
180 PRINT "THE INPUT WILL BE FRON THE KE'IBOARD." 
190 PRINT: PRINT: PRINT :PRINT 
200 PRINT "PLEASE HITER THE ENDPOHHS OF AN INTER'JAL YOU THINK COIHAINS A ROOT" 
210 INPUT "WHAT IS XA":XA 
220 INPUT 'WHAT IS 18":XB 
230 PRINT :PRINT :PRINT 
240 PRINT "'/OUR INTERVAL IS BETlalEEN XA=";XA:"M:D XB=";XB 
250 '--------- FIND VALUES AT INTERVAL ENDS ----------------------------------
260 F XA=Ftff ml 
270 FXB=FNF ( XB l 
280 '--------- CHECK FOR OPPOSITE SIGNS --------------------------------------
290 IF S5NIFIAI () SGNIFIBI THEN GOTO 330 'EMPTY TRUE BLOCK 
300 PRINT "FIIAi="; FXA; "FIXBI=": FXB 
310 PRINT ''/OUR INTERVAL HAS THE SAME SIGN AT BOTH ENDS. PLEASE TRY AGAIN." 
320 GOTO 190 ' RETURNS FOR NEW INPUT 
330 '--------- CHECK FOR ENDPOINT EQUAL TO ZERO ------------------------------
340 IF FXA=Ot THEN GOTO 360 
350 GOTO 380 ' ENPTY FALSE BLOCK 
3b0 ROOT=XA : FROOT=FXA 
370 GOTO 580 ' SEND TO OUTPUT 
380 IF FXB=O! THEN SOTO 400 
390 GOTO 420 ' El'!PTY FALSE BLOCK 
400 ROOT=XB : FROOT=FXB 
410 GOTO 580 ' SEND TO OUTPUT 
420' END IFS 
430 '--------- ITERATIVE PROCEDURE -------------------------------------------
440 Xl'!=IXA+IB)/2 ' MIDPOINT 
450 Fll'!=FNFIIMI ' FUNCTION VALUE AT MIDPOINT 
460 '--------- CHECK FOR FXN EQUAL TO ZERO -----------------------------------
470 IF Fll'!=OI THEN GOTO 570 ' TRANSFER TO ROOT ASSIGNMENT STATEMENT 
480 '--------- REPLACE ONE ENDPOINT WITH Xl'! ----------------------------------
490 IF S6N1Fll'!I = SSHIFXAI THEN GOTO 496 
493 GOTO 500 

' REPLACES XA 



49b XA=XN 
498 FXA=FXN 
500 IF SSNtFXNl = SGN!FXBl THEN SOTO 506 
503 GOTO 510 
506 lB=ll'I 
508 FXB=FXM 
510 IF 11=1 THEN SOTO 530 
520 IF ABS(LASTX-XMl < EPSILON THEN GOTO 560 
530 LASTX=ll'I 
540 a=U+l 
550 SOTO 430 
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' REPLACES XB 

' TEST ALL BUT FIRST ITERATION 
' TRANSFER TD ROOT ASSIGNMENT 
' SET LASTX FOR NEiT ITERATION 

' SET COUNTER FOR NEXT ITERATION 
' RETURN FOR NEIT ITERATION 

560 '--------- ROOT ASSIGNMENT -----------------------------------------------
570 ROOT=XN : FP.OOT=FIN 
580 '--------- OUTPUT --------------------------------------------------------
590 PRINT 'IT TOOK";I%i'lTEP.ATIONS TO GET AN ANSWER.• 
600 PRINT "ROOT=":ROOT 
610 PRINT "F(ROOTl=";FROOT 
620 '--------- USER CONTROL FOR ANOTHER ROOT ---------------------------------
630 PRINT :PRINT 
640 rnPUT "ARE THERE OTHER ROOTS ('//N)":ANS$ 
650 IF ANSS='N" OR ANSS='n' THEN SOTO 670 
660 Il=l : GOTO 190 ' RESET COU~TER AND RETURN TO TOP OF PROGRAM 
670 END 

Proqram BinarySearchMethod: 

const 
Epsih,n=lE-06; 

var 
rn, IB, Xl'l, FXA, FXB, FXl'I, LASTX: real; 
ANSWER: char; 

function FIX: reall:real; 
beqin 
F:=Exp(-ll-Sin!-PitX/2l 

end;Cof function F(Xl} 
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function SQnlFX:reall:inteoer; 
beqin 

end; 

if FX = 0 then beqin 
SQn:=O 

end 
else beqin 

if AbslFXl=FX 
then SQn:=1 
else Son:=-!; 

end; 

beQin 
ClrScr; 
writelnl'This proqra1 finds the roots of an equation using the binary search'); 
writelnl'lhalf interval I 1ethod. The equation, found in the function FIXl,'l; 
writelnl'is: flxl=expl-xl-sinl-pitx/21, where x will be entered fro~ the,'l; 
writeln( 'keyboard and pi=' ,Pi,'.' l: 
writelnl'The error tolerance epsilon=',Eps1lon,'.'li 

repeat [until ANSWER= 'N' or 'n' !No roots to be found)} 
repeat {until SonlFJAl <> SonlFIBI IEsti1ates on either side of root.I} 

writeln; writeln; 
Nrite('What is XA? '): 
readlnlAA); 
writel'What is 187 '); 
readlnl XBI: 
writeln; writeln; 
writelnl'You have defined IA= ',XA,' and IB= ',181; 
FXA:=FIIAI; CCall function FIii} 
FIB:=FIXBI; {Call function FIJI} 
if SQnlFIAl = SqnlFXBI then beoin 
writeln: writeln; 
writelnl'FXA= ',FXAI; 
writelnl 'FIB= ',FXBI; 
writelnl'ERROR: saae s1qn. Please try aqainl'l; 

end; 
until SqnlFXAI (} SqnlFIBl; 
if FXA=O.O then beqin 

Xlh=XA; 
FXK:=FXA; 

end; 
if FXB=O.O then beqin 

Xll:=XB: 
FXl'l:=FXB: 

end; 
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if IFXA <> O.Ol and IFXB <> 0.01 then beQin 
X":=(lA+XBl /2; 
FX":=FIXKI; {call function FIil} 
LA STX:= 18000000000000000000000:)00. 0: 

{if usinQ TURB0-87 w1 possibility of laroe root use 1E+308} 
if FIN<> 0.0 then beoin 

end; 
end; 

if 5QnlFXAl=5onlFXMl then beQin 
XA:=Xl'I: 
FXA:=FXII: 

end 
else beoin 

XB:=Xl'I; 
FXB:=FX!'li 

end; 
repeat {until Abs(LASTl-XMl<EPSILON or FJN=Ol 

LASH:=~N: 
Xtl:=(XAtXBl/2; 
FXl'l:=FIXNI: CCALL FUNCTION FIii} 
if FXN <> 0.0 then beoin 

if SonlFXNl=SqnlFXAI then beoin 
XA:=Xl'I; 
FXA:=FXl'I; 

end 
else beqin 

XB:=Xl'1: 
FXB:=FXN: 

end; 
end; 

until IAbslLASTI-XMI ( EPSILON! or IFll'l=0.01: 

writeln; writeln: 
writeln('The root equals ',Xl'll; 
writelnl'The actual value at the root is ',FINI; 
writelrd' 'I: writelnl' '); 
writel'Are there any other roots to be found IY/NJ7 'l; 
readlnlANSWER l; 

until !ANSWER ='N'l or (ANSWER= 'n'l; 
end. 



10 CLS 
20 COLOR 1,0,0 
30' 
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40 '-------- PROGRAM DESCRIPTION ---------------------------------------------
50 PRINT "THIS PROGRAM USES THE BINARY SEARCH (HALF INTERVAL} METHOD' 
60 PRINT "TO FIND THE DEPTH OF A TRAPEZOIDAL CHANNEL REQUIRED FOR A" 
70 PRINT 'GIVEN DISCHARGE USING 11ANNIN6'5 EQUATION:" 
80 PRINT "Q=l .486/NtAtR·'l2/3ltS··( !i2l" 
90 PRINT "WHERE Q=DISCHARSE REQUIRED, N=MANNrns·s COEFFICIENT," 
100 PRINT "S=BED SLOPE, Z=SLOPE OF CHANNEL WALLS, B=!'IIN. WIDTH OF CHANNEL," 
110 PRINT "A=CROSS SECTIONAL AREA OF CHANNEL (=lB+ZtDl•Dl, AND' 
120 PRINT "R=HYDRAULIC RADIUS l=AliB+2tDtSQRtZ'·2+1 l l l. • 
130 PRINT "YOU WILL DEFINE Q,Z,N,8, ANDS FROM THE KEYBOARD." 
140 PRINT "LATER YOU WILL BE ASKED FOR A RANGE YOU THINK D WILL FALL IN.• 
150 ' 
160 '-------- INPUT ----------------------------------------------------------
170 PRINT :PRINT :PRINT :FRINT 
180 COLOR 2,0,0 
190 INPUT "WHAT IS THE l'IINI!'IUl'I CHANNEL WIDTH, B";B 
200 INPUT 'WHAT IS MANNING'S COEFFICIENT, N";N 
210 INPUT 'WHAT IS THE REQUIRED DISCHARGE, Q":Q 
220 U.PUT "WHAT IS THE BED SLOPE, s·:s 
230 INPUT "WHAT IS THE SLOPE OF THE CHANNEL WALLS, z•;z 
240 PRINT :PRINT :PRINT :PRINT 
250 COLOR 3,0,0 
260 PRINT "YOU HAVE DEFINED THE FOLLOWING:" 
270 PRINT "l'IINil'IUl'I CHANNEL WIDTH B=";B 
280 PRINT "MANNING'S COEFFICIENT N=•:~ 
290 PRINT "REQUIRED DISCHARGE 9=":Q 
300 PR IIH • BED SLOPE S= •; S 
310 PRINT 'SLOPE OF THE CHANNEL WALLS z=•;z 
320 ' 
330 '-------- DEFINE FUNCTIONS -----------------------------------------------
340 DEF FNAlB,D,Zl=(B+Z•DltD 
350 DEF FNRlAREA,B,D,Zl=AREA/!B+2tiltSQRIZtZ+1 l l 
3110 DEF FNQ(N,AREA,HYDR,Sl=l.486/NtAREA•HYDR"(2/3l•SQRlSl 
361 ' 
362 '-------- INPUT ESTIMATED DEPTHS -----------------------------------------
370 PRINT :PRINT :PRINT :PRINT 
380 COLOR 4,0,0 
390 PRINT "ENTER TWO DEPTHS THAT SPAN THE RANGE OF THE REQUIRED DEPTH." 
400 PRINT 
410 INPUT "WHAT IS THE IHNll'IUl1 DEPTH" :l'IINIIEPTH 
420 INPUT 'WHAT IS THE MAXIMUM DEPTH";MAXDEPTH 
430' 
440 '-------- FLOW AT DEFINED DEPTHS -----------------------------------------
450 AREANIN=FNAlB,NINDEPTH,Zl 
460 RADNIN=FNR!AREANIN,B,NINIIEPTH,Zl 
470 Ql'IIN=FNQIN,AREAl'IIN,RADl'IIN,Sl 
480 AREANAX=FNAIB,NAXDEPTH,Zl 



490 RADl'IAX=FNR(AREAl'IAX,B,l'IAXDEPTH,Zi 
500 Ql'IAX=FNQIN,AREAKAX,RAD"AX,Si 
510 ' 
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520 '-------- CHECY. FOR OPPOSiTE SISNS ---------------------------------------
530 IF SGNl!ll'IIN-Ql O SGN!iil'IAX-Q) THEN GOTO 630 
540 PRINT :PRINT :PRINT :PRINT 
550 COLOR 31,4,8 
560 PRINT "MINil'IUl'I DEPTH=' ;MINDEPTH: "YIELDS A DISCHARGE=• :011IN 
570 PRINT 'l'IAXIl'IUM DEPTH=":l'IAIDEPTH:"YIELDS A DISCHAR6E=";Ol1AX 
580 PRINT "THE REQUIRED DISCHAR6E=•:Q 
590 PRINT "THE ESTIMATED DEPTHS ENTERED ARE NOT ACCEPTABLE." 
600 PRINT "PLEASE PREPARE NEW ESTIMATES." 
610 GOTO 362 
620' 
630 '-------- CHECY. FDR ESTIMATED DISCHARGE EQUAL TO REQUIRED ----------------
640 IF QMIN=Q THEN GOTO 660 
650 GOTO 690 
6b0 REQDDEPTH=l'IINDEPTH 
670 REQDQ=Ql'lIN 
b75 AREAOK=AREAl'IIN 
680 GOTO 1210 
690 IF Ql1A X=Q THEN GOTO 710 
700 6010 740 
710 REQDDEPTH=MAXDEPTH 
720 REQDQ=QMX 
725 AREAm:=AREAl'IAX 
730 GOTO 1210 
740 ' 

' EMPTY FALSE BLOCK 

' SENDS TO OUTPUT 

' EMPTY FALSE BLOCK 

' SEWDS TO OUTPUT 

750 '-------- FIRST ITERATION ------------------------------------------------
760 MlDDEPTH=(MINDEPTH+MAXDEPTHl/2 
770 AREAl'IID=FNAIB,l'IIDDEPTH,ZI 
780 RADMID=FNR(AREA11ID,B,MIDDEPTH,ZI 
790 QMID=FNQ(N,AREAl1ID,RADl'IID,Sl 
800 ' 
810 '-------- TEST FOR FIRST ITERATION EQUAL TO REQUIRED FLOW ----------------
820 IF 911ID=Q THEN GOTO 1170 ' SENDS TG ASSIGNMENT 
830 ' 
840 '-------- REPLACE CORRESPONDING DEPTH WITH NlDDEPTH (FIRST ITERATION) ----
850 IF SGN(QNID-Ql=SGN!QKIN-01 THEN GOTO 870 
860 GOTO 890 ' EMPTY FALSE BLOCK 
870 QNIN=Ql'IID 
880 MINDEPTH=l1IDDEPTH 
890 IF SSN(QNID-Ql=SGNtQl'IAHil THEN GOTO 910 
900 GOTO 930 ' ENPT'/ FALSE BLOCK 
910 Ql1AX=ON!D 
920 NAXDEPTH=l'IIDDEPTH 
mi LASTDEPTH=l'IIDDEPTH ' SETS COl'!PARlSON 
940 ' 
950 '-------- SUBSEQUENT ITERATIONS ------------------------------------------
9b0 NIDDEPTH=(l'IINDEPTH+KAXDEPTHl/2 



970 AREA"ID=FNAIB,"IDDEPTH,Zl 
980 RAD"ID=FNRIAREA"ID,B,NIDDEPTH,Zl 
990 QKID=FNQIN,AREAKID,RADKID,Si 
1000' 

101 

1010 '-------- TEST FOR SUBSEQUENT ITERATIONS EQUAL TO REQUIRED FLOW ---------
1020 IF Ql1 ID=Q THEN GOTO 1170 ' SENDS TO ASS l6NIIENT 
103(; ' 
1040 '-------- REPLACE CORRESPONDING DEPTH wlTH l'IIDDEPTH ---------------------
1050 IF SSN!QIIID-Ql=SGN(QNIN-Qi THEN GOTO 1070 
10b0 GOTO 1090 ' EMPTY FALSE BLOCK 
1070 QIIIN=QIIID 
1080 NINDEPTH=NIDDEPTH 
1090 IF SGN(QNID-Ql=SGN!Ql1AHll THEN GOTO 1110 
1100 GOTO 1130 ' EIIPTY FALSE BLOCK 
1110 QKAX=ONID 
1120 11AXDEPTH=l1IDDEPTH 
1130 IF ABS!LASTDEPTH-IIIDDEPTHH.000001 THEN GOTO 1170 ' SENDS TO ASSIGNIIENT 
1140 LASTDEPTH=IIIDDEPTH ' RESET COMPARISON 
1150 GOTO 950 ' START NEW ITERATION 
1160 ' 
1170 '-------- ASSIGNNENT OF DEPTH, DISCHARGE AND CHANNEL AREA ---------------
1180 REODDEPTH=IIIDDEPTH 
1190 REQDQ=lll'I ID 
1195 AREAOK=AREAIIID 
1200 ' 
1210 '-------- OUTPUT --------------------------------------------------------
1220 PRINT :PRINT :PRINT :PRINT 
1230 COLOR 5,0,0 
1240 PRINT "FOR A REQUIRED DISCHARGE OF":Q 
1250 COLOR 6,0,0 
1260 PRINT "THE REQUIRED DEPTH OF THE CHANNEL IS":REQDDEPTH 
1270 COLOR 7,0,0 
1280 PRINT "THIS YIELDS A CHANNEL CROSS SECTIONAL AREA OF":AREAOK 
1290 COLOR 9,0,0 
1300 PRINT "THE ACTUAL DISCHARGE SUPPORTED BY THIS AREA IS";REODO 
1310 COLOR 10,0,0 
1320 PRINT "THE PERCENTAGE DIFFERENCE IN DISCHARGE IS";(REQDQ-Olfllf100;"1" 
1330 ' 
1340 '-------- USER CONTROL FOR NEW PROBLEII ----------------------------------
1350 PRINT ~PRINT :PRINT :PRINT 
1360 COLOR 11,0,0 
1370 INPUT "DO YOU HAVE ANOTHER DISCH~RGE PROBLEl'I !YltW;ANSf 
1380 IF ANSS="N' OR ANSS= 1 n1 THEN GOTO 1400 
1390 GOTO 160 ' RETURN TG WPUT 
1400 END 



Prograa NanningsFlow; 

var 
b, n, q, s, z, 
11ndepth, maxdepth, 1iddepth, 
areaain, area1a1., area11d, 
qain, qmax, qaid, 
lastdepth: real: 
answer: char: 

function SgnlFX: real}: integer: 
begin 

if FX = 0.0 
then Sgn:=O 

else begin 

end; 

if abs(FX l=FX 
then Sgn:=1 
else Sgn:=-1 

end; 

function Alb,d,z: real}: real: 
begin 
A:=lb+ztdltd; 
end: 

function Rlfa,b,d,z: real): real: 
begin 
R:=fa/lb+2tdtsqrtlz+z+111: 
end: 

function FQln,fa,hr,s: real): real; 
begin 
F9:=1.486/ntfateipll2/3ltlnlhrll+sqrtlsl; 
end: 

begin 

clrscr; 
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writelnl'This prograa uses the binary search (half interval I ~ethod'I; 
writeln('to find the depth of a trapezoidal channel required for a given'); 
write l n I'd i schiirge using Nar,ni ngs equc1t ion: Q= 1.486/NtAtR' ( 2/3 I •S' 11 / 2 l' ) ; 
writeln('Where: Q=discharge, N="annings coefficient, S=bed slope,'); 
writelnl' Z=slope of channel walls, B=1ini1u1 width of channel,'); 
wntelnl' 
writelnl' 
writelnl'later 

D=depth of channel A=area of channel =(B+Z•DltD, and'l; 
R=hydraulic radius =A/IB+2+Dt5qrtl5qr1Zl+lll.'l: 

you will be asked for a range you believe D will appear in.'!; 

repeat {until answer is nor N. No aore problets.} 
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writeln; writeln; writeln; 
writel'What is "annings coefficient, N? ·1: 
readln(n); 
write!'llhat is the 1ini1u1 width of the channel, B 'l; 
readln(bl; 
write('What is your required discharge, Q 7 'l; 
readln(qi; 
write('What is the bed slope, S 7 'l; 
readln(sl; 
writel'What is the slope of the channel walls, Z '}; 
readln(z); 
writeln; writeln; 
writeln('You have defined the following:'); 
writeln('N= ',n,' B= ',b,' Q= ',qi: 
writeln('S= ',s,' Z= ',Zl, 

repeat {until Sgn(q1in-ql O Sng(q1ax-ql} 
writeln; writeln; 
writelnl'You 0011 need to enter your esti1ates of the depth as asked:'l; 
write( 'What is the 1ini1u1 depth you expect? '); 
readln(aindepthl; 
writel'What is the ma~imu& depth you e~pect7 'l, 
readln(1axdepthl; 
writeln, writeln; 
writeln('The 1ini1u1 depth you expect is ',1indepth); 
writeln( 'The 1axi1u1 depth yc,u expect is ',uxdepthl; 

area1in:=A(b,1indepth,zl; {call function A} 
q1in:=FQ(n,area1in,R(area1in,b,1indepth,zl,sl; {calls functions FQ LR; 
area1ax:=A(b,1axdepth,zl; {call function A} 

{calls functions FQ f.. R} 

if Sgn(q11n-ql=Sgnlqmax-ql then begin 
writeln; writeln; 
11riteln( 'l'lin depth=' ,tindepth,' therefore tin flow=' ,q11inl; 
writeln( '!'lax depth=' ,1axdepth,' thenifore •a~ flow=' ,qma::); 
writelnl'These depths are not acceptable. Please try two new depths.') 

end; 

until Sgn(q1in-ql <> Sgnlq1ax-ql; 

if q1in = q then begin 
1iddepth:=1indepth; 
area1id:=area1in; 
q1id:=q1in 

end 
else begin 

if q1ax = q then begin 
1iddepth:=1axdepth; 
area1id:=area1ax; 
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q1id:=q1ax 
end 
else begin 

e~ 
end; 

1iddepth:=l1indepth+1axdepthl/2: 
area1id:=Alb,1iddepth,zl: :call function Al 
q1id:=FQln,area1id,Rlarea1id,b,1iddepth,zl,sl: {calls functions FQ L Rl 
if qaid (} q then begin 

if Sgnlq1id-ql=Sgnlq1in-ql then begin 
11ndepth:=1iddepth: 
area1in:=area1id: 
q1in:=q1id 

end 
else begin 

1axdepth:=1iddepth: 
area1ax:=area1id: 
qmai:=q1id 

end: 
repeat {until absllastdepth-1iddepthlCIE-06 or qiid=0.0} 

lastdepth:=11ddepth: 
1iddepth:=l1indepth+1axdepthl/2; 
area1id:=Alb,1iddepth,zi; 
qaid:=FQln,area1id,Rlarea1id,b,1iddepth,:l,s1: 
if q1id <> q then begin 

if Sgnlqmid-ql=Sgnlq~in-ql then begin 
1indeoth:=1iddepth: 
area1in:=area1id; 
qain:=qmid 

end 
else begin 

1axdepth:=1iddepth; 
area1a~:=area1id; 
q1ax:=q1id 

end; 
e~: 

until labsllastdepth-1iddepthl IE-061 or lq~id=ql 
end 

writeln; writeln; writeln: 
writeln('The depth required to allow a discharge of ',qi: 
writelnl'is ',aiddepth,' .'I; 
writeln('This depth yields an area cf ',area1idl: 
writelnl'The actual discharge will be ',q1idl; 
writelnl'The resulting percentage error is ',(qaid-ql/qt!OOI; 
writeln; writeln; 
wr1te('Is there another problet to be sol-ed lY/N17 'l; 
readln(answerl 

until lanswer='N'l or lanswer='n'I {no retaining proble1s} 
end. 
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10 '----------------------------------------------------------------------------
20 ' PROSRAN ASNGRADE ASSIGNS LETTER GRADES TO NUNERICAL SCORES 
30' INPUT IS FRON DATA STATEl'IENTS FOUND AT THE END OF LISTING. 
40 ' VARIABLE STUNAME HOLDS CHARACTER STRING FOR STUDENTS' NAMES. 
50 ' VARIABLE SCORE HOLDS THE NUMERICAL SCORE. 
60 ' VAR I ABLE GRADE HOLDS TYHE LETTER GRADE. 
70 ' l.'AR !ABLE NOSTUDNT IS THE NUl'IBER OF STUDENTS IN THE CLASS. 
80 '----------------------------------------------------------------------------
90 PRINT "THIS PROGRAM ASSIGNS LETTER GRADES TO NUMERICAL SCORES." 
100 PRINT "THE DATA IS READ INTO THE COMPUTER VIA DATA STATEMENTS" 
110 PRINT "FOUND AT THE END OF THE PROGRAM. THE NAMES ARE LIMITED" 
120 PRHH "TO 15 CHARACTERS. THE FIRST DATA STATE!'IENT !'!UST CONTAIN AW' 
130 PRINT "INTEGER WHICH IS THE NUMBER OF STUDENTS' GRADES BEING SOUGHT.• 
140 PRINT : PRINT 
150 PRINT TABl11l:"NAl'IE': TABl241;"SCORE"; TABl321:"GRADE" 
160 PRINT TABl51:"---------------•: TABl24l:"-----•: TABl321:"-----• 
170 READ NOSTUDNTl 'READS NO. OF STUDENTS IN THE CLASS 
180 FOR I=l TO ~lOSTUDt·m 
190 READ STUNAME1, SCORE 
200 IF SCORE}= 90i THEN SRADES='A' 
210 IF SCORE< 901 AND SCORE >=801 THEN GRADES="B" 
220 
230 

IF SCORE < 30! AND SCORE ,=701 THEN GRADES="C' 
IF SCORE< 70! AND SCORE >=60! THEN GRADES="D" 

'INPUTS NAl'IE AND SCORE 
'ASSIGNl'IENT 

OF 
THE 

' GRADE 
240 IF SCORE <'. 601 THEN GRADES="F" ' SECTION 
250 PR!Wl TABl51STUNAl'IES: TAB!241SCORE: TAB!341GRADES 'OUTPUT LINE 
260 IF SCORE>lOO OR SCORE<O THEN PRINT "LAST SCORE OUT OF USUAL RANGEi 11• 

270 NEXT I 
280 PRINT : PRINT 
290 PRINT "ttttt ALL GRADES ASSIGNED! ttttt' : PRINT 
300 DATA 11 
310 DATA "PAUL BALSERAK", 70 
320 DATA "WILLIAM CADDEN", 80 
330 DATA "GREGORY CURREY", 90 
340 DATA "CARL DUNCAN", 99 
350 DATA "LISBETH FREEMAN", 95 
360 DATA 'TODD GREENWOOD", 85 
370 DATA 'DAVID HALL", 55 
380 DATA "ROBER'!" HUHTGATE",66 
390 DATA "PAUL KNAEBEL", 78 
400 DATA "KEVIN LONG", 88 
410 DATA "HELEN STEYER", 91 
4eo END 



Progra1 Assign6rade; 

i, nostudents: 
score: 
stuname, grade: 

begin 

cl rscr; 

integer; 
real: 
str ingf15J: 
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writelnl'This progra1 assigns letter grades to numeric scores input'l: 
writelnl'fro1 the keyboard.'): 
writelnl'NANE holds character string for students na1es.'l; 
writelnl'SCORE holds the nu~er1c score.'): 
writelnl'GRADE holds the letter grade.'); 
writelnl'NOSTUDENTS is the number Df students grades to be processed.'): 
writeln: writeln; 
writel'What is the nu1ber of grades to be processed' 'l: 
readlnlnostudentsl: 
for i:=1 to nostudents do begin 

writeln: writeln; 
writel'What 1s the students na1e' 'l; 
readln!stuna&el: 
writel'What is this students score' ·1: 
readlnlsceirei: 

if scc,re>=90 
then grade:='A' 

else begin 
if score>=80 

then grade:='B' 
else begin 
if score>=7(, 

then grade:='C' 
else begin 

if score>=60 
then grade:='D' 
else grade:='F' 

[end} 
end; 

end; 
end; 
writeln; writeln; 
writelnlstunate:15,' has a nu1eric score of',score,' and a grade of ',grade!: 
if lscore>lOOI or lscore<Ol then begin 

wr1teln: writeln; 
writelnl'Score is outside usual range, please check score.') 

end: 
end; 
end. 



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

1. NUMERICAL INTEGRATION 

Write a program to evaluate the integral 

b 
I= ~af<x>dx 

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> THEN (quit) 

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.g., lE-12). 

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

Your program should print the number 
and the current value of the integral after 
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results with 

of intervals 
each step. 
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CE 4980 Problem Set 4 

2. The axial load capacity of a steel column is: 

Pa= Fa A 

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

2 2 
F)'. [ 1 - <kl/r) /(2Cc ) ] 

{ FS for 
Fa = 

2 2 
12 IT E / C 23 < k 1 / r > ] for 

where FS = factor of safety 
3 

= + 3<kl/rl - 1 (kllr> 
3 8 Cc 8 Cc 

Cc = / 2TTZE/Fy I 

(kl/r) = slenderness ratio 

r = radius of gyration 

1 = length of column 

E = modulus of elasticity (29,000 ksi> 

Fy = yield stress of steel 

of the 
American 

kl/r i. Cc 

Id /r > Cc 

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 (kllr>,. and Od/rly where the subscripts x 
and y represent the strong and weak axis. 

Write a program to read in Lx, Ly, kx, 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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10 CLS 
20 PRINT "THIS PROGRAM PERFORMS NUKERICAL INTEGRATION USING SIMPSON'S RULE.' 
30 PRINT "THE FUNCTION TO BE INTEGRATED IS DEFINED IN PROGRAM LINE 180." 
40 PRINT "IT WILL NEED TO BE CHANGED BEFORE CONTINUING.• 
50 INPUT 'HAVE YOU CHANGED THE FUNCTION TO BE INTEGRATED",ANSS 
60 IF ANSS="N" OR ANSS='n" THEN SOTO 610 'SO TO END 
6!/ , 
70 '-------- INPUT LIMITS OF INTEGRATION AND REQUIRED TOLERANCE --------------
80 PRINT :PRINT : 
!/0 INPUT "WHAT IS THE LOWER LIMIT OF INTESRATION":XL 
100 INPUT 'WHAT IS THE UPPER LIMIT OF lNTE6RATION";Y.U 
110 INPUT "WHAT 15 THE REQUIRED TOLERANCE";EPSILON 
119 ' 
120 '-------- ECHO INPUT -----------------------------------------------------
130 PRINT :PRINT 
140 PRINT "THE FUNCTION YOU HAVE DEFINED IN PROSRAl't LINE 180 WILL BE INTESRATED" 
150 PRINT 'FRON':XL;" TO':XU, 1 • 1 

160 PRINT "YOU HAVE A REQUIRED TOLERANCE OF":EPSILON;"." 
169 ' 
170 '-------- DEFINE THE FUNCTION TO BE INTEGRATED ---------------------------
180 DEF FNF(Xl=X•SlN(2tXi 
139 ' 
190 '-------- INITIALIZE ND. OF INTERVALS L STEP COUNTER ---------------------
200 MOINn=2 
210 ITSTEP1= 1 
219 ' 
220 '-------- SET UP L PRINT HEADINGS ----------------------------------------
230 PRINT :PRINT 
240 PRINT TAB(5)"STEP":TAB(13}'~l0. OF INTERVALS":TAB(33l"CURRENT VALUE OF THE INTEGRAL" 
250 PRINT TABi5l"----":TAB(13}"----------------";TAB(33)"-----------------------------• 
259 ' 
260 '-------- FIRST ITERATION ------------------------------------------------
270 H=(XU-Xll/NOINU 
280 FY.l=FNF \XU 
290 FXU=FNF (XU} 
300 XN=XL+H 
310 AREA=Ht(FXl+flU+4tFNFnNl l /3 
320 PRINT TAB!5l ITSTEP%; TAB! 18Hl01NT:I :TAB( 41ilAr:EA 
330 ' 
340 '-------- SUBSEQUENT ITERATIONS ------------------------------------------
350 ' 
360' IMCREKEMT NOINU, STEP1, AREA.PREV, L H 
370 NOINT~=2•NOINT1 
380 ITSTEP1=ITSTEP1+1 
390 AREA.PRE'MtREA 
400 H=!XU-Xll /NOHln 
409 ' 
410 ' SET UP ODD SUN 
420 FOR 1=1 TO NOINT1-1 STEP 2 
430 XI=XL+HtI 



440 ODDSUN=ODDSUN+FNF!Xll 
450 NEXT I 
459 ' 
460 ' SET UP EVEN SUN 
470 FOR I=2 TO NOINTX-2 STEP 2 
480 XI=XL+HtI 
490 E'.JENSUl'l=EVENSUl'l+FNF(XI) 
500 NEXT I 
509 ' 
510' CALCULATE AREA 
520 AREA=Ht ( FXU+FXL +4tODDSUIH2tEVENSUl'I) / 3 
529 ' 
530 ' PRINT ANSWERS FOR CURRENT STEP 
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540 PRINT TA8(5l!TSTEPl:TABl!Bl~OINTl:TAB!441AREA 
549 ' 
55(1 ' TEST FOR CONVERGENCE 
560 IF ABS!AREA-AREA.PREVl > ABSlAREAtEPS!LOfJ) THEN SOTO 564 'RESET SUKS 
51!2 SOTO 570 
51!4 ODDSUl'l=O 
561! EVENSUM=O 
568 GOTO 340 
569 ' 

'tttttttttt CONVERGENCE REACHED lttttttttt 
'RESET SUl'!S 
, . 
'START NEW ITERATION 

570 ' CONVERGENCE REACHED 
571 ' 
580 '-------- PRINT RESULTS --------------------------------------------------
590 PRINT :PRINT :PRINT :PRINT 
600 PRINT "THE VALUE OF YOUR INTEGRAL IS ":AREA;".' 
610 PRINT :PRINT :PRINT :PRINT :END 

progra~ Nu1ericallntegratiDn; (using Simpson's Rule} 

var xl,xu,tol:real: 

function Flx:reall:real; {the function to be integrated} 
begin F:=xtsinl2txl end; 

function dx(range:real: sub:integerl:real; (length Df interval} 
begin dx:=range/sub end: 

function Area(xl,xu,range,odd,even:real: sub:integerl:real: 
begin Area:=IF(xll+Flxul+4todd+2teven)tdx(range,subli3 

{Area under cur1e} 
end; 
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function Su1(K,sub:integer; xl,H:reali:reali (perforas suuatiuns} 
var Tsu1:real; I:integer: 
begin Tsu1:=0; I:=Ki {initialize variables} 

while I(= (sub-Kl do begin 
Tsu1:=TsuttF(xl+ltHli 
I:=1+2 endi {of •hile} 

Su1:=Tsu11 end: (of function Suli} 

procedure Oatalvar tl,xu,tol:reall: 
begin 

clrscr; writeln('ttt Reteiber to change Fix}! ttt'l: 
writeln: writelnl'---- Integration by Si1psons Rule ----• I; 
writeln; writeln; 
writel'xl= 'l;readlnlxll: 
wr1tel'xu= 'l;readlnlxul; 
nritel'tol= 'l:readln(toll 

end: (of Data} 

procedure Echo(~J.xu,tol:realli 
begin 

writeln; writeln; writeln; 
writelnl'xl=',xl:8:3,' 

end; {of Echo} 

procedure Headings: 
begin 

~u=' .~u:8:3,' tol=' ,tol :7) 

writeln; writeln: 
writelnl' Step 
nr i tel n I ' 

Intervals Current Area'}; 
--------- ------------') 

end; (of Headings} 

procedure Busyworklvar xl,xu,tol:reall; 
begin 

Datalxl,~u,toll; 
Echo(xl,xu,toll; 
Headings 

end; {of Busywor~} 

procedure Outputlstep,sub:integer; A:reall: 
begin 

writelnl' ':4,step:4,' ':6,sub:4,' ':7,A:12:61 
end: {of Output} 
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procedure lastA,A:real: var step,sub: integer l; 
begin 

lastA:=A; 
step:=step+t; 
sub:=2•sub 

end; (of lncreaentl 

procedure lnitiallvar range,~1,iu,A:real: var step,sub:integerl; 
begin 

rc1nge:=xu-xl; 
step:=1; 
sub:=2; 
A:=IF I xi} +Fl xu l +4tFI x l tdx ( rc1nge,sub l l itd>: ! r ange,sub l /3; 
Outputlstep,sub,Al 

end; {of lnitic1l} 

procedure Subsequentlvar A,ic1nge,xl,xu,tol:real; vc1r step,sub:integerl; 
var lastA :real; 
begin 

repeat 
Incie1entllastA,A,step,subl; 
A:=Arealxl,xu,range,su111,sub,xl,dxlrange,subll,sua12,sub,xl,dxlrange,subll,subl; 
Output(step,sub,Al 

until abslA-lastAl < abslAttoll; 
end; [of Subsequent} 

procedure Final(A:reall: 
begin 

writeln; writeln; 
writelnl'The value of your integral is ',Al 

end; 

procedure Calculationslvar xl,xu,tol:real); 
var 

range, A 
step, sub 

begin 

:real; 
:integer; 

Initiallrange,xl,xu,A,step,subl; 
Subsequent(A,range,xl,xu,tol,step,subl; 
FinaW1l 

end; {of Calculations} 

begin 
Busyworklxl,~u,toll; 
Calculationslxl,xu,toll 

end, {of Kain Program} 
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10 CLS 
20 PRINT "THIS PROGRAM WILL COMPUTE THE ALLOWABLE LOAD FOR A STEEL COLUMN AS• 
30 PRINT "SIVEN BY AISC EQUATION il.5-ll OR (1.5-2}." 
40 PRINT "THE REQUIRED INPUT DATA IS THE LENGTH, EFFECTIVE LENGTH FACTOR, AND" 
50 PRINT "RADIUS OF GYRATION ABOUT BOTH THE X ANDY AXES, THE GROSS AREA OF" 
60 PRINT "THE COLUKN, AND THE YIELD STRESS OF THE STEEL BEING USED." 
70 PRINT :PRINT 
80 PRINT "THE AISC RECONNENllS THE FOLLOWING EFFECTIVE LENGTH FACTORS:• 
90 PRINT "FIXED-FIXED 0,65" 
100 PRINT "FIXED-PINNED o.so· 
110 PRINT 'FIXED-TRANSLATION FREE & ROTATION FIXED 1.20' 
120 PRINT "PINNED-PINNED 1.00" 
130 PRINT "FIXED-FREE 2.10" 
140 PRINT "PINNED-TRANSLATION FREE ROTATION FIXED 2.0G" 
150 ' 
160 '-------- INPUT ----------------------------------------------------------
170 PRINT :PRINT :PRINT :PRINT 
130 INPUT "WHAT IS THE YIELD STRESS OF YOUR STEEL IN KSI";FY 
190 HlPUT "WHAT IS THE GROSS AREA OF YOU COLUMN IN WCHES SQUARED";A 
200 PRINT •----- X AXIS PROPERTIES-----• 

INPUT "WHAT IS THE LEMSTH OF YOUR COLUMN IN DECINAL FEET•;u 
220 INPUT "WHAT IS THE EFFECTIVE LENGTH FACTOR OF YOUR COLUNN";U 
230 INPUT "\IHAT IS THE RADIUS OF GYRATION OF '/OUR COLUMN IN INCHES' :RX 
240 PRIHT •----- '{ AX IS PROPERTIES -----• 
250 INPUT "WHAT IS THE LENGTH OF YOUR COLUMN IN DECIMAL FEET":LY 
260 INPUT 'WHAT IS THE EFFECTIVE LENGTH FACTOR OF YOUR COLUIIN";KY 
270 INPUT "WHAT rs THE RADIUS OF GYRATION OF YOUR COLUMN IN INCHES":RY 
280 ' 
290 ·-------- ECHO INPUT -----------------------------------------------------
300 PRINT :PRINT :PRINT :PRINT 
310 PRINT "FY=";FY;"KSI A=";A;"INA2' 
320 PRINT 'LX=";LX:"FT KX=";KX;' RX=";RX;"IN" 
330 PRINT "LV=";LY;"FT KY=";KV;' RY=";RY;"IN" 
340 ' 
350 '-------- DEFINE CONSTANTS -----------------------------------------------
360 Pl=3.141592653S9• 
370 E=29000 'KS! = "ODULUS OF ELASTICITY 
380 PRINT 'THE MODULUS OF ELASTICITY IS TAKEN AS";E:'KSI." 
390' 
400 '-------- CALCULATE CC ---------------------------------------------------
410 CC=SQR(2tPltPltE/FYl 
420 ' 
430 '-------- SLENDERNESS RATIO ----------------------------------------------
440 'X AXIS 
450 SRX=KXtLXt12/RI 
460 'Y AXIS 
470 SRV=KYtLVt12/RY 
480 'CONTROL! NG 
490 IF SRX } SRY THEN SR=SRX: KL=SRtRX: AXISf="X": SOTO 510 'X AXIS CONTROLS 
500 SR=SRY: KL=SRtRY: AXISS='Y' 'Y AXIS CONTROLS 
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510' 
520 '-------- CHECK FOR SR> 200 ---------------------------------------------
530 IF SR< 200 THEN SOTO 574 'SR< MAX ALLOWED OK 
540 PRINT :PRINT 
550 PRINT "ERROR: CONTROLINS SLENDERNESS RATIO =•;SR;" } SRNAX=200 BY THE' 
5o0 PRINT • AISC SPEC 1.8.4. THE CONTROLINS AXIS IS THE •;AXISS:"AXIS." 
5o1 PRINT • THE EFFECTIVE LENGTH ABOUT THIS AXIS IS';KL;"Itl." 
562 PRINT • 
570 SOTO 720 

RECHECK YOUR LENGTHS AND EFFECTIVE LHISTH COEFFICIENTS.' 
'GOTO END 

574 PRINT :PRINT 
575 PRINT 'THE CONTROLINS SLENDERNESS RATIO IS";SR;". IT iS ABOUT' 
576 PRINT 'THE ";AXIS$;' AXIS WHICH HAS AN EFFECTIVE LENGTH OF";KL;"IN.' 
577 PRINT "THIS EFFECTIVE LENSTH EQUALS" :KL/12; "FT.• 
580 ' 
590 '-------- CALCULATE ALLOWABLE LOAD ---------------------------------------
600 'TEST FOR APPROPRTIATE EQUATION 
010 IF SR> CC THEN SOTO 650 
020 'EQUATION l1.5-1l: 
630 PA=AtFYH 1-SRtSR/ !2tCCtCCl l i l5i3+3tSR/ (8tCCl-SRA3/ (8tCC''3l l 
640 GOTO oSO 'GOTO PRINTOUT 
050 'EQUATION !1.5-2l: 
obO PA=Atl2tPitPitE/l23tSRtSRl 
070 ' 
080 '-------- PRINTOUT -------------------------------------------------------
690 PRINT :PRINT 
700 PRINT "THE ALLOWABLE AXIAL LOAD FOR YOUR COLUl'IN IS':PA:"KIPS." 
710 PRINT :PRINT 
720 END 

progran {using AISC Eqns. 1.5-1 and 1.5-2} 

const E=29000;Cksi} 

var A,Fy,Kx,Ky,lx,ly,rx,ry:real; 

procedure Definition; 
begin 

clrscr; 
11ritelnl'--- Allowable Lc,ads by AISC Spec. ---'l; 
11ritelnl'Required Input: A=Area of coluan,'): 
11ritelnl' ':17,'Fy=Allowable yield stress in ~si,'l; 
11ritelnl' ':17,'K=Effective length factor,'); 
11riteln(' ':17,'l=Length between biacing in feet,'); 
11ritelnl' ':17,'r=Radius of gyration in inches.'); 
11riteln; 
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writeln(' Table C!,8.1 froa AISC p.5-124'>; 
writeln(' fixed-fixed 
writeln(' fixed-pinned 
Nritelnl' rotation fixed/translation free-fixed 
writeln(' pinned-pinned 
writeln(' fixed-free 
writeln!' rotation fi~ed/translation free-pinned 

end; {of Definition} 

procedure Data!var A,Fy,Kx,Ky,lx,lv,rx,ry:reall; 
begin 

writeln;writeln; 
writei'A= '};readlniAl: 
writel'Fv= 'l;readln!Fyl; 
writelnl'tft X Axis Properties ttt'i; 
write('Kx= 'l;readln(Kx>; 
write('lr.= 'l;readlnilx): 
writet'rx= 'l;readln(rxl: 
writeln('ttt Y Axis Properties ttt'l; 
write!'Ky= 'l;readlntKyl; 
write('ly= ');readln\lyl: 
write('rv= 'l;readln!ryl 

end; {of Data} 

procedure Echo(A,E,Fy,Kx,Ky,lx,ly,ri,ry:reall; 
begin 

clrscr; 
writelni'Echo Properties',; 

0.65'); 
0.90'): 
1.20'}; 
1.00'); 
2.10'}; 
2.00'); 

writelnl'General: A=',A:6:2,'sq in, E=',E:b:O,'ksi, Fy=',Fy:4:0,'ksi.'l; 
writeln('X Axis: Kx=',Kx:4:2,', lx=',lx:6:3,'ft, rx=',rx:b:3,'in.'l; 
writelnl'Y Axis: Ky=',Ky:4:2,', ly=',ly:b:3,'ft, ry=',ry:b:3,'in.'l 

end: (rsf Echo} 

procedure Busywork(var A,Fy,Kx,Ky,lx,ly,rx,ry:reall: 
begin 

Definition; 
Data(A,Fy,Kx,Ky,lx,ly,rx,ryl; 
Echo(A,E,Fy,Kx,Ky,lx,ly,rx,ryl 

end; {of Busywork} 

function ErrorCheck(SR:reall:Boolean; 
begin 

if SR> 200 
then ErrorCheck:=True 
else ErrorCheck:=False 

end; {of ErrorCheck} 
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function SepiiratingPoint(E,Fy:real):ieal: 
begin SeparatingPoint:=sqrtl2tPitPitE/Fyl end:. {of SepaiatingPoint} 

procedure SlendernessRatiolvar Kx,Ky,lx,ly,rx,ry,SR:real; var Axis:charl; 
begin 

if IKxtlx/rxl >= IKytly/ry) 
then begin 

SR:=Kxtlxt12/rx; 
Axis:='X'; 

end 
else begin 

SR:=Kytlyt12/ry; 
Axis:='Y' 

end; ( 1 f} 
end: (of SlendernessRatio} 

procedure BackgroundCalcslvar CC,Fv,Kx,Ky,lx,ly,rx,ry,SR:real: var Axis:char; var Error:Booleanl: 
begin 

CC:=Separ at i ngPc, int I E,Fy I: 
SlendernessRatiolKx,Ky,lx,ly,rx,ry,SR,Axisl; 
Error:=ErrorChecklSRI 

end: (of BackgroundCalcs} 

function ShortColuan!Fy,GR:reall:real: 
begin 

ShortColu1n:=Fyt(l-6R+6R/2l/15/3+6Rt!3-SRtSRl/81 
end; (of ShortColu~n} 

function longColu1nlE,SR:reall:real; 
begin 

longColu1n:=12tPitPitE/(23tSRtSRl 
end: (of LongColuen} 

procedure Output(PA,SR:real; Axis:charl; 
begin 

Mriteln;writeln;writeln: 
writeln('The ',Axis:2,' Axis controls.'); 
writeln('The Slenderness Ratio= ',SR:9:51; 
~ritelnl'The allowable axial load= ',PA:7:21 

end; {of Output} 



procedure Load(A,CC,E,Fy,SR:real: Ax1s:charl: 
var PA:real; 
begin 

if SR<= CC 
then PA:=AtShortColu1nlFv,(SR/CCII 
else PA:=A•LongColu1n(E,SRl; 

Output!PA,SR,Axisl 
end; {of Load} 

procedure ErrorMessage(SR:real: Axis:charl; 
begin 

writeln;writeln:wr1teln;wr1teln; 
writeln!'•••• ERROR ••••'l; 
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writelnl'SR=',SR:6:2,' about the ',Axis:1,' Axis.'); 
writeln('AISC allows a 1ax SR= 200. 'l: 
writelnl'Please check your input data.') 

end; {of ErrorNessage} 

procedure Calculations!A,Fv,Kx,Ky,lx,ly,rx,ry:reall; 
var CC,SR:real: Aiis:char; Error:Boolean; 
begin 

BackgroundCalcslCC,Fv,Kx,Ky,lx,ly,rx,ry,SR,Axis,Errorl; 
1 f E,rrir 

then ErrorNessagelSR,Axisl 
else LDadlA,CC,E,Fv,SR,Axisl 

end; {of Calculations} 

begin 
BusyworklA,Fy,Kx,Ky,lx,ly,rx,ryl; 
Calculations(A,Fv,K~,Ky,lx,ly,rx,ry) 

end. (of progra1 ColumnAllowableLoad} 



CE 4980 Problem Set 5 Due: Feb. 21, 1986 

LINEAR REGRESSION ANALYSIS 

Engineers frequently perform experiments which yield 
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 is the intercept, and b the slope of the line 
passing through the data points. The values of a and bare 
determined so that the straight line passes through the data 
points with the least error. 

The 
through 
squares 
squares 
the line. 

most widely used technique for titting a 
a series of observed data points is the 
method. The least squares mehtod minimizes 
of the error between the observed data points 

The error associated with each point is 

A 
e~ = Yi. - Y4 = Yi - ( a + bx~ 

1 i ne 
least 

the 
and 

where e· I. 
observed 

the 
value 

(Fi9. 

ith ,,.. 
Yi. 

error is the difference between the 
is the ordinate of the fitting straight 

1 i ne at Xi. 1 ) • 

y 
• 

Yi. 

I • 
I 

y =a+ bx 

X 

Fig. 1 Regression line and error associated with a 
point (x~ ,y;_). 

The sum of the squared errors is 
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n 
s = L e-2. 

I. 

i=l 

n 
= L. [ y~ 

i=l 
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- ( a + bx· l Jz 
' 

This sum can be minimized ~,ith 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 

)S n 
= -2 L [ y~ - < a + bx;. l J =O 

)a i =1 

';)S n 
= -2Lxi[Yi. - (a+ bxi,lJ = 0 

~b i =1 

The solution of the above simultaneous equations gives 

b = 
Lx/· 

a= y - bx 

1 
where x = -Lx;. 

n 

- nxy 

- nx~ 

1 
and y = 

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 

r = [ L xi. 2 - C l / n l C L xi. l 2 J [ L. Yi.~ - C l / n l ( y. >2 J 

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 
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explained variation 
A Z. 

- Y, > 
r~ == = 1 -

total variation 

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 

= 
aL y, + b Lxi. Yi. - ( 1 / n > < LY, >.a 

~y-Z L., - < 1 , n > c LYt ,2 

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

n-2 n-2 

It measures how close the predicted values y is to the 
measured value y. 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 

- a~yi. - bLXi. Yi. 

n-2 

Write a program to fit a straight line to a set of 
observations <xl,yl>, (x2,y2>, ••• , (xn,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) 

-~- _ _y_ -~- _ _y_ -~- _y_ _ !i_ _x _ 
105 44 330 143 435 208 97 52 
511 214 211 112 275 138 187 103 
401 193 332 155 55 34 266 110 
622 299 322 131 128 73 

n = 15 a = 7.939797 b = 0.4418759 
r = 0.986136 r• = 0.9724646 Sx = 12.49375 
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10 CLS: DEFINT I,N 
20 PRINT "--- LINEAR RE6RESSION ANALYSIS ---': PRINT 
30 PRINT 'THIS PRO6RAN USES THE LEAST SQUARES METHOD TO DETERMINE" 
40 PRINT "THE SLOPE AND INTERCEPT OF THE LINE WHICH BEST FITS YOUR" 
50 PRINT "N DATA POINTS. THE CORRELATION COEFFICIENT, THE COEFFICIENT OF" 
60 PRINT 'DETERl'IINATION, AND THE STANDARD ERROR ARE ALSO CALCULATED." 
70 ' 
80 '-------- INPUT -----------------------------------------------------------
90' 
100 'INITIALIZE ALL SUl'IS TO ZERQ SO SE'.'ERAL PROBLEMS MA\' BE RUN rN SEQUENCE. 
110 ISUN=O: YSUM=O: XYSUM=O: X2SUM=O: Y2SUM=0 
120 INPUT "N= ":N 
130 FOR I= l TON 
140 PRINT • x•;1;•,Y 1':1:a = ·:: INPUT XI.YI 
150 XSUM=XSUM+XI: YSUM=YSUM+YI: IYSUM=XYSUM+iltYI 
160 X2SUM=l2SUl'l+XItXI: Y2SUM=Y2SUM+YltYI 
170 NEXT I 
180 ' 
190 '-------- CALCULATIONS ---------------------------------------------------
200 XBAR=JSUM/N: YBAR=YSUM/N 
210 'SLOPE: 
220 B=IXYSUM-NtXBARtYBAR111125UM-NtlBARtXBARl 
230 'HiTERCEPT: 
240 A=YBAR-B•XBAR 
250 'CORRELATION COEFFICIENT: 
260 R=IXYSU!1-XSU!1tYSU11/Nl/SQRl!l2SUM-XSUM1XSUM/N}tlY2SUM-YSUMtYSUM/Nll 
270 'COEFFICIENT OF DETERMINATION: 
280 R2=1A•VSUM+BtXYSUM-YSUM•YSUM1Nl1112SUM-VSUMtY5UMiNI 
290 'STANDARD ERROR: 
300 SE=SQRl!Y2SUM-AtYSUN-BtXYSUMl/lN-2ll 
310 ' 
320 •-------- OUTPUT ---------------------------------------------------------
330 CLS: COLOR t,0,8 
340 PRINT "tttttft RESULTS OF LINEAR RE6RESSION ANALYSIS ttttftt": COLOR 2,0,9 
350 PRHH :PRINT N:" DATA POINTS WERE USED IN THE ANALYSIS.•: COLOR 3,0,10 
360 PRINT :PRINT " Y: •::COLOR 4,0,10:PRJNT A::COLOR 3,0,10:PRINT " t •; 
370 COLOR 4,0,10:PRINT B;:COLOR 3,0,10:PRINT • I." 
380 COLOR 5,0,11:PRINT :PRINT "CORRELATION COEFFICIENT= ";R 
390 COLOR b,O, 12:PRINT "COEFFICIENT OF DETERMINATION : ":R2 
400 COLOR 7,0,13:PRIMT "STANDARD ERROR= ":SE 
410 END 
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piograa linearRegressionAnalysis; { Least Squares Method 

var n:integer; xsu1,ysu1,xysu1d2su111,y2suii:real; 

procedure Initializelvar xsu1,ysu1,xysu1,x2su1,y2su1:reall; 
begin 

xsu1:=0; 
'(SUl:=0; 
xysua:=O; 
x2sua:=O; 
y2su1:=0 

end; {of Initialize} 

procedure Su1slxi,yi:real; war xsum,ysu1,xvsum,~2sum,y2su1:reall; 
begin 

xsu1:=xsu1+xi; 
ysu111:=ysu1+yi; 
xysu111:=xysu1+xityi; 
x2sua:=x2su1+x1txi; 
•12su1 :=y2su11+y i tyi 

end; {of Su11s} 

procedure Datalvar n:integer; var xsu1,vsu1.~ysu1,x2sum,v2su&:real); 
var !:integer; xi,yi:real: 
begin 

lnitializelxsu1,ysu1,xvsu1,x2su1,y2suml; 
writelniwriteln; 
writei'n= 'l;readlnln); 
for I := 1 ton do begin 

write!' x',I:1,' y',I:1,' = 'I; 
readlnlr.i,yil; 
Su1slxi,yi,xsu1,ysu1,xysu1,~2su1,y2su1I 

end: [of for .•• do} 
end: {of Data} 

procedure Definition; 
begin 

clrscr; 
writeln('--- Linear Regression Analysis ·1: 
writeln; 
writelnl'This piograa uses the least squares method to fit a stiaight'I: 
writelnl'line ton data points. The input requiied is: n, the 'I; 
writelnl'nu1ber of data points and xi yi, the ielated data points,'}; 
writelnl'where i = 1 ton,') 

end; (of Definition} 
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prcccedure Busywork(var n:integer: var xsu1,ysu111,xysu1,x2su11,v2su1:reall: 
begin 

Definition; 
Data(n,xsu1,ysu1,1ysu1,x2su1,y2su1l 

end: {of Busywork} 

function Slopelxysua,xbar,ybar,x2su1:real: n:1ntegerl:rea!: 
begin Slope:=l1ysu1-ntxbartybarl/(x2su1-n•xbartxbarl end; Cof Slope} 

function Interceptlybar,b,xbar:reall:real: 
begin lntercept:=ybar-btxbar end: [of Intercept} 

procedure Lineln:1nteger; xsu1,1su1,iysu1,x2su1:real: var a,b:reall: 
var xbar,ybar:real; 
begin 

1;bar :=•sua/nj 
vbar:::isu:11/n; 
b:=Sl~~~•~vs~1,xbar,ybar,~2su1,nl: 
a:=lntercept(ybar,t,~D:;J 

end; {of Line} 

function Correlationlxysu1,xsu1,ysu1,x2su1,y2su1:real; n:inteqer!:iei'.i 
begin 

Correlation:=lxysu1-xsu1tysu1/nl/sqrt(lx2su1-xsuttxsu1/n)tly2su111-ysu1tysu~/nll 
end: {of Correlation} 

function Deter1inationla,ysu1,b,xysu1,v2su1:real; n:integerl:real: 
begin 

Deter1ination:=latysu1tbtzysu1-ysu1tvsu1inlily2sut-vsu1tJsum/nl 
end: (of Deter,ination} 

function StandardErrorly2sum,a 1ysu1 1b,xysu1:real: n:integerl:real; 
begin StandardError:=sqrtl(y2sua-atysum-btxysu;l/ln-2ll end; 

procedure lndicators(n:integer; xsum,ysu1,xysu1,x2su1,y2su1,a,b:real; 
var r,r2,se:reall; 

begin 
r:=Correlatio~lxysu1,xsu1,ysu1,x2su1,~2su1,nl: 
r2:=Deter11nationla,ysum,b,xysu1,y2sum,nl: 
se:=StandardErrorly2su1,a,ysu1,b,xysu~,nl 

end: {of Indicators} 
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procedure Outputla,b,r,r2,se:real; n:integHl: 
begin 

clrscr; Mriteln; Mriteln; 
writelnl'ttt Results of Linear Regression Analysis ttt'l; 
Mr1teln: 
\JiTiteln('input consisted c,f ',n:1,' data pe;ints.'}: 
11riteln: 
writelnl'Y= ',a:11:9,' + ',b:11:9,'X.'l; 
nriteln; 
writelnl'Correlation Coefficient= ',r:12:9); 
writelnl'Coeff1cient of Deter11nation = ',r2:11:91; 
writelnl'Standard Error= ',se:12:Bl 

end; (of Output} 

procedure Calculationsln:1nteger: xsu~,ysum,iysu1,x2su~,y2su1:reall; 
var a,b,r,r2,se:real; 
begin 

Lineln,1su~,ysu1,xysu1,i2su1,a,b); 
lndicatorsln,xsum,ysu1,1ysum,~2sum,y2sum,a,b,r,r2,sel: 
Output(a,b,r,r2,se,n) 

end: {of Calculations} 

begin 
Busyworkln,xsu1,ysu1,1ysu1,x2su1,y2su1l: 
Calculations(n,xsum,ysum,~ysu1,x2sum,y2suml 

end. (of progra1 L1nearRegress1onAnalysis} 



CE 4980 Problem Set 6 

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

Your program 

al 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. 

bl generating x and y values from a 
function. The number of points generated will 
by user input. 

user defined 
be determined 

Store 
y ( ) • 

the x and y values in two arrays named X< 

Write separate subroutines to: 

al Obtain user input. 

bl read the coordinates from the data file. 

and 

cl generate x and y values from the user defined function. 

dl compute the maximum and minimum nalues of x and y. 

el perform necessary scaling and transformations from world 
coordinates to screen coordinates. 

fl draw the graph in high resolution mode. 

125 
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10 CLS 
20 '-------- INTRO ----------------------------------------------------------
30 PRINT •THIS PROGRAN WILL PLOT A SIMPLE X-Y GRAPH FROM EITHER A USER" 
40 PRINT "DEFINED FUNCTION DR FRON A FILE NAl'IED GRAPH.DAT. THE DATA FILE• 
50 PRINT "MUST CONTAIN THE ~IUNBER OF POHITS TO BE PLOTTED 1N THE FIRST" 
60 PP.IIH "RECORD. SUBSEQUENT RECORDS 11UST CONTArn AN X '..'ALUE FOLLOWED BY" 
70 PR INT "A Y VALUE. FOR A USER DEF !NED FUilCT !OIi iHE FmlCTl ON !'!UST BE CHANGED" 
30 PRINT "PRIOR TD RUNNHl6 THE PR06f@\, THEN 'IOU WILL BE ASKED FOR THE !WMBER" 
90 PRINT 'OF POINTS TO BE PLOTTED, N, AND FINALLY YOU WILL BE ASKED FOR XNAI" 
100 PRINT "AND Xl'IIN. THE PR06RAl'1 WILL THEN WIERATE THE X VALUES AND THE" 
110 PRINT "Y VALUES." 
120' 
130 '-------- USER DEFINED FUNCTION -----------------------------------------
140 DEF FNFIXl=3tSIN12.5tlltSINl20tll 
150 ' 
160 '-------- DEFINE INTEGERS -----------------------------------------------
170 DEFINT I,J,K,L,N 
180 ' 
190 '-------- CONTROL TO FILE OR TD FUNCTION --------------------------------
199 PRINT :PRINT :PRINT :PRINT 
200 PRINT 'INPUT: 1 -FOR DATA FILE OR 2 -FOR USER CONTROLLED INPUT.• 
210 INPUT "WHICH l'!ODE ARE 'IOU CHOOSING": MODE 
220 IF MODE<> I AND MODE<> 2 THEN PRINT "TRY AGAIN PLEASEl":SOTD 190 
230 MODE~=CINTiMODEI 
240 ON l'IODE¾ GOSUB 1000, 2000 
250 IF MODH = 1 THEN SOSUB 4000 
260 G05UB 5000 
270 GOSUB 6000 
280 GOSUB 7000 
290 ENu 
300 . 
310 ' 

' IOOO=GRAPH FILE 2000=USER INPUT 
' I l'IIN/l'IAI ONLV IF GRAPH FILE 
' Y l'IH-lil'IAX 
' SCALING~ TRANSFORMING FUNCTIONS 
' DRAW THE GRAPH 

1000 '-------- READ GRAPH FILE ----------------------------------------------
1010 ' 
1020 'GENERATES l(l) t Y(I) FROl'I FILE GRAPH.DAT 
1030 OPEN 'B:GRAPH.DAT" FOR INPUT AS 11 
1040 INPUT 11,N 
1050 011'1 llNl,Y!N1 
1060 FOR I = 1 TON 
1070 INPUT 11, X(ll, Y(Il 
1080 NEXT I 
1090 CLOSE 11 
1100 RETURN 
1110 ' 
1120 ' 
2000 '-------- USER INPUT ---------------------------------------------------
2010 ' 
2020 'SET NUMBER OF POINTS 
2030 INPUT 'HOW NANY POINTS DO YOU WANT TO PLOT TODAY':N 
2040 ' 



2050 'Dil'IENSION ARRAYS 
2%0 DIii X<Nl, Y!Nl 
2070 ' 
2080 'ASK FOR RANGE OF X(!} 
2090 INPUT 'XM!N= ':JMIN 
2100 INPUT 'XMAX= ":XMAl 
2110 ' 
2120 SOSUB 3000 
2130 RETURN 
2140 ' 
2150 ' 
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' GENERATES X ANDY VALUES 

3000 '-------- GENERATE X ANDY VALUES --------------------------------------
3010 ' 
3020 'CALCULATE I NTERWsL LHlGTH 
3030 DX=W1AX-XM!Ni/,N-1i 
3040 ' 
3050 'FIRST 'JALUES 
3060 H1l=mN 
3070 Ylll=FNFIXll}I 
3080 ' 
3090 'SUBSEQUENT VALUES 
3100 FOR J = 2 TON 
3110 IIJl=Xil-ll+DX 
3120 YIJl=FNFIIIJII 
3130 NEXT J 
3140 ' 
3150 RETURN 
3160 ' 
3170 ' 
4000 '-------- I MIN;l1AI ----------------------------------------------------
4010 ' FINDS MIN!NUM MID MAXHIUM VALUES OF X(!} 
4020 XMIN=X I 1) 
4030 XIIAX=X(l 1 
4040 FOR I = 2 TON 
4050 :F XIII < IMIN THEN IM!N=l!II 
4060 IF lill > IMAX THEN XMAX=Xlll 
4070 NEXT I 
4080 RETURN 
4090 ' 
4100' 
5000 '-------- Y IIIN/MAX ----------------------------------------------------
5010 ' FINDS IIINIIIUl1 AND MAXIIIUM 'H1LUES OF '/(I) 
5020 YIHN=YI 1} 
5030 /MAX=Y I 1 I 
5040 FOR I = 2 TON 
5050 IF Y(l} < YMIN THEN '/MIN=Y(ll 
5060 IF VIII } YMAX THEN YNAX=Ylll 
5070 NEXT I 
5080 RETURN 
5090 ' 
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5100 ' 
6000 '-------- SCALING AND TRANSFORl'IINS I AND Y COORDINATES -----------------
6010 'DEFINE FUNCTIONS FOR SCALING AND TRANSFORMING WORLD COORDINATES TO 
6020 ' SCREEN COORDINATES. 
6030 DEF FNXTRANSIMAl,MIN,Z!=CINT(&OOt!Z-MINl/iMAX-MINl+351 
6040 DEF FNYTRANSIMAl,l'llN,Z1=CINTll60tlMAX-Zl,iMAI-MINl+lll 
6050 RETURN 
6060' 
6070 ' 
7000 '-------- DRAW GRAPH ---------------------------------------------------
7010 CLS: KEY OFF 
7020 SCREEN 2 
7030 LOCATE 2,37 

. HIGH RESOLUTION GRAPHICS SCREEN 

7040 IF MODE = 2 THEN PRINT "FUNCTION Fllt' 
7050 IF MODE= 1 THEN PRINT "FROM GRAPH.DAT' 
7060 LOCATE 24,39: PRINT "ABSCISSAS' 
7070 LOCATE 8,1: PRINT 'D': LOCATE 9,1: PRINT "R': LOCATE 10,1: PRINT 'D" 
7080 LOCATE 11,1: PRINT 'I": LOCATE 12,1: PRINT 'N": LOCATE 13,1: PRINT "A' 
7090 LOCATE 14,1: PRINT 'T": LOCATE !5,l: PRINT "E": LOCATE 16,1: PRINT 'S' 
7100 LOCATE 2,1: PRINT YMAI 
7110 LOCATE 22,1: PRINT YMIN 
7120 LOCATE 23,5: PRINT Xl'IIN 
7130 LOCATE 23,73: PRINT IMAX 
7140 IF IMIN >= 0 THEN LlNE135,173l-135,91 
7150 IF Xl'IAI <= 0 THEN LINEl635,1731-(635,91 
7160 IF YMIN >= 0 THEN LINEl33,171l-1640,1711 
7170 IF YMAI <= 0 THEN LINEl33,11l-(640,111 
7180 IF XMJN < 0 AND IMAX> 0 THEN II=FNXTRANSIXMAl,IMIN,Ol:LINE1Il,l76l-!ll,9'. 
7190 IF YMIN ( 0 AND YMAI > 0 THEN JJ=FNYTRANSIYMAX,YMIN,Ol:LINE!30,JJ'-(640,lll 
7200 PSETIFNXTRANSIXMAl,XMIN,Xllll,FNYTRANSIYMAX,YMIN,Ylllll 
7210 FDR K = 2 TD N 
7220 LINE-1FNXTRANSIIMAl,lMIN,X!Kil,FNYTRANSIYMAl,YMIN,YIKll: 
7230 NEXT K 
7240 TOENDS=lNKEYl 
7250 IF TOENDS = • • THEN 7240 
7260 SCREEN 0,1: COLOR 4,0,l: LOCATE 13,27: KEY ON 
7270 PRINT "FINISHED GRAPHING POINTS!" 
7280 LOCATE 24,1: RETURN 

program 6raphPu1nts; 

type matrix= array[l .• 6001 of real: 
var Caseno:integer; 



function Flx:real):real; 
begin 

F:=0.08727tcos(2/2tx)tcosi20txi 
end; (of Fix)} 

function ltranslX1a1,l11n,XI:reall:integer: 
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begin 
Xtrans:=Roundlb00tlXl-X11nl/ll1ax-X11nl+351 

end; (of xtrans} 

function Ytrans(Y1ax,Y1in,Yl:reall:integer: 
begin 

Ytrans:=Round(lb0tlYsax-YI1/IYmax-V11nl+ll) 
end: {of Ytrans} 

procedure MinMax!N:integer: A:aatrix: var Aea~,Amin:reall: 
var !!:integer: 
begin 

Aaax:=A[l}: 
Aein:=IH I J; 
for 11:= 2 to N do begin 

if A[llJ > Aeax 
then A1ax:=A[lll 
else if A[lll < Ajin 

then Atin:=A[ll] 
end{ f Oi} 

end; [of MinMax} 

procedure ValueslN:integer; var X,Y:tatrix: Xmax,X1in:real): 
var 11:integer: 

dx :real; 
begin 

dx:=IX1ax-X1in)/IN-tl; 

YC 1 l :=F Oainl: 
for II:= 2 to N do begin 

X[lll:=X[Il-ll+dx: 
Y[ll J :=F (X[ IIJ l 

end; {for} 
end; [of Values} 



procedure Titles; 
begin 

6otoXY(37, 1l i 
6otoXY(39,25): 
So torn 1 ,Bl; 
SotoXYll,9); 
GotoXY( 1,10!: 
Gotom 1,111: 
6otoXV11,12); 
GotoXY(l,13); 
6otoXY(1,14l; 
SotoXY U, 1'5l; 
6otorn1,1bl; 

end: {of Titles} 

writel'Function Fix)'); 
write('Abscissas'); 
liiite('O'}; 
;irite('r'); 
write ( 'd' ) ; 
11rite1'i'); 
write('n'l; 
writel'a'l; 
writel't'l; 
11ri te( 'e' l; 
write! 's'); 

procedure Labels!X1ax,l1in,Y1ax,Yain:reall; 
begin 

6c,toXY(1,2J; 
Sotorn 1,22i: 

writelYmax:S:21; 
write(Ymin:8:2l; 

6otoXY1'5,23); write(Xmin:3:2}; 
GotoXYl73,23l: liritelliax:8:21 

end: {of Labels} 

procedure Axesllmax,lmin,Ymax,V1in:reall; 
var 11,JJ:integer; 
begin 

if X11in >= 0 
then drawl35,173,35,9,1l; 

if X.ax <= 0 
then drawlb35,173,b35,9,ll; 

if V11in >= 0 
then draw(b7,171,b40,171,1l; 

if Y1ax <= 0 
then draw(b7,11,b40,11,lli 

if (X1in < Ol and IX1ax > Ol then begin 
II:=Xtransll1ax,X1in,O.Ol; 
drawlll,173,II,9,ll 

end;Cif} 
if !Vain< Ol and IY1ax > 01 then begin 

JJ:=YtranslY1ax,Ymin,O.Ol; 
drawl33,JJ,b40,JJ,1l 

end;{if} 
end; {c,f Axes} 

130 
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procedure Points(N:integer; X,Y:iatr\~; Xmai,l11n,Y~a1,Y1in:reall: 
var K,I1,I2,J1,J2:integer: 
begin 

!1:=Xtrans(X1ax,X1in,l[lll: 
Jl:=YtranslY1ax,Y11n,Y[IJI: 
for K:= 2 to N do begin 

12:=XtranslX1ax,l11n,l[KJI: 
J2:=Ytrans!Y1ax,Y1in,Y[Kll; 
draw(l1,J1,12,J2,11; 
11 :=12: 
J1 :=J2 

end;{for} 
end; {of Points} 

procedure Fro1File(var N:1nteqer; var X,Y:matrii; var lmax,Xsin,Yaax,Ymin:reall; 
var GraphDat :text: 

: integer: 
XI,Yl :real; 

begin 
ass1gn(6raphDat,'6RAPH.DAT'I: 
reset!GraphDatl; 
read(6raphDat,Ni: 
for I:= 1 to N do begin 

readl6raphDat,Xl,Yll: 
X[l J :=XI: 
Y[IJ:=YI 

end:Cfor} 
close(6raphDatl: 
MinMax(H,X,l1ax,X~in1: 
NinNax(N,Y,Y1a1,Y11nl 

end; (of Fro1File} 

procedure Equationlvar N:integer; var 1,Y:~atrix; var l1ax,lm1n,Y~ax,Yiin:reall: 
begin 

writeln;writeln; 
writel'What is the nu1ber of points you wish to plot? 'I: readlnlNI: 
writeln; 
write( 'X.in = 'l; readlnlhinl: 
write('Xn!ax = 'l: readlnnmad; 
ValueslN,l,Y,X1ax,X1inl; 
MinMaxlH,Y,Y1ax,Y11nl 

end; [of Equation} 
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procedure Driw(N:integer; X,Y:&atrix: x~a~,X~in,Y&ax,Yein:reall: 
begin 

clrscr; 
HiRes: HiResCulor(~i: 
Titles; 
labelslX1ax,Xain,Y~ax,Ym1ni: 
Axes(laax,X1in,Y~ax,Yminl: 
PointslN,l,Y,X1ax,lm1n,Yma%,J~inl: 
repeat until KevPressed: 
Textllode; 

end; (c,f Draw} 

prucedure Intro: 
begin 

writelnl'This program will plot a s1~ple 1-Y graph.'); 
wr1telnl'The progra~ will allow \DU to read froe a data file named'); 
wri tel rd 'GRAPH.DAT c,r use a usei defined funct,on. For the datii file' l: 
111r1telnl'M, the nu1ber of pu1nts plotted is 1n the first record,'): 
writelnl'then subsequent records contain 1(11 and Y[ll. Fur user'); 
writeln('def1ned functiuns N will te the nu~ber of points evaluated'); 
writeln('and plotted IN 1s input through the keyboard), Imai and'I; 
~r1telnl'Xmin will be entered defi~1ng your rangE. l[ll and Y[ll'I: 
writeln( 'will be coillputed and trien plc,tt2d.'): 

end: (of Intro} 

procedure Questionslvar Caseno:1ntegerl: 
begin 

writeln:writeln;writeln;writeln; 
wr1teln('lnput Choices: 
writeln(' 
writeln: writeln: 

- fur data file' 1; 
2 - for user defined function'); 

writel'Caseno = 'l; readlnlCasenol: 
writeln:writeln: 
if ICaseno <> 11 and ICaseno (> 21 then begin 

writeln;writeln; 
writeln\'ttttt ERROR ttttt'l; 
writelnl'Your case entry was out of range.'); 
writeln('You will need tc, restart fro111 the beginning 1'l: 
writelnl'To do so 1ust strike the R key.'l 

end; Ci f} 

if Caseno = 1 then begin 
writeln; writeln; 
writeln('You have chosen to use input from file GRAPH.DAT') 

end:Cif} 
if Caseno = 2 then begin 

writeln;writeln: 
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•riteln('You have chosed to use input fro1 function Fix) lline Sl'l: 
•riteln('If you have not changed this function the graph dra~n'l; 
writelnl '•ill not be as you anticipate.') 

end;{if} 
end; {of Questions} 

piocedure SubaainlCaseno:integeil: 
vai N:integer; 

X,Y:11atrix; 
X1ax,X1in,Y~ax,Ymin:real; 

begin 
if Caseno = l 

then Fro1FilelN,X,Y,X1ax,l11n,Y1an,Ym1nl; 
if Caseno = 2 

then EquationlN,X,Y,X1a1,liin,Y1ax,Ym1nl: 
if (Caseno = 11 or ICaseno = 21 

then DraNIN,X,Y,X1a1,l1in,Y~ax,Ytinl; 
end: (of Sub1ain} 

begin 
clrscr; 
Intro; 
QuestionslCasenol: 
Subriain!Casenoi 

end. [of progra1 SraphPoints} 
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Progra1 Fra1e; {11-4-86} 
{SI SRAPH.P} 
{••····················••*••+tttffftftttffttftftttttttfffftttfttffttftf.f.f.ff.ff 
* PROGRAM FUNCTION t 
tttttf.tfffffffttffffftfttfftttttttttttttfff.ffttttttftf.ffttftfffttfttfttf.ttff 

The program perforas the IDatrix displace1ent analysis lfig. 3.9) 
of plane fra1es coaposed Df pristatic meabers, which may have 
distinct geo1etric and iaterial properties. It handles multiple 
load conditions. Each load condition iay consist of joint loads 
and co1binations of the following me1ber actions: a concentrated 
load at any point of a ~ember lfig. A.91, a uniforQly distributed 
load over any portion of the ieaber (fig. A.IOI, an axial load 
acting at any point on the 1e1ber (fig. A.Ill, a uniformly 
distributed axial acting over the entire me1ber, a linearly varying 
(triangular) distributed load acting over a user defined distance, 
a 1e1ber 11perfect1on l1e1ber is not the right length or is bent I, 
and a unifor1 teaperature change leq. 4.233 with Delta T = 01. 
The fra1e 1ay have internal hinges. Joint desplace~ents, such as 
joint settle1ents, may be prescribed. Prescribed JDint displace~ents 
are treated according to the Penalty Hethod (Bathe, p.71 of Holzer's 
text} as dof at the eleaent level. 

const ax=30; ~xneq=90; title='PLAHE FRAME ANALYS!S'; 
units='UNITS: kip, inch, radian, fahrenheit"; 

tvpe RP=real: 
Hatr1,=array[l .• mxneq,l .. ~xneql of "RP: 
Loaddisp=array[l .. mineq] of ARP; 
Elemprops=array[l .. mxl of "RP: 
Disp=array[l •. 6] of 'RP; 
Force=arra¥[1 .• b,1 •• 1xl of ARP: 
Gstiff=array[l •• 7] of ARP; 
Jfcatrix=array[1 •. 3,1 .• 1x] of "RP; 
Gcoords=array[l .• 2,1 .. axl of ARP; 
Me1ber=arrav[l •• 6,l •• 1xl of integer; 
Act1ons=array(! .• 1xl of integer; 
Joint=array[l .. 3,1 .. axl of integer; 

.. b,1 .. 61 of integer: 
Incidence=array(l .• 2,1 .. mxl of integer: 
Jdisp=array(l .• 3,1 .. 1xl of real; 
Ocoords=array(l.,1xl of integer; 
Hdat=array[l .• 2,1 •. 601 of integer; 
S8=string[8]: 
S!l=string(lll; 
S14=string[14l; 
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'o',H fnile :514; date :SB; c:ri,dr :char: 
X :Gcoords; h :Hdat: FRO : S 11; 
f :Force; Q :Loaddisp: 
p :Jhatrix: :icode :Meaber: 
ss :l'latri~: JCude :Jesint: 
mine : Inc 1dence: na :Actions: 
area, i l, emod, cte, e 1 eng, cl, r·J :Eler.prnps: ...... 
ne, nj, nlc, le, neq, 11bd, nti, l • l : 1 nteger: 
outfile, infile : te:<t; 

(**f•*••·••*••············•*••····•ttttttftttttttttttttttttttf.ttftttttttttttt 
t UTIUTIES: NAX, M!M, and FS t 
·········································••ttttttttttfttttttttttttttfttttttt} 

function l'!Alla,b:integerl:1nteger: ( Returns the larger of a orb. 
begin 1f a >= b then NAX:=a else MAX:=b: end: [of MAX} 

function l'IINla,b:integerl:integer: ( Returns the s~aller of a vr b. 
begin if a<= b then l'IIN:=a else l'IIN:=b; end; {of MIN} 

function FSlcli,c2i,flx,flv:reall:real: Transfor~s local to global. 
begrn FS:=clltflx+c2itfly end: {of F5} 

{tttftttttttttttttttttttttttttttttfftttf.ftttttf.tttf.tfttttttttttttttttttttf:ttt 
f. CODES • 
tttttttf:ttttttttttttt••·••tttttttttttttttttttf:tttttttttttttttf:ftttftfttftttt} 

procedure CODES(var ~code:l'le~ber: Yar jcode:Joint: J1nc:lnc1dence: 
ne,nj:integer; var neq:integerl: 

Generate io1nt code, jcode, by assigning integers in sequence, 
by columns, to all nonzero eleaents of jcode fro1 1 to ~eq; 
generate the ~ember code, &code, by transferring via ~inc colu~ns 
of fcode into columns of 1code. 

Generate jcode: 

var i,j,k,l:1nteger; 
begin 

neq:=O; 
for j:=1 to nj do begin 

for l:=1 to 3 do begin 
if jcode[l,1J (} 0 then begin 

neq:=neq+l: 
jcode[lqJ:=neq; 

end;{if} 
end:{for} 

end;(for} 



Generate acode: 

for i:=l tone do begin 
j :=a ind 1, i l; 
k:=aincr2,iJ; 
for l:=1 to 3 do begin 

acode[l,iJ:=Jcode[l,jli 
mcode[l+3,il:=jcode[l,kl; 

endi{for} 
end;(for} 

end; {of CODES} 
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{fffffffffftfffffffffftfffffffttftftftffffftttttfttftttt+tt+++ttftffffttffttt 
t IIODM t 
fttftftfftfttftfftfffffftftffftfttt+t*ffttfffffffftttfftt+ttttftffftttfftfff} 

procedure IIODN!var 1code:Ne1ber; ne,1n,me:integer; var jdof:integerli 

llodi f-y acode for hinge in 11e11ber air,, at meaber end, i!le. 

var j,l:integer; 
begin 

if 1e=1 
then jdof:=mcode[3,1nl 
else jdof:=acode[b,mnJ; 

for j:=1 tone do begin 
for l:=1 to 6 do begin 

1f } jdof 
then 1code[l,jl:=1code[l,jl+l; 

en!li{for} 
end; (for} 

if •e=1 
then 1code[J,1nl:=1dof+l 
else acode[6,11nl:=jdof+1; 

end; (of l'IODN} 

{fffftttfffttfttfttfftftffffffftftftffffftffffffttttttfttttttttfttttttfftfttt 

t IIODJ * 
ttfftfftfftffftfttfttttttftftftfffffttt++++tttfftftttffffffttffffftttfftftff} 

procedure IIODJ!var jcode:Joint; nj,jdof:integer}; 

Nodifv jcode for hinge in member 1n, at end, 111e. 

var j,l:integer; 
begin 

for i:=1 to nj do begin 
for l := 1 to 3 do begin 

if jcode[l,jl > jdof 
then jcode[l,jl:=jcode[l,jl+l; 



end; {for} 
end; {for} 

end; { of NODJ} 
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(tttttttttttttt.tttttttttfttttftttf.ttttttt.tttttttttttttttttfttttttfftttttttttt 

t HINGE t 
ttttttfttttttttttttttttttfftttttttttttttttftttttt.ttttttttttttttttttftttttttt} 

procedure HIHGElvar 1code:Ke1ber: var jcDde:Jo1nt; ne,n1:integer: 
var neq,nh:integer: var h:Hdatl: 

Kodify ,code and jcode to account for degrees of freedo1 
introduced by internal hinges. 

var i,jdof,ae,an:integer; 
begin 

readlnlinfile,nh); 
for i:=I to 3 do writeln(outfile); 
if nh <> 0 then begin 

nr1teln(outfile,' 
writelnloutfile,' 

INTERNAL HINGES' I: 
Ke1ber 

for i:=I to nh do beg1n 
neq:=neq+I; 
readln(infile,an,mel: 

End' I; 

writelnloutfile,' ',~n:2,' 
MODNI 1code, ne, 1rrn, 11e, jdof I: 
MODJljcode,nj,jdof); 
h(l,il:=1n; 
h(2,il:=111e: 

end:(for} end 
else 

',it.e: I I: 

wr1teln!outfile,· 
end: {of HINGE} 

Fra1e has no internal hinges.'}: 

(ttttttttttttttttttttttttttttttttttttttttttttttttttttttttftttttttfttftttttttt 

• MB~ND t 
ttttttttttttttttttftttttttttttttfttttttttttttttttttttttttttttttttttttttttttt} 

function KBANDl1code:Ne1ber; ne:integerl:integer; 
( 

C01pute the half bandwidth, tband, by eq. 6.2: in each column of 
the first and last non2ero integers are the smallest and 

largest nonzero integers, respectively, of that rnlumn. MBAND is 
the 1axi1u1 difference of the nonzero integers in any coluin of 
11code. 

var i,il,idif,is,l,t1band:integer; 
begin 

hband:=O; 
for i:=I tone dG begin 
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l:=li 
while (1code[l,il=Ol and (1 oi de, 

l:=1+1; 
is:=1code[J,il, 
l :=b: 

11h1le lacode[l,il=Oi and 11 II do 
l:=l-1: 

il:=1code[l,il; 
id1f:=il-is: 
if idif} teband 

then tmband:=idif: 
end; {for} 

mband:=taband: 
end; { of l'IBAND} 

{tltttttttfttttttttttttftttttfttttttttttttf.tttttttf.ttttttttttttlttttttltf.ttft 

t PROP t 
tttttttttf.ttttttttftttttttttttttttfftttttttttftttttttttttttffttttttttffffttf) 

procedure PROPlvar x:Scoords: var area,zi,e&od,cte,eleng,cl,c2:Ele&props: 
minc:lncidence; ne,nj:integerl; 

Read and echo joint coordinates, i[l,1li cD1pute for each 
eletent by eqs, C.21 the length, eleng[il, and the direction 
cosines, cl[il, c2[iJ; read for each element the cross sectional 
area, area[il, the aoment of inertia about the local Zl3l-a~1s, 
zi[il, the 1odulus of elasticity, etod[il, and the coefficient 
of theraal e~pansion, cte[il: print element properties. 

var i,1,k:integer: ell,el2,tl,t2,t3,t4,t5:real; 
begin 

for i:=l to 3 do writelnloutfilel; 
writeln!outfile,' JOINT COORDINATES'); 
11ritelnlvutfile,' Jiiint Directic,n-1 Direction-2'); 
for j:=1 to nj do begin 

readlnlinfile,el1,el21: 
;; [ 1 , J Y' : =e 11 ; 
x(2,jJ':=el2; 
11ritelnloutfile,' 

end;{for} 
'' j :3,, 

for i:=1 to 3 do 11ritelnloutfile); 

',el 1 :3:2,' ',e12:8:2): 

Nritelnlvutfile,' ELENENT PROPERTIES'); 
Nritelnloutfile,' 

'Elastic 
•iitelnloutfile,' 

'Mc,dulus 

Tt,ernal'); 
Ele111ent 

Coefficient 
for i:=1 tv ne dv begin 

j:=minc[ 1, il; 
k:=1ind2,il; 
ell:=x(1,kJA-x(1,jJA: 

Area 
Length'); 

Mv11ent vf 

lnHtia 



el2:=x(2,kJA-x[2,jJA; 
eleng[iJA:=sqrt(el1tell+el2+el2): 
cl[iJA:=ell/eleng(iJA; 
c2[iJA:=el2/eleng(iJA; 
readln{infile,tl,t2,t3,t4l: 
area[1Y:=tl: 
;:i[il':=t2; 
e1od[il":=t3: 
cte[il":=t4; 
t5:=eleng[i]'; 
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writeln(outfile,' ',tl:12:4,' ',t2:12:4,' 
t3:12:4,' ',t4:12:4.' ',t5:8:3); 

end: (for} 
end; {of PROP} 

{ttttttttttttttttfff.tttttttttttfttttttttttftttttttttttttttttttttttttfttfttfff 
t STRUCT t 
tttttttttf.ttttttfttttttttttttttttttttttttfttttttttttftftf.ttfttttttf¼tff.tf.fff; 

procedure STRUCTlvar x:Gcoords: var area,z1,e1od,cte,eleng,c1,c2:Elemprops: 
var 1code:Me1ber: var jcode:Joint: var minc:Incidence: 
ne,nj:1nteger: ;ar neq,mbd,nh:integer; var h:Hdat: 
fnaae:514; date:581; 

Read and echo the ~e&ber incidences, mincll,il; initiali:e the 
ele1ents of the JOint code matri1,, jcode, tu unity, read the nulliber 
of io1nt constraints, njc; read and echo for each ioint constraint 
the the joint iitiflbet, inuKi, and jriir,t direction, Jdir, and i;tore a 
~ero in the corresprinding location of jcode: call CODES, KBAND, and 
PROP. 

var i,1,jdir,1nui,l,nic:integer; 
begin 

for i:=1 tD 3 do writelnloutfilel; 
-riteln!outfile,' MEMBER INCIDENCES'!; 
writeln(c,utfile,' Keaber a-end b-end'I; 
for i:=1 tone do begin 

readlnlinfile,1inc[l,il,1inc[2,ill: 
writelnloutfile,' ',i:3,' ',minc[l,il:3,' ',;inc[2,il:3l: 

end; {for} 
for j:=1 to nj do begin 

for l:=1 to 3 do 

end; (for} 
readlnlinfile,njcl; 
for i:=1 tD 3 do writelnloutfilel; 
writelnloutfile,' JOINT CONSTRAINTS'); 
writelnloutfile,' Joint Direction'); 
for i:=1 to njc do begin 

readlnlinfile,jnu1,jdirl; 



Kriteln(outfile,' 
jcode[jdir,jnu1l:=O; 

end; {for} 
CODESl1code,jcode,1inc,ne,n1,neql; 
HINGE I 11code, jcode, ne, n j, neq, nh ,h): 
1bd:=KBAND(1code,ne): 
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PROPl1,area,zi,e1od,cte,eleng,cl,c2,minc,ne,njl; 

end; {of STRUCT} 

{ttttttttttttttttttttttttttttftf.f.ttttttf.tff.f.tf.tttf.ttttf.tttftftttttttf.tttttttt 

t JLOAD t 
tttttttttttttttttttttttttttf.ttttttttttttftttftfttttttf.ttfttttttttttttttf.tttt} 

procedure JLOADlvar q:Loadd1sp: jcode:Jointl; 

Read the nunber of joint loads, nil; for nil tiees read the 
joint nuaber, inul, the JDint direction, Jdir, and the applied 

force, force, then pnnt inu&, idir, and force, and finally 
store force in q. 

var jfor:real; njl,1nua,jd1r,i,k:1nteger: 
begin 

readlnlinfile,njll; 
for i:=1 to 3 do wr1teln(outfilel: 
if njl <> 0 then begin 

writeln(outfile,' 
writelnloutfile,' 

J[]HH LOADS'); 
Joint Direction 

for i:=1 to nil do begin 
readlnlinfile,1nui,1dir,jforl: 
writeln(outfile,' ',jnua:3,' 
r.:=jcode[jdir,JnumJ; 
q[k]":= jfor; 

end;{for} end{then} 
else 

writelnloutfile,' 
end; {of JLOAD} 

ND JOINT FORCES'); 

Force'i; 

',jdir:1,' ',jfoi:10:3): 

(tttttttttttttttttttttfttttttttttfttttttf.tttttttf.tttttfttttttttfttttttttf.tttt 
t t 
tfttttttfttttttttttfttttttttftttttttttttttttftf.ttttttf.tftttftttttttttttttttt} 

procedure ASSEMFlf:Force: var q:Loaddisp; c1,c2:Elemprops: ;code:Me1ber: 
na:Actions; ne:integerl: 

Transform and assemble the local fixed-end forces, f[l,il, to 
produce the equivalent joint load vector, q, by eqs. 2.34, 2.37, 
3.92 - 3.94, and the force transforeation of section 2.4. 

var i,k,l:integer; 
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begin 
for i:=1 tone do begin 

if ni[il (} 0 then begin 
for 1:=I to 6 do begin 

k:=1code[l,i}: 
if k <> 0 then begin 

case l of 
1: q[klA:=q[k1'-F61cl[il",-c2[1JA,f[l,iJ~,f[2,iJAI: 
2: q[kJA:=q[kJA-FGlc2[1lA,cl[iJA,f[l,il •,f[2,iJAI: 
3: q[kJA:=o[kJA-f[3,1JA: 
4: q[k)A:=q[k)A-F61cl[il',-c2[i)A,f(4 1i}A,f(5,i]AI; 
5: q[kJA:=q[kJA-F61c2[1JA.cl[iJA,f[4,il",f[5,ilAI; 
6: q[k]":=q[k]A-f(&,1}': 

end;Ccase} 
end; Ci f} 

end; {for} 
end;Cif} 

end; (for} 
end: C of ASSEMF} 

(ftftfftfffffffttfff+fttffftfttffttftttttttfttftftffffffffffttftftttff.fffff.ff 

• MACT • 
fffffffffffffffttfftffffftfftffftfftfftfftfttfffftffftffffftfffttfff.ffftf.fft} 

prncedure IIACT(var f:Forcei l'ar q:Lc.addisp; area,:i,uod,cte,eleng,c1. 
c2:Ele1propsi mcode:Me1ber; var na:Actions; ne:integerl; 

Read the nu1ber of 1e1ber actions, n1acti for n&act ti1es read 
the member nuaber, mn, the meiber action tvpe, mat, the action, 
act, and the two distances, dist!, dist2,; print an, conpute and 
accuaulate the fixed-end forces; call ASSENF. 

var i,n1act,1n,1at:integer; act,distl,d1st2,el,a,so.st,b,p 1c.d:real: 
begin 

readln(infile,n1actl; 
for 1:=l to 3 do writeln(outfile1; 
if n1act <> 0 then begin 

writeln(outfi!e,' HEHBER ACTIOMS'l; 
11ritelntoutfile,' l'luber Type Actiun Distance-I Distance-2'1: 
for i:=1 to naact do begin 

readlntinfile,1n,1at,act,dist1,dist2l; 
writeln(outfile,' ',an:3,' ',mat:!,' ',act:10:3,' 

distl:8:3,' ',dist2:S:3l: 
na[1nJ:=na[1nJ+li 
case 1at c,f 

1: begin (11 CONCENTRATED VERTICAL LOAD tt} 
el :=eleng[mnY; 
a:=distl/eli 
f[2,anlA:=ft2,mn]A-acttll+atatl2•a-3lli 
ft3,~nJA:=f[3,anJ'-acttel+atll-al•ll-al; 
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ftS,1nl":=f[5,anJA+acttatatl2•a-3l; 
Hb,tnl": =fl 6, an J'+ac tte l •a•a• ( 1-a): 

end; { 1} 
2: begin {H UNlFORl'ILY DISTRIBUTED VERTICAL LOAD H} 

el:=eleng[11n]'': 
ses:=distliel; 
st:=dist2/el: 
a:=sttst+st•so+sotsc: 
b:=st•st•st+sttst•so+st*sotso+sotsotso: 
p:=actteli2; 
f[2,1n)A:=f[2,1n)A-pt(st-sol•l2-2•a+bl: 
f[3,an)A:=f[3,anJA-p•eltlst-so)tl6tlst+sol-Sta+3*bl/6; 
f[S,1nJA:=f[S,111nlA-pt(st-soltl2•a-bl; 
f[6,1nl':=f[6,1nlA+ptel•lst-solt14ta-3•bl/6; 

end:(2} 
3: begin (tt CONCENTRATED A~IAL LOAD tt} 

el :=eleng[11nr·: 
a:=dist1/el: 
f[1,1nl':=f[l,mn]A-actt(l-al; 
f[4,anJA:=f[4,1nJA-act•a; 

end;{3} 
4: begin (tt UNIFORMLY DISTRIBUTED AXIAL LOAD tt} 

el :=e leng[anl': 
p:=actteli2; 
f[l,mn]A:=f[1,11nl"-p; 
f[4,anl':=ft4,&nl'-p: 

end;{4} 
5: begin {H TRIANGULARLY DISTRIBUTED VERTICAL LOAD tt} 

el:=eleng[111nl': 
so:=dist1/el; 
st:=dist2iel; 
c:=3tsttst+2tsttso+sotso; 
d:=4tsttst•st+3•st•st•so+2tsttsDtso+so•so•so; 
p:=acttel/20; 
f[2,tnJA:=f[2,11nl"-ptlst-soltllO-Stc+2td)i 
f[3,1nl':=f[3,1nJA-ptelt(st-soltll0t(2tst+sol-10tc+3td)/3; 
f[5,anl':=ft5,anl"-ptlst-soltl5tc-2•dl; 
f[6,1nl":=f[b,1nl"+pteltlst-solt(Stc-3tdl/3; 

end; {5} 
b: begin {H ELEl'IENT IMPERFECTION H} 

el:=eleng[11n}"; 
a:=e1od[1nJA•zi[mnl"/lel+e!+ell: 
b:=area[mnJA•el•el/zi[~n)A; 
f[t,enl":=f[l,mnl"+atbtact; 
f[2,1n}':=f[2,mnl"+12•atdistl-6+eltatdist2: 
f[3,inlA:=f[3,mnl"+6+eltatdistl-2tel•el+atdist2; 
f[4,1nl":=f[4,1n}"-a•b+act; 
f[5,mn)A:=f[5,anlA-12+a+dist1+6+eltatdist2; 
f(6,mnl':=f[6,1nl"+6tel+atdist1-4telteltatdist2; 

end;{b} 
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7: begin {•• TENPERATURE CHANGE ••} 
p :=area[1nlA•e1od[1nJ'tc te[1nl·'•act; 
f[ 1,anl':=H 1,anl'+p; 
f[4,anJA:=f[4,anl'-p; 

end;{7} 
end; {case} 

end; (for} 
ASSENF(f,q,c1,c2,1code,na,nel; 

end 
else begin 

Mritelntoutfile,' 
end;Cif} 

end; {of NACT} 

NO MENBER ACTIONS'}; 

{fttftftftffftttftttftttttftttttttfffffftftffttfffftttfttttttttttffffffftfftt 
t LOAD t 
ftttftftftftffffffttfffftfffffftfffttffff·••ttffftttffftt•tttffftttfffftt•tt} 

procedure LOADt·var f:Force; var q:Loaddisp; area,e111od,cte,eleng,c1,c2: 
Ele1props; •code:!1ei1ber; jrnde:Joint; var na:Actions; 
ne,neq:integeri; 

Initialize to zero the joint load vector, q, the local element 
l1e1berl force vector, f, and the nuaber of actions vector, na; 
call JLOAD and MACT. 

var i,k,1:integer; 
begin 

for k:=1 to neq do 
q[kY:=O.O; 

for i:= 1 tone do begin 
na(i l :=O; 
for l:=1 too do 

Hl,il·':=O.O; 
end;{for} 
JLOAD(q,jcode i; 
NACT(f,q,area,zi,e1od,cte,eleng,c1,c2,1code,na,nel, 

end; {of LOAD} 

{ttfftftttttttttttttttttttttttttttttftttttftttftttttttttttttftfttftttftttfttt 

t DATA * 
ftffttfffffftttftttffftttfttfffttfffftfffffftfftffffttftftffftfttttftf.ff.ffftj 

procedure DATA(var f:Force; var ~:Gcoords; var q:Loaddisp; 
var area, zi, e1od, cte, eleng, cl, c2:Elemprops; 
var 1code:Me1ber; var jcc,de:Joint; var minc:Incilli?nce; 
var na:Actions; ne, nj:integer; var neq, 1bd:integer; 
lc:integer; var nh:integer; var h:Hdat; fname:S14; date:SB); 

For the first load condition, lc=l, call STRUCT and LOAD, 
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for subsequent load conditions, le } 1, call LOAD. 
} 

var i: integer; 
begin 

if lc=1 then begin 
STRUCTlx,area,zi,e1od,cte,eleng,cl,t2,1code,jcode,1inc,ne,nj,neq,1bd, 

nh,h,fna1e,dateli 
Allocate real 1atricies to the heap: 

for i:=1 to neq do begin 
ne111iq[ i l }j 
for j:=1 to !tbd+1l do 
newl ss[ i, jl}; 

end;Cfor} 
end;{if} 
for i:=1 to 4 do writelnloutfilel; 
111ritelnioutfilei; 
writeln!outfile,' LOAD CONDITION ',lc:2l; 
writeln(outfile,' -----------------'}; 
LOAD!f,q,area,e1od,cte,eleng,c1,c2,1code,jcode,na,ne,neql; 

end; (of DATA} 

{ttftffffffttftfttttftffftfffftffftfffffftfffffffttffttfffffffttttffftftftfff 
t ELEMS t 
ftfftttffffffffffttftftftfftffffffffffffffftffffffffftffffftffftfffffftfffff} 

piocedure ELEHS(area,zi,e1od,eleng,c1,c2:Ele1props; var g:Sstiff; n:integerl; 

For eleaent n, co1pute the global stiffness coefficients, g[7), 
defined in eqs. 3.b4. 

var c1n,c2n,el,alfa,beta:reali 
begin 

c1n:=cHnY; 
c2n:=c2[nl"; 
el:=eleng[nl'i 
alfa:=e1od[nl"+zi[n]A/lelteltelli 
beta:=areaCnlAteltel/ziCnl"; 
g[1l":=alfat!betatc1n•c1n+12.0tc2n•c2nl; 
g[2]A:=alfa•ctn•c2nt(beta-12.0l; 
g[31":=alfat(beta•c2ntc2n+12.0tcln+clnl; 
gC4J":=-alfat6.0teltc2n; 
gC5l":=alfat6.0teltcln; 
gC6l":=alfat4,0telteli 
g[7JA:=alfat2.0teltel; 

end; {of ELEHS} 



146 

(ffffffffffttttttttfffftfffffffffffffffftfffffffffffftfffffffffffffffffffftff 

t ASSEMS t 
fffffffffftffftttttftttttfffffffffffffffffftfffffffffffffffffffffffffftfffff} 

procedure ASSENS!var ss:Natri~; g:Gstiff; 1code:Ne1ber; 1bd,n:integerl; 
{ 

} 

Initialize inde~ by eq. 7.4; assign stiffness coefficients, g[ll, 
of eleaent n to the syste1 stiffness band matrix, ss, by index, 
1code, and eq. b.7. 

·1•ar index:Indaat; i,ie,;,je,k,1:integer; 
begin 

{ Initialize index: } 

index[!, 1 l :=1; indext1,2J:=2i 
index[t,5]:=-2; inde~t1,iiJ:=4; 
index[2,3J:=5; index[2,4l:=-2; 
index[3,1l:=4; index[3,2l:=5; 
index[3,51:=-5i index[3,iil:=7; 
index[4,3l:=-4; index[4,4l:=1; 
index[5,1l:=-2; index[5,2l:=-3i 
inded5,5l:=3; index[S,iil:=-5; 
index[6,3l:=7; index[ii,41:=-4; 

for je:=1 to 6 do begin 
j:=1code[je,nl; 
if j (} 0 then begin 

for ie:=je to 6 do begin 
i:=1code[ie,nl; 
if i (} 0 then begin 

k :=i-J+l i 
l:=index[ie,jel; 
if l > 0 

index[1,3l:=4; 
index[2,1J:=2; 
index[2,5l :=-3; 
inde~[3,3l:=b; 
index[4,1l:=-t; 
i ndeY.t4, Sl:=2; 
index[5,3l:=-5i 
index[6,1l:=4; 
index[b,51:=-5; 

then ss[j,k]A:=ss[j,k]Atg[l]A 
else ss[j,klA:=ss[j,klA-g[-lJA; 

end; {if} 
end;{for} 

end;{if} 
end;{for} 

indexE1,4J:=-t; 
indexE2,2J:=3; 
indexE2,iil:=5i 
index[3,4l:=-4; 
index[4,2l:=-2i 
index [4, 61: =-4; 
inded5,4l :=2; 
index[6,2l:=5; 
index[6,6J:=6; 

end; {of ASSEKS} 

{ffffftttfffffHffffffffffftfffffffffffffffffffffffffffffffffffffffffffffffff 

t STIFF * 
ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff} 

procedure STIFF(var ss:Matrix; area,zi,e1od,eleng,ct,c2:Ele1props; 
acode :l'leriber; ne, neq ,11bd: integer l; 

Initialize the syste1 stiffness 1atrix, ss, to zero; for 
each eleaent call ELEKS and ASSEMS. 



var j,l,1,n:integer; g:6stiff; 
begin 

for j:=1 to 7 do new(g[jll; 
1:=1bd+1; 
for j:=1 to neq do begin 

for l:=1 to I do 
ss[ j, H':=O.O; 

end; {for} 
for n:=1 tone do begin 

ELEKS(area,zi,e1od,eleng,cl,c2,g,ni; 
ASSENS!ss,g,1code,1bd,n}; 

end;Cfor} 
for j:=1 to 7 do dispose(g[ill; 

end: {of STIFF} 
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{ffffffftfftffttftffttttttttttttttftttttttttttttttttttttttttttttttfttttttf.fft 

t MODIFY * 
ttttttttttttttttttttttttttttttfttttttttttttttttttttttf.tttttttttttttf.tttttttt} 

procedure NGDIFYlvar ss:Natrix; var q:Loaddisp; jcode:Joint; 
neq,1bd,lc:integerl; 

I1pose prescribed joint displaceaents lat the syste1 level} by 
1odifying ss and q via the Penalty Method. 

var jnu1,jdir,npjd,j,i:integer; pfac,pnu1,displ:real; 
begin 

readln!infile,npjdl; 
for i:=1 to 3 do writeln(outfilel; 
if npjd () 0 then begin 

readln!infile,pfacl; 
pnu1:=0.0; 
for j:=1 to neq do begin 

if ss[j,11' > pnu1 then 
pnua:=ss[ j, 1J'; 

end;{for} 
if le=! then 

pnu1:=pfactpnu1; 
writeln!outfile,' PRESCRIBED JOINT DISPLACENENTS'l; 
writelnloutfile,' PFAC= ',pfac:7:1,' PNUN= ',pnua:14:41; 
writeln!outfile,' Joint Directic,n Displace1,ent' l; 
for i:=1 to npjd do begin 

read l n (inf i 1 e, j nu1, j di r, di sp l l; 
writeln!outfile,' ',jnua:3,' ',jdir:1,' 

displ :a :5 li 
i:=jcode[jdir,jnu1J; 
ss( j, ll":=pnu111; 
q(jl":=displtpnu1; 

end;{for} 
end 
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else 
writeln(outfile,' 

end; {of MODIFY} 
NO PRESCRIBED JOINT DISPLACEMENTS'); 

{ttftttffftttffttttttftftffttttttttttttttttttf.tttttttttttttttttttfttffttfff.tt 
t SOLVE t 
ftffttfftftttttttttfttftftttttfttftttttttttttttttttfttfttttttfttfttttttttttt} 

procedure SOLVElvar ss:Matrix; var q:Loadd1sp; neq,1bd,lc:integerl; 
( 

For the first load condition, le=!, perfor1 forward reduction 
of the stiffness aatrix, forward reduction of the load-
displace1ent aatri~, q, then solve for the unknowns; 
for subsequent load conditions, le > 1, perfort forward reduction 
of the load-displaceaent aatrix, q, then solve for the unknowns. 

var i,J,k,l,1,n:integer; c:real: 
begin 

if le=! then begin 
Forward reduction of stiffness matrix 16auss Eli1inationl 
for n:=1 to neq do begin 

for l:=2 to l1bd+1) do begin 
if ss[n,l]A <> 0.0 then begin 

i:=n+l-1: 
c:=ss[n,lJA/ss[n,1lA; 
i:=O; 
for k:=l to (tbd+ll do begin 

j:=j+l: 
ss[i,jlA:=ss[i,jlA-ctss[n,kl': 

end;Cfor} 
ss[n,lJA:=c; 

end;Cif} 
end;Cfor} 

end;Cfor} 
end;Cif} 
Forward reduction of constants !Gauss Eliminationl 
for n:=1 to neq do begin 

for l:=2 to (1bd+l) do begin 
if ss[n,l]A (} 0.0 then begin 

i:=n+l-1; 
q[ilA:=q[iJA-ss[n,lJAtq[nlA; 

end;(if} 
end;Cfor} 
q[nJA:=q[nlA/ss[n,1JA; 

end;Cfor} 
Solve for unknowns by back-substitution 
for a:=2 to neq do begin 

n:=neq+l-1; 
for l:=2 to (1bd+ll do begin 

if ss[n,lJA <> 0.0 then begin 



k:=n+l-1; 
q[n]A:=q[n]A-ss[n,lJAtq[kJA: 

end; ( if} 
end: {for} 

end; (for} 
end; fof SOL VE} 
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(tfttfftftfttffffffftfttffftfttfffftttttttttttttffffftfffffttfftfttftttfttftf 
t SYSTEH t 
ftfffffffttffffffffffffftfffffftfttftffftttttfttftttftftftfftfffttfffffttttf} 

procedure SYSTENlvar ss:Natrix; var q:loaddisp; area,zi,eaod,eleng, 
cl,c2:Eleaprops; 1code:He1ber; ne,neq,1bd,lc:integerl; 

begin 

For the first load condition, lc=l, call STIFF and SOLVE; for 
subsequent load conditions, le > 1, call SOLVE. 
Note: the input argueaent, q, stores the Joint loads; the 

output argueaent, q, stores the Joint displace11ent. 

if lc=l 
then STIFF!ss,area,zi,e1od,eleng,cl,c2,1code,ne,neq,1bdl; 

HODIFY(ss,q,Jcode,neq,&bd,lci: 
SOLVE(ss,q,neq,abd,lcl; 

end; [of SYSTEN} 

{tfttttttttttttttttttftttttttttttttfttf.fftffftftfffftttttftftftttttttfttttttf 
t ELENF t 
tttttttttf.tttttttttftttftttttttftttftffttttttttttttttttttffttftttfttttfttttf} 

procedure ELENF!var f:Force; q:Loaddisp; area,zi,e1od,eleng,cl,c2:Eleaprops; 
w,code: !'ler,ber; i: integer I; 

Co1pute the local forces in eleaent i, f[6,iJ: deter1ine the 
global element displace1ents, d(6l, froa the joint displae1ent 
vector, q, via 1code: coapute the local forces at the a-end 
of the eleaent by eqs. 2.34, 2.36, 3.59; use epuilibriua to 
coapute the local forces at the b-end of the ele1ent and 
eq. 3.95 to co1pute the actual element forces. 

var cli,c2i,el,alfa,beta,d1~,d25,d36,fl,f2,f3:real; 
k,l:integer; d:Disp; 

begin 
for k:=1 to b do new(d[klli 
c 1 i: =c Hi l'; 
c2i:=c2[il"; 
el :=eleng[i J''i 
al f i l'tzi [ i J·' / le l •el tell; 
beta:=area[ i ]"tel tel/zi[ i l'; 



GLOBAL ELEKENT DISPLACENENTS: 
Actual Displaceaents: 

for l:=1 to 6 do begin 
b=1code[ 1, i l; 
if k=O 

then d[ll'':=0.0 
else d[l]A:=q[k]A; 

end;{for} 

Relative Displace1ents: 

d14:=d[1]A-d(4]A; 
d25:=d[2]A-d(5]A; 
d36:=d[3]A+d[b]A; 

Forces at a-end due to end displace1ents 
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fl:=alfatbetat(c1itd14+c2itd2Sl; 
f2:=6.0•alfa•l2.0•c1i•d25-2.0tc2itdl4+eltd36i; 
f3:=2.0•alfa•elt13.0tc1itd25-3.0tc2itd14+eltld[3l~+d36ll; 

Actuc1l eleunt-end forces 

f[l,i]A:=f[l,iJA+f1; 
f[2,iJA::f[2,i]A+f2; 
f[3,i]A::f[3,iJA+f3: 
f[4,i]A::f[4,i]A-f1; 
f[5,iJA::f[5,iJA-f2: 
f[6,iJA:=f[6,ilA+eltf2-f3; 
for k:=1 to 6 do dispose!d[kll; 

end: (of ELENF} 

:tttttf.tttfttttttttttfftttfftfffftfffffttttttffff.tf.fttftfttftf.tttttf.tf.tf.f.f.f.f.f. 
t JGINTF t 
tttfftftftttffffftttfftftttftttftfftfffffffftttttttttftttttttf.ttfttfttttfttt} 

procedure JOINTFlf:Force; var p:Jfmatrix; c!,c2:Elemprops; ~1nc:Incidence; 
i:integeri; 

Trc1nsfor1 the local forces of ele,ent i, f[6,iJ, to global 
forces and assign thet to the foint force matrix, p, by 
eqs. 2.29, 2.34, 2.37, and 1inc. 

~ar i,k:integer: 
begin 

1:=1Hndl,i}; 
k:=ainc[2,il; 
p[1,jJA:=p[l,jJA+F61cl[iJA,-c2[ilA,f(1,iJA,f(2,ilAI: 
p[2,jJA:=p[2,jl'+F61c2[iJA,c1[i}A,f[1,ilA,f(2,il'ii 
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p[3, j l' :=p [3, j l"+H3, i l" i 
p[ 1,kl':=p[ 1, kl"+FS(cHi l' ,-c2[ 1 Y, H4, i J-', H5, i Y); 
p[2,kl":=pC2,kl"+F6!c2[ilA,cl[ilA,f[4,ilA,f[5,ilAJ: 
p[3,k]":=p[3,k]"+f[6,i)A; 

end; Cof JOINTF} 

{ttfttttfftttttftffttftttttttttttttttfttffftfftfftttftfftttfffttttttttttttttt 
t FORCES t 
tttfffftttttttttftftttfffffttfffftttttttttfttttttttttttttttttttttttttttttttt} 

procedure FORCES!var f:Force; var p:Jfmatrix; q:Loaddisp; area,zi,e1od, 
eleng,cl,c2:Ele1props; mcode:l'leaber; minc:Incidence; 
ne: integer l: 

For each eleaent I, call ELEl'IF and JOHHF. 

~ar i:integer; 
begin 

for i:=I tone do begin 
ELEl'IF(f,q,area,zi,eaod,eleng,cl,c2,mcode,il; 
JOINTFtf,p,cl,c2,1inc,il; 

end; {for} 
end; { c,f FORCES} 

{ttttttfftfffftttttffttttfttfttttttttttttttttffttttttttttttttttftfttttftttttt 

• DRAWF t 
ftfftttttttftfffffffftfttfftttfttttftfftfttftfttttftfttfttttttttttttttttfttt} 

procedure DRAWF(x:Gcoords; 1inc:Incidence; h:Hdat; fnaie:514: date:58; 
ne,nj,nh,lc:integer; var ix,iy:Dcoords; var xrange,sfx, 
1inx,1shift,yrange,sfy,1axy,yshift:reall; 

Draws the structure using input data: x, global coordinates, ainc, 
meaber incidences, h, hinge data, ne, nuaber of ele1ents, nj, number 
of joints, and nh, nu1ber of hinges. 

var 
i,j,k,l:integeri 
ainy,aaxx:real; 

begin 
clrscr; hires; hirescolor(ll; 
gotoxy( 1, 1l; 
write( 
goto~y(3,2l; 
Krite(datel; 
gotoxy(1,5l; 
-ritel'Load Case ',lc:ll; 
ainx:=IE9; ainy:=1E9; maxx:=-1E9; maxy:=-1E9; 
for i:=l to nj do begin 

if x[l,il" ( ainx then ainx:=x(l,i)A; 



if x[1,iJA} 1axx then 1axx:=x[l,i]A: 
if x[2,i]A < tiny then ainy:=x[2,1lA: 
if x[2,iJA > 1axy then 1axy:=x[2,ilA; 

end; (for} 
xrange:=1axx-1inx; yrange:=aaxy-ainy; 
if xrange }= yrange then begin 

sfx :=LO; 
sfy:=yrange/xrange; 

end 
else begin 

sfy:=1.0; 
sfx:=xrange/yrange; 

end; {if} 
xshift:=11-sfxl/2; 
yshift:=11-sfyl/2; 
for J:=1 to nj do begin 

if xrange O 0 
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then ix[jl:=roundl350tlsfxtlx[l,j}A-ainxl/xrange+xshiftl+l541 
else ix[jl:=330; 

if yrange O 0 
then iy[jJ:=roundl160tlsfytlmaxy-x[2,jlA)/yrange+yshiftl+201 
else iy[jl:=99; 

end:Cfor} 
for j:=1 to nj do begin 

plotli1[jl,iy[jl,!I; 
drawlix[jJ+!,iy[jl+l,ix[Jl+!,iy[jJ-1,11; 
drawlix[jJ-1,iy[jJ+l,ix[jl-1,iy[jJ-1,ll; 
drawlix[Jl+l,iy[jl-1,ix[jl-1,iy[jl-1,11: 
drawlix(jJ+!,iy[jl+!,ix[jJ-1,iy(jl+!,ll; 

end; {for} 
for i:=1 tone do begin 

J:=1inc(!,iJ; 
k:=1inc(2,i]: 
drawli1[il1if[Jl,ix[kl,iy[kl,ll; 

end: {for} 
if nh > 0 then begin 

for i:=I to nh do begin 
j: =ti[ 1, i Ji 
k:=h[2,iJ; 
l j J; 
circlelix[lJ,iy[ll,4,11; 

end; {for} 
end; C if} 
repeat until keypressed; 

end; { of DRAWF} 
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{ttttttftttttttttttftttttttftfttftfffffftffffffftttttttfftffttttttfttttfftftf 

t DRl\l,lDF • 
ttftttttttttttttttttfttttttttffttftffffttftttttttttttttttttttttttttttf.tttttt} 

procedure DRAWDFlx:Gcoords: ;inc:lncidence: h:Hdat; fnaBe:S14; date:SS: 
ne,nj,nh,lc:integer; u:Jdisp; var ix,iy:Dcoords; c1,c2, 
eleng:Ele1props; xrange,sfx,iinx,1shift,yrange,sfy,1azy, 
yshift:reall: 

var 

Draws the deflected structure using input data: ix and iy, drawing 
coordinates, 1inc, 1e1ber incidences, h, hinge data, ne, nuaber of 
eleeents, nj, nuaber of joints, nh, nuaber of hinges, and u, joint 
displaceaents. 

i,i,k,l,lx,ly,px,py:integer; 
a,b,c,c1i,c2i,d1,d2,d3,d4,d5,d6,rl,r1,r2,xi,ud,umax,vd:real; 

function "AXRla,b:reall:real; 
begin if abs(al >= abslb) 

(Returns the absolute 1axi1u; of two reals} 

then NAXR:=abs(a} 
end; (of MXR} else NAXR:=abs(bl 

function UDISPld1,d4,xi:reall:real: 
begin UDISP:=dl+(d4-d11txi 

{Calculates the u displacement} 
end; Cof UDISP} 

function VDISP(d2,d3,d5,d6,rl,xi:real):real: (Calculates the~ displacement} 
begin VDISP:=12t(d2-d51+rltld3+d61ltxitxitxi 

+(3tld5-d21-rltl2td3+d6}1tii•xi 
+r l td3ti: i +d2 

procedure GTL(var a,b,c1,c2:reall: 
·1'ar c,d:real: 
begin c:=a; d:=bi a:=ctcl+dtc2: b:=dtc1-ctc2 

procedure LTGlvar a,b,c1,c2:reall: 
var c,d:real; 
begin c:=a; d:=b; a:=ctc1-dtc2; b:=d+cl+ctc2 

end; (l,f VDISP} 
(Transforms global to !Deal} 

end; (of GTL} 
(Transfor;s local to global} 

end; Cc,f L TS} 

begin 
uma~:=absiu[1,1JI; 
for i:=1 to ni do begin 

for 1:=1 to 2 do begin 
if abs(u[j,ill } u1ai: then uaax:=abs(u[j,i]); 

end;{for} 
end;Cfor} 
for i:=1 tone do begin 

J:=1inc[l,i]: k:=1inc[2,i]: 
dl:=u[l,j]; d4:=u[1,kJ; 
d2:=u[2,j]; 
d3:=u[3, j]; 
cli:=cHiJ"; 

d5:=u[2,U; 
d6:=u[3,U; 
c2i:=c2[iY; 

r 1 :=e Ieng[ i J-": 
6Tlld1,d2,c1i,c2il; 
6Tlld4,d5,c1i,c2il: 



a:=3t(2t(d2-d5}+rlt(d3+d6i}: 
b:=2t(3t!d5-d2}-rlt(2td3+d6}i: 
c:=rltd3; 
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if la <> 0.01 and llb+b-4+atc) >=O.Ol then begin 
r1:=l-b+sqrt(b+b-4tatcJ)/12tal; 
r2:=l-b-sqrtlbtb-4tatcl)/!2tal; 
if 10.0 <= rl) and (rl <= 1.01 then begin 

ud:=UDISPldl,d4,rl); 
vd:=VDISP(d2,d3,d5,d6,rl,rll; 
LTGlud,vd,cli,c2il; 
uaax:=NAXRlu1ax,udl; 
ur,ax :=!IAXR( uaax, ~d}; 

end;{if} 
if 10.0 <= r2) and lr2 (= 1.01 then begin 

ud:=UDISP(dl,d4,r2); 
vd:=VDISP(d2,d3,d5,d6,rl,r21; 
LT61ud,vd,cli,c2il; 
u1ax:=NAXR(u1ax,udl: 
u1ax:=NAXRlu&ax,vdl; 

end;(if} 
end;{if} 

end; {for} 

for j:=1 to ni do begin 
if u1ax () 0 then begin 

ix[jl:=rDund(i~[il+41tu[l,jl/umaxl; 
iy[Jl:=roundliy[jl-19tu[2,il/u1axl; 

end;{if} 
end; {for} 
clrscr: hires; hirescolorlll: 
for j:=1 to nj do begin 

plotli1[1l,iy[jl,l}; 
drawlix[jl+l,iy[jl+l,ix[jl+l,iy[jl-1,11; 
draw(ix[jl-1,iy[Jl+1,ix[jl-1,iy[jl-1,ll; 
drawlix[il+l,iy[jl-1,ix[jl-1,iy[jl-1,lli 
dra~lix[jl+l,iy[jl+l,ix[jl-1,iy[jJ+l,11; 

end:{for} 
for i:=1 tone do begin 

j:=11nc[l,il; k:=minc[2,il; 
if u1ax=O.O then 

drawlix[jl,iy[jl,ix[kl,iy[kl,11 
else begin 

dl:=u[l,jli d4:=u[l,kJ: 
d2:=u[2,jl: 
d3:=u[3,jl; 
c 11 : =c 1 [i l' ; 

d5:=u[2,~J; 
d6:=u[3,kli 
c2i:=c2[iJ'; 

rl :=eleng[iYi 
STLld1,d2,cli,c2il; 
GTL(d4,d5,c1i,c2il; 
for l:=O to 250 do begin 

xi:=l/250; 



ud:=UDISPldl,d4,xii; 
vd:=VDISPld2,d3,d5,d6,rl,xii; 
if xrange <> 0.0 
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then px:=round!350t(sfxtl1[1,jJA-ainx+xi•eleng[iJA•c1[ilA)/ 
~range+xshiftl+154+141/umax)t!udtc1[ilA-vdtc2[i]All 

else px:=330+roundll41/u1axltludtc1[iJA-vdtc2[ilAI); 
if yrange <> 0.0 

then py:=roundl160tlsfytl1axy-x[2,jlA-xiteleng[ilA•c2[ilAl/ 
yrange+yshift1+20+1-19/umax)tlvdtc1[iJA+udtc2[i]All 

else py:=99+roundll-19/uaaxlt!vdtc1[iJA+udtc2[iJAll: 
if l () 0 then drawlpx,py,lx,ly,11; 
lx:=px; 
ly:=py; 

end;{for} 
end:Cif} 

end; (for} 
if nh > 0 then begin 

for i:=1 to nh do begin 
j:=h[1,il; 
k :=h[2, i J; 
l:=1indk,jl; 
circle!ix[ll,iy[ll,4,1); 

end; {for} 
end; C if} 
gototyil,li: 
11ritelfrca1el; 
gotoxy13,2}; 
11rite!date}; 
gotoxy{1,5l; 
11rite!'Load Case ',lc:lli 
gotoxy{ 1, 7); 
11ritel'Deflected'li 
gotoxy{l,81; 
11rite{'Structure'l; 
hirescolorl4); 
repeat until keypressed; 
text.ode; 

end; Cc,f ORAIIDF} 

(ffffffffffffffffffffftffffffffffftfffftfffffffffffffffffffffffffftfffff.ftfff. 

t OUTPUT t 
fffffffffffffftfffffffffffffffffffffftftfftfffffftftfffffffffffttfffff.tffttf} 

procedure OUTPUTlf:Force; p:Jfmatrix; q:Loaddisp; jcode:Joint: 
ne, nj, nh, lc:integer; x:6coords; h:Hdat; fna1e:S14; 
date:SB; minc:Incidence; cl,c2,eleng:Eleapropsi; 

Use joint displace1ent vector, q, and jcode to print jc,int 
displace1ents !including joint constraints); print local 
iletent forces, f16,ne); print joint forces, pi3,np; 
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call DRAWF and DRAWDF. 

var i,j,k,l:integer; u:Jdisp; 1x,iy:Dcoords; 

begin 
for i:=1 to 3 do writelnloutfilel: 
writeln(outfile,' LOCAL ELEMENT FORCES'); 
writeln(outfile,' a-end', 

b-end' I; 
writeln(outfile,' 

------------------------------'): 
writeln!outfile,' Direct-! Direct-2 

Direct-6' I: 
Eleaent 

Direct-5 
for i:=1 tone do begin 

writeioutfile,' ) Ii :3): 
for l:=1 to 6 do begin 

t: :f[ 1, i J A; 
write(outfile,' ',t:!0:31; 

end;{for} 
writeln(outfilel; 

end;{for} 
for i:=1 to 3 do writelnloutfilel; 
writeln(outfile,' JOINT DISPLACEMENTS'!; 

Dired-3 Di rec t-4', 

writelnloutfile,' Joint Direction-I Direction-2 Direction-3'1; 
for j:=1 to nj do begin 

for l:=1 to 3 do begin 
k:=irnde[l,Jl: 
if k.=O then 

u[l, j}:=0.0 
else 

u[l,JJ:=q[kl": 
end: (for} 

u[3,Jl:10:5l; 
end; {for} 

'' j :3,' 

for i:=l to 3 dD wr1telnloutfilel; 

',u£1dl:10:5,' ·,u[2,i}:!0:5,' 

writelrdoutfile,' JOINT FORCES' I; 
writelnloutfile,' Joint Direction-! Direction-2 Direction-3'1; 
for j:=1 to nj do begin 

t:=p[1,jJA; tl:=p[2,jJA; t2:=p[3,jJA: 
writeln(outfile,' ',j:3,' ',t:10:3,' ·,tl:10:3,' ',t2:10:3); 

end; {for} 
DRAWF(x,ainc,h,fna1e,date,ne,nj,nh,lc,ix,iy,xrange,sfi,minx,xshift,yrange, 

sfy,eaxy,yshiftl; 
DRAWDF(x,1inc,h,fna1e,date,ne,nj,nh,lc,u,ix,iy,cl,c2,eleng,xrange,sfx,min~, 

½Shift,yrange,sfy,maxy,yshiftl; 
end; {of OUTPUT} 
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{tttttttttttffffftfftffftttffttttttttttttttttttttttttttttttttttf.tfffftttftttf. 

t RESULT • 
tfffffffffffffffffffffffffffffttttttttttttttttttttttttttttttttttttfftftttfft) 

procedure RESULTlf:Force; var p:Jfaatrix; q:Loaddisp; area, zi, etod, 
eleng, cl, c2:Eleaprops; 1code:Me1ber; jcode:Joint; 
11sinc:lncidence; ne,nj,nh,lc:integer; x:6coc,rds; h:Hdat; 
fna1e:S14i date:58); 

Initializes the joint force 1atrix, p, to zero; call 
FORCES and OUTPUT. 

var j,l:integer; 
begin 

for j:=1 to nj do begin 
for l:=1 to 3 do begin 

new Ip[ 1 !J J l; 
p [ l ,i J ': =O. 0; 

end; (for} 
end;{for} 
FORCES(f,p,q,area,zi,emod,eleng,cl,c2,1code,~inc,nel; 
OUTPUT(f,p,q,jcode,ne,nj,nh,lc,i:,h,fna~e,date,1inc,cl,c2,eleng); 

end: {of RESULT} 

(ftfttfftttttttffttfffftfttftff.tttttttftftftftfttttttttftfttttfffffftfftftttf. 

• MAIN • 
tftttttftftttffttttftfftttfttttttftttttttfftttftffttttttttttttttttff.ttttfttf 

Initialize para1eters ax, mr.neq; read and echo ne, nj, nlc: if ne 
and nJ are less than or equal to•~, call for each load condition 
DATA, SYSTEM, and RESULT; else print error ~essage and stop. 

begin 
clrsCii 
tedcolor(4); 
write l rd' 

writelnl' 

wr i teln(' 

writeln(' 

writelnl' 

11ritelnl' 

11ritelnl' 

11ritelnl' 

Program FRAME was translated and enhanced by 
'Kenneth R.'l; 
Nuttall as part of his research for an MS in CE at 
'Virginia'}; 
Polytechnic Institute and State University. It was , 
'translated to'l: 
Turbo Pascal fros FORTRAN as it is developed 1n Holzer,', 
' S.M.'); 
1985. Coaputer Analysis of Structures. Elsevier, Ne~ York', 
', and' l; 
taught in CE 4001 and CE 4002. This version of FRAME also ', 
'inc0r-'); 
porates the extensions covered by CE 4980 during Spring ' 
'Quarter' l; 
1986. These extensions are: hinges at me1bers'' ends 
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' (Holz er , ' l ; 
•ritelnl' Section 4.4l and geometric i&perfections (Holier, 

'Section 4.7).'); 
•ritelnl' Prescribed 1oint displacements are modeled as degrees of ' 

'freedc,1,' i: 
wri teln(' 

•ri telnl' 
writelnl' 

writeln; 
writeln: 
l'lritelni 

i.e., they are not constrained, then they are declared ', 
'under the'); 
appropriate load case.'): 

'4 Noveaber 1986' l; 

writeln('Hit any key to continue.'); 
repeat until keypressed; 
writeln; 
wnteln; 
writeln; 
Open Data Files: 
write('lnput data file: '); readlnlfnamel; 
assignlinfile,fna~e); reset(infilel; 
repeiit 

writel'Write FRANE.OUT to the default drive IY/NI' '); 
readln(ch); 
if lupcaselch) <> 'Y'} and lupcase(chl (} 'N'i then ~ritelAG) 

until (upcase(ch)='Y'! or (upcase(ch)='N'l; 
if upcaselchl='Y' then 

FRO:='FRANE.OUT' 
else begin 

repeat 
writeln; 
write('Which drive do you want to l'lrite FRAME.CUT tD: A, B, or 

'C? , I; 
readlni,drl; 
if lupcaseldrl(}'A'I and lupcaseldrl(}'B'I and lupcase(dr)(}'C'l 

then i4Tite('Gl 
until (upcase(drl='A'l or (upcase(dr)='B'l or (upcaseidrl='C'); 
FRO:=drt':FRANE.OUT' 

end; 
assign(outfile,FROli rewriteloutfilel; 
readln(infile,datel; 
readlnlinfile,ne,nj,nlcl; 
writeln!outfile, 
'ttttftttf.tttttttftttttttfttttttttttttf.ttttttttttttttttttttttttttff.tftttt'); 
writeln(outfile, 
'f 

writeln(outfile, 
•• 

',title:20 

(Nuttall, 198bl .. } ; 
writelnloutfile, 
'tttttttttttttttttttttttttttttttttttttttttttftttttttttttttttttfttttfttttt'): 



writeln(outfilel; 
writeln(outfile, 
' DATA FILE: ',fnaie:12,' 
writeln(outfilel;writeln!outfile); 
writelnloutfile,' ',units:361; 
for i:=1 to 3 do writeln(outfile); 
writeln(outfile,' CONTROL VARIABLES'!; 
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writeln(outfile,' 
writelnloutfile,' 
writelnloutfile,' 

Nu1ber of ele1ents ',ne:4l; 
Nu1ber of joints ',nj:4l; 
Nu1ber of load conditions',nlc:4); 

if !ne <= 1xl and !nj <= axl then begin 
Allocate real 1atricies to the heap: 

for i:=1 too do begin 
for j:=1 tone do 

ne11 {f( i , j Jl i 
end;{for} 
for i:=1 to 3 do begin 

for j:=1 to nj do 
new ( x [ i ,j l l; 

end;Cfor} 
for i:=1 tone do begin 

new( area[ i J l; 
new!zi[ill; 
new(e1od[ ill; 
ne11(cte[ill; 
new(eleng[ill; 
ne11!c1Ci l}; 
new(c2[ill; 

end;{for} 

DATE: ',date:8); 

for le:=! to nlc do begin 
DATA!f,x,q,area,zi,e1od,cte,eleng,cl,c2,tcode,jcode,1inc,na,ne,nj, 

neq,1bd,lc,nh,h,fna1e,datel; 
SYSTEN(ss,q,area,zi,e1od,eleng,c1,c2,1code,ne,neq,mbd,lci; 
RESULT(f,p,q,area,zi,e1od,eleng,cl,c2,1code,jcode,1inc,ne,nj,nh,lc, 

>: ,h,fnaae,datel 
end; (for} 

end 
else begin 

for j:=1 to 3 do writeln(outfile); 
writeln(outfile, 'ERROR NESSA6E: at least ne or ni exceeds 11n:;' l; 
writeln(outfile,' increase value of•~ and change'l; 
writeln(outfile,' •~neq to 3t(mx-ll.'l; 

end; {if} 
c lr,se( c,utf i le!; 
close( infilel; 

end. (of Prngra11 Fra11e} 



Appendix 3 

Computer Listing 
for 

Program PREP 
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progra1 PREP; {11-4-86} 
type 

52=string[2li 
SS=string[8J; 
514=string(14]: 
S36=string[36]; 
NIPtr="MI; 

S3=string[3}; 
59=string(9]; 
518=str i ng[ 18]; 
S46=string[46]; 

!'!!=record 
111,12:integer; 
nextai:M!Ptr 

end; 
T1Ptr=''·T1; 
Tl=record 

Tl1,T12:integer; 
ne>:tl:TlPtr 

end; 
XYPtr="XY; 
XY=record 

d,t.2:real; 
ne~tx: XYPtr 

end; 
T2Ptr=''T2; 
T2=record 

T21 :real; 
next2:T2Ptr 

end; 
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S4=string[4]; S6=string[6]; 
SlO=string[lOJ; S12=string[l2J: 
S24=string[24]; S25=string[25l: 

(Me1ber Incidences} 

(Joint Constraints & Hinges} 

[Joint CoDrdinates} 

{All section properties} 

T3Ptr="T3; (Joint Loads & Prescribed Joint Displaceaents} 
T3=recr,rd 

T31,T32:integer; 
T33:real; 
next3:T3Ptr 

end: 
KLPtr=·'ML; 
ML=record 

&ln,mlt:1nteger; 
1ld,1ldl,1ld2:real; 
nextlll :l'ILPtr 

end; 

{Me1bei Actions} 

ControlPtr=AControl; (Counters for each lDad case} 
Control=record 

connjl,conn1at,connpjd:integer; 
conpfac:real; 
nextcon:ControlPtr 

end; 

var 
fnaae 
F11i,L1i 
Fjc,Ljc,Fh,Lh 
Fty,L~y 

:S14; 
:M!Ptr; 
:T!Ptr: 
: XYPtr; 



Fa,La,Fzi,Lzi,Fe,Le,Fcte,Lcte 
Fjl,Ljl,Fpjd,Lpjd 
F1act ,Laact 
Flcc-v ,Llccv 
scv,s1i,sjc,sh,siy,sep,sld 
fn 
date 
ch 
ne,nj,nlc,njc,nh,tnjl,tn1act,tnpJd, 
n1inc,n~y,na,nzi,neitod,ncte,nlccv 
i fn,ofn 
friile 
EH 

(SI GRAPH.P } 
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:T2Ptr; 
:T3Ptr: 
:MLPtr: 
:ContrulPtr: 
:33; 
:SlO: 
:SS; 
:char; 

: 1 nteger: 
: text; 
:file; 
:boc,lean; 

{ftttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttfttttttttfttt 

t BLANKxxli,11 t 
ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt} 

{ BLANKxxli,jl ~rites x~ blank spaces starting at CDluan i on line j. } 
procedure BLANK801i:integerl; 

begin gotuxy11,il; clreol end: 
procedure BLANK40(i,j:integerl; 

begin gotoxyli,jli 
writel' 'I; end; 

procedure BLANK2411,1:integerl; 
begin gttuxv!i,jl; ~ritel' 

procedure BLANK201i,j:integerl; 
begin gotoxyli,jli writel' 

procedure BLANK!Oli,j:integerl; 
begin gotoxy(i,jl; write(' 

procedure BLANK51i,1:integerl; 
begin gotoxy(i,jl; write!' ,, 

I 

, ) end; 

end; 

end; 

end; 

{tttttttttttttttttttttttttttttttttttttttttttttttftttttttttttt+ttttttttfttttttt 
t STWxli,1,kl t 
ttttttttttttttttttttfttttttttttttttttttttttttttttttttttttttttttlttftttttttttt} 

{ GTWx(i,j,kl goes to screen cu~rdinates !i,jl and ~rites k. } 
procedure GTWI(i,j,k:integerl; 

begin gotoxy(i,jl; writelk:l} end: 
procedure GTW1(i,j:integer; c:charl; 

begin gotoxyli,jl; wr1telc:1} end; 
procedure 6TW2(i,j:integer; A:521; 

begin gotoxyli,jl; writelA:21 end; 
procedure 6TW3(i,j:integer; A:53); 

begin gotoxy(i,Jl; writelA:3} end: 
procedure STW4(i,j:integer; A:54}; 

begin gotoxyli,jli writelA:4l end; 



procedure 6TWbli,j:integer; A:S6ii 
begin gotoxyli,jl; MritelA:61 end: 

procedure 6TW81i,j:integer; A:S81i 
begin gotoxyli,jl; writelA:81 end: 

procedure 6TW9ii,j:integer: A:S91; 
begin gotoxyli,jl; writelA:91 end: 

procedure 6TW101i,J:integer; A:SlOI; 
begin gotoxyli,jl; writelA:101 end; 

procedure 6TW121i,j:integer; A:S121; 
begin gotoiyli,Jl; writelA:121 end; 

procedure GTW181i,j:integer; A:S181; 
begin goto•yli,jl; writelA:181 end; 

procedure GTW241i,j:integer; A:S24): 
begin gotoxyli,jl; writelA:24) end: 

procedure 6TW251i,j:integer; A:S25); 
begin gotoxyli,jl; MritelA:251 end: 

procedure GTW36(i,J:integer; A:S361; 
begin gotoxyli,Jl; writelA:361 end; 

procedure GTW461i,j:integer; A:546); 
begin gotoxyli,JI; writelA:461 end; 
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{tttfftttftffftfftffftfttfffttfttfttftttttftfftfttftf.fff.ffffffffff.tff.ftftfftff 

* RTNN t 

···········································································•·} { RINN returns control to Main Menu. } 
procedure RTMM; 
begin clrscr; 

gotoxyll,251: 
GTW24!29,9,'Returning to MAI~ MENU. 'I; 
delayl1500l end; 

{tttfttfffffffffffffffftf.fftfffffttfttttftttttttttttttttfttttttttttttftttttttt 
f. BEL 
tttttfftttttttfttttttttftttftttttttttttttfttttttffttttttftttttttttftff.tttff.tf} 

I BEL writes AG } 
procedure BEL; 

{tttftlltlflfttltttttttttftltttffltttfttttlttttttftfffftttttttttttttfttttttttf 

• BM • 
tttttltftftflttttfttttttfttttttttttttttttttttttt*tffttttttttttttttttttt*fftft} 

( BM Mrites botto11enus 
procedure B"; 
begin 

6TW9114,24,'F1-Change'I; 
6TW9(58,24,'F3-lnsert'}; 
6TW10l36,25,'F10-Return'l; 

end: 
procedure BMFKli:integerl; 
begin 

6TWb(3b,24,'F2-Add'I: 
6TW9(14,25,'F4-Delete' I; 
gotoxyll,251: 
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textcr,lr,r(31); 
6Tll2(3b,24,'F2'); 
6TW313b,25,'F10'); 

BEL; 
6TW2(58,24,'F3'}; 
gritrixyl1,25l: 

GTW2!14,24,'F1'l: 

end; 
procedure Bl'II; 
begin BLANK80(24i; 
procedure Bl'IC; 
begin BLANK80!24); 
procedure 81'1D; 
begin BLAN~:80124i; 
piOcedure Bl'IA; 
begin BLANK80124); 

BLANK80i25l; 

BLAKK80!25l: 

BLANK80125l: 

BLANK SO ( 25 l ; 

GTll2i 14,25, 'F4'}; 
texteule;r ( i l 

GTW6!61,24,'lnsert'l; end; 

GTll6i17,24,'Change'); end; 

6TW6(17,25, 'Delete'); end; 

6TW3139,24,'Add'l; end; 

(ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt 

t READFILE t 
ttttttttttttttttttttttttttttttttttttttttttttttttftttttttttttttttttttttttttttt} 

procedure READFILE(var ne,nj,nlc:integer; var F11i,l11i:l'llPtr; var Fjc,Ljc, 
Fh,Lh:TlPtr; var Fxy,Lxy:XYPtr; var Fa,La,Fzi,Lzi,Fe,Le, 
Fcte,Lcte:T2Ptr: Jar Fjl,Ljl,Fpjd,Lp}d:T3Ptr: 
var F1act,L1act:l'ILPtr: var Flccv,Llccv:ControlPtr: 
var njc,nh,tnJl,tn1act,tnp1d,n~inc,nxy,na,n:i,ne&od,ncte, 
nlccv: integer J; 

var i,1,njl,nmat,np1d:integer; pfac:real; 

Reads the file which is opened in OLDFILE and places it in the 1e1ory. 

begin 
readlniifn,ne,n1,nlc}; 
for 1:=l tone do begin 

if i=1 then begin 
new(Flflil; 
Lai :=F11i 

end 
else begin 

newll1iA.next1il; 
L~i:=L11A.next1i 

end: 
with l1iA do begin 

readln(ifn,11,121; 
ne~tai :=nil 

end; 
n111nc:=n1inc+1 

end; 
readln(ifn,njcl; 
for i:=1 to njc do begin 

if i=1 then begin 
new(F jC i: 
Ljt:=Fjc 

end 

(Centro! Variables} 
{Meaber Incidences: 

{Joint Constraints} 



else begin 
ne11(LjcA.nextll; 
Ljc:=ljcA.nextl 

end; 
with LjcA do begin 

readlnlifn,T11,T121; 
nextl:=nil 

end 
end; 
readln! i fn, nh l; 
for i:=1 to nh do begin 

if i=l then begin 
ne11IFhl; 
Lh:=Fh 

end 
else begin 

new!LhA.next1l; 
Lh:=lhA.next1 

end; 
with LhA do begin 

readlnlifn,T11,T12l; 
nextl:=nil 

end 
end; 
for i:=1 to ni do begin 

if i=l then begin 
newlfr;•l; 
bn=Fi:y 

end 
else begin 

ne11llxy" .nexh I; 
Lxy :=lq' .ne:-:tx 

end; 
with Lxy-' do begin 

readln!ifn,x1,x2l; 
ne~h:=ni l 

end; 
nxy:=nxy+l 

end; 
for i:=l tone do begin 

if i=l then begin 
ne11IFa>; 
la:=Fa; 
ne11(Fzili 
Lzi:=Fzi; 
ne11!Fel; 
Le:=Fe; 
ne11IFctel; 
Lcte:=Fcte 

end 
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{Hinges} 

(Joint Coordinates} 

{ l'leaber Pr c,pe; ti es} 



else begin 
new(la".next2l; 
li:=la".next2; 
ne111lzi".next2); 
Lzi:=lzi .... neKt2; 
ne111le".next2l; 
Le:=le".next2; 
ne111LcteA.next2l; 
Lcte:=Lcte".next2 

end; 
11i th Lii;, do begin 

read Ii fn, T21 l; 
next2:=nil 

end; 
na:=na+l; 
with LziA do begin 

read(ifn,T21}; 
next2:=nil 

end; 
nzi:=nzi+l; 
with le" do begin 

read! ifn, T21 l; 
next2:=nil 

end; 

11ith Lcte" do begin 
ieadln!ifn,T21l; 
next2:=nil 

end; 
ncte:=ncte+1 

end; 
for i:=1 to nlc do begin 

pfac:=O,O; 
readlnlifn,njll; 
for j:=1 to njl do begin 

if F1l=nil then begin 
ne11IFjll; 
Ljl:=Fjl 

end 
else begin 

ne11(Ljl".next3l; 
Ljl:=Ljl" .next3 

e-nd; 
with LjlA do begin 

readlnlifn,T31,T32,T33l; 
next3:=nil 

end; 
tnjl :=tnjl+t 

end; 
readlnlifn,naatl; 
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{load Cases} 

{Joint Lc,ads} 

{l'le1ber Actions} 



for j:=1 to naat do begin 
if Faact=nil then begin 

new(F1actl; 
L1iact:=F1act 

end 
else begin 

newlL1actA.next1ll: 
L1act:=L1actA.ne~t1l 

end; 
with laactA do begin 

readln(ifn,1ln,alt,1ld,1ldl,1ld21: 
next1l:=nil 

end; 
tnaact:=tneact+I 

end: 
readlnlifn,npjdl; 
if npjd <> 0 then begin 

readln(ifn,pfacl; 
for j:=1 to npJd do begin 

if FpJd=nil then begin 
new(Fpjdl; 
Lpjd:=Fpjd 

end 
end; 

end 
else begin 

newllpJdA.next31: 
Lpjd:=lpjdA.next3 

end; 
with LpjdA do begin 

readln(ifn,T31,T32,T331; 
ne~t3:=nil 

end: 
tnpjd:=tnpjd+l 

if i=1 then begin 
newiFlccvl; 
llccY:=Flcc-~ 

end 
else begin 

new(llccvA.nextconl; 
Llccv:=LlccvA.nextcon 

end; 
with llccvA do begin 

connjl:=njl; 
conn111at:=naat; 
connpjd:=ripjd; 
conpfac:=pfac; 
nextcon:=nil 

end; 
nlccv:=nlccv+l 

167 

{Prescribed Joint Displace&ents: 
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end; 
close(ifnl; 

end; 

{ttffttfftfttttftt.tffttttttfttttftttttttttf.f.fttf.tftftttttttttttff.ttfttfftttfff. 

* OLDFILE * 
ttttttttttttttttftfftttttttfttttttttttttttttttfttftttttttttfttttttttttttttttt} 

procedure OLDFILE(var fn:510: var date:58; var ne,nj,nlc,njc,nh,tnjl,tn1act, 
tnpjd,n1inc,nxy,na,nz1,nemod,ncte,nlccv:integer; var F&i,Lii: 
MIPtr; var Fjc,L;c,Fh,Lh:TIPtr; var Fxy,Lxy:IYPtr; 
var Fa,La,Fzi,Lz1,Fe,Le,Fcte,Lcte:T2Ptr; var Fjl,LJl, 
Fpjd,Lpjd:T3Ptr: var Faact,LIDact:HLPtr; var Flccv,Llcc~: 
ControlPtrl; 

var i:integer; od:S8; inf:Sl,; ok:boolean; 

Reads the na1e of the data file and the date; checks for an existing 
file of the sa1e na1e; if file is found calls READFILE. 

begin 
c lrscr: 
textcolor(4l: 
gotoxy(18,8l: 
write('Enter File Nate (1 tD 8 characters): 
readln(fn); 
gotoxy{33,10l; 
11rite('Date: '); 
readln(datel; 
for i:=1 to 7 do writeln: 
inf:=fn+' .DAT'; 
assign(ifn,inf); 
{$!-} resetlifnl {Sl+}; 
ok:=(IOresult=Ol; 
if ok then begin 

readln(ifn,od); 
gotoxyl30, 14); 
write('Editing existing file.'); 
gotoxy!21,15l; 
write(inf:12,' was edited last on ',od:Bl; 
gotoxy( 1,25); 

'I• , , 

READFILE ( ne, nj, nlc ,F1i ,Lai, F jc ,L jc, Fh, Lh ,Fxy, Li:y, Fa, La, F: i, Lz i ,Fe, Le, 
Fcte,Lcte,Fjl,Ljl,FpJd1LPjd,Fmact,L1act,Flccv,Llccv,nJC1nh, 
tnjl,tn1act,tnpjd,n1inc,nxy,na,nzi,ne1od,ncte,nlccv); 

end 
else begin 

goto~y(31, 14); 
•riteln('Creating a new file.'); 
gotor.y(l,25) 

end; 
delay(2000) 
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end; 

{ttttttttttttttttfttttttttttttttttttttttttttttttttttttfttttttttttttttttttttttt 

t CDNTV t 
fttttftfffftttttttttf.ttttttttttttttftttttttttttftfttttttttttttttttttttttttttf} 

procedure CONTVlfn:510; date:58; var ne,nj,nlc:integerl; 
var fk:char; i:integer; EH,OK:boolean; 

Reads and edits the Control Variables, ne, nu1ber of ele1ents, 
nj, nu1ber of joints, nlc, the nu1ber of load conditions. 

procedure CUFK; [Flashes the function key indicators} 
begin 

goto1yl26,151; textcolorl311: writelAG,'Fl, F2, F3, or FIO'I; 
goto•yll,251; textcolorl12) 

end; {flash F keys} 

begin 
clrscr; 
gotoxyl9,1 l; 
gotoxyl32,11: 
gotor.yl64, l); 
gototy!31,5l: 
gotoxyl24,81; 
gotc,xy!24,9); 
gotoxy(24, 101; 
gotoxy(24,11); 
goto~v (24, 12): 
gotoxyi24,13l; 
repeat 

EH:=False: 

tedcolor\12); 
writelfn,'.DAT'I: 
writel'CONTRDL VARIABLES'); 
writeldatel; 
write ( 'NE=' ,ne:2,' NJ=' ,nj :2,' NLC=', nlc:2}; 
write('Key 
1r1ritel'---
write! 'Fl 
write( 'F2 
write( 'F3 
write( 'FlO 

fo Change' l; 
---------------------------'): 
The number of elements'); 
The nu1ber of joints'); 
The number of loading cases'); 
Return to the MAIN MENU'); 

gotoxyll!,15); writel'Please use the Fl, F2, F3, or FIO key to enter , 
'yc,ur choice.'); 

gotoxy( 1,25i; 
repeat 

EH:=False; 
readlkbd,Hl; 
EH:=lfk=l27l; 
if EH and keypressed then begin 

read! kbd, fk l; 
case fk of 

159:begin {Nu1ber of Ele1ents} 
repeat 

6TW3!38,19,'NE='); 6TW9136,20,'d to 30)'); 
gotoxy141,19l; 
{$!-} readlnlnel; {$It} 
OK:=l!Oresult=OI; 
if ine ( 11 or lne > 301 or !not OKI then begin 

BEL; 



end 
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6TW46(17,22, 
'Paraaeter entered is out of range. Try again.'); 

BLAHK10t41, 19) 

else begin 
gotoxyl34,5); writelne:21; 
for i:=19 to 22 do BLANKBOlil 

end 
until lne >= 11 and lne <= 30) and OK 

end: 
160:begin (Nuaber of Joints} 

repeat 
STW3(38,19,'NJ='l; STW9136,20,'11 to 301'1; 
gotor.yl41,19l; 
(11-l readlnln1l; ($!+} 
OK:=l!Oresult=OI; 
if lnj < 11 Dr lnj} 30) or !not DKl then begin 

BEL; 
STW46117,22, 

'Paraaeter entered is out of range. Try again.'); 
BLANK 10 I 41,191 

end 
else begin 

gotc;~yl41,5l; writelnj:21; 
for i:=19 to 22 do BLANKSO(ii 

end 
until lnj >= 11 and lnj <= 301 and DK 

end; 
161 :begin 

repeat 
6TW10!38,19,'NLC= 
goto~y ! 42, 19 I; 

, l : 

($1-} readln!nlcl; (SI+} 
OK:=IIOresult=Ol; 
if nc,t OK then BEL 

until OK; 

(Nuaber of load Cases} 

gotoxyl49,5li 
BLANK80119l 

end; 

writelnlc.:2i; 

168:begin {Return to MIH MENU} 
if lne <> Ol and lnj <> Ol and lnlc <> Ol then 

RTl'ltl 
else begin 

H:=167; 
gotoxy!22, 19); 
writelftG,'All control iariables 1ust be defined.'}; 
delay I 15001; 
BLANK80119l 

end 
end; 
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else CVFK 
end 

{All other input} 

end 
else C',IFK 

until ( (fk=t59l or (fk=t60l or (fk=l61) or ifk=l68)) and EH 
until (fk=t68l and EH 

end; 

{ttttttttttffttttttttttfttttttttttttttttttttttfftfttttttttttttttttttttttf.tfftt 
t l'IENU t 
tttttftttttttttttttttttftttfttttffttttttfttttttttttttttftttftffttftttfttttttt} 

procedure NENUlfn:S10; date:SB; scv,s1i,sjc,sh,sxy,sep,sld:S3l; 
{ 

Writes the 1ain 1enu to the screen at the beginning of the progra1 
and after each editing subroutine returns to the eain menu. 

begin 

write(fn:10,' .DAT'l: 
writel'MAIN MENU'!; 
11riteldate:8l: 
write! 'l<.ev' l: 

11r i te( 'Fune t ic,n'): 
write('Status'l; 

cl r scr: 
textcolor(4); 
gotoxy(9,1l; 
gotoxy(38.1 l; 
gotoxyl64,ll; 
gotor. 1(24,5); 
gotoxy(35,5); 
gotoxy(51,5); 
gotoxyi24,6); 
gotox)'(24,7l: 
gotoxyl24,Bl; 
gcitoxyi24,9); 
gotc,xyi24d0l; 

write!'--- ------------------ ------'); 
textcolor( 12i: 
textccilor (9); 
textcolor(2): 
textcolor13l; 

gotoxyl24,11l; textcolorl6l; 
gotoxy(24,121; textcolor15l; 

wr l te ( 'F 1 Contro I 1!ailables 
write('F2 Member Incidence 
write('F3 Joint Constraints 
write('F4 Hinges 
111rite('F5 Joint Coordinates 
11ritel 'Fb Ele1ent Properties 
write ( 'F7 load Data 
write ( 'F8 Display Frate'); 
i.ritel 'F9 Exit to FRAME'); 
11rite('FIO Exit to DOS'l; 

',scv:3l; 
',Sllli :3); 
· ,sjc:3); 
',sh:3l; 
! isxy:3); 
',sep:3); 
'iSld:3); gotoxyl24,13); 

gotoxyl24,14l; 
gotor.y(24.15l: 
gc,toxy(24, lb); 
gotoxyl15,19l; 

textco lor ( 11 l; 
textccolor ( 1); 
te;:tcc.lorl14l; 
textcolorl15}: 
textcolor(4); writel'Please use the function keys to , 

'enter your choice.'); 
gotoxy(l,25) 

end; 

{tttttttttttftffftftttttfttttttfftttttttttttttff.ffttttttftttttftfftftttttttttt 

• oveilay O~~E t 
ttfttttttfttttttttttttttttttttfttftttttttttttttfttttttttttttfttffttftf.fftfttf.} 

overlay procedure ONE(fn:S10; date:S3; var Fai,Lai:MIPtr; var Fjt,lJc,Fh,Lh 
:T1Ptr; var Fxy,Lxy:XYPtr; var Fa,La,Fzi,Lzi,Fe,Le,Fcte, 
Lcte:T2Ptr; ne,nj,nlc:integer; var n1inc,njc,nh,nxy,na, 
nzi,neaod,ncte:integer; fk:charl: 
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Allows for code larger then 64K. Calls l'IENIHS, TYPEl, JTCOORDS, 
and ELPROP. 

CSl NENINS.PAS} 
C1I TYPEl.PAS} 
CSI JTCOORDS.PAS} 
{'51 ELPROP.PAS} 
begin 

case fk of 
l60:NENINS(fn,date,F1i,Lm1,ne,nj,n1incl: 
161:TYPE!lfn,date,Fjc,Ljc,1,nj,njcl; 
162:TYPE!(fn,date,Fh,Lh,2,ne,nhl: 
163: JTCOORDS( fn,date,Fxy ,L~y, n J, n1:y I; 
164:ELPROPlfn,date,Fa,La,Fzi,Lzi,Fe,le,Fcte,Lcte,ne,na,nzi,nemod,nctel 

end 
end: 

{fttttttttttttttttttttttttttttttffffftftffttttttttttttttftttttttttfttttttttttt 

t overlay TWO t 
tttttftftfftftftffftttfttttttttttttttttttttftftffttttttftttftttttttttttff.tf.tf} 

overlay procedure TWOlfn:510; date:58; var F1i,L;i:MIPtr; var Fjc,LJc,Fh,Lh 
:TIPtr; var Fxy,L1y:XYPtr; var Fa,La,Fzi,Lzi,Fe,Le,Fcte, 
Lcte:T2Ptr: var Fjl,Ljl,Fpjd,Lpjd:T3Ptr; var F~act,Lmact 
:l'ILPtr: var Flccv,Llccv:ControlPtr: ne,nj,nlc,n~inc, 
njc,nh,nxy,na,nzi,ne1~d,ncte:integer; var tnjl,tnmact, 
tnpjd,nlccv:integer: ~ar fk:charl: 

Allows for ceide larger than 641:. Calls LOADS, DRAWS, RFRANE, and ETDOS. 

m TYPE3.PAS} 
CU !'!ACT .PAS} 
{$I LOADS.PAS} 
CS I DRAWS. PAS} 
{$1 ETDOS.PAS} 
begin 

case fk of 
165:LOADSlfn,date,Fjl,Ljl,Fpjd,Lpjd,Fmact,Llliact,Flccv,Llccv,ne,nj,nlc, 

tnjl,tn1act,tnpJd,nlccvl; 
lbb:DRAWS(fn,date,Fxy,Lxy,F111i,Lai,Fh,Lh,ne,nj,nhl; 
167:ETDOSlfn,date,Fti,Lti,FJC,Ljc,Fh,Lh,Fiy!Lxy,Fa,la,Fzi,Lzi,Fe,Le,Fcte, 

Lcte,Fjl,Ljl,Fpjd,Lpjd,F1act,L1act,Flccv,Llccv,1,ne,nj,nlc, 
njc,nh,n1inc,nxy,na,nzi,ne10d,ncte,nlccv,tnjl,tn1act,tnpJd,fkl; 

l68:ETDOSlfn,date,F1i,L1i,Fjc,Ljc,Fh,Lh,Fxy,Lxy,Fa,La,Fzi,Lzi,Fe,Le,Fcte, 
Lcte,Fjl,Ljl,Fpjd,Lpjd,Fmact,Lmact,Flccv,Llccv,2,ne,nJ,nlc, 
njc,nh,n1inc,nxv,na,nzi,ne10d,ncte,nlccv,tnjl,tn1act,tnpjd,ftl 

end 
end; 
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{lffffffffffffffffffffffffffffffftffffffffffffftftfftfttftfftfftttfffftttffttf. 
t PREP t 
tttttttttff.fttftftttf.tlfftttf.ttf.fftftflttftttfffffffttftffffttffffffttftfffft} 

Prepares the data file for progra1 FRAl'IE.CO~. Each category of data 
has at least one separate subroutine for entering data. Old data files 
can be called, read into aeaory, edited, and saved for future runs 
froa FRAIIE.COII. FRAIIE.COl'I can be run fros PREP. 

procedure PFK; (Flashes words function keys} 
begin 

gotoxy(30,19); textcolorl311; writelAG,'function keys'); 
textcolorl41; gotoiy(l,251; 

end; 

begin 
Fai:=nil, 
F~f:=nil; 
Fe:=nili 
Fpjd:=nil; 
ne:=O; 
tn:aact:=O; 
nt?ilod:=O; 
sh:='No': 

clrscr; 
textcolod4l; 

L«ii:=nili Fjc:=nil; 
Lxy:=nil; Fa:=nil; 
Le:=nil; Fcte:=nil; 
Lpjd:=nil; FiJlact:=nil; 
nj :=O; nk:=O; 
tnpjd:=O; n111inc:=O: 
ncte:=O; nlccv:=O; 
sxp='No'; sep:='No'; 

writeln; writeln; writeln; 

Lic:=nil; Fh:=nil; Lh:=nili 
La:=nil; Fzi:=nil; Lzi:=nil; 
Lcte:=nil; Fjl:=nili Lil:=nili 
L111ac t :=nil: Flcc·v:=ni l; Llcn:=ni l; 
flJC:=O: nh:=O; tnjl :=O; 
TI}:y:=O; na:=O~ n.:i!=O; 
scv:='Mc,' i smi:='No~; sjc :='No' i 
sld:='tfo': 

writelnl' Prograa PREP was developed by Kenneth R. Nuttall as', 
'part of'I; 

writeln(' his research for an IIS in CE at Virginia Polytechnic ', 
'Institute'); 

writelnl' and State University. It creates the data file required', 
' by' l; 

itriteln(' prugra1 FRA"E 11hich was translated to Turbe, Pascal froi1 
'FORTRAN'); 

writeln(' as it is developed in Holzer, S.1'1. 1985. Coaputer ', 
'Analysis of'}; 

itritelnl' Structures. Elsevier, New York, and taught in CE 4001 ' 
'and CE' l; 

writelnl' 4002. This version of FRANE also incorporates the ', 
'extensions' l i 

writeln(' 

11riteln(' 

wr i teln!' 

covered b·y CE 4980 during the Spring Quarter 1986. These 
'exten-'l; 
sions are: hinges at 1e1bers'' ends !Holzer, Section ' 
'4.4) and'l; 
geoaetric i1perfections !Holzer, Section 4.7). 
'Prescribed joint'}; 



174 

111ritelnl' displacetents are 1odeled as degrees of freedo1, i.e., ', 
'they are'); 

111ritelnl' not constrained, then they are declared under the 
'appropriate'): 

11ri telnl' 
writelnl' 

load case.'); 

'4 lfove•ber 1986' l; 
GTW24129,23,'Hit any key to continue.'); 
repeat until keypressed; 
OLDFILElfn,date,ne,nJ,nlc,njc,nh,tnjl,tn1act,tnpjd,n1inc,nxy,na,nzi,nemod, 

ncte,nlccv,F1i,L1i,Fjc,Ljc,Fh,Lh,Fxy,Lxv,Fa,La,Fzi,Lzi,Fe,Le, 
Fcte,Lcte,FJl,Ljl,FpJd,Lpjd,F111act,L1act,Flccv,Llccvl; 

fnaae:=fn+' .OAT': 
if lne=O) or lnj=Ol or lnlc=Ol then begin 

CONTVlfn,date,ne,nj,nlcl; 
scv:=·'Yes' 

end; 
repeat 

NENU!fn,date,scv,s1i,sjc,sh,sxy,sep,sldl; 
repeat 

EH:=False; 
readlkbd,ch}j 
EH:=lch=t27l; 
if lch=t27l and keypressed then beg1n 

readlkbd,ch); 
case ch of 

159:begin 
scv:='Yes'; 
CONTVlfn,date,ne,nj,nlcl 

end: 
160:begin 

(Control Variables} 

{Me1ber Incidences} 
s111i:='Yes'; 
ONElfn,date,F1i,L1i,Fjc,Ljc,Fh,Lh,F1y,Lxy,Fa,La,Fzi,Lzi, 

Fe,Le,Fcte,Lcte,ne,nj,nlc,n1inc,njc,nh,nr.y,na,nzi, 
nemr,d,ncte,chl; 

end; 
161:begin {Joint Constraints} 

sjc:='Yes'; 
ONElfn,date,F1i,L1i,Fjc,Ljc,Fh,Lh,Fi:y,Lxy,Fa,La,Fzi,Lzi, 

Fe,Le,Fcte,Lcte,ne,nj,nlc,n1inc,njc,nh,nxy,na,nzi, 
ne1od,ncte,chli 

end; 
162:begin {Hinges} 

sh:='Yes'; 
ONElfn,date,F1i,L1i,Fjc,Ljc,Fh,Lh,F1y,Lxy,Fa,La,Fzi,Lzi, 

Fe,Le,Fcte,Lcte,ne,nj,nlc,n1inc,njc,nh,n1y,na,nzi, 
ne11od,ncte,chl: 

end; 
t63:begin 

si:y:='Yes'; 
{Joint Coordinates} 
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ONE!fn, date,F1i, Lr,i ,F jc ,L jc ,Fh, Lh ,hy ,by ,Fa ,La ,Fz i, Lz i, 
Fe, Le,Fc te, Lcte, ne, OJ, nlc, nmi nc ,nJC, nh, m,y, na, nz i, 
neaod,ncte,crd; 

end; 
t64:begin {Me1ber Properties} 

sep:='Yes'; 
ONElfn,date,F1i,L1i,Fjc,L1c,Fh,Lh,Fxy,L1y,Fa,La,Fzi,Lzi, 

Fe,Le,Fcte,Lcte,ne,nJ,nlc,n1inc,n1c,nh,n1y,na,n2i, 
nuod,ncte,chl; 

end; 
t65:begin {Load Case Data} 

sld:='Yes'; 
TWOlfn,date,F1i,L1i,Fjc,L1c,Fh,Lh,Fxy,Lxv,Fa,La,Fzi,Lzi, 

Fe,Le,Fcte,Lcte,Fjl,Ljl,Fpjd,Lpjd,Fmact,Laact,Flccv, 
Llccv,ne,nj,nlc,n1inc,n1c,nh,nxy,na,nzi,ne10d,ncte, 

end; 
t66:TWD!fn,date,F1i,L1i,Fjc,Ljc,Fh,Lh,F~y,Lxy,Fa,La,Fzi,Lzi, 

Fe,Le,Fcte,Lcte,Fjl,Ljl,Fpjd,Lpjd,Fmact,Lmact,Flccv, 
Llccv, ne, nj, nlc 1n1i nc, njc, nh, nxy, na, nz i, ne1c,d, ncte, 
tnjl,tn1act,tnpjd,nlccv,chl; {Draws Frame} 

t67:TWOlfn,date,F1i,L1i,Fjc,Ljc,Fh,Lh,Fxy,Lxy,Fa,La,Fzi,Lzi, 
Fe,Le,Fcte,Lcte,Fjl,L1l,Fpjd,Lpjd,F1act,L1act,Flccv, 
llccv,ne,nj,nlc,nminc,njc,nh,nxy,na,nzi,ne10d,ncte, 
tnjl,tnmact,tnpjd,nlccv,chl; 

{Writes file, runs FRAME.CO!'!, and returns tc, DDS} 
l68:TWOlfn,date,F1i,l1i,Fjc,Ljc,Fh,Lh,Fxy,Lxv,Fa,La,Fzi,Lzi, 

Fe,Le,Fcte,Lcte,Fjl,Ljl,Fpjd,Lpjd,Faact,Laact,Flccv, 
Llccv,ne,nj,nlc,nminc,njc,nh,nxi,na,nzi,neaod,ncte, 
tnjl,tn1act 1tnpjd,nlccv,chl: 

[Writes file and returns tD DDS} 
else PFK 

end 
end 
else PH 

until ( lch=t59l Dr lch=t60l or (ch=tbl l or (ch=l62l or (ch=t63} or 
lch=l64l or lch=l65l or lch=l66l or lch=t671 or lch=l68ll and 

EH 
until !lch=lb7l or lch=lb8ll and EH 

end. 
(*++tttftftttfttttttttfftfttftttttttttttttttttttttttftttttttttttf.ttttttttttttt 

t SUBSKI * 
ftttfttttfttttttfftftttttttttttftf.ttttttttttttffttttfttftttttfttttttttttttttt} 

procedure SUBSKI!n1inc:integerl; 
const Hl='Mem a-end b-end '; H2='--- ----- ----- '; 

Writes the subheadings to the screen for 111e1ber incidences. 

begin 
BLANK8014); BLANKBO I 5 } ; BLANK80124); BLANK80125l; 



if n1inc > 15 then begin 
GTW18116,4,H1l; STW18(48,~,Hll: 
STW18(16,5,H2); GTW18(48,5,H2l; 

end 
else begin 

GTW18(32,4,Hll; GTW18(32,5,H2l; 
end 

end; 
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{ttttttftfffftftfttttttffttttttttfttftfftftftttfftffffftffffffftftfffftttttftf 

• LISTMI t 
ttfffffffffttttffftfftfftftfttfttfttttttttfttttttftfffftffttftttttttttfttfttt} 

procedure LISTMI(nainc:integer; Fai:MIPtrl: 
var i,j:integer; Tti:MIPtr: 

Lists the 1e1ber incidences in a tabular fora. 

begin 
if nainc=15 then begin 

for i:=6 to 20 do BLANK20116,il; 
BLANK20(48,61 

end: 
if n1inc=l6 then for i:=6 to 20 do BLANK20132,il; 
hi:=F11i; 
for i:=1 to nainc do begin 

if nminc > 15 then begin 
if i <= 15 

end 

then QC,;to,;v( 16, i5+i) i 
else gC,;toxyl48,1i-lOI) 

else oc,to;,\'(32, (5+i) l; 
with T~iA do ~ritel1:3,' 
T~i:=T~iA.nextii 

end~ 
if F11i=nii 

then ( 32, 6 i 
else if n1inc (= 15 

then BLANY.20(32,(i+6ll 
else BLANK20(48,ii-9ll 

end: 

',111 :2,' 

{tfftftttfttfftttftttttfttttttttttttfttf.tttfftttttftftftttttttttfftttttftff.ff.t 

t ADDMI 1 
ttttttttttttttfffttttttf.tfftttttftftfttftfftttfftttfttttttfttttttttfttftttttt} 

prDcedure ADDMilnJ:integer: var F1i,L1i:MlPtr; var n1inc:integerl: 
•i,H 1: integer: m:: boo 1 ean; 

~dds a recDrd of the type MlPtr. 



begin 
Bl1A; 
n,r,inc:=n11inut; 
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goto1yi26,22l; writel'l1e1ber ',n~inc:2,': a-end='l; 
if F1i=nil then begin 

new(Fmil: 
L1i:=F1i 

end 
else begin 

new(L1iA.next1il; 
L1i:=L1iA.nextmi 

end; 
with Lai' do begin 

repeat 
gotoxy(44,22l; 
{SI-} readln(1ll: ($1+} 
OK:=(IOresult=OI; 
if (al < 1 l or (111 > nj) or ':nc,t OKi then begin 

gotoxy(26,23i; iiritei"'G,'!lut uf range. A-end=l tc, ',ni:2,'.'l; 
BLANK5(44,22l 

end 
else BLANK80(23l 

until (111 >= li and (1111 <= nj) and OK; 
6TW6(48,22,'b-end='I; 
repeat 

goto>:•1!54,221; 
(SI-} readln!m2l; {SI+} 
OK:=IIOresult=Ol; 
if (112 < 11 or 112 > njl or (not OKI then begin 

gotoxy(26,231; write(A6,'0ut of range. B-end=I to ',nj:2,'.'l: 
BLANK5(54,22l 

end 
until 112 }= 11 and 1112 <= njl and OK; 
nexhi :=nil 

end; 
for j:=22 to 23 do BLANKBOljl; 

end; 

{ttttttttttttttttttttttttfftfftftJttttttttttttttttfttftttttttttttttttttttttttt 

t DELMI * 
ttttttttttttttttttttttttttttttftttttttttttttf.tttttttttttttttttttttttttttttftt} 

procedure DELMllvar F1i,L1i:l1!Ptr: var nminc:integerl; 
var j,k,kl:integer; ans:char; T&i,Nlmi:11!Ptr; OK:boolean; 

Deletes a record of the type 111Ptr. 

begin 
811D; 



Tmi:=F11i; 
Nl1i:=T1i; 
repeat 

6TW25129,23,'Delete 1e1ber nutber= 
goto>:y(50,23>; 
CSI-} readln(kl; (11+} 
OK:=IIDresult=OI; 
if lk < 11 or (k > n1incl or (not GKI 

until lk >= 1) and lk (= naincl and OK; 
k1 :=k-1; 
while kl > 0 do begin 

kl:=kl-1; 
Nl1i:=T1i; 
Tmi:=T1iA.ne~t1i 

end; 
repeat 

for 1:=22 to 23 do BLANKSOljl; 

'I• 
'I 
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then BEL 

gotoxyl22,221; ~ritel'Delete ieiber ',k:1,'. A-end=',T1iA.11:1, 

6TW8136,23,'(Y/Nl: 'I; 
readln(ansl; 
if (upcase(ansl <> 'Y'I and iupcaselansl <> 'N') then BEL; 
if upcaselansl='Y' then begin 

if F11i=L1i then begin 
dispose(F1il; 
F111i:=nil: 
Lmi :=F1,i 

end 
else begin 

for j:=k to ln1111c-l l do begir, 
if lk=ll and lj=ll 

then Nlai :=fai 
else Nl1i:=Nl1iA.next11i; 

T1i:=T11iA.next1i; 
NlmiA.il:=T11iA.111; 
Nla1A.12:=T1iA.12 

end: 
L11:=Ml1i; 
dispose(L1iA.next1il; 
L1iA.next11i:=nil 

end; 
n1inc:=n1inc-1 

end 
until (upcaselansl='Y'l or lupcaselansl='N'I; 

i:=22 to 23 do BLANK80ljl 
end; 

{ttttttttttfttttttttff:itfftftttttttttttttttttttttttttttttttttttfftttttftttftt 
t CHANGEl'II t 
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fHtHtHtHtHHHHHHtHtHHHfHHHHHHHHtHHHHHHHHHHH', ,. 

procedure CHAN6E"Ilvar F1i:"IPtr; ne,nj:integerl: 
var i,j:integer; OK:boclean; 

Changes record of the type MlPtr. 

beQin 
Bl'IC; 
Tmi :=Faii; 
repeat 

gc,toxy(30,22}; write('Change iihich 1e1bH 7 '): 
gotoxy(52,22l; 
{$1-} readlnlil; {SJ+} 
OK:=l!Oresult=Ol; 
if (i < 1) or (i > nei or (not OU then BEL 

until (i >= 1) and (i <= nel and OK; 
i:=i-1; 
rihile i > 0 do begin 

i :=i-1; 
T1i:=T1iA.neitmi 

end; 
with Tiih do begin 

repeat 
gritc,xy(28,23l; write('Ctiange a-end fro11 ',1111:2,' tu '): 
gotoxy(52,23l; 
{$!-} readlrd p; Olt} 
OK:=IIOresult=O}: 
if (j < 1l c,r (j > nj) c,r inot OU then BEL 

until 11 <= jl and (j <= n1l and OK: 
11 := j; 
repeat 

goto~y(28,231; ~ritel'Change b-end fro1 ',12:2,' tu 
goto·~y(52,23l; 
{SI-} readlnljl; {$!+} 
OK:=(!Oresult=Ol; 
if {j <!)or (j > nj) or (not OK} then BEL 

until II <= jl and lj <= njl and OK; 
12:=j 

end; 
for i:=22 to 23 do BLANK80(il 

end; 

'\• , . 

{tfffttttttftftttttttf.ttff.tfttttfttttttttttttf.ttf.tf.ttf.tff.tftf.f.ttttttttf.ttftttf. 

* INMI t 
ftfttttttttttttfttttf.ttttttttttttff.tttttttftttttttttttttttf.ttttttttttfttf.ftf.t} 

procedure INl'lllvar nainc,nj:integer; var F1i,Lmi:l'IIPtrl; 
var T1i:l'IIPtr; i,il,i2,jl,j2:integer; OK:boolean; 

inserts a record of the type l'IIPtr into the list Df existing 



records. 

begin 
BPI! i 
new{L1iA.nelt1i): 
lei:=L1iA.next1i; 
L1iA.next1i:=nil; 
Tili :=F111i; 
repeat 

180 

gotoxy{24,22l; writel'lnsert new member before 1e1ber 'l; 
gotoxy(57,22l; 
($!-} readln(il: {$[+} 
OK:=!IOresult=Oi: 
if (i < 1) or Ii } n1incl or (not OKl then BEL 

until Ii >= 1) and {i ~= n11ncl and OK; 
i:=i-1; 
while i > 0 do begin 

i:=i-1; 
T1i:=T1iA.next1i 

end: 
repeat 

6TW12137,23,'A-end= 'I: 
goto½y(43,23l; 
{SI-} readlnli11: {lltl 
OK:=tIOresult=Oi; 
1f li1 < 11 or lil > nJi or lnct OKI then BEL 

unt i 1 I 1 < = i 1l and ( 11 < = n JI and 01<: 
repeat 

6TW12137,23,'B-end= 'I: 
qoto~yl43,23l; 
(SI-} readln(i2): {$[+} 
OK:=IIOresult=O); 
if li2 < ll or li2} njl or lnot OKI then BEL 

until {1 <= i21 and li2 (= nji and DK; 
while TQiA.ne1t111i <> nil do begin 

with TmiA do begin 
jl:=111; 
j2:=12; 
11:=i1i 
12:=i2 

end; 
T1i:=T1iA.next1i; 
il:=jl; 
i2:=j2 

end; 
Taii'.11:=il; 
Tmi" .1112:=i2; 
n1inc:=n1inc+l; 
for i:=22 to 23 do BLHNKBOlii; 

end: 
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(ttttffftffffffttffffftffttttttftftfff.ftfff.tff.f.f.f.tttftf.tf.tf.ftttftfffftttttttf.t 

• ~EMINS • 
ftftttttttttttftttftfftttttttttf.ffttttfttftftftfttftttftttttttfffttttttttfttf} 

procedure MEMINSlfn:SlO; date:S8: 1ar Fmi,Lmi:MlPtr: var ne,nj,n~inc:inteqerl; 
var i,j:integer; EH:boolean; fk,ans:char: 
( 

Reads and edits the 1e1ber incidences. 

begin 
clrscr: te~tcolorl91: 
gotoxy19,1l; writelfn,'.DAT'I: 
gotoxyl32dii write('l'IEIIBER INCIDENCES'!: 
gotoxyl64,11; writeldatel; 
repeat 

EH:=False: 
SUBSIIHnaincl; 
LISTMI(n1inc,F1il; 
if n11nc=O then for i:=I tone do begin 

ADDl'IIlnj,F1i,L1i,n1inc): 
SUBSIII lnr1inc l; 
LISTMI(n1inc,F1il 

end; 
if nminc ( ne then begin 

j:=n1i11c+l: 

end 

for i:=j tone do begin 
repeat 

6TW24129,22,'Add or Insert? IA/!I: 'I; 
readlniansl; 
BLANK BO I 22 I; 
if lupcaselansl <> 'A'l and (upcase(ansl (> 'I'I then BEL 

until (upcaselansl='A' I or lupcase(ansl=' I' l: 
if upcaselansl='A' 

then ADDMI!nj,F~i,Lmi,n1incl 
else INl'llln1inc,nj,F1i,Lm1l; 

SUBSMI I nai nc); 
LISTl'll(n1inc,F1il 

end 

else begin 
if neinc} ne then begin 

j:=nainc-ne; 
gotoxy127,221: write!'You &ust delete ',1:2,' me1bers.'I; 
for i:=1 to j do begin 

DELKIIF1i,Lmi,n1incl; 
SUB SN II n1 inc ) ; 
LISTKiln1inc,F1il 

end 
end 



end; 
Bl'li 
repeat 

read!kbd,fkl; 
if !fk=l271 and keypressed then begin 

EH:=True; 
read(kbd, fk I; 
case fk of 

159:CHAN6E"l(F1i,ne,n1l, 
160:ADDl'll! n j, F11i, Lti, n1i nc l; 

162:DEL"IIF1i,L1i,n1incl; 
168:RTK"; 
else Bl'IFK!9l 

end 
end 
else B"FKl9l 
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until ((fk=IS9l or (fk=l601 or lfk=loll or !fk=lb2l or !fk=l68)l 
and EH; 

until !fk=lb81 and EH and !n1inc=nel 
end; 

{ffttfffftttttttfttfftfffffftfftffftfftfffffffffffffffffffffffffffftffffffffff 

t Flash • 
fffffffftftftttftffttfffffffftffftfftttffffftfffftftfffff.ff.ftftfffffttffffftf} 
( Flash F keys } 
procedure T1FKij,i:integeri; 
begin 

BEL; textcolor!31l; 6TW2!1,8,'Fl'l; 6TW2!1,9,'F2'): 
if i=l then 6TW311,10,'F10"l else 6TW211,10,'F3'l; 
te~tcolorl!j+lll; gotoxy!l,251 

end: 
procedure TlAFK; 
begin 

textcolor!31l; GTW2!1,11,'F4'li 6TW2!1,12,'F5'l; 6TW2!1,13,'F6'l: 
STW2(1,14,'F7'); textcolor(2l; gotoxyll,251 

end; 

{ffffffftffffffffffffffftttttftfffftffffffff.fffffffffffffffffffffftfftffffff.ff 

* CNNT1 t 
ffffffffffffftfttftttttttfftttttffttttf.f.fftfftftffffffftfttffffftfffff.ftffttf} 

procedure CHNT1!Ft1:T1Ptr; var nnc:integeri; 
var Tt1,Nlt1:T1Ptr; 
{ 

Counts the of joints that have jc,int constraints or the nu11ber 
of ifletbers that have hinges. Returns this value as nnjc. Nnc may be 
less than or equal to njc or to nh. 



begin 
nnc:=0; 
Tt1:=Ft1; 
if Tt1 <> nil then begin 

repeat 
if Tt1A.next1 <> nil then begin 

Nlt1:=Tt1; 
Tt1:=Tt!A.next1; 
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if Nlt1A.T11 <> Tt1A.Tll then nnc:=nnc+1 
end 

until TtlA.nextl=nil; 
nnc:=nnc+l 

end 
end; 

{tttfttttfttttttttttttttttttttttttttttttttttttttttttttttttttttttfttttttttttfft 

t SUBST! * 
ttttttttttttfttfttttttttttttttttttttttttttttttttttttttttttfffttttttttttfttttf} 

procedure SUBST1(j,nnc:integerl; 
var HI ,H2:S9; 

Writes the subheadings to the screen for joint constraints lj=ll 
or for hinges (j=2l. 

begin 
BLAIO'.80 i 4 l ; BLANKBO 15 l ; BLANK80i24i; 
if j=l then begin 

H1:='JT 1 2 3'; H2:='-- - - -' 
end 
else begin 

Hl:=' MEM AB'; H2:=' 
end; 
if nnc > 15 then begin 

6TW9(28,4,H1l; 6TW9(54,4,H1l; 
6TW9!28,5,H2); 6TW9!54,5,H2) 

end 
else begin 

STW913b,4,Hll; STW9t3b,5,H2l; 
end 

end; 

BLANK SO ( 25 l; 

{tttttttttttttttttttttttttttttttttttftfttf.tttttttttttttttttttttttttftttftftttt 
t LISTI t 
tttttffftttttttttttttttftttttttttttttttttftttttttttttttttttttftttttttttttfttf} 

procedure LIST1(Ft1:T1Ptr; j,nnc:integerl; 
var i,p,ix,iy:integer; Tt1:T1Ptr; 
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Lists the joint constraints lj=ll or the hinges lj=21 in tabular form. 

begin 
if nnc=15 then begin 

for i:=b to 20 do BLANK10125,ii; 
BLANK10!54,6l 

end; 
if nnc=lb then for i:=6 to 20 do BLANUOi37,i); 
p:=O: 
Tt 1 :=Ft 1; 
for i:=1 to nnc do begin 

if nnc > 15 then begin 
if i <= 15 then begin 

if j=l 

end 

then ix:=28 
else ix:=29; 

iy:=i+S 

else begin 
if j=1 

end 

then ix:=54 
else ix:=55; 

iy:=i-10 

end 
else begin 

if j=l 
then ix:=36 
else ix:=37; 

iy:=i+5 
end; 
got~xylix,ivl; write1Tt1A.T11:2,' 
repeat 

if j=l then begin 
case TtlA.T12 of 

1:STW111ix+4l,iy,'l'I; 
2:6TW111ix+bl,iy,'2'l; 
3:STWll!ix+Sl,iy,'3') 

end 
end 
else if Tt1A,J12=1 

then STY1(1ix+51,iy,'A'l 
else 6TW11!ix+71,iy,'B'l; 

p:=Ttl''. Tl 1; 
Ttl :=Tt1·'.ne>:t1 

until p () Tt1A.T11 
end; 
if Ftl=nil 

then BLANK10136,6) 
else BLANK10(ix,!iy+1)1 

'\• ,, 
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end; 

(ffffffffffffftffftfffffffffffffffftfttttfftfttffffttftfttfftttffffftffffffttf 

t PTl t 
tfftfttftftffffftfttttffftfffffffffftttfftffffftttftftfttffffttttffttffftffft} 

procedure PTl!var Ftl,Ltl:TlPtr: j,no,i:integer: var nc:1ntegerl; 
var Ttl:T!Ptr; i1,i2,j1,j2:integer; c:char; 

Searches the linked list for the joint constraint Nhich or is 
larger than the given joint constraint or the hinge which iatches or is 
larger then the given hinge. The new data is then inserted in the 
appropriate place. 

begin 
if Ftl=nil then begin 

new!Ft 11; 
Lt! :=Ft!: 
with Lt!A do begin 

T11:=no; 
T12:=i; 
nextl:=nil 

er1d; 
nc:=nc+l; 

end 
else begin 

Ttl:=Ftl; 
while ITtlA.T!! <= nDI and !TtlA.ne1tl <> nill and 

l(Tt!A.T!! <> nol or 1Tt!A.T12 < i)' do Tt!:=TtlA.ne1tl; 
if 1Tt!A.T11 (} nof or 1Tt1A.T12 (} ii then begin 

newllt1A.next!li 
Ltl:=Lt!A.next!; 
LtlA.ne~tl:=nil; 
nc :=nc+!; 
if IITtlA.Tll=nol and 1Tt1A.T12 > ill or ITtlA.T!! nol then begin 

il:=nu; 
i2:=i; 
while TtlA.nextl <> nil do begin 

Nith TtlA do begin 
jl:=T11; 
j2:=T12; 
T11:=ili 
T12:=i2 

end; 
Ttl:=Ttl·',ne:i:tl; 
il:=j1; 
i2:=j2 

end; 
Tt1A.T11:=i1; 
Ttl". T12:=i2; 



end 
end: 

end 

end 
else begin 

Ltl·'. Tl 1 :=no; 
Lt!'. T12:=i 

end 

else begin 
gotoxydi,24l; 
if j=l then 
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writel'Joint ',no:1,' is already constrained in direction' 
i: 1, ' . ' ) 

else begin 
lf i=l 

then c:='A' 
else c:='B'; 

writel'Ke1ber ',no:1,' already has a hinge at end ',c:1,'. 'I 
end; 
delayl1500l 

end 

{tff*******••··········••ttfff.ttf.fftf.tf.ff.fffffff.f.ffftffffftfff.tfttttttfttttftf 
t ADDT! t 
tffff.ffftfftftf.fffffffftftffttttffttfftfftfttfftfttfftff.tftfftttfttfftf.tftttt} 

procedure ADDT!lvar Ftl,Ltl:TlPtr; 1,cv:1nteqer: var nc:inteqerl; 
var i,no:1nteger; EH,OK:boolean; fk:char; w:56; 

Reads no, the joint to be constrained lj=ll or the ie~ber that has 
a hinge on at least one end lj=21, and the tvpe of 1oint constraint 
desired lj=ll or the end on which the hinge is to be pliced. Calls 
PT1 to add to the l1nked list. 

begin 
for i:=8 to 10 do SLANK!Oll,il; 
repeat 

EH:=False; 
gotoxy!24,23); 
if j=1 

then w:=' joint 
else w:='1e1ber'; 

6TW315,6,'Add'l; 

writel'Enter ',w:6,' nu•ber 11 to ',cv:1,'l: '); 
goto~yl56,23l; 
{SI-} readlnlnol; [$1+} 
OK:=!IOresult=Ol; 
if (no < 1l or !no > c·,·I c,r (not OKI tt,en BEL 

until lno >= ll and !no (= cvi and OK; 
BLAIIK80(23l; 
if j=l then begin 
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6TW12(1,B,'F1- Fixed 'l; 
6TW18(1,10,'F3- 1-3 Constraint'); 
6TW18!1,12,'F5- 1 Constraint 'li 
6TW18!1,14,'F7- 3 Constraint ') 

6TW1211,9,'F2- Pinned 'l: 
GTW18(1,11,'F4- 2-3 Constraint'); 
6TW18(1,13,'Fb- 2 Constraint '); 

end 
else begin 

6TW1211,8,'F1-A end 'l; 
GTW12!1,10,'F3-Both ends'l 

end; 
goto:,:y( 1,25); 
repeat 

read(~bd,fl:l; 

GTW12!1,9,'F2-B end 

if (H=l27l and keypressed then begin 
EH:=True; 
read(kbd,fkl; 
if j=l then begin 

end 

case fk of 
159:for i:=1 to 3 do PT1(Ft1,Lt1.j,no,i,nci; 
lbO:for i:=1 to 2 do PT11Ft1,Lt1,j,no,i,ncl; 
161:begin 

PT1(Ft1,lt1,j,no,1,ncl; 
PT1(Ftl,ltl,j,no,3,nci 

end; 
162:for i:=2 to 3 do PT1!Ft1,Lt1,j,no,i,nc); 
lb3:PT1iFt1,Lt1,j,no,1,nci; 
164:PTt(Ftt,Ltl,j,no,2,nc}; 
165:PTl!Ftl,Lt!,J,no,3,nci; 
else begin 

TlFKll,21; T!AFK 
end 

end 

else begin 
case H of 

159:PTl(Ftl,Ltl,j,no,1,ncl; 
lbO:PTliFt1,Lt1,j,no,2,ncl; 
161:for i:=1 to 2 do PT11Ft1,Lt1,j,no,i,nci; 
else TtFK(j,2} 

end 
end 

end 
else begin 

TtFK(j ,2\; 
if j=I then Ttm: 

end 
until EH and l!fk=l591 or (fk=160l or (fk=lblli 

'l; 

or (lj=ll and (!fk=l62} or lfk=l63) or lfk=l64} or lfk=lb5lll; 
BLANK5(4,61 

end; 
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(ftfftfffftfffffttffftffftffttttfttttttttttfftt+++t+ttffttttttttftttttfftttttt 
t DELTl * 
tftttttftttttttftffttttttftttfftttttfftftttfftttttttttttttftttttttttttttttttt} 

procedure DELTl(var Ftl,Ltl:TlPtr: j,cv:integer; var nc:integerl: 
var ic,l,k,k1:integer; Ttl,Nltl:TlPtr; w:56; c:char; OK:boolean: 

Positions the linked list of 1oint constraints lj=l) or hinges lj=21 
at the prnper record to be deleted then it shuffles the data dvwn the 
records and disposes of the last record. 

begin 
for l:=8 to 10 do BLANK10{1,ll: 
ic:=O; 

6TW6(5,9,'Delete'l; 

Ttl:=Ftt; 
repeat 

gotc,>:·,· ( 24, 23 I; 
if j= 1 

then w:=' juint ' 
else w:='1e1ber'; 

writel'Enter ',w:6,' nuaber 11 to ',cv:1,'1: 
got1ny(56,23); 
{fl-} readlnlk); {$!+} 
OK:=llOresult=OI; 
if {k z 1i or lk > cv) or (not OKI then BEL 

until lk >= 11 and lk <= cvl and OK; 
8LANK80i23l; 
if j=l then begrn 

repeat 

'i I r, 

goto~y(22,23l; itrite( 'Enter direction number i 1 to 31: '): 

end 

gotri>:y(56,231: 
($1-} readlnlkll: {SJ+} 
OK:=l!Oresult=Ol; 
if (kl < l I or IU > 3) CiT (not on then BEL 

until 1kt '= 11 and lkl <= 31 and OK; 

else beqrn 
repeat 

gotoxy(26,23l; write('Enter 1m1ber end iA or Bl: 'l; 
gotoxy(54,23l; readln(c); 
if (upcase(cl='A'l or lupcaselcl='B'l then begin 

if upcase(cl='A' 
then kl:=! 
else kl :=2 

end 
else BEL 

until (upcase(cl='A'l or 1upcaselcl='B'l 
end; 
BLANK80 I 23); 
while (Tt1A.T11 <= kl and (1Tt1A.T11 <> k) or 1Tt1A.Tl2 <> klll 



and (Tt1A.next1 <> nili du begin 
ic:=ic+1; 
Nlt1:=Tt1; 
Ttt :=Tt1" .nextt 

end; 
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if !Tt1A.T1!=kl and 1Tt1A.T12=k1l then begin 
if Lt! <> Ft! then begin 

end 

ic:=ic+!; 
for l:=ic to (nc-!l do begin 

if lic=ll and (l=!l 
then Nltl:=Tt! 
else Nlt1:=Nlt1".neit1; 

Tt1:=Tt1".next1; 
Nlt1A.T11:=Tt1".T11; 
Nlt1".T12:=Tt1".T12 

end; 
Ltt:=Nltl; 
disposelltl".nexttl; 
ltl"'.nextl:=nil 

else begin 
dispose(Ftll; 
Ftt:=nil; 
Lt 1 :=Ft! 

end; 
nc:=nc-1 

end 
else begin 

gutOX/i20,24)j 
if j=l 

then write('Joint ',k:1,' is not constrained in direction ',kl:1,'.'l 
else 11rite('Meaber ',k:!,' does not have a hinge at end ',c:1,'.'l; 

delay( 1500) 
end 

end; 

{ftttffffffffffffffffffftftfffffftffffffffffffffffffffffffffffffffffffffffffff. 

• TYPE! t 
f.fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffftff.fff} 

procedure TYPEUfn:S10; date:S8; var Ftl,Lt!:TlPtr; j,C\·:integer; 
var nc:integerl; 

var Tt1:T1Ptr; i,nnc:integer; fk:char; EH:boolean; 
{ 

Co1piles and edits the joint constraint data lj=1l or the hinge 
data (j=2l. Calls CNNT1, SUBSTI, LISTI, ADDTI, and DELT1. 

begin 
clrscr; 
gotoxy(9, ll; 

textcolorlij+lll; 
writelfn,' .DAT'l; 



gotoxy!64,11; •riteldatel: 
if j=l then begin 

gotoxyl32,11; writel'JOIMT CONSTRAINTS'} 
end 
else begin 

gotoxy(3i,ll; writel'H!NGES') 
end; 
if Ft1 <> nil then begin 

while Lt1A.T11 > cv do begin 
case nc of 

1:begin 
dispose(Lt!l: 
Ft!:=nil: 
Ltl:=Ftl 

end: 
2:begin 

Lt!:=Ftl: 
disposellt!A.nexttl: 
Lt!·' .next! :=nil 

er1d: 
else begin 

Ttl:=Ft!: 
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for i:=1 to lnc-21 do Ttl:=TtlA.next!: 
Ltl:=Ttl: 
dispose(LtlA.nextll: 
Ltl·' .ne~tl :=r"<i l 

end 
end; 
nc :=nc-1 

end 
end: 
repeat 

EH:=False; 
CNNTl iFt 1, nnc l; 
SUB ST I ( J , nnc l ; 
LIST11Ftl,j,nAcl: 
if lnc=Ol and (j=l) then begin 

ADDT1(Ft1,Lt1,j,cv,nci; 
nnc:=1; 
LISTl(Ft!,j,nncl 

end; 
6TW12(1,8,'Fl- Add 'i• . ' 
6TW18(1,10,'F10-Return 'i; 
for i:=11 to 14 do BLANK2011,il; 
8LMIK80123l; 
BLANK80124}; 
goto~yil,25}; 
repeat 

read ( kbd, fk l; 

6TW12l1,9,'F2- Delete ~l; 

if lfk=l271 and keypressed then begin 



EH:=True; 
readlkbd,fkli 
cue fk of 

159:ADDT11Ft1,Lt1,j,cv,ncl; 
160:DELT1(Ft1,Lt1,J1Cv,nci; 
168:RTNN; 
else Tl Fl: ( j, 1 ) 

end 
end 
else TlFK(j,ll 
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until ((fk=t59) or (fk=t60l or ifk=t68ll and EH; 
until ifk=l68l and EH 

end; 

{fffftfttfffftfftffffffffffffffttttfffffftfftfffffffffffftffffffffftfftfffffff 
t SUBSIY t 
ftftffftfffffffffffffffffffffffffffttffffffffffftffffffffffffffffffffffffffff} 

procedure SUBSXY(n~y:1ntegerl; 
const Hl='JT X1 X2 '; H2='-- --------- ---------'; 

Writes the subheadings to the screen for joint coordinates. 

begin 
BLAHK80(4l; BLANK80(5i; BU,NK80 ( 24 l ; 
if nxy} 15 then begin 

6TW24i12,4,Hli; 6TW24i46,4,H1l; 
6TW24!12,5,H2l; STW24i46,5,H2i; 

end 
else begin 

6TW24!29,4,H1); GTW24(29,5,H2l; 
end 

end; 

BLANrBO ( 25 i ; 

{tfftttfftftftfffffffffffftffftfffffffftffffffffffftffffffffffftffffffftftfftf 
t LISTXY t 
tttfffftfffffffftffftffffffffffffftfffffffttftftfffftfftttffftffffffffffffftf} 

procedure LISTXY(nxy:integer; Fxy:XYPtrl; 
var i,i:integer; Txy:XYPtr; 
{ 

Lists the joint coordinates in a tabular for;. 

begin 
if nxy=15 then begin 

for i:=6 to 20 do BLANK24112,il; 
BLANK24!46,6l 

end; 
if nxy=16 then for i:=6 to 20 do BLANK24!29,ii; 



Txy:=Fxy; 
for i:=1 to nxy do begin 

if nxy > 15 then begin 
ifi<=IS 

then gotoxy(12,15+ill 
else gotoxy(46,li-10ll 

end 
else gotoxy(29,(5+iil; 
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with TxyA do writeli:2,' ',il:9:4,' •.~2:9:41; 
Txy:=Txr' .nexh 

end; 
if Fxy=nil 

then BLANK24129,61 
else if nxy (= 15 

then BLANK24(29,i+6l 
else BLANK24146, 1 --r }j 

end; 

{tttttttttttttttttftttttttf.tfftttttttttttttttttff.f.f.f.ttttttf.tttttttttf.fttttttft 

t ADDXY * 
fttttttttftftftttttttttttf.ttttfttf.ftttftttttttf.ttttttttttf.tttttttttttff.f.tttft} 

procedure ADDXYlvar Fxy,Lxv:XYPtr: ;ar niy:integerl: 
var j:integer; OK:boolean; 
{ 

Adds a record of the tvpe XYPtr. 

begin 
BMA; 
nxy:=nxy+l: 
gotoxyl22,221; write('Joint ',nxy:1,': '}j 
if Fxy=nil then begin 

newiFxy); 
Lr.y :=Fxy 

end 
else begin 

newllxyA.nextxl; 
Uy:=Lq'.nexh 

end; 
with Lxy~ do begin 

repeat 
6TW18133,22,'X1= '); 
gotoxv(36,221i 
{fl-} readlnlxll; ($!+} 
OK:=IIOresult=OI; 
if not OK then BEL 

until OK; 
repeat 

6TW18!47,22,'X2= '); 



{ti-} readln(x2l; {SI+} 
OK:=(IOresult=Ol; 
if not OK then BEL 

until OK; 
nexh:=nil 

end; 
&LANK80(22l; 

end; 
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{ffftffftffffffffftftfffffftttttftffiffffftftftftffftttfttftftftfttttttfffffft 

t DELXY t 
ffftftffftttfffffffffffffffftffffftfttttftttfttttftfffffttttttttttfftttfftttt} 

procedure DELXYlvar Fxy,Lxy:XYPtr; iar nxy:integerl; 
var j,k,k1:integer; ans:char; Txy,Nlxy:XYPtr; OK:boolean; 
{ 

Deletes a record of the type XYPtr. 

begin 
B11D; 
hy:=Fxy; 
repeat 

6TW25(30,23,'Delete joint nu1ber= 'Ii 
gotoxy(S0,231; 
CSI-} readln(kli CSI+} 
OK:=(IOresult=Ol; 
if lk ( 11 or lk} nxyl or lnot OKI then BEL 

until lk >= 11 and (k <= nxyl and OK; 
kl :=k-1; 
while kl > 0 do begin 

k1:=kH; 
Nhy:=hy; 
Txy:=Txy". nextx 

end; 
repeat 

for j :=22 tc, 23 do BLANKSO(j l; 
gotoxyl19,22l; Nrite('Delete joint ',k:1,', Xl=',TxyA.il:9:4, 

', X2=',Txy",x2:9:4,'?'l; 
6TW8(36,23,'(Y/Nl: 'l; 
readln(ansl; 
if (upcaselansl O 'Y' I and lupcase(ansl O 'N' l then BEL; 
if upcaselans)='Y' then begin 

for ;:=k to (nxy-11 dD begin 
if (k=ll and (j=ll 

then Nlxy:=Txy 
else Hhy:=Nl~y-'.nexh; 

Txy:=Txy".nextx; 
Nlxy".x1:=Txy,.,x1; 
Nlxy".x2:=Txy".x2 

end; 



end 

lxy:=Mlxy; 
dispose{lxyA.nextx); 
LxyA.nextx:=nil; 
nxy:=nxy-1 

until (upcaseians)='Y') or (upcaseians}='H'}: 
for j:=22 to 23 do 8LANK80(j) 

end; 
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{tftttftftftftttttttttttfttttfftttttttttf.fftttttttttttf.ttttttttf.tttttttttttttt 
t CHANGEXY t 
ttttttttttttttttttf.f.tttttttf.ttf.tttttfttfftttftftttttttfttttttttttttttf.tf.ttttt} 

procedure CHAN6EIYlvar Fxy:XYPtr; nj:integerl: 
var i:integer: Txy:XYPtr; x:real: OK:boolean; 

Changes record of the type IYPtr. 

begin 
BNC; 
hy:=Ft.y; 
repeat 

6TW25(29,22,'Change which joint? 
gotox1•(50,22l; 
{SI-} readlnlil; {SI+} 
GK:=IIOresult=Ol; 

\ . 
I, 

if Ii ( !l or Ii> nil or (not OKl then BEL 
until Ii>= 11 and Ii<= nj) and OK; 
i:=1-1; 
while i > 0 do begin 

i:=i-1; 

end; 
with T1yA do begin 

repeat 
gotox·¥(22,231; 
Nritel'Change XI fro1 ',xl:9:4,' to 
gotoxy 150,23); 
{SI-} readln(x); {SI+} 
OK:=IIOresult=Ol; 
if not OK then BEL 

until OK; 
x1: =x; 
repeat 

goto~yi22,23l; 
Nritel'Change X2 fro1 ',t.2:9:4,' to 
gotoxy(S0,23); 
{SI-} readlnlx); CS!+} 
OK:=IIOresult=O); 
if not OK then BEL 

'); 



until OK; 
x2:=x 

end; 
for i:=22 to 23 do BLANKBO(il 

end: 
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{f.ttttttttfftttttttttttttttttf.tttttttf.tttfttttfttttttfttttttttttttttfttttttttt 

• am • 
tttttttttttttttttttttttfttttttfttttttttttttttttttttttttttttf.tttttttttttttfttf} 

procedure INXY(var nxy:integer: var Fxv,Lxy:XYPtrl: 
var Txy:XYPtr; i:integer; w1,w2,z1,z2:real: DK:boolean: 

Inserts a record of the type XYPtr into the list of existing 
records. 

begin 
BM!; 
newlLxyA.nextxl: 
Lxy:=LxyA.nextx; 
L~yA.nextx:=nil; 
Tt.p=Fxy; 
repeat 

gotoxy(25,221: writel'lnsert ne~ JDint before 1oint 'I; 
goto~vl55,22i; 
{SI-} readln(il; {Sit} 
OK:=IIOresult=Ol: 
if 11 ( 11 or Ii} njl or lnot OKI then BEL 

until Ii>= ll and Ii <= n~yl and OK; 
i :=i-1; 
while i > 0 do begin 

i: =i-1; 
Txy:=Tx·yA. nedx 

end; 
repeat 

6TW18(35,23, 'X1= 'l; 
gotoxy(38,23l; 
{SI-} readlnlw1l; {SI+} 
DK:=(IOresult=Ol; 
if not OK then BEL 

until OK; 
repeat 

6TW18( 35 ,23,' X2= 'l; 
gotoxy(38,23l; 
(SI-} readlnlw21; {SI+} 
OY.:=IIOresult=OI; 
if not OK then BEL 

until OK; 
while TxyA.nextx <> nil do begin 

with TxyA do begin 



z1 :=xl; 
z2:=x2; 
xl:=111; 
x2:=112 

end; 
hy:=Ti:y-'. nexh; 
1111:=zt; 
ic2:=z2 

end; 
T:,:y" .xl :=111; 
Tiry''. x2 :=112; 
nxy:=nxy+l; 
for i:=22 to 23 do BLANK801il; 

end; 
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(tttttttfffttttttttttttftfftftfttfttttttftt+ttttttttttttttttttftttttftttttttt+ 
t JTCOORDS t 
t+++++t+tt+tttfttttt+tt++++tttt+t++ttttttttttttftt++ttftttttttttttttttttttttt} 

procedure JTCOORDS!fn:S10; date:SS; ·,ar F):y,Li:y:XYPtr; var nj,nxy:integerl; 
var i,j:integer; EH:boolean; fk,ans:char; 

Reads and edits the joint coordinate data. 

begin 
clrscr; 
gotoxy (9,1 l; 
gotox·y(32,1 l; 
gotoxy(b4,1l; 
repeat 
EH:=False; 

textcolc,rlbl; 
write!fn,'.DAT'l; 
writel'JOINT COORDINATES'!; 
11riteldatel; 

SUBSXV!nxyl; 
LISTXY!nxy,Fxyl; 
if nxy=O then for i:=l to nj do begin 

ADDXY!Fxy,Lxy,nxyl; 
SUBSXY!nxyl; 
LISTXY!nxy,Fxy l 

end; 
if nxy < nj then begin 

j :=nxy+t; 
for i:=j to nj do begin 

repeat 
6TW24129,22,'Add or lnsert7 !Aill: 'l; 
readln(ansl; 
BLANK80122l; 
if !upcaselansl(}'A'l and lupcaselansl(}'I'l then BEL 

until (upcase(ansl='A'l or (upcaselansl='I'l; 
if upcaselansl='A' 

then ADDXY!Fxy,Lxy,nxyl 
else INXY!nxy,Fxy,Lxyl; 



end 

SUBSXY(nxyl; 
LISTXY(nxy,Fxyl 

end 

else begin 
if nxy > nj then begin 

j:=nxy-nj; 
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gotoxy(26,221; -ritel'You iust delete', j:I,' joint(sl.'); 
for i:=1 to j do begin 

end 
end: 
BM; 
repeat 

DELXYIFxy,Lxy,nxyl; 
SUBSXYlnxyl; 
LISTXY I nxy ,Fxv) 

end 

readHbd,fkl; 
if lfk=t27l and kevpressed then begin 

EH:=True; 
readlkbd,fkl; 
case H of 

t59:CHANGEXYIFxy,n1l; 
160:ADDXY!Fxy,Lxy,n~yl; 
161:INXY!nxy,Fxy,Lxyl; 
162:DELXY<Fxy,Lxy,nxyl; 
#68:RTl'll'I; 
else Bl'IFKl6) 

end 
end 
else BIIFK161 

until ( lfk=t59) or lfk=lbOl or !fk=l61) or (H=l62) or (fk=l68i l 
and EH; 

until (fk=t68l and EH and lnxy=nj) 
end; 

(ffttttttttttttttfffffttffftttftffffftftttttfffftfffffff.f.tf.ttftftftttfftffftff 
t SUBST2 t 
tttffftffffttffttffftfffffftfttttttftfffffffftfttffftfffftftffffffffttfffffff.} 

procedure SUBST2(it,nc:integerl: 
var Hl:512; H2:S18; 

Writes the subheadings to the screen for the 1ember properties. 

begin 
BLANK SO I 4 l ; 
case it of 

!:begin 

BLANK80!5l; 

H!:='l'IEl'I 

BLANK80(24}; BLANK80125); 

AREA'; H2:='--- -------- end; 
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2:begin H1:='NEN ZI ,. H2:='--- ---------- end; ' 
3:begin Hl:='NEN El'IOD ,. H2:='--- -------- end; ' 4:begin Hl :='NEN CTE ,. H2:='--- --------- end ' end; 

if nc } 15 then begin 

end 

if (it=!) oi !it=3l then begin 
6TW!2(!9,4,H!l; 6TW!3(19,5,H2l; 6TW!2(50,4,Hll; 6TW18(50,5,H2l 

end 
else begin 

6TW!2!!8,4,H!l; 6TW18(18,5,H2l: 6TW12(49,4,H!l: 6TW18(49,5,H2) 
end 

else begin 

end 
end; 

if it=2 then begin 
5TW12(33,4,H!l; 

end 
else begin 

6TW12(34,4,H1l: 
end 

5TW18(33,5,H2l 

6TW18!34,5,H2i 

(ttttff.ffttttf.f.f.tttftfttttf.tff.ftff.fttttttttttftfftftftttttttttftftf.ftttf.tff.tft 
f LIST2 • 
ttttfftftttttffffftttftttttttttttfff.ttttttttffftf.tttttttttttfttttfff.ffftf.f.ttt} 

procedure LIST2(it,nc:integer; Ft2:T2Ptrl; 
var i,j,jl:integer; Tt2:T2Ptr; 

Lists the joint coordinates in a tabular fora. 

begin 
if nc=!5 then begin 

for i:=6 to 20 do BLANK20(18,il; 
BLAHK20(49,6l 

end: 
if nxy=16 then for i:=6 to 20 do BLANK20(33,il; 
Tt2:=Ft2; 
for i:=1 to nc do begin 

if nc > 15 
then if i <= 15 

then if (it=ll or lit=3l 
then gotozy(19,(5+ill 
else gotoxyl18,15+il) 

else if (it=!} or (it=3l 
then gotoxy!50,!i-10l) 
else gotoxy!49,(i-10)1 

else if it=2 
then gotoxy!33,!5+ill 
else gotor.y!34,!5+ill; 



with Tt2A do begin 
case it of 

end 
end; 

1:writeli:2,' ',T21:8:31; 
2:writeli:2,' ',T21:10:31: 
3:writeli:2,' ',T21:8:11; 
4:write(i:2,' ',T21:9:b) 

Tt2:=Tt2A. next2 
end; 
if Ft2=ni1 

then BLANK20!33,bl 
else if nc <= 15 

then 8LANK20(33,i+bl 
else BLANY.24149,i-9); 

199 

(tttttt•tttttttttttttf.ttttttf.ttf.tttttttttttttttttf.tttf.ttttttttttttttttttttf.ttt 

t RANGET2 • 
tttttttttttttttttttttttttttttf.tttf.tf.tttf.f.tttttttttttf.ttttf.ttttttttttttttttttt} 

procedure RANGET2(var Lt2:T2Ptr; it,ne:integer; var nc:integerl: 
var i,J,k:inteqer; p:real; OK:boolean; 
begrn 

i :=nc+1; 
repeat 

gotoxyl23,221: writel'Enter range: ie1ber ',i:2,' to ieeber 'I: 
gotox,·(58,221: 
[$!-} readln(jl; ($1+1 
OK:=IIOresult=Ol; 
if I j < i I or I J > ne I or ( not OK I then BEL 

until Ii<= ii and !j <= nel and or.; 
repeat 

goto:u!35,23l: 
case it of 

!:begin 
wr i tel· A= 
gotoxy(37,23i 

end; 
2:begin 

write!'!= 
goto~yi37,23l 

end; 
3:tegin 

write('E= 
gotoxy(37,23) 

end; 
4:begin 

writel'CTE= 
goto~yl39,23) 

'I; 

, Ii 

, )j 

, ) ; 



end 
end; 
{11-} readln!pl; {11+} 
DK:=(lDresult=Ol; 
if not DK then BEL 

until OK; 
for k:=i to (j-1) do begin 

L t2·'. T2 I : =p; 
new(lt2A.next2); 
Lt2:=Lt2A.next2; 
nc:=nc+I 

end; 
lt2·'. T21 :=p; 
Lt2A.next2:=nil; 
nc:=nct1; 
BLANK80(22l; 

end; 
BLAMK80(23) 
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{f.fff.ffftttftfff.ttttttttttffftt+.ftttffttttt+.tttf.tttfftfttttttttttttttftf.tttttf 

* ADDT2 • 
ftftfffttffftf.tfttftttfttttttttfttttttttttttf.ttttttttttffttfttftttttff.tf.ttttt} 

procedure ADDT2(it:integer; 1ar Ft2,Lt2:T2Ptr; var nc:integerl; 
var j:1nteger; OK:boolean: 

Adds a record of the tvpe T2Ptr. 

begin 
BM; 
nc:=nctl; 
repeat 

gotoxv(29,22l; write('l'le1ber ',nc:1,' 'l: 
case it of 

!:begin 
,rffite('A= '}; 
qote<:i:y(42,22) 

end; 
2:begin 

writet'I= 'l: 
gotoxy(42,22l 

end; 
3:begin 

write('E= '}; 
ge<toxy(42,22) 

end; 
4:begin 

write( 'CTE= 'l; 
qotoxy(44,22i 

end 
end; 



if Ft2=nil then begin 
ne111Ft2l; 
Lt2:=Ft2 

end 
else begin 

ne11llt2A.ne~t2i; 
Lt2:=Lt2A.next2 

end; 
if it=4 

then gotoxyl44,22l 
else gotoxy(42,22l; 

{SI-} readln(lt2A.T21); [$!+} 
OK:=l!Oresult=Ol; 
if not OK then BEL 

until O~; 
Lt2A.next2:=ni!; 
BLANK80 I 22 l ; 
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end; 

{ttttttttttttttttttttttttttf.tffttf.tttttttttttttttttf.f.tttttttttttttttttttttf.tft 

t DELT2 t 
tttttttttttttttttttttttttttttttttttttttfttttttttftttfttttf.tttttfttttttftttttt} 

procedure DELT21var Ft2,Lt2:T2Ptr; it:integer; var nc:integer); 
var j,k,kl:integer; ans:char; Tt2,Nlt2:T2Ptr; OK:boolean; 
[ 

Deletes a record of the type T2Ptr. 

begin 
BMD; 
Tt2:=Ft2; 
repeat 

6TW25129,23,'Delete aeaber nu1ber= 'l; 
gotoxv(50,23l; 
{$1-} readln(kl; ($1+} 
OK:=l!Oresult=Ol; 
if It < 11 or lk > ncl or !not OKI then BEL 

until (k >= 11 and lk <= nci and OK; 
k1:=k-l; 
11hile kl > 0 do begin 

kt:=kl-li 
Hlt2:=Tt2; 
Tt2:=Tt2". next2 

end; 
repeat 

for j:=22 to 23 do BLAHK801jli 
goto~yl2b,22l; writel'Delete tember ',k:ll; 
11ith Tt2A do begin 

case it of 
!:write(', A=',T21:8:3); 



end 
end; 

2:Nrite(', l=',T21:10:3); 
3:write(', E=',T21:8:1i: 
4:write(', CTE=',T21:~:6) 

write ( '?' l ; 
GTW8136,23,' !'//Nl: '); 
readlnlans); 
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if lupcaselans) <> 'Y') and lupcaselans) (} 'N') then BEL; 
if upcaselans)='Y' then begin 

if Ft2=Lt2 then begin 
dispose(Ft2): 

end 

Ft2:=nil; 
Lt2:=Ft2 

else begin 
for j:=k to (nc-ll do begin 

if lk=ll and (j=II 
then Nl t2:=Tt2 
else Nlt2:=Nlt2A.next2; 

Tt2:=Tt2A.next2; 
Nlt2A.T21:=Tt2A.T2l; 

end; 
Lt2:=Nlt2: 
disposellt2A.next21: 
lt2·'.next2:=nil 

end; 
nc:=nc-1 

end 
until (upcaselansl='Y'l or lupcaselansl='N'l: 
for j:=22 to 23 do BLANK80!jl 

end; 

{tfffffffffffftttfflfftftttftttttttttfftfffffffffftfff.ftttffttftfffftfttftf.tft 

t CHAN6ET2 t 
fffffffffffffffffffftttfftffftttttttfttttttttttttfttttff.ttttttttttttf.ttttf.f.tt) 

procedure CHAN6ET2(var Ft2:T2Ptr; it,nj:inteqerl: 
var i:integer; Tt2:T2Ptr; x:real; OK:boolean; 

Changes record of the type T2Ptr. 

begin 
BHC; 
Tt2:=Ft2; 
repeat 

6TW25(29,22,'Change which 1e1ber? 'I: 
gotoxy(Sl ,22); 
(SI-} readlnlil; {Sl+} 
OK:=IIOresult=Ol; 
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if (i ( ll or (i > njl or lnot OKI then BEL 
until Ii >= ll and Ii <= njl and OK; 
i:=i-1; 
while i } 0 do begin 

i:=i-1; 
Tt2:=Tt2". ne>:t2 

end; 
with Tt2" do begin 

repeat 
gotoxy(22,23l; 
case it of 

1:write('Change A from ',T21:8:3,' to 'li 
2:write('Chanqe I fro1 ',T21:10:3,' to 'I; 
3:write!'Change E fro1 ',T21:8:1,' to 'I; 
4:write('Change CTE froi ',T21:9:6,' to 'l 

end; 
{SI-} readln!T211; {$!+} 
OK:=IIOresult=Ol; 
if not OK then BEL 

until OK 
end; 
for i:=22 to 23 do BLANK801il 

end; 

{tttttttttttttffffffffffffffffttffffffffftfffffffffffffftfffffffffffffffffffff 
t HH2 f 

ffffffffttffttffffffftftfffftftfftftttttffffffftffffffffftffffffffffffftttftt} 
procedure INT21it:integer; var nc:integer: var Ft2,Lt2:T2Ptrl; 
var Tt2:T2Ptr; i:integer; wl,zl:real; OK:boolean; 
{ 

Inserts a record of the type T2Ptr into the list of existing 
records. 

begin 
Bl'II; 
new(Lt2"'.next2l; 
Lt2:=lt2".next2; 
Lt2"'.next2:=nil; 
Tt2:=Ft2; 
repeat 

gotoxy(24,22li write('lnsert new 111e11ber before 1e1ber 'l; 
gotoxy(5b,22l; 
{11-} readln(il; {11+) 
OK:=!IOresult=Ol; 
if ( i ( 1 l or ( i } nc I or ( riot OK l then BEL 

until !i >= ll and !i <= ncl and OK; 
i:=i-1; 
while i > 0 do begin 

i :=i-1; 



Tt2:=Tt2A .next2 
end; 
repeat 

gotoxy(35,23l; 
Cilse it of 

1 :beqin 
11ri tel 'A= 
gotoxy!37,23l 

end; 
2:begin 

11rite('I= 
gotoxy(37,23l 

end; 
3:begin 

1i1rite('E= 
gotoxyl37,23l 

end; 
4:begin 

write('CTE= 
gotoxy(39,23l 

end 
end; 
{SI-} readlnl111l; (SI+} 
DK:=llOresult=Ol; 
if not OK then BEL 

until Ot:; 
while Tt2"'.next2 0 nil do begin 

zl :=Tt2". T21; 
Tt2". T21 :=111; 
Tt2:=Tt2".next2; 
111:=z1; 

end; 
Tt2"'. T21 :=wt; 
nc:=nc+l; 
for i:=22 to 23 do BLANKBOlil; 

end; 
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'); 

'); 

,,. ,, 

'); 

{ttflfffftfffflfffffffflttfflftfftffltffttf.ff.tfftftfffttttttftftffffftttffffft 
t TYPE2 * 
ffffffffftttffltffttftttttttfffftftffffttffff.tfffffttfffffttfffffffffttftffff} 

procedure TYPE2lvar Ft2,Lt2:T2Ptr; it,ne:inteqer; var nc:inteqerl; 
var i,j:integer; EH:boolean; fk,ans:char; 
{ 

Reads and edits the joint coordinate data. 

begin 
for i :=8 to 12 do BLANK80!i l; 
case it of 

1:6TW4(38,2,'AREA'li 



2:GTW18(32,2,'NO"ENT OF INERTIA 'l; 
3:GTW24(30,2,'"0DULUS OF ELASTICITY 'l; 
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4:6TW36(25,2,'COEFFICIENT OF THERHAL EXPANSION 'l 
end; 
repeat 

EH:=False; 
SUBST2 Ii t, nc l ; 
LIST2(it,nc,Ft2li 
if nc=O then beqin 

repeat 
if Ft2=nil then begin 

neit1Ft2l; 
Lt2:=Ft2 

end 
else begin 

neit(lt2A.next2l; 
lt2:=Lt2".next2 

end; 
RAN6ET2!lt2,it,ne,ncl; 
SUBST2(it,ncl; 
LIST21it,nc,Ft2l 

until nc=ne 
end; 
if nc ( ne then beg iii 

repeat 
repeat 

6TW24i29,22,'Add or Insert? (A/Il: 'l; 
readlnlansl; 
BLANK80122i; 
if lupcaselansl(}'A'l and (upcaselansl(}'I'l then BEL 

until (upcaselansl='A'l or lupcaselansl='I'l; 
if upcase(ansi='A' then begin 

end 

neit!Lt2A.next2l; 
Lt2:=Lt2A.next2; 
RANGET2(Lt2,it,ne,nci; 
SUBST21 i t,m: l i 
LIST21it,nc,Ft21 

else beqin 
INT21it,nc,Ft2,Lt2li 
SUBST21 i t,nc l; 
LIST2(it,nc,Ft2l 

end 
until nc=ne 

end 
else begin 

if nc > ne then beqin 
j:=nc-ne; 
gotoxy(26,22>; write('You must delete ',j:1,' 1e1berlsi.'l; 
for i:=1 to j do begin 



end 
end; 
B11; 
repeilt 

DELT2(Ft2,Lt2,it,ncl; 
SUBST21it,ncl; 
LIST2(it,nc,Ft2l 

end 

readlkbd,fk)j 
if lfk=t27l and keypressed then begin 

EH:=True; 
read(kbd,fU; 
case fk of 

159:CHANGET2(Ft2,it,nel: 
160:ADDT2(it,Ft2,Lt2,nc); 
t61:INT2(it1nc,Ft2,Lt2l; 
t62:DELT2!Ft2,Lt2,it,ncl; 
168:beqin 

BLANK80 ( 2 li 
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for i:=4 to 20 do BLANK80(il: 
BLANK80(24l; 
BLANK80(25l 

end; 
else 811FY.(5) 

end 
end 
else Bl'IFK(Sl 

until (lfk=l59l or (fk=l60) or (fk=461l or (fk=t621 or (fk=t68)l 
and EH; 

until (fk=l68l and EH and (nc=nel 
end; 

{ttttttttfttttttttttfttfftttttttfffftf.tttttttttttf.tff.f.ttf.tttttttttttttfftttttt 
t ELPROP t 
ffttttfttttttttttttttttttttfttttttttfttttttttttttttttttJttttfttfttttfttfftttt} 

procedure ELPROP(fn:S10i date:SS; var Fa,La,Fzi,Lzi,Fe,Le,Fcte,lcte:T2Ptr; 
-~ar ne,na,nzi ,neaod,ncte: integer); 

1ar fk:char; EH:boolean; i:inteqer; 

Reads and edits the ele1ent properties: a, area, zi, mo1ent of inertia 
about the local 3 ilxis, e1od, the $Ddulus ~f elasticity, and cte, the 
coefficient of thermal expansion. 

prc.cedure EPFK; 
beqin 

BEL; 
GTW2(23,9,'F2'l; 
6TW3123,12,'FIO'I; 

te~tcolor(31l; 
GTW2(23, 10, 'F3'); 
textcolor (5); 

GTW2!23,3,'F1 '); 
GTW2(23,11,'F4'); 
gotc,x.v (l, 25} 
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end; 

beQin 
clrsCi; 
qoto~yi9,1li 
gotox·7(32,1l; 
qotoxy(b4, 1l; 

textcolorl5l: 
11rite(fn,' .DAT'I; 
writel'NEKBER PROPERTIES'!: 
11rite(datel; 

iepeat 
6TW8(23,8,'F1 -AREA'l; 
STW24(23,9,'F2 -NDNENT OF INERTIA 'l; 
6TW25(23,10, 'F3 -NODULUS OF ELASTICITY' l; 
6Tll3b!23,11, 'F4 -COEFFICmlT OF THERMAL EXPANSION' l; 
STW24(23,12,'F10-RETURN TO MAIN MEHU '}; 
qotoxyi1,25l; 
EH:=False; 
repeat 

read I kbd, fk l; 
if !fk=t27l and l:eypressed then begin 

EH:=True; 
readlkbd,fkl; 
case fk of 

159:TYPE2(Fa,La, 1,ne,nai i (A} 
tb0:TYPE2(Fzi,Lzi,2,ne,nzi I; CI} 
161:TYPE21Fe,Le,3,ne,nemodl; CE} 
tli2:TYPE2(Fcte,Lcte,4,ne,nctel; {CTE} 
168:begin 

if !na O nel c,r (nzi <> ne} or (netliod <> nei or 
I ncte O ne l then beoi n 
gotoxy( 19,81; 
11rite!'There are ',ne:1,' 1e1bers, you have only 

'defined:' l; 
for i:=9 to 12 do BLANK80(il; 
if na One then begin 

gotoxyl23,9l; writelna:2,'-Area'l 
end; 
if nzi One then beQin 

qotoxyl23,10l; 
11rite(nzi:2,'-Mo1ent of Inertia'! 

end; 
if neaod O ne then begin 

gotoxy(23, 111; 
11ritelne1od:2,'-Nodulus of Elasticity'} 

end: 
if ncte O ne then begin 

qotoxyl23,12l; 
11ritelncte:2,'-Coefficient of Ther1al Expansion'! 

end; 
delayl2000l; 
for i:=8 to 12 do BLANKSO(il 

end 



end 

end; 
else EPFK 

end 

else EPH 
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until EH and llfk=l59l or !fk=l601 or lfk=l611 or lfk=l62l or lfk=t68ll 
unt1l EH and (fk=l681 and (na=nel and lnz1=ne) and (neaod=nel and (ncte=nel; 
RTl'IN; 

end; 

{tfffftttfffffffftttftffftfftfftttffftttffffftffttttttttttttttfftttftftttttttt 

t BIii t 
fttfttttfffftftftftfttfttttftfttttttttftftfffffffffftfffftfttfff.tftttfffffftf} 

{ Botto, Nenu, One Line} 
procedure BNI; 
beQin 

GTW6(14,25,'FI-ADD'l; 6TW9136,25,'F2-DELETE'l; 
GTWI0!58,25,'F10-RETURN'l; qotoxyll,251 

endi 
procedure BM!FK; {Flashes BM!'s function keys} 
beQin 

BEL; textcolor13ll; 6TW2114,25,'Fl'l; GTW2136,25,'F2'1; 
GTW3153, 25, 'F 10' I; te;.: tco l Di I tu: gc,toi:i· il, 25 i 

end; 
( Load's Top Line } 

{ff.ttftftffffttttttttttftffttfttttftf.ttttftfffttttttttftfttttttftffftttffittfi 
f LOADSTL f 

fttttttttttttttttfff.tttttttttftttf.ttfttfffttttf.ffttffftfttffffffttfffffttf.fff} 

procedure LOADSTL!fn:S!O; date:SS; lc:inteqerl; 
beQin 

6TW8(9, 1, fn); 
GTW10135,1,'Load Case 'l; 

end; 

wr i t e I ' . DAT' l ; 
ririte<lc:1 l 

(ftttfttffftffffftffftfttffftffffffffffftftfttffffttfttttftttfftfffffffffffttt 

t SU8ST3 * 
ttttffttfftfffffftfftttffffttffftftttftttttfttttftttftttttftffftttffftttttt*f} 

procedure SUBST3(i,nc:inteqerl, 
var Hl:518; H2:S24; 

Writes the subheadings to the screen for Joint loads lj=ll 
or for prescribe~ 1oint displacements IJ=2l. 

beqin 
BLANY.80(51; BLANK80(221; BLANt:~(!:cJl; BLANK80124l; 
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if j=l then begin 
Hl:='JT DIR FORCE ': H2.-'-- --- ----------

end 
else begin 

Hl:=' JT DIR OISP '; H2:=' -- --- --------
end; 
if nc > 15 then beoin 

6TW18(15,4,H1l: GTW24(15,5,H2l: 
6TW18(48,4,H1l; 6TW24(48,5,H2l 

end 
else beoin 

6TW18(31,4,H1l; 6TW24!31,5,H2l: 
end 

end; 

{tttttttttf.tffffftffttfffttttttfftttttttfttttttf.tttf.tfttftffftttfffttttftttttt 

t LIST3 * 
ftttttfttftf.tttf.tttttftffttftftf.ff.ttttttttttttttttttttf.tttfftttffttttttttff.tf} 

procedure LIST3!Ft3:T3Ptr; i,nc,t3s:inteoerl; 
var i,ie,is,ix,iy,k:inteqer: Tt3:T3Ptr: 

Lists the JDint loads 11=11 or the prescribed joint d1splace1ents lj=2) 
in tabular for1. 

beoin 
if nc=15 then beqin 

for i:=b to 20 do BLANK20(15,il; 
BLANK20(48,bl 

end; 
if nc=lb then for i:=6 to 20 do BLANK20(31,il: 
Tt3:=Ft3: 
for 1:=l to t3s do Tt3:=Tt3A.next3; 
is:=nc di"-1 30: 
ie:=nc illud 30: 
for 1:=I to is do begin 

for k:=! to 30 do begin 
if k (= 15 then begin 

if j=l 

end 

then ix:=15 
else ix:=16; 

iy:=k+5 

else beoin 
if j= 1 

then i:i::=48 
else ix:=49; 

iy:=k-10 
end; 
BLANK20(ix,iyl; 



gc,toxy(ix,iyl; 
with Tt3'' de, 

if j=1 
then write(T31:2,' 
else write(T31:2,' 

Tt3:=Tt3" .next3 
end; 
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',T32:1,' ',T33:10:3l 
',T32:1,' ',T33:8:31; 

6TW24130,22,'Hit any key for more. 'I: 
repeat until keypressed; 
BLANK24130,221 

end; 
for i:=1 to ie do beqin 

if ie > 15 then beqin 

end 

if i <= 15 then begin 
if j= 1 

end 

then ix:=15 
else i >:: = l 6; 

i '!: = i +-5 

else beQin 
if j= 1 

end 

then ii: :=43 
else ix:=49; 

i;:=i-10 

else beo1n 
if 1= 1 

then b: =31 
else ix:=32; 

iy:=i+-5 
end: 
Qoteixy(ix,iyl: 
with Tt3-' de, 

if 1= 1 
then write(T31:2,' ',T32:1,' ',T33:10:3} 
else write(T31:2,' ',T32:l,' ',T33:9:3}; 

Tt3:=Tt3". next3 
end; 
if nc=O 

then BLANK20!31,bl 
else BLANK20(ix,(iy+-tll; 

if 1s > i} then 
for i:=lie+ll to 30 do 

if i <= 15 
then BLAMK20(31,(i+-5ll 
else BLANK20l48,(i-10il 

end; 
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{fftfffttfttftfttftftffftttttttfttftfttttttfttttttttttttftttttttttftttf.ftffttt 
t ?T3 t 
tttffffftttttttftttttftttttttfttttttttttttttttttttttttttttttttttttttttttttttt} 

procedure PT31var Ft3,Lt3:T3Ptr; J, 1tno,jtdir,t3s:inteqer; var nc,tnc:integer; 
furdisp:real); 

var Tt3:T3Ptr; il,i2,j1,j2,isc:inteoer; ri3,rj3:real: c:char: 

Searches the linked list for the joint constraint 11hich aatches or is 
larger than the given joint constraint or the hinqe which ~atches or is 
larger then the given hinge. The ne11 data is then inserted in the 
appropriate place. 

beQin 
Tt3:=Ft3; 
for i1:=1 to t3s do Tt3:=Tt3A.next3; 
if Tt3=nil then beqin 

if Ft3=nil then begin 
ne111Ft3); 
lt3:=Ft3 

end 
else beQin 

ne111lt3A.next3l; 
L t3:=L t3'. ned3 

end: 
11ith lt3' do begin 

T31:=jtno; 
T32:=jtdir; 
T33:=fordisp; 
ne~t3:=nil 

end 
end 
else begin 

isc :=1: 
while hsc <= ncl and !Tt3'.ne~t3 <> nill and (Ttl''.T31 <= jtnc,l and 

11Tt3'.T31 <> jtno) or (Tt3A.T32 <= jtdir)I and 
11Tt3A.T31 (> jtno) or 1Tt3A.T32 <> jtdir} or 1Tt3'.T33 <= fordispll 
do beqin 
isc:=isc+l; 
Tt3:=Tt3"' .next3 

end; 
new(Lt3A.next3l; 
lt3:=lt3A.next3; 
Lt3A.next3:=nil; 
if lisc} ncl or 1Tt3'.T31 ) jtnol or 11Tt3'.T31=jtnol and 

11Tt3'.T32) jtdirl or 11Tt3A.T32=jtdir) and 1Tt3'.T33} fnrdispllll 
then begin 
il := jtno; 
i2:= jtdiri 
ri3:=fordisp; 
while Tt3A.next3 <> nil do begin 



with Tt3A do beqin 
j1:=T31; 
j2:=T32; 
rj3:=T33; 
T31:=i1; 
T32:=i2; 
T33:=ri3 

end; 
Tt3:=Tt3A.next3; 
it :=_jl; 
i2:=j2; 
ri3:=rj3 

end; 
with Tt3A do begin 

T31:=i1; 
T32:=i2i 
T33:=ri3 

end 
end 
else begin 

with Lt3A do begin 
T31:=jtno; 
T32:=jtdir; 
133:=fordisp 

end 
end 

end; 
nc:=nc+l; 
tnc:=tnc+l 

end; 
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{ttttttttttfttttftttttttftttttftttfftttttttfttttttttfttfftftttftffftfffffffftf 
t ADDT3 t 
tftfffftfffttffffffttfffftfttffftttfffftfttttftttttftttttttfftfttttffftfffftt} 

procedure ADDT3!var Ft3,Lt3:T3Ptr; j,nj,t3s:inteqer; var nc,tnc:inteqerl; 
var ;tno,jtdir,f;t,ljt:integer; fk:char; fordisp:real; OK:boolean; 

Reads jtno, the joint to be loaded {j=ll or the _jeiint with a prescribed 
displaceent (j=2l, jtdir, the direction of the joint load (j=ll c,r of 
the prescribed joint displaceiaent ( j=2l, and fordisp, the force lj=ll or 
the displace1ent !j=2}. Calls PT3 to add to the linked list. 

beqin 
BLANK80125}; 6TW3!17,25,'Add'l; 
qotoxy! 10,221; 
writel'Choose 5 for single load or M for sultiples of the sa1e load.'i; 
repeat 

STW18132,23,'Enter Sor K: 'l; 
qotoxyl47,23l; 
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readln!fk); 
if lupcase(fkl (} 'S'I and lupcaselfkl <> 'M'I then BEL 

until (upcase(fk>='S'I or lupcaselfkl='M'I; 
BLANK80(22l i BLANK80123l; 
if upcaselfkl='M' then begin 

end 

repeat 
GTW18127,22,'First joint= 
qotoxyl39,22l; 
{$1-} readlnlfjtl; ($1+} 
OK:=IIOresult=Ol; 
if lfjt < 11 or lfjt} nji or 

until (1 (= fjtl and lfjt <= njl 
repeat 

6TW18143,22,'Last joint= 
qotor.y(54,22l; 
{$!-} readlnlljtl; {$!+} 
DK:=(IOresult=OI; 

I • 1, 

lnot OKI then BEL 
and Of:; 

'); 

if (ljt < 11 or lljt > njl or lnot OKI then BEL 
until 11 <= ljtl and lljt <= njl and OK 

else begin 
repeat 

GTW10137,22,'Joint= 
gotoxy(43,221; 
($I-} readln(fjtl; 
OK:=l!Oresult=Ol; 

,1. :, 
($!+} 

if (fit < II or (fjt > njl or lnot OKI 
then BEL 
else 1_,t:=fjt 

until 11 <= fjtl and (fit<: njl and OK 
end: 
repeat 

GTW18120,23,'Direction= 'I; 
goto~yl30,23l; 
($!-} readlnlJtdirl; {$!+} 
OK:=IIOresult=OI; 
if (jtdir ( 11 or ljtdir } 31 or lnDt OKI then BEL 

until (1 (= jtdirl and ljtdir <= 31 and OK; 
repeat 

if j=1 then begin 
GTWlBIS0,23, 'Force= 'l; 
gotoxy(56,23l 

end 
else begin 

GTW24150,23,'Displace1ent= 'Ii 
gotoxy(b3,23l 

end; 
CS!-} readlnlfordispl; {SI+} 
OK:=IIOresult=Ol; 
if not OK then BEL 
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until OK; 
for jtno:=fjt to ljt do PT3(Ft3,Lt3ijqtno,jtdir,t3s,nc,tnc,fordisp} 

end; 

{ttttttttttttttttttttttttttttttttttttttttttttfttfttttttttttttttttttttttttttttt 

* DELT3 t 
ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt} 

procedure DELT31var Ft3,Lt3:T3Ptr: j,nJ,t3s:integer; var nc,tnc:integerl; 
var ic,ics,l,jtno,jtdir :integer; 

Tt3,Nlt3 :T3Ptr; 
fordisp 
OK 

:real: 
:boolean: 

Positions the linked list of joint loads lj=II or prescribed joint 
displaceaents lj=21 at the proper record to be deleted then it 
shuffles the data down the records and disposes of the last record. 

begin 
BLANK80125l; 
ic:=O: 
Tt3:=Ft3; 

6TW6139,25,'Delete'I; 

for l:=1 to t3s do Tt3:=Tt3A.next3: 
repeat 

gotc,xyl24,231: 
write!'Enter joint number 11 to ',n1:l,'I: 'I; 
gotoxyl55,23i; 
{SI-} readlnl 1tno); ($!+} 
OK:=!IOresult=OI; 
if ijtno < 1 I or (jtnc > nji or (not OU then BEL 

until (jtno >= 11 and I jtno <= TIJ l and OK; 
BLAMK80(23i; 
repeat 

gotoi:vl22,231; 
write!'Enter direction nu1ber 11 to 31: 
qotoxyi56,23l; 
(SI-} readlnijtdirl; ($!+} 

OK:=!IOresult=O}; 

J\1 ,, 

if !jtdir < ll or ljtdir > 3l or lnot OKI then BEL 
until !jtdir >= ll and !jtdir (= 3l and OK: 
BLANK80!23l; 
repeat 

if j=l then hegin 
6TW25129,23,'Enter Force: 
got(lty!43,23l 

end 
else beqin 

6TW3bi26,23,'Enter Displace1ent: 
goteii:y(47,23l 

end; 

'}; 



CSI-} readlnlfordispl; {llt} 
OK:=lIOresult=Ol; 
if not OK then BEL 

until OK; 
ics:=1; 
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1r1hi le !Tt3''. T31 <= jtno} and HtJ-'··. next3 0 ni ll and ( ics <= tnc} and 
(1Tt3A.T31 (} jtnol or 1Tt3A.T32 (} jtdirl or (Tt3A.J33 () fordispl} 
do begin 
ic:=ic+1; 
ics:=ics+1; 
~Ht3:=Tt3; 
Tt3:=Tt3". next3 

end; 
if iTt3''.T3l=jtnol and mr.T32=jtdiri and iTt3''.T33=fordispi then begin 

if Lt3 <> Ft3 then begin 
ic:=ic+t; 
for l:=ic to lnc-ll do begin 

Nlt3:=Tt3; 
Tt3:=Tt3".next3; 
Nlt3".T31:=Tt3".T31; 
Nlt3".T32:=Tt3A.T32; 
Nlt3".T33:=Tt3 .... T33 

end; 
Lt3:=Nlt3; 
disposellt3".next3l; 
Lt3'' .next3:=ni l 

end 
else begin 

di spose!Ft3i; 
Ft3:=nil; 
Lt3:=Ft3 

end; 
nc:=nc-1; 
tnc:=tnc-1 

end 
end; 

(fffffffffffffffftffttfttftttfffffftffffffffffffffffttftttfttfttfftffffftftttf 
t TYPE3 t 
tffftfffftffffffftftffftfffffftftffftftttftttftftffffftfffffftftffffttfffttff} 

procedure TYPE3lfn:S1O; date:S8; var Ft3,Lt3:T3Ptr; j,nj,lcn,t3s:inteqer; 
var nc,tnc:integer; var tpfac:reall; 

var Tt3:T3Ptr; i:inteqer; fk:char; EH,m::boolean; 
{ 

Co1piles and edits the joint load data (j=l) or the prescribed 
joint displace1ent data lj=2l. Calls SUBST3, LIST3, ADDT3, 
and DELT3. 

begin 
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clrscr; textcolor(111; LOADSTL(fn,date,lcnl; 
if ;=1 then beqin 

gotoxy(35,2li Mrite('Joint Loads') 
end 
else beQin 

gotoxyl26,2l; ~ritel'Prescribed Joint Displacements') 
end; 
if j=2 then begin 

if tpfac=O.O then begin 
repeat 

6TW25133,8, 'PFAC= 'l; 

end 

gotoxy(38,81; 
{SI-} readln(tpfacl; CS!+} 
OK:=IIOresult=OI: 
if not OK then BEL 

until m: 

else begin 
gotoxyl33,Sl; 
writel'PFAC=',tpfac:7}; 
repeat 

6TW24130,9, 'Change PFAC (Y/t-J)7 

gotox·yl50,9l; 
rec1dlnlfkl; 

, i• , ' 

if lupcaseml O Tl and lupcc1se(fU <> 'N'l tt,en BEL 
until lupcc1selfkl='Y'l or !upcaselfkl='N'I: 
if upcaselfkl='Y' then beq1n 

end 
end; 

repec1t 
6TW25133,10,'PFAC= 'i: 
gotoxy i 38,10 l; 
{SI-} readlnltpfc1cl; ($I+} 
OK:=i!Oresult=OI; 
if not DK then BEL 

until OK 

for i:=9 to 10 do BLAkK801il; 
qotoxyl35,3l; 
Mrite('PFAC=',tpfac:7) 

end; 
repeat 

BLANK80(23l; 
I 24 l; 

EH:=False; 
SUBST3( j, nc l: 
LIST3(Ft3,j,nc,t3sl; 
81'11; 
repeat 

rec1dlkbd,fkl; 
if (fk=l27) and keypressed then begin 



Elf:=True; 
read(kbd,fk l; 
case fk of 

217 

159:ADDT3(Ft3,Lt3,j,nj,t3s,nc,tncl; 
160:DELT3(Ft3,Lt3,j,nj,t3s,nc,tncl; 
168:begin end; 

end 
end 

else BIHFK 

else Bl'ltFK 
until ((fk=l59l or (fk=#60l or (fk=l68ll and EH; 

until lfk=l68l and EH 
end; 

(+t+++++•+•+++++++tffttfffftttftffffftfffft+tffftft+++t+++++++++++++++++t++++f 
f SUBSl'IA + 
t++++t++++++++++++f++++++++++tf++++tttf++++++++++t+++++++++++++++++++++++++++} 

procedure SUBSl'IA(n1act:inteqerl; 
const Hl='l'IEl'I l'IAT FORCE DISTl DIST2 ', 

H2-'--- --- ---------- -------- --------'; 

Writes the subheadings to the screen for aeaber actions. 

begin 
BLANK80(4l; BLANK80(5l; BLANK80(22li BLANK80i23l; BLANK80(24l; 
if > 15 then begin 

6TW3613,4,Hlli 6TW3613,5,H2l; 
STW36(43,4,Hli; GTW36(43,5,H2l 

end 
else begin 

6TW36123,4,Hll; 6TW36(23,5,H2l; 
end 

end; 

(fffffttlllltttfftttfffffftfffffftfftfffffffffffffffffffffffffffffffffffffftff 
f LISTMA t 
ffffftt++++++tfffffttftfffftfft+++++++++ltftftfffttt+++++++t++t+tftfttftttfft} 

procedure LISTKA(Faact:l'ILPtr; n1act,1as:inteqerl; 
-~ar i,ie,is,ix,iy,k:integer; T1act:l'ILPtr; 
{ 

Lists the 1e1ber actions in tabular 

begin 
if (naact=15) or (naact=16) then for i:=6 to 20 do BLANKBOii); 



for i:=1 to aas do T1act:=T1act•.next1l: 
is:=naact div 30; 
ie:=naact 10d 30; 
for i:=1 to is do beQin 

for k:=1 to 30 do begin 
if k <= 15 then begin 

i Y. :=3; 
iy:=k+S 

end 
else begin 

ix:=43; 
iy:=k-10 

end; 
goto~y(b,iyl; 
1r1ith Tir,act" dr, 
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1r1ritelmln:2,' ',&lt:1,' ',mld:I0:3,1ld1:9:3,1ld2:9:3l: 
T1act:=T1act".next1l 

end; 
6TW24(3O,22,'Hit any key for aore. 'I: 
repeat until keypressed; 
BLANK24(3(l,22) 

end: 
for i:=1 to ie do begin 

if ie > 15 then begin 
ifi(=15 

end 

then beQin ix:=3; 
else begin i~:=43: 

iv:=i+5 end 
iy:=i-10 end 

else begin ix:=23; iy:=i+5 end: 
gotoxy(ix,i1•); 
with Tinact·' do 

writeliln:2,' ',alt:!,' ',tld:lO:3,cld1:9:3,1ld2:9:31; 
Taact:=Tmact".next1l 

end; 
if nmact=O 

then BLANK4O123,61 
else BLANK40!ix,liy+lll; 

if is> O then 
for i:=!ie+ll to 30 do 

if i <'.= 15 
then BLANK40l23,!i+5)) 
else BLANK40!40,li-l0ll 

end; 

{tfffttffffttftttftftfttttttttttttf.tfttttf.ttf.tftf.ftffftftttttff.ttftttttftftf.tf 

t NATL t 
fffffftfff.fffffffftftffftfttfffttftf.tttftftffffftfffftttf.tffftttttftf.ff.ftffff} 

procedure NATL!fn:S10; date:S8; lc:integerl; 
begin 
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STW8(9,1,fnl; 1trite(' .DAT'li 6TWB(b4,1,datel; 
6TW10(35,1,'Load Case 'li write(lc:ll 

end; 

{fffffffffffffffffffffffffffffffftffftffffffftfffttttttffffffffffffffftftttttf 

• 11Al1ENU * 
tffftffffffff:ffttffttffffffffff:tfffffftfftfffffffffffttfftttffftffffffftfffft} 

procedure 11AKENU(fn:S10; date:SS; lc:inteqerl; 
var i,j,k,l:integer; 

procedure Ll'IEl1(i,j:integerl; {DraNs the little base line} 
begin 

draw!i,j,(i+1591,j,1l; 
dr a1t ( i, ( j-2 l , i , ( j +2 l, 1l ; 
drawl(i+159},(j-21,(i+1591,(j+2l,1l 

end; 

begin 
clrscr; hires; hirescolor(11li 11ATL!fn,date,lcl; 
6TW24(31,2,'Adding l1e1ber Action 'li 
Ll'IEIHB0,42li 
draw(119,20,119,42,1l; 
drawl115,24,119,20,1li 
draw(123,24,119,20,1l; 
gotoxyll,7l; 
write!'Ft-Concentrated Lateral Load'); 
Ll1EN!401),42l: . 
i:=419; 
while i <= 519 do begin 

drawii,20,i,42,lli 
drawli,20,ii-41,24,lli 
i:=i+20 

end; 
draw(419,20,519,20,11; 
gotoxyl41,7l; 
write('F2-Uniforaly Distributed Lateral Load'); 
Ll1E11!80,751; 
draw(119,b8,119,77,1li 
draw!B4,bB,119,b8,1li 
draw(115,b4,119,b8,1li 
draw(115,72,119,b8,1li 
gotoxy(1,12li 
write('FJ-Concentrated Axial Load'I; 
Ll1El1!400,75l; 
i:=400; 
while i <= 434 do begin 

draw(i,73,ii+tOl,73,11; 
drawlli+bl,b9,(i+10l,73,tl; 
i:=i+17 



end; 
while i <= 499 do begin 

draw(i,73,(i+9l,73,ll; 
drawlli+5l,b9,!i+9l,73,1i; 
i:=i+1b 

end; 
while i <= 559 do begin 

draw!i,73,(i+lOl,73,lli 
draw!ti+bl,69,(i+lOl,73,1!; 
i:=i+l7 

end; 
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6TW36!41,12,'F4-Uniforaly Distiibuted A~ial load 'l: 
draw(l46,100,135,123,ll; 
draw(135,123,157,123,1l; 
draw!157,123,14b,100,1l; 
drawl159,100,181,100,ll; 
draw(170,100,170,123,ll; 
6TW2411,17,'F5-Teaperature Change 'l; 
U1EK!400,125l; 
i:=494; 
while i (= 549 do begin 

drawli,125,li+bi,125,0l; 
i:=i+lb 

end; 
i:=485; 
j:=125; 
for k:=l to 3 do begin 

case k of 
1: 1 :=2; 
2:1:=3; 
3: l :=5 

end; 
drawti,j,li+28l,!j-ll,1l; 
i:=i+28; 
j:=j-l 

end; 
6TW24i41,17,'Fb-Eleaent Iaperfections'li 
ll'IEK!240, 162}; 
drawt260,162,380,138,1); 
i:=290; 
j:=b; 
while i (= 380 do beqin 

draw{i,162,i,(162-jl,1}; 
draw(i,(162-jl,(i-4),(166-jl,1); 
i:=i+'30; 
i := j+b 

end; 
gotoxy(20,22i; 
writel'F7-Triangularly Distributed Lateral load'} 

end; 
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{ttttftftfftffttfftftttttttfftftfftffttttttttfttftttttttttttttfttttftttttf.tftt 

t B~EM t 
fffttftffftffff.ttf.ttfffttttttttftttffttfffftttfffffffffttftfttttttttttf.ttttff} 

procedure BMEHlj:integerl; {Draws the big base line.} 
var i:integer; 
beqin 

drawlbS,j,564,j,ll; 
draw(b8, ( j-2l ,b8, ( J+2l, 1 i; 
draw(564,ij+2l,564,(j-2l,1l: 
i :=(j div 31+2; 
6TW119,i, 'A' l; 
STW 1 ( 71, i, 'B' ) 

end; 

{tttfttttttfftttfttftttfttttfttttttttttttttfttttf.ftttfttftffttftf.ftttftttttttt 

t DIHL t 
tttttttftttfttttftftfftttfttfttffttttttttffffftttffftfttfftttttttttfttttttttt} 

procedure DIMLli,j,k:inteqer); (Draws the di1ension lines.} 
beuin 

drawli,j,(i+kl,j,ll; 
drawlii-21,lj+2l,(i+2l,lj-2l,1l; 
draw((i+k-2},(j+2l,li+k+2l,ij-2),1l 

end; 

{ftfttfftttttttftftfftfttffttttttttfttftftttfttttttttftf.ttttf.tftf.ttttftttttttt 

t MA! t 
ftttttttftfttttttttttttttttttttttfttfttttttfttfttftttffttttttttttttttfftttttt) 

procedure MA!lfn:S!O; date:S8; lc:integer: var 1typ:integer: var force, 
distl,dist2:reall; 

var OK:boolean; 

Collects and shows data for 1e1ber action type 1. 

be{lin 
atyp:=1; 
clrscr; 
hires; 
hirescolor 111 l; 
HATL(fn,date,lcl; 
gotoxy\28,21; 
writel'Concentrated Lateral Load'l; 
Bl'IEII! 132); 
dra-12b0,42,260,132,1l; 
drawl260,42,25b,4b,ll; 
draw!260,42,264,4b,1l; 
draw(b8,148,b8,157,1l; 



driM(260,13,,26O,157,1li 
Ol"Lt6B,153,192l; 
STWl 133,5, 'P' l; 
6TW4(2O,19,'DIST'li 
repeat 

6TW12(35,23,'P= 
qotoxy(37,23l; 
CSI-} readlntforcel; 
OK:=iIOresult=Ol; 
if not OK then BEL 

until OK; 
gotoxy(3O,5l; 
Nrite(force:1O:3,' k'li 
repeat 

,,. ,, 
{U+} 

6TW18!34,24, 'DIST= 'l; 
qr,toxy(39,24l; 
{SI-} readln!distll; CSI+} 
OK:=(lOresult=Ol; 
if !distl < 0} OT !not OK} 

then BEL 
else dist2:=O.O 

until idistl >= Ol and OK; 
gr,toxyt17,19l; 
Nrite(distl:8:3,''') 

end; 
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{ffftfftffftfttttfttttfffffffftfffttffftffffftffffffftffffffffffffffffflffftff 
t MA2 I 
tffftffftftfffttfftffftfffffJ.ffftfffftfffttfftffffJ.ffffffffffffftftttffftfftt} 

procedure KA2(fn:S1O; date:S8; lc:integer; var 11typ:iriteger; var force, 
dist1,dist2:reall; 

var i:inteqer; OK:boolean; 

Collects and shoNs data for 1e1ber action type 2. 

begin 
1typ:=2; 
tlrscr; 
hires; 
hi rescolor ( 11); 
KATL(fn,date,lcl; 
6TW36!23,2,' Unifor1ly Distributed Lateral Load 'l; 
B11E"(76l; 
i:=156; 
while i <= 412 do begin 

draM!i,49,i,76,lli 
draN(i,49,(i-4),53,ll; 
i:=i+64 

end; 



drawt156,49,412,49,1l; 
drawlbB,89,68,117,ll; 
draw(156,78,156,101,1l; 
draw(412,78,412,117,1l; 
DIKU68,97,88l; 
DIKL(68,113,344}; 
STW1!36,6, 'p' l; 
STW6112,12,'DIST1 'i; 
STW6129,14,'DIST2 'l; 
repeat 

STW12135,22,'p= 
gotoxy!37,22); 
{SI-} readln!force); 
OK:=IIOresult=Ol; 
if not OK then BEL 

until OK; 
gotoxy(30,6); 
write(force:10:3,' kli'i; 
repeat 

STW18(34,23,'DIST1= 
gotoxy(40,23l; 

'I• ,, 

{$I+} 

{SI-} readlnldistll; CSI+} 
OK:=IIOresult=Ol; 
if ldistl < 01 or lnot OKI 

until (distl >= Ol and OK; 
gotc,xy( 11,121; 
write!distl:8:3,'"'l; 
repeat 

STW18134,24,'DIST2= 
gotox-~(40,241; 
{SI-} readlnldist2li {SI+} 
OK:=!IOresult=Ol; 

'I• •! 

then BEL 

, ); 

if ldist2 <= distil or !not OK) then BEL 
until ldist2 > distil and OK; 
gotoxy!27, 14}; 
writeldist2:8:3,'''l 

end; 
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(fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff 

• MA3 t 
+++fftffffffffffffffffffffffffftttffffftffffffffffffffffftfffttttfffttfffftff} 

procedure KA3(fn:S10; date:S8; lc:integer; var atyp:integer; var force, 
dist1,dist2:reall; 

var OK:boolean; 

Collects and shows data for 1e1ber action type 3. 
} 

begin 
atyp:=3; 



clrscr; 
hires; 
hirescolor(11l; 
NATL!fn,date,lci; 
6TW24!29,2,'Cc,ncentnted A;:ial Lc,ad '}: 
BNEN! 68); 
draw(444,68,444,58,1l; 
draw(322,60,444,60,1l; 
draw(444,60,440,56,1l; 
draw(444,60,440,64,ll; 
draw(68,81,68,93,1l; 
draw(444,70,444,93,1); 
DINL(68,89,376l; 
6TIIU40,8, 'P' l; 
6TW4!32,11,'DIST'); 
repeat 

6TW12(35,23,'P= 'l; 
gotox·t(37,23): 
($!-} readln(forcel; (I!+} 
OK:=(IOresult=Ol: 
if not OK then BEL 

until OK; 
gotoxy!30,8l; 
write(force:10:3,' k'I; 
6TW6i34,24,'DIST= 'l; 
repeat 

BLMH'.20(39,241; 
qotor.v(39,24l: 
CSI-l readlnldistll: {$!+} 
OK:=l!Oresult=Ol; 
if ! dist 1 < 0 l or I not OK) 

then BEL 
else dist2:=0.0 

until (dist! >= 0) and OK: 
gotoxy(29,11); 
write(dist!:8:3, ''') 

end; 
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{f.tttttfttttfttfttftttffffttftftttttf.tttttttttffftfff.fttftttf¼tffftff.tff¼ftf.ft 
t MA4 t 
tttttttttfffffffftfftttfttttffftftttttttttttttttttttttttttttttfttff.tf.ftff.ttf.f} 

procedure MA4(fn:SIO; date:58; lc:integer; var 11typ:inteqer; var force, 
dist1,dist2:reall; 

var i:inteqer; OK:boolean; 

Collects and shows data for 1e1ber action type 4. 

begin 
atyp:=4; 



clrscr; 
hires; 
hirescolor(11); 
l'IATLlfn,date,lcl; 
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6TW36!25,2,'Unifor1ly Distributed Axial Load 'I; 
Bl'IEl1i76i; 
i:=68; 
while i (=132 do begin 

draw!i,74,li+25l,74,1); 
draw((i+25l,74,!i+21l,70,1l; 
i:=i+32 

end; 
Nhile i (= 443 do beqin 

drawli,74,(i+24i,74,1l; 
drawl(i+24l,74,li+201,70,1i, 
i:=i+31 

end; 
Nhile i <= 564 do begin 

diawli,74,(i+25l,74,1l; 
draw((i+2SJ,74,!i+21l,70,1l; 
i :=i+32 

end; 
STWH40,9,'p'l; 
repeat 

6TW12!35,24, 'p= 
goto~y(37,24l; 
{$I-} readlnlforcel; 
OK:=l!Oresult=Ol; 
if not OK then BEL 

until OK; 
gotoxy(34,9l; 
write(force:10:3,' kli'J; 
distl:=O.O; 
dist2:=n.o 

end; 

{$!+} 

(ffffffffffffttfttftttttttftttttttftfffftttftttftfftffffffftttttftfttftftftff.f 
t MAS t 
ftfffffftfffftffftfftfftttttttfftffftffffftffffffttftfttffftttttftttfttfftftt; 

procedure ~5(fn:S10; date:SS; lc:inteqer; var mtyp:inteqer; var force, 
dist1,dist2:reall; 

var OK:boolean; 

Collects and shows data for 1e1ber action type 7. 

begin 
atyp:=7; 
clrscr; 
hires; 



hirescolor ( 11 l; 
NATL!fn,date,lcl; 
6TW18l32,2,'Te1periture Change'); 
draw!299,56,280,95,1l; 
draw(299,56,318,95,1l; 
draw(280,95,318,95,1l; 
draw(339,56,339,95,1l; 
draw(320,56,358,56,1); 
draw(267,l84,264,190,1l; 
draw(267,184,270,190,ll; 
draw(264,190,270,190,lli 
repeat 

STW12!35,24,'T= 
qotoxy(37,24); 
(11-} readlnlforcel; 
OK:=(IOresult=Ol; 
if not OK then BEL 

until OK; 
distl:=O.O; 
dist2:=0.0 

end; 

,,. ,, 
(SI+} 
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(ftttt++t+tfftftftf.ffttftfttttttttftf.ttttttttttttttttt++t++ttfff.ftttf.tf.ttttttf. 
t MA6 t 
tf.tttttf.ttttt++++++++tt+++tftt+tt+t++++++++tttttftf.ttttf.tf.ttttftttttttttttttt} 

procedure ~A6(fn:SIO; date:SS; lc:integer; var atyp:integer; var force, 
dist1,dist2:realli 

var i:inteqer; OK:bcolean; 
{ 

Collects and shows data for 1e1ber action type 6. 

beqin 
:11typ:=6; 
clrscr; 
hires; 
hirescolor(tll; 
MATL(fn,date,lcl; 
6TW24(30,2,'Eleaent Imperfections 'l; 
BNEN(76l; 
i :=353; 
while i <= 543 do begin 

draw(i,76,(i+20l,76,0l; 
i :=i +53 

end; 
drawl320,76,446,72,lli 
draw(446,72,573,68,ll; 
draw(573,68,589,60,lli 
draw!591,59,623,43,1l; 
draw(564,89,564,101,ll; 



drawl589,b2,589,101,1}; 
drawl5bb,76,623,76,11; 
draw(591,60,623,60,11; 
Dil'ILl564,97,25l; 
draw(b12,b0,612,76,1l; 
draw!614,58,610,62,lli 
drawlo14,74,610,78,1l; 
6TW2(72,12,'el'li 
6TW2178,9,'e2'1; 
GTW2(78,7,'e3'1i 
repeat 

6TW18!34,22,'e1= 'i: 
gotoxy(37,22l; 
{SI-} readlnlforcel; {SI+} 
OK:=!IOresult=Ol; 
if not OK then BEL 

until OK; 
repeat 

6TW18!34,23, 'e2= 'l; 
gotoxy!37,23l; 
{SI-} readlnldistll; {$!+} 
OK:=!IOresult=Ol; 
if not OK then BEL 

until OK; 
repeat 

6TW18(34,24, 'e3= 'i; 
goto~y(37,24l; 
(Sl-} readln(dist21; (SI+} 
OK:=IIOresult=Ol; 
if not OK then BEL 

until ot: 
end; 
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{tfffftfffffffffftftffftttfffftttftffffffffftftfttfffffffffffffffffffffftftftt 

t l'IA7 • 
ffffttfffftffftftttttffttftttttttttftftttfttttttfttftftfftttfftfftftfftftttff} 

procedure l'IA7!fn:S10i date:S8; le: integer; ·var 1typ: inteijer; ·var force, 
dist1,dist2:reall; 

var i,j:inteqer; OK:boolean; 
{ 

Collects and shows data for ileaber action type 5. 

beqin 
1typ:=5; 
clrscr; 
hires; 
hirescolor!lll; 
l'IATL!fn,date,lcl; 
gotoxyl22,2l; 
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11rite('Triangularl)' Distributed Laterai Lcad'i; 
BNEIH7bl; 
i :=220; 
j:=b; 

11hile i (= 412 do begin 
drawii,76,i,176-jl,1); 
draw(i,176-jl,(i-41,180-11,11; 
i :=i +b4; 
j:= .j+7 

end; 
drawl156,7b,412,49,tl; 
draw(68,89,b8,117,ll; 
draw!156,78,156,99,ll; 
drawl412,78,412,117,1l; 
Dil'IU68,97 ,88); 
Dil'ILl68,113,3441; 
GHIi (52,6, 'P' I; 
GTW6(12,12,'DIST1 'I; 
GTWb(29,14,'DIST2 '}; 
repeat 

STll12135,22,'P= 
goto¼yl37,22>; 
Cll-} readlnlforcel; 
OK:=l!Oresult=Ol; 
if not OK then BEL 

until OK; 
gotoxy!52,6l; 
~ritelforce:5:3,' k'l; 
6TW6!34,23,'DIST1='l; 
repeat 

BU,NK2(ll 40, 23 l; 
gotoxv!40,231; 

'\• .. , 

{$It} 

{SI-} readlnldist!l; {ll+l 
OK:=IIOresult=Ol; 
if ldist1 ( 01 or lnot OKi then BEL 

until ldistl l= Ol and DK; 
gotc,1.·y(l0,121; 
wr1teldist1:S:3,'"'l; 
GTW6(34,24,'DIST2='li 
repeat 

BLANK20140,241; 
gotoxyl40,241; 
{II-} readlnldist2l; {$It} 
OK:=IIOresult=Ol; 
if ldist2 <= distil or lnot OK} then BEL 

until ldist2 > distll and OK; 
gotoxyi27,14l; 
writeldist2:8:3,'''); 

end; 
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(tttf.tttfttfttftttftfttfffftttftf.ttttttttttf.tfttff.ttf.ttttftttttttttttttttttttt 

• PMA t 
tttttttf.ttttttf.f.ttttf.ttttttttf.ttfttttttftttttttfttffttttttttttttttttttfttf.ttt} 

procedure PMA!var Fmact,Lmact:MLPtr: mnD,mtyp,ias:1nteqer: var n1act, 
tnmact:integer: force,distl,d1st2:reall; 

var Tmact:MLPtr; il,i2,jl, ,2,isc:inteqer: r13,ri4,ri5,r13,rj4,rj5:real: 
c:char: 

Searches the linked list for the meeber action type which 1atches or 1s 
laroer than the Qiven me1ber action tvpe. The new data is then inserted 
in the appropriate place. 

beoin 
Tmact:=Fmact: 
for il:=1 to mas do Tiact:=TaactA.nextml: 
if Tmact=nil then begin 

if F1act=nil then begin 
new(Fmacti: 
Lmact:=Fmact 

end 
else beQin 

newlL~actA.neitmll: 
lmact:=liactA.nextml 

end; 
~ith LmactA do begin 

~ln:=~no: 
1lt:=&typ; 
1ld:=force; 
uldl:=distl: 
mld2:=dist2; 
nextml:=nil 

e~ 
end 
else beQin 

.sc:=1: 
while lisc (= nmactl and ITmactA.next~J <> n1ll and (T~actA.mln <= 

and l1T1actA.1ln <> 1nD) or ITmact".alt <= atypll and 
IIT1actA.1ln (} 1nol or ITnact",&lt <> ~t~pl or 1Tmact".mld <= forcell 
and IIT1actA.1ln <> mnol Dr ITmact".mlt (} 1t;pl Dr 
ITmactA.1ld <> force) or ITmactA.mldl <= distil I and 
IIT1actA.1ln (} anol or ITaactA.ilt (l itypl or tTmactA.mld forcei 
or ITmact'.mldl <> distil or ITmactA.1ld2 <= dist2l} do beqin 

Tmact:=Troact•.next~l 
end: 
newlLmact".nextmll; 
L1act:=Laact•.ne1.tml; 
LmactA.nextml:=nil: 
if lisc > niactl or ITmactA.roln > mnol or IIT1act•.m1n=mnDI and 
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IIT1actA.1lt} 1typl or !(TmactA.ilt=1tvpl and l!T111act ·.mld 'force I 
or IIT1actA.1ld=forcel and !IT~actA.~ldl > distll or 
((T1mt".1ldl=distll and ,:faact··.111d2} dist2lllll}i) then begin 
i 1 :=ilno: 
12:=&hPi 
ri3:=force: 
ri4:=distl: 
ri5:=dist2: 
Mhile Tmact".nextml ,> nil do beQin 

Mith T1actA do begin 
il:=mln: 
i2:=11t: 
r j3:=mld: 
rj4:=sld1; 
rjS:=111ld2; 
1ln:=i!; 
1lt:=12; 
1ld:=ri3; 
1ld1:=ri4; 
111ld2:=ri5 

end: 
Tffiact:=TtactA.next~l: 
il:=jl; 
i2:=~2: 
ri3:=r j3: 
ri4:=rJ4: 
ri5:=rj5 

end: 
with T~actA do beoin 

illln:=11: 
1111t:=i2: 
&ld:=ri3: 
111ldl:=ri4; 
iald2:=ri5 

end 
end 
else begin 

Mith LmactA do begin 
11ln:=1no; 
alt:=1t,·p; 
ald:=force; 
1ldt:=distt; 
111ld2:=dist2 

end 
end 

end; 
nillac t: =niriac t+ 1 ; 
tn1act:=tn1act+l 

end: 
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{fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff 

* ADDNA * 
ffffffffffffffffffffffffffffftfffffffffffffffffffffffffffftffftffffffffffffff} 

procedure ADDMAlvar Faact,Laact:NLPtr; lcn,ne,aas:integer; var n1act, 
tn1act:integerl; 

var mno,1typ,f1,l1:integer: fk:char: force,dist1,dist2:real; OK:boolean; 
{ 

Reads 1no, the 1e1ber to be loaded. Calls NAi and PT3 to add to 
the linked list. 

beqin 
BLANK80125); GTW3117,25,'Add'l; 
Qotoxy(10,22l; 
writel'Choose S for single load or N for multiples of the same load.'i; 
repeat 

GTW18132,23,'Enter Sor N: 'l; 
gotoxy(47,23); 
readln!fk i; 
if !upcase!fkl (> 'S'l and (upcasem) C- 'M'} t~;en BEL 

until (upcaselfkl='S'l or lupcaselfki='N'l; 
BLANK80!22 l; BLANK80l23l; 
if upcaselfkl='M' then begin 

end 

repeat 
GTW18(2b,22,'First 1e1ber= 'i; 
goto:i:y(39,22l; 
{SI-} readln(f1l; {SI+} 
OK:=IIOresult=Ol; 
if !f• ( 11 or (f1 > nel or !nnt OKI then BEL 

until 11 <= fal and lfa <= nel and OK; 
repeat 

STWl8i43,22,'Last meaber= 
qotoi:yl55,22l; 
{SI-} readlnllcl; {SI+} 
DK:=iIOresult=Ol; 

,,. ,, 

if llm ( 11 or (!1 > nel or lnot OKI then BEL 
until 11 <= lal and 111 <= nei and OK 

else beqin 
repeat 

6TW12(3b,22, 'Neeber= 'l; 
gotoxy(43,22); 
{SI-} readln!f1l; {SI+} 
OK:=IIOresult=Ol; 
if (f1 < I) or lf1 > nel ~r lnot OKI 

then BEL 
else l1:=f1 

until 11 <= fal and lfm <= nel and OK 
end; 
EH:=False; 



MAMENU!fn,date,lcn}; 
qotoxy ( 1, 25}; 
repeat 

read (khd, fk}: 
if lfk=t27l and kevpressed then beqin 

EH:=True: 
readl~bd,fU; 
case n of 
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t59:MAllfn,date,lcn,1t;p,force,distl,dist2l: 
#60:MA21fn,date,lcn,~t,p,force,d1stl,dist21; 
t61:MA31fn,date,lcn,atvp,fc,rce,dist!,dist21: 
t62:MA4!fn,date,lcn,mtJp,force,d1st!,dist2l; 
t63:MA51fn,date,lcn,1t1p,force,d1stl,dist2l: 
t64:MA61fn,date,lcn,~typ,force,distl,dist2!; 
165:MA71fn,date,lcn,1typ,force,distl,dist2l; 
else BEL 

end 
end 
else BEL 

until EH and l(H=t59) or lfk=l60i or !fk=lb!} or !H=t62i or (H=t63} 
or ( fk=t64 l or ( fk=#65 l l; 

for ~no:=fm to l& do 
PMAIF1act,Lmact,mno,1typ,&as,n&act,tn~act,force,distl,dist2); 

6TW24129,25,'Hit any kev to continue.'); 
repeat until keypressed; 
tedaode 

end: 

(ff.ttf.tf.f.ff.tff.fftf.f.f.tf.tf.ftttffttftttff.f.f.ftf.f.fff.ttttf.ffftf.f.f.fffffftftf.f.fffftff.f 

DELMA 
fffff.ftftffttftffttf.ftttttftftfttttftftfttfttftfttftf.tff.t.tttff.tfffttffff.ff.f.f.f} 

procedure DELXAlvar Fmact,Lmact:XLPtr; ne,mas:inteqer: var nmact, 
tnaact:integer}; 

var ic,ics,1,rano,itvp :integer; 
Tmact,Nlmact :MlPtr; 
force,distl,dist2 :real: 
OK :boolean; 

Positions the linked list of 1e1ber actions at the prDper record to 
be deleted then it shuffles the data down the records and disposes 
of the last record. 

beqin 
BLANK80 { 25 l: 
ic:=O: 
Tliact:=Friact; 

GTW6(39,25,'Delete'l: 

for l:=1 to mas do Tmact:=TmactA.nextal; 
repeiit 

goto;:yl24,23}; 
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11rite('Enter aeeber nuaber !1 to ',ne:1,'l: 'l; 
qotoxy(56,23l; 
{SI-} ieadln(anol; CS!+} 
GK:=!!Oresult=Ol; 
if (mno < 1) Oi (ano > nel or (not OKi then BEL 

until iano >= 1l and i11no <= nei and OK; 
BLANK80!23l; 
repeat 

got1)):y(21,23l; 111ritei'Enter ze1ber actic,n type (1 tc, 71: '); 
qotoxyl5i,23l; 
{SI-} readln!atypl; {$!+} 
OK:=(!Oresult=Ol; 
if lmtyp ( 11 or latyp > 71 or !not OKI then BEL 

until (atyp >= 11 and latyp <= 7) and OK; 
BLANK80(23l; 
repeat 

6TW24(29,23,'Enter Force: 
gotoxy!43,23l; 
{SI-} readln(forcel; {SI+} 
OK:=(IOresult=O>; 
if not OK then BEL 

until OK; 
BLANK80(23l; 
repeat 

6TW36i28,23,'Enter Distance!: 
qr,to:.:·1 ( 411,23 i; 
CS!-} readln!dist1l; {SI+} 
OK:=IIOresult=Ol; 
if not m: then BEL 

until OK; 
BLANK80!23l; 
repeat 

6TW36(28,23,'Enter Distance2: 
qoto~y(41i,23); 
CSI-} readln!dist2l; (SI+} 
OK:=(!Oresult=Ol; 
if not m: then BEL 

until OK; 
BLANK SO 123 l ; 
ics:=1; 

'); 

'.'\• ,, 

'i; 

11hile <T1act".1ln <= ano} and (T,aact".nexhil O r,ill and lies<= tnaactl and 
<> or (TaactA.~lt <> itypl or ITtact".ald (} force! or 

(T1act",1ldl (} distil or IT1act".1ld2 () d1st2ll do begin 
ic:=ic+l; 
ics:=ics+1; 
Nl1act:=T1act; 
T1act:=T1act".next1l 

end; 
if IT1act".1ln=1nol and (Taact".mlt=•typl and IT1act".mld=forcel and 

<Tuct".1ldl=dist1> and !Timt'.11ld2=dist2l then begin 



end 
end; 

if L1act <> F1act then begin 
ic:=ic+l; 

end 

for l:=ic to do begin 
Nleact:=Taact; 
Tmact:=T1actA.next1l; 
Nl1actA.1ln:=T1actA.1ln; 
Nl1actA.1lt:=T1actA.1lt; 
Nl1actA.1ld:=T1actA.1ld; 
Nl1actA.1ldl:=T1actA.1ld1; 
Nl1actA.1ld2:=T1actA.1ld2 

end; 

dispose!L1actA.next1ll; 
L1actA.next1l:=nil 

else begin 
dispose(Faactl; 
Faact :=ni 1; 
Leact:=Faact 

end; 
n1act:=n1act-1; 
tn1act:=tn1act-1 
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(ftftttf.tttftttftttfffftftftftfffffffttffffftttttfftfftfttfttttttfftftf.tftfttf 
f P!ACT f 

tffffffffffffftffffffffffftftffttfttttfffffftftffffttttftfttttfffffffftfffftf} 

procedure MACT! fn:S10; date :SB; ·var Fmac t ,Lmact :MLPtr; ne, lcn,1as: inteqer; 
var n1act,tn1act:integerl; 

var i:inteqer; fk:char; EH:boolean; 

Co1piles and edits the 1e1ber action data. Calls SUBS"A, LISMA, 
ADDMA, and DELMA. 

begin 
repeat 

clrscr; textco lor ( 11>; 
Nrite!'"e1ber Actions'}; 
EH:=False; 

qotoxy!34,2>; 
BLAHK8012til; 
SUBSMA(naiictl; 
LISTMA!F1act,n1act,1asl; 
8N1: 
repeat 

read(kbd,Hl; 
if (fk=l2il and ke·ypressed then begin 

EH:=True; 
read(kbd,fk l; 
case fk of 

LOADSTL!fn,date,lcnl; 
BLANK80!23l; 



end 
end 
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159:ADDl!AIF1act,L11act,lrn,ne,111as,n1act,tn1actl; 
l60:DELNA(F1act,Lmact,ne,mas,nmact,tnmact); 
168:begin end; 
else BN1FK 

else Bl'llFK 
until llfk=l59l or lfk=l601 or lfk=l68)1 and EH 

until lfk=l68l and EH 
end; 
(fffffffff.ffftfftffffffffffftttttffftfffftftttfffff.ftftfffftftttfffffftffttttt 

t LOADTL t 

·····························••t••···••*·•·····················•·*••t••····••} 
procedure LOADTLlfn:S10; date:S81; 

Writes the top line for LOADS to the screen. 

beQin 
clrscr, textcolorl11 I, 
qotoxyl64,1); writeldate:8), 
gotoxy(l,25); 

gotc,xvt9,ll, write(fn:10,' .DAT'}; 
gotoxyl36,II; wr1tel'LDAD CATA'l; 

end; 

{ttttfftfttffttftftfffftftf.tftffttftttffttfttf.fttttttff.fttftfttfffffttftftf.ftt 

t DELNVLR • 
······••*••············••+••··••tf.tfttttfff.fffffff.fttfftfftftttftttf.ttfffftf.t} 

procedure DELNVLR!Flccv:Contro!Ptr; var F1l,L1!,Fp1d,Lpjd:T3Ptr: 
var F1act,L1act:NLPtr; ne,nj,nlccv:1nteger; 
var tnjl,tn1act,tnpjd:inteqer), 

var Tlccv,Nllccv:ControlPtr; Tjl,Nljl,Tpjd,Nlp1d,Slt3,S2t3:T3Ptr; 
T1act,Nlmact,Sl11,S2al:NLPtr; i,j,k:integer, 

Find and dispose of any load records ~hich are no longer 
valid due to a chanQe of NJ or NE. 

begin 
Tlccv:=Flccv; Tjl:=Fjli T1act:=Ftact; Tpjd:=Fp1d, 
for i:=1 to nlccv do begin 

if TlccvA.connjl > 0 then begin 
j:=1; 
~hile 1Tj!A.T31 <= njl and 11 (= TlccvA.conn1ll dD begin 

IH jl :=T jl; 
Tjl:=TjlA.next3; 
j := j+l 

end; 
if ITjlA.T31 > nj} and lj (= TlccvA.connjll then begin 

for k:=j to TlccvA.connjl do begin 
if TjlA.next3=nil then begin 

if Fjl=Ljl then begin 



end 
end 

end; 

disposetF j 1 li 
Fjl:=nil; 
ljl:=Fjl 

end 
else begin 

L)l:=Nljl; 
disposellj!A.next31: 
ljl•'.next3:=nil 

end; 
Tjl:=nil 

end 
else beqin 

S1t3:=Tjl; 
repeat 

S2t3:=S1t3; 
S1t3:=Slt3A.next3; 
S2tJ-'. T31: =S1 t3'. T31; 
S2t3". T32: =S 1 tl'. T32; 
S2t3A.T33:=S1t3A.T33 

until S1t3A.neit3=nil: 
ljl:=S2t3; 
disposelljl".next31; 
Ljl•' .next3:=ni 1 

end; 
tnJl:=tnjl-1; 
Tlccv".connjl:=Tlccv".connjl-1 

if Tlccv .... connaat > 0 then begin 
j:=1; 
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while ITmactA.mln <= nel and IJ <= Tlccv".cDnniatl do begin 
Nliiact:=Ttact: 
T&act:=T1act".next1l: 
J:=jtl 

end; 
if ITmact .... aln > nel and lj <= Tlccv".conn1atl then begin 

for k:=j to Tlccv .... connaat do begin 
if Taact".nextal=nil then begin 

if Faact=laact then begin 
disposelFzactl: 
Faact :=ni I; 
l1act:=F11act 

end 
else begin 

Lilact:=Nli1act; 
disposellaact".nextmll: 
lmactA.nextzl:=nil 

end; 
Tllact:=nil 



end 
else begin 

S11l:=T1act; 
repeat 

S211:=S111; 
S111:=SlmlA.nextml; 
S21lA.1ln:=S!1l'.tln; 
S21 l". 1 l t: =S 111 l '• • ml t ; 
S21lA.mld:=Sl1lA.~Jd; 
S21lA.1ldl:=Sl1lA.mldl; 
S21lA.1ld2:=S11l".1ld2 

until S11l".next1l=nil; 
Laact:=S2ml; 
disposellaactA.nextmll; 
LmactA.nextml:=nil 

end; 
tnaact:=tnaact-1: 
Tlccv".conn1at:=Tlccv".conn1at-! 

end 
end 

end; 
if Tlccv".connpjd > 0 then benin 

j :=!; 
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while ITpjdA.T31 (= njl and lj <= T!ccv'.cDnnpjdl do begin 
lllp .id :=Tp jd; 
Tpjd:=Tpjd".ne~t3; 
j:=j+l 

end; 
if Hpjd".T31 > njl and ij <= Tlwr'.connpjdl then begin 

for k:=j to Tlccv".connpjd do begin 
if Tpjd".next3=nil then beQin 

if Fpjd=Lpjd then begin 
disposelFpjdl; 
Fpjd:=nil; 
Lpjd:=Fpjd 

end 
else begin 

Lpjd:=Nlpjd; 
disposellpjd".ne~t3l; 
lpjd".next3:=nil 

end; 
Tpjd:=nil 

end 
else begin 

S!t3:=Tpjd; 
repeat 

S2t3:=S1t3; 
Slt3:=S1t3".next3; 
S2t3".T31:=S1t3A.T31; 
S2t3".T32:=Sltl"'.T32; 



end 
end 

S2t3A.T33:=S1t3A.T33 
until S1t3A.next3=nil; 
Lpjd:=S2t3; 
disposellp W. next3l; 
LpjdA.next3:=nil 

end; 
tnpJd:=tnpjd-1; 
TlccvA.connpjd:=TlccvA.connpjd-1 
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end; 
Tlccv:=TlccvA.nextcon 

end 
end; 

{fttfftfffftfftfftfffffftftttftttttttfffttffffffffftfffftt+tfffttffftfttffffff 

t DELNVLC t 
ftfttftffffffffffffffffffftfffffftttffffffttfftfttftfftttfffffffffffftfffffff} 

procedure DELNVLClvar Flccv,Llccv:ControlPtr; var Fjl,Ljl,Fpjd,Lpjd:T3Ptr; 
var Feact,Lmact:NLPtr; var fk:char; nlc:integer; 
var nlccv,tnjl,tnaact,tnpjd:integerl; 

var i,1,k,jls,1as,pjds :integer; 
Tlccv,Nllccv :ControlPtr; 
Tmact,~l111act :MLPtr; 
Tjl,Nljl,Tpjd,Nlpjd :T3Ptr; 
OK :boolean; 

Delete load cases that are no longer valid due to change in NLC, Dr 
return to NAHi IIENU to change NLC to a larger nu111ber. 

begin 
Mhile nlccv} nlc do begin 

goto~yi13,9l; 
writel'You have set NLC=',nlc:1,' but there are ',nlccv:1, 

' load casES in 1emory.' ) ; 
gotoi:yt8,H}l; 
writei'You 1ay either Return to NAIN to change NLC or Delete 

'a load case,'>; 
repeat 

6TW46(22, 11, 'Enter R to Return or D to Delete: 'I; 
gotoxy(58,11l; 
readln(fU; 
if !upcaselfk) <> 'R'I or (upcaselfk) <> 'D'l then BEL 

until (upcaselfkl='R'I or lupcaselfkl='D'l: 
if upcaselfkl='R' then exit; 
repeat 

6TW36(28,12,'Delete Mhich load case? 'l; 
qotoxy(53, 12}; 
Ct!-} readln(i); {tl+} 
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OK:=!IDresult=OI; 
if (i < 1) or (i > nlccv) or (not GKl then BEL 

until ( i >= 1 l and ( i <= nice·;') and OK; 
Tlccv:=Flcn; 
jls:=O; 1as:=O; pjds:=O; 
for j:=1 to (i-11 do begin 

with Tlccv" do begin 
jls:=jls+conn;l; 
1as:=1as+connmat; 
pjds:=pjds+connpjd 

end; 
Tlccv:=Tlccv",nextcon 

end; 
for j:=10 to 12 do BLANKSO!jl; 
got:, t.,; 22, 11}; 
with Tli::. 

do write('load Ca~e ·,i:1,': NJL=',connjl:1,', NMACT=',connmat:1, 
', NPJD=',connpjd:1>; 

repeat 
gotoxy( 15,12); 
writel'Enter R to Retuin or D to Delete load Case ',i:1,': '); 
gotoxy(63,12l; 
readln!fkl; 
if lupcase(fkl <> 'R'l and (upcase(fk) <> 'D') then BEL 

until lupcase(fkl='R'l or (upcase(fk)='D'l; 
if upcase(fkl='R' then exit; 
for j:=ljlst!l to ljls+Tlccv".connjll do begin 

Tjl:=Fjl; 
Nljl:=Tjli 
for k:=1 to jls do Tjl:=Tjl".next3; 
if ljl O F Jl then begin 

end 

for k:=ljls+2l to tnjl do begin 
Nljl:=Tjl; 
Tjl:=Tjl".next3; 
Nljl".T31:=Tjl",T31; 
NljlA.T32:=Tjl".T32; 
Nljl".T33:=Tjl",T33 

end; 
Ljl:=Nljli 
dispose(ljl".next3); 
Ljl .... next3:=nil 

else begin 
dispose IF jl l; 
F j l :=nil; 
Ljl:=Fjl 

end; 
tnjl :=tnjl-1 

end; 
for J:=(1as+!I to (1as+Tlccv".conn1at) do begin 
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for I: :=l to do T11act :=T1act1'. nexhl; 
if L1act O Faact ttien begin 

for k:=!mas+2l to tneact do begin 
Nlaact:=Tlact; 
T1act:=T1actA.next1l: 
Nl1actA.1ln:=T1actA.1ln; 
Nl1actA.1lt:=T1actA.1lt; 
Nl1actA.1ld:=T1actA.1ld; 
Nl1actA.1ldl:=Taact~.1ldl; 
Nl1actA.1ld2:=T1actA.1ld2 

end; 

di sposeilaact'·. nexhl l: 

end 
else begin 

dispose (Fmactl; 
Fmact:=nil; 
Luct :=Fmact 

end; 
tnaact:=tnaact-1 

end; 
for j:=lpjds+ll to lpjds+TlccvA.connpjdl do begin 

Tpid:=Fpjd; 
IHpjd:=Tpjdi 
for k:=1 to pjds do Tpjd:=TpjdA.next3; 
if Lpjd <> Fpjd then begin 

for k:=!pjds+2l to tnpJd do begin 
NlpJd:=TpJdi 
Tpjd:=TpjdA.next3; 
NlpjdA.T31:=TpjdA.T3l; 
NlpjdA.T32:=TpjdA.J32; 
~lpjdA.T33:=TpjdA.T33 

end; 
Lpjd:=Nlpjdi 
dispose!LpjdA.next3l; 
LpjdA.next3:=nil 

end 
else begin 

disp11se (Fpjdl; 
Fp jd:=ni l; 
Lpjd:=Fpjd 

end; 
tnpjd:=tnp.jd-1 

end; 
Nl lccv:=Tlccv; 
for j:=i to (nlccv-1) do begin 

Nl lccv:=Tlccv; 



end 
end; 

Tlccv:=TlccvA,nextcon; 
NllccvA.connjl:=Tlccv .... connJl; 
NllccvA.conn1at:=Tlccv .... conn1at; 
Nl lccv .... connp jd:=Tlccv··' .connp jd; 
Nllccv .... conpfac:=Tlccv~.conpfac 

end; 
Llccv:=Ml lccv i 
dispose( Llccv·'. nextconl: 
Llccv .... nextcon:=nil; 
nlcc·v:=nlcc\·-1 
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(tt++tttttttttttttttttttttttttttttttttttttttttttttttttttt+tttttttttttttttttttt 

• LOADS t 
·································•tttttttttfttttttftttttttttfftffffftttfttttt} 

procedure LOADS(fn:S10; date:S8; var F jl,Ljl,Fpjd,lp_jd:T3Ptr: 
var F~act,l~act:MLPtr: var Flccv,LLccv:ControlPtr; 
ne,nj,nlc:integer; var tnJl,tn;act,tnpjd,nlccv:integerl; 

var EH,OK:boolean; 

fk :char: 
dr :real; 
lcn,j,k,jls,aas,pjds :integer; 
Tlccv,Nllccv :Control?tr: 
Tjl,Nljl,Tpjd,Nlp1d :T3Ptr: 
Tmact,Nlaact :MLPtr: 

Calls DELNVLR, DELNVLC, JTLOADS, MEMLOADS, and PJDISPS. 

{ Flash F keys} 
procedure LFK; 
begin 

textcolor(31 l; BEL; 6TW2!31,q,'f1' l; 
STW3(31,10,'FIO'l; gotoxy(l,2Sl; te~tcolor!11l 

end; 
procedure LTFK; 
begin 

textcolor!31li 
GTW2!24,q,'F2'l; 
gc,tox7·!1,25); 

end; 

BEL; 6TW2(24,8,'F1'l; 
GTW2(24,10,'F3'l; 6TW3(24,11,'F10'l; 
textco lor i 11} 

begin 
DELMVLRlflccv,Fjl,Ljl,Fpjd,Lpjd,F1act,L1act,ne,nj,nlccv,tnjl,tn1act,tnpjdi; 
LOADTL!fn,datel; 
DELNVLC(flccv,Llccv,Fjl,Ljl,Fpjd,Lpjd,F1act,L1act,fk,nlc,nlccv,tnJl, 



if upcase(fkl='R' then begin 
RTKK; 
exit 

end; 
repeat 

LOADTL(fn,datel; 
EH:=False; 
lcn:=nlccv+1; 
if lnlc=nlccvl and lnlc > !l then begin 
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STW24!31,9,'F1 -SELECT LOAD CASE 'l; 
6TW10(31,10,'F10-RETURN'l; 
goto>:yl1,25l; 
repeat 

read!kbd,fkl; 
if !H=l27l and keypressed then begin 

EH:=True; 

end 

readlkbd,fkl; 
case fk of 

159:begin 
repeat 

BLA!U'.80 I 1 ;) ) ; 
gotoxy(26,16l; 
writei'Edit load case 11 to ',nlc:1,'l: '): 
gotoxyi53, 16); 
{SI-} readlnllcnl; {ll+} 
OK:=IIOresult=Ol; 
if llcn < !l or llcn > nlcl or !not OKI then BEL 

until 11 <= lcnl and lien<= nlcl and DK; 
end: 

lb8:lcn:=O; 
else LFK 

end 

else LFK 
until EH and l!fk=l59) or lfk=lb81l; 
BLANK80(9l; BLANK80(10l; BLANK80(16) 

end 
else if (nlc=nlccvl and (nlc=ll then lcn:=1; 
jls:=O; aas:=O; pjds:=O; Tlcn:=Flcc·,,; dr:=O.O; 
for j:=1 to (lcn-11 do begin 

11i th Tlcc·," do begin 
jls:=jls+connjl; 
1as:=1as+conn1at; 
pjds:=pjds+connpjd 

end; 
Tlccv:=TlccvA.nettcon 

er,d; 
if nlccv < nlc then begin 

if Flccv=nil then begin 



neic!Flccv l; 
Llccv:=Flccv; 

end 
else begin 

new!llccvA.nextconl: 
Llccv:=Llccv"'. nextcon; 

end; 
Ni th Llccv·• do begin 

connjl:=CI; 

connp jd: =Cl; 
conpfac:=O.O; 
nextcon:=nil 

end; 
Tlccv:=Llccv 

end; 
if lcn <> 0 then begin 

repeat 
LOADTl(fn,datel; 
gotoxy!35,1l; 
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write('Load Case ',lrn:I); 
6TW4(38,2,'Menu'l; 
6TW18!24,8,'Fl -Joint loads '); 
6TWl8(24,9,'F2 -Ne1ber Actions'!; 
6TW36(24,10,'F3 -Prescribed Joint Displaceaents 'l; 
6TW18(24,11,'F10-End load Case '); 
gc,tO);''/! 1,25); 
EH:=False; 
repeat 

read( kbd,fk l; 
if !fk=l27l and keypressed then begin 

EH:=True; 
read!kbd,fkl; 
case fk of 

159:TYPE3(fn,date,Fjl,Ljl,1,nj,lcn,jls,TlccvA.connjl, 
tnj l ,dr); 

l60:KACT(fn,date,F1act,L1act,ne,lcn,aas,TlccvA.conn~at, 
tnaactl; 

161:TYPE3(fn,date,Fpjd,lpjd,2,nj,lcn,pjds,TlccvA.connpjd, 
tnpjd,TlccvA.conpfacl; 

168:beqin 
for k:=22 to 24 do BLANKBOlkl; 
if nlccv < nlc then begin 

with TlccvA do begin 
if (connjl=Ol and (connaat=Ol and iconnpjd=Oi 

then begin 
gotox·~( 19,231; 
write('You have created a load case 

'with no loads. 'l; 
delay(2500l 



end 
end: 
nlccv!=nlcc\·+1; 
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if lnlccv=nlcl and lnlc=ll then lcn:=O; 
end 
else if nlc=1 then lcn:=O 

end; 
else LTFK 

end 
end 
else Lm: 

until EH and !(fk=IS9i or lfk=lbOl c,r lfk=l61l or ifk=l68ll 
until EH and (fk=lb8i 

end 
until ilcn=Ol and lnlccv=nlcl: 
RTl'IN 

end; 

(fffffffffffffffffffffffffffffffffffffffffffffffffffftftfffttfftffffffffffffff 
t DRAWS t 
tfffffffffftfffffffffffffffffffffffffftfffffffffffffffffftfffftftftfftftttftf} 

procedure DRAWS(fn,date:58; Fxv,L:1:Y.YPtr: Fmi,Lii:MIPtr: Fh,Lh:T1Ptr: 
ne,nj,nh:integerl: 

type 
Icoords=array[l •• 30) of integer; 

var 
CPtr 
IIPtr 
HPtr 

: XYPtr: 
:IIIPtr; 
:TlPtr; 

ix,iy :lcoords; 
i,j,k,l :integer; 
1inx,1iny,1ax~,1axy,xrange,yrange,sfx,sfy,xc,yc :real; 

Uses the joint coordinates, 1e1ber incidences, and the hinge data 
to graphically depict the fra1e 1odel on the screen. 

begin 
clrscr; 
clrscr; 
gotoxyll,ll; 
goto}:yi3,2l: 
tinx:=Fxy-'.xl; 

textcolor t1 l; 
hires; 
write(fn,' .DAT'); 
writeldatel; 
1iny:=Fxy-' .l:2; 

1axx:=FxyA.~1; maxy:=FxyA.x2; 
CPtr:=Fxy; 
for i:=l to nj do begin 

with CPtrA do begin 
if xl < minx then 1inx:=r.li 

hirescolorl 1 l; 



if xi > 1axx then 1axx:=xl: 
if x2 < 1iny then ainv:=,.2i 
if x2 > 1axv then 1axy:=12 

end; 
if j <> nj then CPtr:=CPtrA.nextx 

end; 
xrange:=1axx-1inx; 
vranqe:=1axy-1iny; 
if xrange }= yrange then begin 

sfx:=1.0; 
sfy:=yrange/xrange 

end 
else begin 

sfy:=1.0; 
sh :=uange/,•range 

end: 
xc:=~inx+O.S+xrange; 
yc:=1iny+0.5fyrange; 
CPtr:=Fxv; 
for J:=l to nj do begin 

with CPtrA do begin 
if XC (} 0 
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then ix[jl:=roundl329+209+sfx+!xl-xcl/xcl 
else ix[jl:=421; 

if ye O 0 

end; 

then iy[jl:=roundl99-90+sfytix2-vcl/ycl 
else i y[ j l :=99 

if j ~> nj then Cptr:=CptrA.nextx 
end; 
for j:=l to nj do begin 

plotlix[jl,iy[jl,11; 
drawlix[jl+l,iy[Jl+l,ix[jl+l,iy[jl-1,11; 
draw(ix[jl-1,iy[j]+l,ix[jl-1,iy[j]-!,11; 
drawlix[jl+l,iy[jl-1,ix[jl-1,iy[jl-1,11; 
drawlix[jl+l,iy[jl+l,ix[jl-1,iy[jl+l,ll 

end; 
KPtr:=F1i; 
for i:=1 tone do begin 

with NPtrA do begin 
j :=ti; 
k:=12; 
draw(ix[jl,iy[jl,ix[kl,iy[kl,11 

end; 
if i O ne then KPtr :=l'IPtr". nextmi 

end; 
if nh > 0 then begin 

HPtr:=Fh; 
for i:=1 to nh do begin 

with HPtrA do begin 



j:=T1H; 
k:=T12; 
"Ptr:=F1i; 
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1r1hile lj > Ol and ll'IPtr <> nill do begin 
j:=j-1; 

l'IPtr:=MPtrA.ne~tmi 
end; 
if k=1 

then l :=l'IPtr·'.1111 
else l:=l'IPtrA.1112: 

circlelix[ll,iy[ll,4,11 
end; 
HPtr:=HPtrA.next1 

end 
end; 
repeat 
text.ode 

until keypressed; 

end; 

(fffffffffffftftfffffffftffttfffffffftffftfftffffffffttfftffff.f.fttttffttfttftf 
t OUTFILE f 

tttffffftffffffftffftttffffttttfffttftfffffttfffttttfffttffffffftttttfftfftft} 

procedure OUTFILElfn:S10: date:S8; ne,nj,nlc:integer: Fmi,Lmi:MIPtr; Fjc,LJC, 
Fh,Lh:T1Ptr; Fxv,Lxy:IYPtr; Fa,La,Fzi,Lzi,Fe,Le,Fcte, 
Lcte:T2Ptr; Fjl,l11,Fpjd,Lpjd:T3Ptr; Fmact,laact:l'ILPtr; 
Flccv,Llccv:ControlPtr; njc,nh,tnjl,tn1act,tnpjd:integerl; 

·,·ar l ,j :integer; 
otf :S14; 
Tai :l'IIPtr; 
Ttl : T1Ptr; 
hy :XVPtr; 
Ta,Tzi,Te,Tcte :T2Ptr: 
Tjl,Tpjd : T3Ptr; 
T1act :l'ILPtr; 
Tlcc·v :ControlPtr; 

Writes the data fro1 the linked lists to the file fn.DAT. 

begin 
otf:=fn+' .DAT'; 
assign(ofn,otfl; 
re1r1ri te(ofn); 
writelniofn,datel; 
write lnl of n, ne :5, nj :5, nlc :5 l; 
Ttai :=F11i i 
for i:=1 tone do begin 

1r1ith T1iA do 1r1ritelnlofn,11:5,12:5l; 
T1i:=TiiA.next1i 



end; 
writelnlofn,njc:Sl; 
Tt1:=Fjc; 
for i:=1 to n;c do begin 

with Tt!A do writeln(ofn!T11:5,Tl2:5l: 
Ttl :=Tt!'' .ned! 

end; 
writeln(ofn!nh:Sl; 
Ttl:=Fh; 
for i:=l to nh do begin 

with TtlA do writeln(ofn,T11:5,T12:51; 
Tt!:=Tt1 1·.next! 

end; 
T:(y:=Fxy; 
for i:=1 to nj do begin 
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with TxyA do writelnlofn,x!:12:4,' ',~2:12:41: 
hy:=h(' .nextx 

end: 
Ta:=Fa: 
Tzi:=Fzi; 
Te:=Fe; 
Tcte:=Fcte: 
for i:=1 tone do begin 

nri telrdc,fn, Ta·', T21: 12:4,' ', Tzi '. T21: 12:4,' ',Te". T21: 12:4,' 
TcteA.T21:12:4l: 

Ta:=Ta".next2; 
T2i:=TziA.next2; 
Te:=Te·· .ne~t2; 
Tcte:=TcteA.next2 

end; 
Tlccv :=Flccv: 
T jl :=F jl; 
T11act:=F1act; 
Tpjd:=Fpjdi 
for i:=1 to nlc do begin 

writelnlofn,TlccvA.connjl:51; 
for j:=1 to TlccvA.conn;l do begin 

with TjlA do writeln(ofn,T31:5,T32:5,' ',133:12:41; 
Tjl:=Tjl".next3 

end; 
writeln(ofn,Tlccv".connaat:Sl; 
for ;:=1 to Tlccv",connaat do begin 

with Tniact'· do 
writelnlofn,1ln:5,1!t:5,' ',mld:12:4,' ·,mldl:12:4,' ', 

11ld2: 12:4); 
Tmact:=T11act",next1l 

end; 
writeln(ofn,TlccvA.connpjd:51; 
if Tlccv".connpjd O O then writelnlofn,Tlccv·'.conpfac:10:1}; 
for j:=1 to TlccvA.connpjd do begin 
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with TpjdA do writelniofn,T31:5,T32:5,' ',T33:12:4l; 
Tpjd:=TpjdA.next3 

end; 
Tlccv:=TlccvA.nextcon 

end: 
close(ofni 

end; 

{tftfftftf.fffffffffffffffffffffffffffttttfffffffff.fftf.ffffffftfftfftffff.ffff.ff 

* DELMEM t 
tffffffffffffffffftttffttffftf.tttf.ffffttffttttfffftfttf.ffftttttfffffffftf.tftt} 

procedure DEL"EMlvar F1i,L1i:MIPtr: var F1c,Ljc,Fh,Lh:TlPtr: var Fxy,Lxy: 
XYPtr; var Fa,La,Fzi,Lzi,Fe,Le,Fcte,Lcte:T2Ptr; var Fjl, 
Ljl,Fpjd,Lpjd:T3Ptr; var F1aact,L1act:MLPtr; var Flccv, 
Llccv:ControlPtr: ne,nj,nlc,njc,nh,tnjl,tn1act,tnpjd: 
integerl; 

var i 
Tili,Tlini 
Tt1,T1tl 
hv,Tlxy 
Tt2, Tl t2 
Tt3,Tlt3 
Tml, Tla'd 
Tlccv, Tl lccv 

: integer; 
:NIPtr: 
: T1Ptr; 
: XYPtr; 
:T2Ptr: 
: T3Ptr; 
:MLPtr: 
:ControlPtr; 

Deletes all the linked lists. 

begin 
Tai :=F11i; 
for i:=1 tone do begin 

Tl11i :=Tai; 
T1i:=T1iA.next~i; 
dispose!Tlmi i 

end; 
Ttl:=Fic: 
for i:=1 to njc do begin 

T1t1:=Ttl; 
Tt1:=Tt1A.next1; 
di sposem t 1 l 

end; 
Ttl :=Fh; 
for i:=1 to nh do begin 

Tltl:=Ttl: 
Ttl:=Tt1A.ner.t1; 
disposern t 1 i 

end; 
Txy:=Fxy: 
for i:=1 to nj do begin 

T1xy:=Txy; 



Txy:=TxyA.nextx; 
disposemxyl 

end; 
Tt2:=Fa; 
for i:=1 tone do begin 

Tlt2:=Tt2; 
Tt2:=Tt2A.next2; 
disposem t2 i 

end; 
Tt2:=Fzi; 
for i:=1 tone do begin 

Tl t2:=Tt2; 
Tt2:=Tt2A.next2; 
d1spose(Tlt2l 

end; 
Tt2:=Fe; 
for i:=1 tone do begin 

Tl t2:=Tt2; 
Tt2:=Tt2A.next2; 
dispose (Tl t2 l 

end; 
Tt2:=Fcte; 
for i:=1 tone do begin 

T1t2:=Tt2; 
Tt2:=Tt2A.next2; 
dispose!Tlt2l 

end; 
Tt3:=F i l: 
for i:=1 to tnjl do begin 

T1t3:=Tt3; 
Tt3:=Tt3A.next3; 
dispose m t3 l 

end; 
TIil :=Faact; 
for i:=1 to tnaact do begin 

T11l :=Ttl; 
T1l:=T1lA.next1l; 
dispose(Tlal l 

end; 
Tt3:=Fpjd; 
for i:=I to tnpjd do begin 

Tl t3:=Tt3; 
Tt3:=Tt3A.next3; 
dispose m t3 l 

end; 
Tlccv:=Flccv; 
for i:=I to nlc do begin 

T1lccv:=Tlcc·~; 
Tlccv:=TlccvA.nextcon; 
disposem lcn l 
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end; 
F1i:=nili 
Fh:=nili 
Fa:=nil; 
Fe:=nili 
Fjl:=nili 
Fpjd:=nil; 

end; 

Lai :=nil, 
lh:=nil; 
la :=r,i 1; 
le:=nil: 
Lil :=nil; 
Lpjd:=nil; 

Fic:=nil; 
Fi:i:=nil: 
F.:1 :=nil; 
Fcte:=nil, 
F11,act :=nil; 
Flcu:=nil; 
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Ljc:=nil; 
Uy:=nil; 
Lzi :=nil; 
Lcte:=nil; 
Lmact :=nil; 
Llcc.·:=nil 

{ttttttttfffttttttt+ttt+ftt+fttf.tf.tftfttttf.tttfff.f.ffttttttttttttttttfttttttttt 
f ETDOS • 
tttttttttttttttttttttttttttttfftttttttttttftttf.tttttttftttttttttfff.tftttttttt} 

procedure ETDOSlfn:S10; date:S8: var Fti,Lmi:MIPtr; var Fjc,ljc,Fh,Lh:T!Ptr: 
var Fxy,Lxy:XYPtr: var Fa,La,L;i,lzi,Fe,Le,Fcte,Lcte:T2Ptr, 
var Fjl,ljl,Fpjd,lpjd:T3Ptr: var F~act,L1act:MLPtr; 
var Flccv,llccv:ControlPtr; 1,ne,nj,nlc,n1c,nh,n1inc,nzy,na, 
nzi,nemod,ncte,nlccv,tn1l,tnaact,tnpjd:integer: var fk:charl; 

var i,1axh,1axjt,1axie1:integer: Tt3:T3Ptr; Tml:MLPtr; 

Calls WRITEFlLE. 

begin 
c lrscr: 
if j=l 

then textcolor(l4l 
else textcDlorll5l: 

STWSI 9, 1, fn); 
jjfitel' .DAT' i: 
ST~8(64,1,datel: 
if j=l 

then 6TW9136,1,'Run FRAME') 
else 6TW12(35,1,'Exit to DOS'l: 

if Lh O nil 
then ma~h:=Lh~.Tll 
else maxh:=O; 

Tt3:=F JI; 
if Fjl O nil 

then 1axjt:=Tt3h.T31 
else 1axjt:=O; 

for i:=1 to tnjl do begin 
if Tt3A.T31 } 1axjt then ~axjt:=Tt3A.T31: 
Tt3:=Tt3'. ne>:t3 

end; 
Tal:=Faact: 
if F11act O nil 

then maxme1:=T1lA.mln 
else 1;n1e1:=0; 

for i:=l to tnmact do begin 
if T1lA.1ln > 1axme1 then maxie&:=TslA.&Jn; 
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T1l:=T1lA.next1l 
end; 
Tt3:=Fpjd; 
for i:=1 to tnpjd do begin 

if Tt3A.T31 > aax,t then maxjt:=Tt3A.T31; 
Tt3:=Tt3" ,next3 

end; 
if (n1inc=ne} and lnjc >= 1l and (L 1c". T11 <= njl and l11axh <= nei and 

(nxy=njl and lna=nel and !nzi=ne) and (nelliod=nel and (ncte=nei and 
(nlccv=nlcl and (1axjt <= njl and (1ax1e1 (= nel then begin 
gotoxy(28,9l; 

end 

write!'Writing file ',fn:10,' .DAT.'l; 
OUTFILE!fn,date,ne,nj,nlc,F1i,L1i,FJC,Ljc,Fh,Lh,F~y,L~y,Fa,La,Fzi,Lzi, 

Fe,Le,Fcte,Lcte,Fjl,Ljl,Fpjd,Lpjd,F11act,L1act,Flccv,Llccv,njc, 
nh,tnjl,tn1act,tnpjdl; 

6TW36(26,12,'Deleting records fro• 1e1ory. 'l; 
DELNEIHF1i ,Lai ,F jc,Ljc ,Fh,Lh ,hi· ,Uy ,Fa,La,Fzi ,Lzi ,Fe,Le,Fcte,Lcte,F j I, 

Ljl,Fpjd,Lpjd,F1act,Lmact,Flccv,Llccv,ne,nj,nlc,njc,nh,tnjl, 
tn1act,tnpjdi; 

if j=l then begin 
assign(fra1e,'FRANE.CHN'l; 
chain(frame) 

end 

else begin 
gotoxy(19,7l; 
write('File ',fn:10,'.DAT cannot be written to disk.'); 
gotoxy(13,8l; 
writel'Data records do not agree with the control variable for:' I; 
if n11inc O ne then 6TW18(33,9, 'l'IENBER INCIDENCE '); 
if (njc < ll or !Ljc",Tll > njl then 6TW18(32,10,'JOlNT CONSTRAINTS 'I; 
if &axh > ne then 6TW6(38,11,'HIN6ES'I; 
if nxy <> nj then 6TW18132,12,'JOINT COORDINATES'); 
if Ina(} nel or lnzi <> nel or (ne1od <> nel or lncte <> nel 

then 6TW18132,13,'ELENENT PROPERTIES'I; 
if (nlccv (} nlcl or (1axjt > njl or (1a~ae1 > nel 

then 6TW9l36,14,'LOAD DATA'l; 
STW3b(23,18,'Hit any key to return to MAIN NENU. 'I; 
fk:=159; 
repeat until keypressed 

end 
end; 
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