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ABSTRACT 

COMPUTER AIDED DESIGN USING 

THE FINITE ELEMENT METHOD IN 

ELASTIC AND PLASTIC REGIONS 

Evangelos Michael Marinis 

Master of Science in Engineering 

Youngstown State University, 1985 

The objective of this thesis is to increase student 

awareness in regard to the Finite Element method and its 

application in the design of structures comprised of two 

force members. To achieve this goal, a set of computer 

programs wsa'developed to work in conjunction with each 

other to solve various design problems. In addition, class- 

room presentations, discussions and computer-room demon- 

strations were held in the last two years for two class 

offerings of the ME 807 Design of Mechanical Systems course. 

After using the programs, the students offered a 

number of comments and suggestions which were the main 

considerations during the modification of the programs to 

meet the students' needs. A large number of "menus" and 

messages have been incorporated to make the programs as 

user-friendly as possible. Most intermediate calculations 

are performed during the time that the operator needs to 

input data. This reduces run-time significantly and maxi- 

mizes the system's efficiency. In addition, all significant 
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data are permanently stored in data files to protect the 

operator from data loss during power or system failures. 

The finite element theory principles and their appli- 

cations in the design of structures utilizing two-force 

elements are explained in Chapter I. Chapter I1 presents the 

type of computer and support devices used, along with the 

manufacturer's utility software. Two structures are studied 

in Chapter I11 as a demonstration of the proper use of these 

programs under conditions of elastic and plastic behavior. 

The first is a two member statically indeterminant structure 

studied under two environmental conditions: first, at 

uniform temperature, second, with one of the members at an 

elevated temperature. The second is the study of a 

statically determinant C-frame having the advantages of 

structural symmetry. Conclusions on the effectiveness of 

the programs and recommendations for further expansion are 

presented in Chapter IV. - 
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CHAPTER I 

THE FINITE ELEMENT METHOD 

Introduction 

The Finite Element method of analysis of complex 

problems is based on the principle that the complex system 

(or structure, or circuit, etc.) can be divided in very 

small and yet finite 'elements" whose collective behavior 

closely simulates the behavior of the total structure. 

The complexity of this method arises from the fact 

that behavior characteristics of only the individual ele- 

ments are known instead of the behavior of the total struc- 

ture, Based on common variables, a system of equations 

which may describe the behavior of the whole structure can 

be written using the characteristics of each element, In- 

the study of structures, one common variable is the dis 

placement of each node (connecting point between elements).' 

Figure 1 illustrates the effect of a force on the position 

of a node (node B). The displacement of the node from its 

original position is related to the strains induced in the 

members by the external force. Figure 2 shows a complete 

structure and the "finite elements" it is comprised of. 

This is known as analysis of trusses by the method of 
1 

joints. 

1 
F. P. Beer and R. E. Johnston, Vector Mechanics 

For Engineers (New York: McGraw-Hill,l977), pp.216, 217. 



Node A Node C 

Fig. 1. Displacement of node B due to force F. 



F i g .  2 .  S t r u c t u r e  a n d  i t s  F i n i t e  E lemen t s .  



The development of the equations relating the 

displacements of the nodes to the external and internal 
2 

forces is based on the principle of virtual displacements. 

This principle states that the following equality must be 

satisfied for all virtual displacement increments: 

dW [I] = dW [Internal] = dW [External] = dW [E] , (1 

where dW is the change in Work done. The terms of the above 

equation relate to the virtual displacements and external 

forces as follows: 

dW = Force * displacement 

dW [I] = Internal force * change in member length 

dW [El = (External force applied to node A * magnitude of 

vector displacement of node A ) + (External force 

applied to node B * magnitude of vector 

displacement of node B )  
- 

considering the member of figure 3. The externally applied- 

forces are known. The internal forces are the product of 
3 

(A(i)*E(i) / L(i) ) * (change inmember length). The 

magnitude of the vector displacements of the nodes, as well 

as the changes in the members' length are the common 

variables necessary to set up a system of equations, and 

represent the only set of unknowns. 

J. N. Cernica, Strength Of Materials (New York: 
Holt, Rinehart and Winston, 1977), pp. 361, 362. 

Cernica, Strength Of Materials, pp. 33, eq. 1-7. 



I Node A 

F i g .  3. Two-force member (AB). 



Based on figure 3 and the convention that follows, a 

number of equations can be written for the member of this 

figure which represents the general case. 

U(a) = Absolute displacement of node A in the x-dir'n. 

V(a) = Absolute displacement of node A in the y-dir'n. 

U(b) = Absolute displacement of node B in the x-dir'n. 

V(b) = Absolute displacement of node B in the y-dir'n. 

Th (1) = Angle between member 1 (AB) and x-axis. 

D(a) = ~agnitude of displacement vector of node A 
along the direction of the member. 

D(b) = Magnitude of displacement vector of node B 
along the direction of the member. 

F(1) = Force in member 1 (AB) due to the relative 

displacement of nodes A and B. A positive 

value indicates that the member is in tension. 

F(1)ax = x-direction component of F(1) at node A. 

F(1)ay = y-direction component of F(1) at node A. 

F(1)bx and F(1)by apply to node B. 

L (1) = Length of member 1 (AB) 
4 

= SQR [ (~b-Xa)^2 + (Yb-Ya)^2 1 

A (1) = Cross-sectional Area of member 1 (AB) . 
E (1) = Modulus of elasticity of member 1 (AB) . 
Also, sin( Th(1) ) = [ (Yb-Ya) / L(1) ] ( 3 )  

and cos ( Th(1) ) = [ (Xb-Xa) / L(1) ] (4 

4 
Due to increasing popularity and convenience of 

presentation, all equations are presented in computer entry 
form. - 



EQUATIONS 

D(a) = u(a) * cos(Th(1)) + V(a) * sin(Th(1)) ( 5 )  

D (b) = u (b) * cos ( ~ h  (1) ) + ~ ( b )  * sin ( ~ h  (1) ) (6) 

F(1) = ( A(1) * E(1) / L(1) ) * (D(b) - D(a) ) (7 

For node A : F(1)ax = -F(l) * cos (Th(1) ) ( 8 )  

F(1)ay = -F(l) * sin ( Th(1) ) (9) 

For node B : F(1)bx = F(1) * cos ( Th(1) ) (10) 

F(1)by = F(1) * sin (Th(1) ) (11) 

By letting 1 = ( A * E l  / L(1) ) , the 

"element equations" (8, 9, 10, 11) for member 1 become : 

F(1)ax = K(1) * [ (U(a)-U(b) ) * cosA2 (Th(1) ) 

+ (V(a)-V(b) ) * cos (Th(1) ) * sin (Th(1) ) I 

F(1)ay = K(1) * [ (U(a)-U(b) ) * cos (Th(1) ) * sin (Th(1) ) 

+ (V(a) -V (b) ) * sinA2 (Th (1) ) I 

F(1)bx = K(1) * I (U(b)-U(a)) * cosA2(Th(l)) 

+ (V(b)-V(a) ) * cos (Th(1) ) * sin (Th(1) ) 1 

F (1) by = K (1) * [ (U (b) -U (a) ) * cos (Th(1) ) * sin (Th (1) ) 

+ (V(b)-V(a)) * sinA2(Th(l) ) I 

All systems of equations similar to the one seen above 
5 

can be written and solved as matrices. The following is the 

matrix representation of the example and its solution using 

matrix techniques. 

R. G. Budynas, Advanced Strength and Applied Stress 
Analysis (New York: McGraw-Hill, 1977), pp. 418, 419. 



cos * sin -cosA2 -COS * sin I 

I -cos * sin - sinA2 

C = K(1) * - 

cos * sin 

cos * sin sinA2 -COS * sin -sinA2 

-c0sA2 -COS * sin c0sA2 cos * sin 

The above terms are related to each member's angle. 

All the external forces applied on a structure under study 

are always known. Also, the coefficient matrix is known. 

The only unknowns are the displacements of the nodes. As 

with any equation of the form Y = C * X, the solution for 
6 

X is X = (1/C) * Y. Since this is a system of equations 

represented in matrix form, the solution for the 

displacement matrix would be similar to X = INV(C) * Y 

where INV(C) is the Inverse Matrix C. Applying this to the 

example, the solution is the matrix product of the inverse 

coefficient matrix and the external force matrix. 

It is obvious that some nodes will be restricted 

(fixed) in one or both directions (x and y) . Also, the 

coefficient matrix will be different if more than one member 

6 
Budynas, pp.429, eq. 8-34. 



is considered. As an example, consider the structure shown 

in figure 1. This structure is comprised of two members (AB 

and BC) with nodes A and C fixed in both directions. The 

system of equations for AB contains coefficients for the 

displacements of nodes A and B (total of four equations). 

Similarly, there are four equations for member BC. When 

both are combined into one system of six equations with six 

unknowns, the coefficients of the variables which do not 

appear in the first set will be zero, and the coefficients 

of the variables which do not appear in the second set will 

be zero. There are, however, two forces (F (1) bx and F (2) by) 

common to both sets of equations. Of course, in other 

structures there may be more because more members may con- 

nect at the same node. The coefficients of these variables 

must be added because the equations are added. 

Following the above method, the equations are writ- 

ten as a system of equations. 

Note that force F(1+2)bx is the resultant external 

force acting at node B in the x direction. Similarly, force 
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F(1+2)by is the resultant external force acting at node B in 

the y direction. The boundary conditions must be accounted 

for before proceeding with the solution. Since the values 

of the U's and V's associated with nodes A and C are already 

known to be zero (fixed nodes), the coefficients of the 

equations involving forces present at nodes A and C must be 

adjusted. In this way, the coefficient matrix is adjusted 

according to the boundary conditions. 

The proper way in matrix mathematics to make such an 

adjustment to a matrix without changing its size is to 

change the equations as shown below. 

The final form of the coefficient matrix immediately 

before inversion is : 



1 START I 

I Set up coefficient matrix I 

Adjust the coefficient matrix 
according to boundary conditions 

Invert matrix 

Enter external forces and 
solve for displacements. 

I Calculate forces, stresses, etc. I 

I Send results to the printer. I 

I STOP ? I 

-< Yes / NO Y 
Fig. 4. Computerized solution algorithm. 



After the U's and V's are calculated, the internal 

forces acting in the members can be calculated using the 

given equations. The stress in a member SS (i) = F (i) /A(i) 

and the strain SR(i) = SS(i)/E(i) can be calculated. 

This method of solution can be computerized since it 

is standard and can be used repeatedly to solve systems of 

equations that result from the analyses of structures of the 

type of the example above. Figure 4 shows the algorithm of 

the computerized solution. The first step is the set-up of 

the coefficient matrix. This involves the use of the equa- 

tions that calculate the 16 coefficients for each member of 

the structure. The second step involves the use of the 

boundary conditions to adjust the coefficients in the matrix. 

The third step is the matrix inversion. The so.lution to the 

equations follows as the result of matrix multiplication. 

Plastic Region 

Typically, the study of the behavior of a structure- 

subjected to various loading conditions is complete when it 

extends to the point when one of the members buckles or 

ruptures causing the structure to collapse. This could 

happen in either region (elastic or plastic). A study in 

the plastic region involves the same structural geometry as 

in the elastic region (assuming small strains) but the 

modulus of elasticity changes for the members that have 



7 
either yielded, buckled, or, ruptured. In the case of pure 

yielding, a new value for a member's modulus of elasticity 

is calculated in the following way: 

1) The value of the previous loading condition is used to 

calculate the new stress state of the yielded member. 

2) The new stress value is used in the following formula 

to calculate the modulus of elasticity that will be used for 

this member during the next loading condition, 

where NE(i) is the new value and OE(i) is the value of the 

modulus of elasticity of the elastic region. If a member is 

unloading (the internal force is decreasing,) the value of 

NE(i) automatically becomes equal to OE(i) and remains as 

such until the stress state exceeds the point at which th-e 

member had started to unload, 

All the changes in the values of the externally 

applied forces should be of the order of 1 % of the values 

which cause the highest stressed member of the structure to 

yield (elastic limit loads). Such small increments create 

small changes in the stress state of each member and promote 

higher accuracy in the calculation of the plastic region 

moduli of elasticity. 

Frank A. D'Isa, Mechanics Of Metals (Reading, 
Massachusetts: Addison-Wesley, 1968), pp.182 and pp. 209. 



A 0 

F i g .  5.  R e s i d u a l  s t r a i n .  

S t r e s s  

(LB / INn2) 

' r  

li 

I 

1 
t R e s i d u a l  s t r a i n  ---+ 

S t r a i n  (IN / IN)) 
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It is typical of loading tests to end with the 

unloading of the complete structure. This means that each 

and every externally applied force is reduced to zero. In 

order to do so, the new incremental forces are automatically 

set equal to the total negative value of each external 

force. Also, since all the members are unloading, all 

moduli of elasticity are replaced by the respective elastic 

moduli of elasticity. Such unloading causes the stress in 

every member to decrease to a residual stress which is the 

result of residual strain. Residual strain is the amount of 

strain that was not recovered during the unloading of the 

member because of the sudden change of its modulus of elas- 

ticity from the plastic region value to its elastic region 

value. Figure 5 is an example of the change of the value of 

the modulus of elasticity of a member due to loading past 

the yield point, some unloading, and complete unloading. 

Also, the amount of residual strain is indicated ( AB ) .  

Sometimes, a structure is loaded in such a way that - 

one or more members exceed the rupture point. This may not 

cause the structure to collapse and further study may be 

desired. The most effective way to remove a ruptured 

member from a structure is to set its modulus of elasticity 

to zero. Loading may continue until the structure as a 

whole collapses or until the deflections of the nodes exceed 

the design specifications. 

A wide variety of structures can be studied under a 

variety of loading conditions using the same set of prog- - 
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rams. The behavior of two structures is studied in chapter 

111. The first is also an example of the way the programs 

operate. The second is the study of a C-frame. 

Buckling 

In addition to calculating the internal forces 

induced by the external forces and the boundary conditions, 

the programs calculate the buckling forces. These forces 

represent the maximum permissible compressive forces that 

the members can safely withstand. The equations used to 

calculate the buckling force for any simply connected member 

(i) are the following: 

1) Elastic region equation (14) : 

2) Plastic region equation (15) : 

+ 3 * (3.14159-2) * MI(i) * OE(i) ] 

FB(i) is the buckling force, (-1) represents 

compression, OE(i) is the modulus of elasticity, MI(i) is 

the Minimum Moment of Inertia (about any axis of the plane 

of the cross-section) and L(i) is the length of the member. 

Equation (15) is the result of combining equation (14) with 

equation (13). When in the plastic region, the plastic 

modulus of elasticity must be used. Substituting NE(i) for 

OE (i) in equation (14) produces an equation with the term 
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SS(i) on both sides of the equal sign. Since SS(i) is 

needed to calculate FB(i), the resulting equation is solved 

for SS (i) to produce equation (15) . 
If the member force is greater than the buckling 

force ( Fab > FB(i) ) ,  the member will buckle. The program 

always checks for this condition and if it is true it 

prompts the operator that the member should be removed from 

the structure if further study is desired. At this point, 

the value of the modulus of elasticity of the member is set 

to unity. This has the effect of reducing the load carried 

by the member to nearly zero without eliminating the member 

from the graphics or the printout of results. However, if 

the operator wishes not to proceed any further with the 

loading, the modulus of elasticity remains the same. This 

enables complete unloading of the structure for the evalua- 

tion of the residual'stresses. 

Thermal Stresses 

An important design factor is the effect of tempera- 

ture differences among the members of a structure. Often, 

the assumption of constant temperature distribution in a 

structure is justified and can simplify a problem. However, 

temperature differences among members can change a design 

significantly. In some cases, the heat induced strains are 

more significant than those of externally applied forces. 

Also, the whole structure can be subjected to a uniform 
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change in temperature. This is shown in chapter I11 in the 

study of a C-frame. 

The programs presented here consider the effects of 

temperature in the following way: 

1) It is assumed that all the materials' physical proper- 

ties and structural geometry are specified for an average 

environment temperature. 

2) Any temperature deviations are treated as positive or 

negative differences. 

3) Since the systems of equations studied so far relate 

externally applied forces to the members' nodal displace- 

ments, the heat induced displacements are used to calculate 
8 

equivalent externally applied forces. 

4) These equivalent forces are added to the specified 

forces and the system of equations is solved. The strains, 

stresses and forces acting in the members are found. 

5) The net forces acting in the heated members are found 

by subtracting the equivalent forces from the calculated 

forces. 

Frank A. D'Isa, Mechanics Of Metals (Reading, 
Massachusetts: Addison-Wesley, 1 9 6 8 ) ,  pp.112. 



CHAPTER I1 

SOFTWARE AND HARDWARE 

This chapter studies the computer programs, the 

system on which they were developed, and the operating 

system's software that are used in conjuction with them. 

The main objective of the programming approach used 

in the computerization of the design process was to write 

user-friendly programs. Good user-friendly programs provide 

the operator with the maximum number of options available at 

any time during the design process. However, the development 

of a single program became impossible due to the large 

number of options and the system's limited memory capacity. 

So, the total design process was partitioned into seven main 

programs (in addition to the "housekeeping" files). 

The first three programs solve design problems invol- 

ving loads which do not exceed the yield strengths of the 

members. The next three programs are specialized versions 

of the previous three which solve problems that involve 

loads which are applied after one or more members have 

yielded. The seventh program is the Master Reset program. 

The following is a list of the programs: 



3) "MATRIX3.BAS" 

4) "M1.BAS" 

5 ) "M2. BAS" 

6) "M3 .BAS" 

7 ) "RESET. BAS" 

Elastic Reqion 

The above programs perform the following operations: 

"MATRIX1.BASt' inputs all the data and creates data files for 

permanent storage. It also sets up the coefficient matrix 

for the given system and adjusts it according to the speci- 

fied boundary conditions. "MATRIX2.BAS" performs the 

inversion of the matrix. "MATRIX3,BASn solves for the inte- 

rnal forces, stresses and strains in each member. If the 

operator wishes to extend the study of the structure into 

the plastic region, "MATRIX3.BASW will recommend the 

values of the forces that will yield the weakest member of 

the structure (for the specified type of loading), Before 

proceeding to the plastic region, the recommended values 

must be used in the elastic region. This ensures that a 

yielding condition exists and tests for possible elastic 

region buckling before entering the plastic region, 

Plastic Region 

Since the structure's geometry remains the same in 

the plastic region (under the assumption of small strains). 



as it was in the elastic region, "M1.BASW automatically 

sets up the coefficient matrix (which is different every 

time due to changes in the modulus of elasticity). "M2.BASN 

automatically inverts the matrix and "M3.BASW requests the 

increments of the external forces and solves for forces, 

stresses, strains and new moduli of Elasticity. 

"M3.BASn also presents an elaborate menu similar to 

that of "MATRIX3.BASW. Full details of the various options 

can be found in the first test case of Chapter 111. Lis- 

tings of the programs and the program flowcharts can be 

found in the Appendices. 

Utility Software 

Since the computer uses a CP/M-operating system, an 

amount of software (called utility software) can be ac- 

cessed. SUBMIT.COM is one of the more important (and often 

underestimated) utilities. This software searches for a 

file specified by the operator and executes the commands 

spelled out in that file. For a specific cycle of opera- 

tions, a very first "submit file" is permanently stored on 

disk and contains the commands necessary to initiate the 

design cycle. As the set of commands contained in the first 

file are executed, one of the basic programs creates a 

second submit file containing the specific options requested 

by the operator during the design process and also a command 

to return to the first file. By using submit files, the 

operator can simulate an endless loop and also access so£-- - 



ware available to the system without the need of typing a 

number of commands manually. For example: 

First submit file name:FILEl.SUB 

Second submit file name:FILE2.SUB 

Basic program name:DESIGN.BAS 

File FILE1.SUB contains: 

MBASIC DESIGN-BAS 
SUBMIT FILE2 

File DESIGN.BAS contains: 

10 REM THIS IS A TEST PROGRAM TO DEMONSTRATE THE USE 
20 REM OF THE SUBMIT UTILITY SOFTWARE. 
30 REM 
40 
50 

This is the part that may contain a 

design method and a menu of options available .--to 

the operator. For example, suppose that a 

graphics file was created by the name GRAPH.CMD 

and graphics were requested. 

100 OPEN "O",#l,"FILE2.SUB" 
110 PRINT #lI1'CHART GRAPH.CMDW 
120 PRINT #l,"SUBMIT FILE1" 
130 CLOSE 
140 REM 
150 REM Line 100 opens access to file "FILE2.SUB" 
160 REM 
170 REM Line 110 prints a request to access the 
180 REM graphics software and graph file "GRAPH.CMD" 
190 REM 
200 REM Line 120 requests access to the set of commands 
210 REM in file "FILE~.SUB" and completes the cycle: 



OPERATING SYSTEM 

Use SUBMIT.COM software to 
access file FILE1.SUB 

I Load MBASIC language 
and run DESIGN.BAS program 

Is the design complete ? 

I 
I 

I 
Yes >(-I 1 I 

I 
I 
I 
I 

I Exit to Operating System and run graphics software to draw graph. 

I Access FILE1.SUB to restart 
the design process. 

9- 
-- 

Fig. 6. Flow of operations. 



2 4 
220 REM 
230 REM Line 130 terminates access to file. (Closes the 
240 REM file.) 
250 SYSTEM 
260 REM The above command turns control over to the 
270 REM system which will continue by submitting file 
280 REM "FILE2.SUBW. This file contains the commands 
290 REM for the options selected in this program. 
300 END 

The flowchart of figure 6 demonstrates the flow of 

operations of the above example. 

A list of the software available to the operating 

system is in Appendix E. The software used in this design 

are: 

1) SUBMIT.COM Automatically executes specified 

commands. 

2) MBASIC.COM By Microsoft. Runs programs written in 

BASIC language. 

3) CHART.COM Uses graphics files to create drawings. 

4) PRINTER.PRL Specifies the output port number. 

5) USER.PRL Specifies one of 15 users' program 

directories. USER 0 indicates that 

operations are at the System Level. 

This permits access to all software. 

The first case of Chapter I11 is given as an example 

of the operation of the programs and the use of the related 

software. 



The Hardware 

The computer system shown in Figures 7 and 8 is a Z- 

80 based microprocessor system. It has 64,000 bytes of 

on-board Random Access Memory (RAM) and operates on typical 

CP/M software. It has the capability of using a number of 

units that include a printer, a plotter and a high resolu- 

tion C.R.T. A list of the system's technical characteris- 

tics is given in Appendix A. Figure 7 shows (from left to 

right) console #2, the printer, the computing device with 

the dual disk drive and the printer/plotter switch. The 

console is a standard communications terminal. The printer 

is an 80 column dot-matrix EPSON model MX-80. The switch 

shown on top of the computer switches an output line between 

the printer and the plotter. The dark unit below the compu- 

ter is the dual disk drive. It uses 8-inch double-sided 

soft sectored flexible disks. The combined storage capacity 

is approximately 3,000,000 bytes (3 Mega-bytes). Behind the 

computer there is a main power outlet with a line filter and 

a single ON/OFF switch. Figure 8 shows console #1, the 

plotter and the graphics C.R.T. The plotter is a TEKTRONIX 

model with a plotting area resolution of 1024 by 780 points. 

It uses standard 11 by 19 inch paper. The C.R.T. console is 

used as an "output-only" device and has the same characteri- 

stics as the plotter since they come from the same manufac- 

turer and were designed to operate together. 



Fig. 7. Computer console. 

Fig. 8. Peripheral devices. 



CHAPTER I11 

APPLICATIONS 

Test Case 

As an example of the operation of the computer 

programs, a test case is given as the first part of this 

chapter. It is the study of a two member structure which 

serves as an operator's guide on the use of the programs and 

the computer system hardware. The second part of the chap- 

ter involves the design of a C-frame. It is a representa- 

tive example of the advantage of structural symmetry in 

problem size reduction. 

The first structure is shown below. It is comprised 

of two members under axial loading. The material in use is 

steel. The material's properties and structural geometry 

data are listed below. 

Node 1 Node 2 Node 3 

Fig. 9. Test case 



TABLE 1 

NODAL POINT DATA 

Node # (XIY) Fixed x-dir. Fixed y-dir. 

I (Or()) YES YES 

2 (1510) NO YES 

3 (35rO) YES YES 

Member # 1 

Nodes : 1,2 (Length = 15 inches) 

Modulus of elasticity = 30 million LBS/INA2 

Yield strength = 40000 LBS/INA2 

Rupture strength = 67000 LBS/INA2 

Smallest moment of inertia = .I440 INA4 

Cross-sectional area = 1.440 INA2 

Specific weight = .283 LBS/INA3 

G Temperature difference = 0.0 F. 

Thermal expansion coefficient = 6 millionths (IN/IN/ 'F) 

Nodes : 2,3 (Length = 20 inches) 

Modulus of elasticity = 30 million LBS/IN
A

2 

Yield strength = 40000 LBS/INA2 

Rupture strength = 67000 LBS/IN
A

2 

Smallest moment of inertia = .08333 INA4 

Cross-sectional area = 1.0 INn2 

Specific weight = .283 LBS/INA3 



Fig. 10. System diagnostics. 

Fig. 11. Program initiation. 



Temperature difference = 0.0 OF. 

Thermal expansion coefficient = 6 millionths (IN/IN/"F) 

In order to use the programs, all the above data 

must be entered and stored on disk as a data file. To 

initiate the process and run the programs, type the fol- 

lowing command: 

OA>SUBMIT FILEO 

For the log-on procedure preceding this command, 

see the instructions sheet in Appendix B. The log-on 

procedure produces the system-diagnostics messages that 

appear in figure 10. Figure 11 shows the system's response 

to the SUBMIT FILEO command. FILEO is a master command file 

which resets the system and creates and runs FILE1. USER 0 

permits access to system software such as the PRINTER 0 

command which establishes communications with the printer. - 
Note that printer 1 is the graphics console. The basic 

program 'RESET.BAS1 is the one that creates 'FILE1.SUB' as 

part of the master-reset procedure. 

The first file will submit the second and the menu 

of figure 12 appears on the screen. The first option is 

used to specify a new structure. The second considers the 

same structure with the same boundary conditions but runs 

the third program called 'MATRIX3.BAS1 which requests new 

external loading. The third option (QUIT) is rather self- 

explanatory. 



Fig. 12. Initial options. 

Fig. 13. Node specification. 



Fig. 14. Material properties. 

Fig. 15. Boundary conditions. 



Fig. 16. Matrix inversion. 

Fig. 17: External forces. 



Fig. 18. Elastic region options. 



Upon selection of option 1, the program requests the 

pivot coordinates as shown in figure 13. At the end, a 

review of all the nodes and their coordinates is shown and 

the program proceeds to ask for the number of members com- 

prising the structure and for the material properties of 

each member (figure 14). The structure's total weight is 

calculated and displayed in figure 15. If it is not within 

the design specifications, a new (lighter) structure can be 

specified by re-running the program. If the weight is 

acceptable, the boundary conditions are entered. The pro- 

gram has now all the necessary information to set-up the 

coefficient matrix and adjust it according to the boundary 

conditions. Control is transferred over to 'MATRIX2.BAS1 

(figure 16) which inverts the matrix and runs 'MATRIX3.BAS1. 

'MATRIX3.BASt requests the externally applied forces (figure 

17) and uses them to calculate nodal displacements, forces 

and stresses. This information is displayed on the screen 

as an initial review of the structure's behavior, and a list 

of options appears (figure 18). 

Option 1 produced the printout on page 41. Options 

2 and 3 create a graphics file for use with option 6. 

Option 4 restarts the design process by specifying a new 

structure, Option 5 is used to study the effect of new 

external forces on the same structure. If the operator 

wishes to extend the study into the plastic region, option 7 

will ratio the forces to the yield strength(s) of the mem- 

bers and suggest values for the external forces which wilI 



cause the highest stressed member to yield. At this point, 

option 5 was necessary in order to obtain the effect of the 

suggested forces. It was followed by options 1 and 8. The 

second printout is shown on page 42. The response of option 

9 (QUIT) is somewhat obvious. 

In this example, the following options were selected 

in the order they are listed: 1,7,5,1,3,8. When option 2 

or 3 is selected before 8, the latest graphics information 

is transfered to the plastic region. If option 2 or 3 were 

not selected immediately before option 8, the graphics data 

of the plastic region would not be correct. Options 2 and 3 

are independent subroutines and can be selected repeatedly 

in any order and at any time because one erases the results 

of the other. The last selection will be considered as the 

final one. 

Upon selection of option 8, control is turned over 

to 'M1.BAS1 which is the first program of the plastic region 

set. At first, two options appear: continue the incremental- 

changes or unload. The first proceeds to set up the coeffi- 

cient matrix. The second sets up the coefficient matrix 

that is used in the elastic region since all the members are 

unloading with the characteristics of the elastic region. 

For the sake of this example, the study is extended into the 

plastic region by incrernenting the load with 1752 LB incre- 

ments. The first option of 'M1.BAS' is used and the system 

proceeds in a fashion similar to that of the programs of the 

elastic region. 'M2.BASf and 'M3.BAS1 run consecutively 



Fig. 19. Plastic region options. 



38 

and the incremental forces are entered. The plastic region 

list of options is shown in figure 19. 

The first three options are identical to the elastic 

region options. The fourth restarts everything from the 

point of specification of a new structure. Options 5 and 6 

are the same, and option 7 (QUIT) stops everything. To 

continue with the increments, options 1 and 5 are selected. 

If a drawing of each incremental deflection is required, 

options 1,3,6 will print the results, draw the graph and 

return to 'M1.BAS1. Option 5 returns to 'M1.BAS1 directly. 

The following pages are the printouts obtained for 

this example for the elastic and plastic regions. The first 

two pages (39, 40) show the coefficient matrix and the 

pivoting information. The right half of the last pivot is 

the inverted matrix. The next page shows the first results 

obtained by using an external load of 1000 LB. This is a 

test load used to calculate by extrapolation the elastic 

limit load. The elastic limit load was found to be 87600 LB 

and, when entered, it produced printout S. N. 244. 

The next 23 pages (43 thru 66) show the results of 

loading increments in the plastic region. The last two 

printouts S. N. 267 and 268 show buckling in member 2 and 

the residual stresses after unloading. 



STARTING flATRIX: 

P!VOT NUHBER 1 OF b 

PIVOT NUflBER 2 OF b 

PIVOT NUflBER 3 OF b 



P I V O T  N U H E R  4 O F  6 

P I V O T  NUHEER 6 O F  6 

1.00 0.00 0.90 0.00 0.00 ! j .QU! l j  0.00 0.00 0.90 0.30 Q.00 

Q.00 0.00 0.00 0.00 0 . 0 0 !  g.+j 1.00 0.00 0.00 0.@j 9.00 
0.Q0 0.00 1.00 c.00 0.00 0 . 0 0 !  Q.Q0 0.00 0.23 0.90 0.00 0.00 
0.00 0.00 o,g0 , o.ljlj $,fig ! lJ.ijlj 9.90 !).Do 1.00 iJ.00 $,g<] - 
0,Q0 0.00 0.00 0.00 1.00 0.00 ! ij.QQ Q.lj0 (!,00 Q.00 1.!j0 3.00 
0.00 0.00 0.00 fj.00 0.00 l,fJIj! 0.00 0.30 0.00 0.00 0,QQ 1.00 



SEF: I A L #  -47 

d N A L Y S I S  OF 4 STRUCTURE BY THE F I N I T E  ELEMENT METHOD .................................................... .................................................... 

( f i l l  u n l t s  are L B S .  I N .  ) 

NUMBER OF P I N S =  7 NUMBER OF MEMBERS= 2 

MEMBER# P I N S :  !A.B) LENGTH t i n )  AREA ! l n Z )  E I * l E 6 >  SP.WT. ............................................................ 
1  1. 2 1 5 . 0(:! 1.44 . I  . I :  (:I . 28 3 I:' 
7 - 2 ,  5 20.  oil 1 . CI!l 7 -.u.!:'!:I - l . l . z a z ~ : I  

MEMBER# FORCE !lbs) STRESS !psi ) S T R A I N  ............................................................ 
1 657.5 456.6 (:I . ~J~:I(:ICI 15 

... - - -.42. 5 -742.5 - 0 .  ~:II:I!.!(:I 1 1 

A L L  TEMPERATURES AEE EQUAL EXCEPT: 

EXTERNAL FORCES: ---------------- ---------------- 
A L L  EXTERNALLY A P P L I E D  FORCES ARE ZERO EXCEPT : 

( , = ! : J  Lbs. 

The t o t e 1  w e l o h t  o f  t h i s  s t r u c t u r e  is l i . 7 -  l b s .  



riNi4L'YSIS OF 4 S'TRUCTURE B Y  THE FINITE ELEMENT METHOD 
---------------------------------------------------+ .................................................... 

( & 1 1  unl t s  a r e  LBS. IN. I 

NUMBER OF PINS= 2 NUMBER OF MEMBERS= 2 

MEMBER# PINS: (A.B) LENGTH !in) AREA !1n2)  E ! * l E 6 )  SF'.LJT. ............................................................ 
1 1. 2 15.00 1.44 - .  

I . I 1:) . =a:.!:$ - 2 .  1; 20 . !:I(> 1 . !:I(:) - - 
( I  . I 1:) . 2831:l 

MEMBER# FORCE !lbs) STRESS !psi ! STRAIN ............................................................ 
1 576(:1C). 1 4!:1!:)(:)!:1 . 1 I:! . ~:II:I 1 :TY - -z(:l!:)!:!(j . 1 - -,(.lcl(:)(:) . 1 -81, . (:,,:, 1 ,:,c:,,:, .. - 

TEMPERATURES: 
------=----- ------ ----- 
ALL TEMPERATURES ARE EQUAL EXCEPT: 

EX TERNAL FORCES : ---------------- ---------------- 

ALL EXTEF:NALL? APPLIED FORCES ARE ZERO EXCEPT : 

The t o t s 1  w e l a h t  of  t h l s  s t r u c t u r e  1s l l . - ' T  Ibs. 



SERIAL! 245 

ANALYSIS OF STRUCTURE BY THE FINITE ELEHENT t!ETHOD 
.................................................... .................................................... 

( A l l  un i ts  are LBS, IN. ) 

HUGER OF PINS= 3 NUHBER UF HEHBERS- 2 
EXTERNAL FORCES : ------------------- ------------------- 

INC INC NET NET 
PIN# FORCE-x FORCE-y FORCE-x FORCE-y Fixed- x Fixed- y .................................................................................. .................................................................................. 

1 0 0 0 0 YES YES 
7 1752 0 89352 0 NO YES 
3 0 0 0 0 YES YES 

INCREF'TL NET NET ' ELASTIC HEHBER flEtlBER HEHbER 
HEHBER# FORCE ( l b s )  FORCE !IDS) STRESS (ps i  1 HODULUS ( t l E - 6 1  Y!ELDED BUCKLED RUPTURED ......................................................................................................... ......................................................................................................... 

1 1152 58752 40800 50, @J(! YES NO !O 
.? 
i -30600 -3irb00 30. 0U0 NO NO NO 



ANALYSIS OF A STRUCTURE BY THE FINITE ELEHENT HETHOD .................................................... .................................................... 

(All units are LBS, IN. ) 

NUHBE!? OF PINS= 3 NUHBER OF HEI!BERS= ? 
EXTERNAL FORCES : ------------------- ------------------- 

I NC I NC NET NET 
P!N$ FORCE-r FORCE-y FORCE-x FORCE-y F ixed- x F ixed- y .................................................................................. .................................................................................. 

1 0 0 0 0 YES YES 
2 1?52 0 91104 0 NO YES 
3 0 0 0 0 YES YES 

INCREff' TL NET NET ELASTIC HEHBEE HEHBEE NEffEEE 
HEHBERC FORCE (105! FORCE !lbs! STRESS ( p s i ]  HODULUS(*lE-bj YIELDEI! BUCKLED RURURED ......................................................................................................... ......................................................................................................... 

1 114Q 59492 4 1592 29.li10 YES NO NO 
2 -412 -51212 - 3 2 1 2  30.000 NO ti 0 NO 



!$I! units are LBS,Iii. j 

I Ni: I !!C NET NET 
: , . i ,. k!# Fzf CE-: FORCE-!! FZRCE-x FORCE-y i i ~ e d - :  Flxpfi-: 

.................................................................................. .................................................................................. 
0 I! !j I! "5 YES 

1752 0 02851: 6 22 YE5 
6 !) !j 5 YCC a bu YES 

1 li?' ji$f 'i  - ril?--,c .. ,-J:.: ...#.....a 7R ?its YES ..u HE ti" 

-525 .. -3!33? -51837 Ti1 .- .. , ililii w .. . ?iCi ti r: 1; 2 



!41! un i t s  a r e  L B 5 , i f i .  ! 

N&EER OF P IHS= ; NUHYER OF HEME&= 2 
EXTERNAL FERCES : 

------------------- ------------------- 

!WC I tic NET NET 
"!R* FURCE-., FO~CE-? I  FU5CE-x FORCE-.;; C i x e d - x  c i z ~ d - ' ;  

.................................................................................. .................................................................................. 
0 r? 0 (I YES 

1-57 - 2 -.. :! 74508 h NC: YES 
0 ! j  0 g '!ES 'y i " , L" 

I!CRFf'TL NET HET EL f iFT I "  2 %  IL HEMYER !!EM!ER ME!!YEE 
n E E f j i , q  EDACE iibs! FORCE !!bs, STRESS (ps i !  t$jDL!?ljS!+!E-oj Y!E!DED iJJCk,IEp EUP?IIEED 

........................................................................................................ ......................................................................................................... 



i l l ,  ' :n:: u n l t .  a re  iES.!H. : 

HUUBEE OF PINS= 3 HUMBER OF UEFSER5= 2 
ElTERHAL FORCES : ------------------- ------------------- 

I#: I 2~ NET Ri? 
Fig+  FO5CE-x FORCE-V. FORCE-. FORCE-r Fi;:d-); F;;;E~-S; 

.................................................................................. .................................................................................. 
0 0 @ i! 'ES , ',-P - - 

4 L W  

i 7c7  
& . ' U& 

I;i 5&30 (8 NO YES 
i;l 0 [! ,j , E Lu E :.LC 

8 -- 



:All units are iB:s.IH. ) 

! iiC I N C  NET HET 
, 2 .,, ! t:§ FORCE-i FOkCE-y FORCE-x FORCE-! Cixed-; F i i e 6 - v  

.................................................................................. .................................................................................. 
! I, ; rj 0 :'FS fi , Lw YE5 

! ?q.: 
L .: ,- 45i 12 b no <! F ,: 

, -- 
c rj i! i:! YES y ~j 



p i 1  1 
:El. u n i t s  a r e  iES. IH.  ! 

!4UMBER OF PINS= 3 #UMBER !IF HEKBERS- 2 
EXTERNAi FORCES : ------------------- ------------------- 

! 97 .a.w IHC NET NET 
P ~ j i j  FORCE-:: FORCE-. FORCE-n F i i e e - ;  F:;;ec-+; 

.................................................................................. .................................................................................. 
1 3 0 0 Q :/ES YEA; 

1752 0 ??9b4 Q !! L YE5 
0 !i fi (! YES VES 



{Ail ~ n i t ~  at-e iiS.iN, ) 

HUMBEE OF P!N5= 3 HUfEEF, OF YE!EERS= 2 
EkTERNAi  FORCES : 

------------------- ------------------- 



:.,;,. <,I!,; ,-- "'I" ,,, , , L . L . . w  Jr 6 STR-LTURE TflE C!!{!TE ELEfiEFiT $ET!.!CE 
.................................................... .................................................... 

!Ail unit .  a re  L5';.!f{, ! 

IiUMEER OF Pi#S= Z H!JnBEF OF ffEMBERS: 2 
EXTERNAL FWCES : ------------------- ------------------- 

I NC ! tlC NET YET 
p:ri+ F0RCE-n FC!!?CE-\i XRCE-L FORCE-;; F i i 2 d - i  F l ~ ~ i - , ;  

.................................................................................. .................................................................................. 
! L' 0 Q [I YES ~ E S  

! 75.7 ., ".. 0 1~;;6! !i NO $!:: t -- 
!j i> fj O L -- 1 E'5 , r c  

. - 9  



- - -  nr;~~!j!i OF 2 ,XB;CT;RE by THE F i N I T E  ELEYE!+? fiETUOD 
.................................................... .................................................... 

HUZBER OF FINS= 3 NEfiEER OF nE+$ERS= 2 
EnTERNA! FORCES : ------------------- ------------------- 

! KC I ttC NET NET 
: . ., E;?CI'E-6 , -:.-- fi FOfiCE-y FORCE-2 FORCE-v F l x e d - x  F i x e d - r  

.................................................................................. .................................................................................. 
<I 0 :' E j ! " 8 L '${ E 

! 7r15 ., , w.. 8 1!ii!:c 0 # g :/ E 5 
!j c! YE5 1 t 3  

..-- 



Nl-lEEER E!fiS: 3 NiJMEER @F !EMBERS= 2 
EXTEF:!iA? FORCES : 

------------------- ------------------- 

~ H E  IHC NET #ET 
1 r.j + F ~ ~ R C E - ~  FORCE-Y F;;erJ-%; 

---------------------------------------------------------------------------------- .................................................................................. 
i !j 0 tj r ES ~ E Z  . L v  

1-c-> 
6 .  JL 8 ." i fig275 - , -  (! N0 , , 7 -  

: CJ 
0 !j 5 ,{Ej :LC , L W  

! !<a14 57 j q g  'E:,:? n u - .  w 2!.4=(; . , -9 , 
8 -. :J 5 

a.w !i L --- 
- i  . r  . w c  

- 7 7 - 7  -.,. ..., . . .-.A 4 -777'7 .- :  w *  jfi. $<,fi N" ti L r; 0 



[Ail units art LBa.is, 

I E I I i C  !iE? NET 
p i $  F3F;CE-k . ... fi F0RCE-v FORCE-,; F i  k ~ d - ! :  , F i x e d - v  

.................................................................................. .................................................................................. 
f fi I.' (! I,! : i ,; , -- t ES 

: 757 
+ . > -.. !g;624 O NO IES 

0 0 i! y ES "ES 



! A ! !  un i ts  are !BS.!H. ! 

HUEYER OF P I E =  Z #!#BEE OF MERBERS- Z 
EXTERNAL FORCES : 

------------------- ------------------- 

! #C I NC NET NET 
F!U# FORCE-:. FORCE-!: FORCE-x FORCE-? F i x e d - x  Fixed-v 

.................................................................................. .................................................................................. 
! 0 r;l r;l 0 :/ES 'YES 

a L" 

175: 0 .. !!Q376 5 H O YES 
% 'J !j 0 $ '{KS f E 5  

1t~'YF" 'TL ., M O L L . .  #ET NET E L B S T I C  HEREER HEHEER fiEHbER 
HEnEERb FOECE !I i s !  FORCE !!bs! STRESS !psi! NODULUS!f!E-b! Y!ELDED BUCKLED h!J.,?TVREQ 

......................................................................................................... ......................................................................................................... 



!A!! u n ~ t s  are LBS,IN. j 

HUMBEE OF ?INS= 3 HUMJER OF MEFEERS= 2 
EXTERNAL FORCES : ------------------- ------------------- 

I NC INC ti€? NET 
F I N #  FOF:CE-x FORCE-v FORCE-: FORCE-y F! x ~ d - x  F! xed-. 

.................................................................................. .................................................................................. 
! 0 r? (! YES ?ES 
I 1752 .. 0 !!?!28 c NO YES 

c 0 c g YES YES 

INCREri' TL NET NET ELASTIC REMBER !EMBER EEHYER 
#E!fBER# FDECE (!as! FORCE !! bs!  STRESS !psi ! #ODULUS!*!E-b! YIELDED BUCKLED RUP?UREP 

......................................................................................................... ......................................................................................................... 

i 9b? 72488 5 -.a 0339 19.122 YES ~g 
-7n r - -763 ~704(! - 3 5 4 0  -". 7il fiiifi "".. NO NO NO 



GI! u n i t s  3% LB5. IN. ! 

!iUH5ER OF FINS= .I NUn5ER OF REHEERS- 2 
EATERNAL FORCES : ------------------- ------------------- 

! I C  I NC NET NET 
Flbit FORCE-r FORCE-\I FORCE-x FQKCE-y Flsed-x  Fif,ed-x; 

.................................................................................. .................................................................................. 
! 1.j 0 Q 0 YES YES 

1752 !j !!3880 (1 Hr? YE5 
I fi 0 0 !:! "ES YES 



!811 units a r e  iBS,!N. ! 

NUflBER OF F!!JS= : NUMBER OF HEMEERS- 2 
EXTERNAL FORCES : ------------------- ------------------- 

I N C  I NC NET NET 
F I N #  F$:CE-x FIJ?CE-\I FORCE-. FORCE-v F ~ ~ e d - ~  C i j p d - y  

.................................................................................. .................................................................................. 
0 0 I 5 YES YES 

7 4 7c.-, 
::JL !I i !5 j ;? fi NO '{ES 

7 Q 0 I! (I !{ES \*rr f'T5 

r urpce' ~i . ,.- .-,. YET NET ELBST!C YEMEEF HESYER HEMSER 
MEfiZERC FORCE (lbs! FORCE (!br! STRESS ( ~ 5 i )  MODULUS(+!E-ci YIELDEL' BUCKLED E@T$RED 

......................................................................................................... ......................................................................................................... 



!All units arc LES. !~~ .  ! 

NUt!EER OF P!NS= 3 NUYSER OF #EEEERS= ? 
EXTERNAL FORCES : ------------------- ------------------- 

INC ! NC NET NET 
F FORCE-x F!IRCE-!! FORCE-z CORCE-.v Fixed->; F:xed-j! 

.................................................................................. .................................................................................. 
fi 0 ! 0 YES <{~3 

! 75: 0 ! 17384 c NO :/E5 
!j 0 0 (! YES YE5 

! 5; ~~~?~ 5 ~ s "  & A  . 1 b . p j Z  YES H !I ti O 
-2-71'1 -4208? -42(1~9 .. td - .. 23 .57 :  ?E5 t i  0 NO 



Co

SERIALt 262

ANALySIS OF ASTRUCTURE BY THE FINITE ELEMENT METHOD
====================================================

'.AII units are LBS.IN. )

NUMBER OF PINS= 3 NUMBER OF MEMBERS= 2
EXTERNAL FORCES :

--------------------------------------

FORCE-x FORCE-vPIN#
INC

FOF:CE-x
INC

FORCE-v
NET NET

Fi;;ed-v
==================================================================================

(1 0 (; (1 YES YES
.-:' 1752 I) 11913c 0 NO YES

u (I (1 (! YES YES

MEMBEP!
INCF:EM·' TL

FOF:CE d bs)
NET

FORCE (lbs)
NET

STF:ESS (psi)
ELASTIC

MODULUS(tlE-6)
MEMBER
'lIELDED

MEMBER
BUOHD

MEMBER
RU'PTURED

=========================================================================================================

O~'7 76222 52932 16. pc; YES NO NO -
-825 -42914 -42914 27 .650 YES NO NO



!Ail u n i t s  2 r ~  LES.!N. ! 

HUllBER OF PINS= 2 HV8BER OF I'!EHBEES= Z 
EXTERNAL FORCES : ------------------- ------------------- 

I HC 1 NC NET HE? 
~ ' 1 8 ~  FOFCE-x F0RCE-y FORCE-: FORCE-v Fixed-;: F i r e d - ?  

.................................................................................. .................................................................................. 
I g 0 0 0 'iE5 YES 
, ! 75; - c 120188 0 !! ii YES 

ij ij g (! :'KC , b W  ,{Ej 

r y r a c h - T L  
A s  u , , L a E  NET HE? ELASTIC #EFSEE 8Ef iEE  #EYPEE 

#;.HIPER% FORCE i!ts! FORCE !!hs! STRESS ( p s i  ! FODULUS c?;E-b:! '{!ELDED BUCKLE; FtpTIJE.ED 
......................................................................................................... ......................................................................................................... 

I 0 7 )  , -- 77144 - - - a .  !5.45! YEa; Ha kg 57577 

-g:<, - .  - .. .. -13744 -43744 YE5 #o Ni! .J 77-7 &". 8 &- 



AHALIS!S OF A jTRUCTURE h :  THE F I N I T E  ELEhENT KETHOD 
.................................................... .................................................... 

!k1! ~ ~ i t s  are ?ES.IN. : 

#UYEiER OF PI!iS= 3 WUYBEF: !IF !iEMBERS= 2 
EXTERNAL FORCES : ------------------- ------------------- 

IHC I N C  NET NET 
F I!@ FflRCE-z FORCE-v FORCE-. FORCE-.? Fi ,+e , j - v  n ,, ,riiied-v 

.................................................................................. .................................................................................. 
! 0 0 0 (I YES 

i 752 0 1':26.t[1 - 0 NO YES 
0 ij 0 ij YES YES 

i "5 ?&ljbfi 5420-7 !4.731 VFS s -" ti0 !4 5 
-871 - .Jr -44530 -44530 25.798 YES NC NO 
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Temperature Effects 

As an example of the effect that temperature 

changes have on the strength of a structure, the same struc- 

ture is used with member 2 at an elevated temperature of 1 5 0  

F. This could be the case of a structure located next to a 

furnace which increases the average temperature of one 

member by 1 5 0  'F. 

The results are shown in the first printout (S.N. 

271) which shows the stresses caused by the temperature 

change alone. The second printout (S.N. 272) indicates that 

member 2 yields at the significantly lower external force 

level of 65000  Lbs. 

It is important to note that when option 7 is 

selected in order to calculate the suggested elastic limit 

loads, any temperature changes are not considered because 

the temperature forces are not true external forces. The 

program will automatically adjust the forces in the members 

to reflect forces due to true external loads. 

It is important to note that changes in temperature 

change the strains (and node deflections) significantly. 

However, these strains do not translate into internal forces 

and internal stresses unless boundary conditions restrict 

the members' expansion. 



n P l f i i ' f S I 5  OF +i 5 T R U L T U R E  8.1' THE FIt,1! TE ELE!IEf,l;- NETHOE .................................................... .................................................... 

!+ i l l  Ltn: ts are ~ 5 5 .  IN. , 

YEWPEF:# F'INS: ( A .  B) LENGTH ?in) AREA ! 1n2 !  E ! +1E61 SF'. !.IT. ............................................................ 
1 I .  2 15. ,:!#:I 1 .44  :(.I . ,.I<:\ a:, . 23 Yt:, 

-7 - - ^ . -5 2f:l . !I)(:) 1 . '.'I:, :(.I - g,:, (1,. :z;,:, 

MEl?kjEFilt F0F:CE ! ?  bs! STRESS !psi ) 3TF:ii I ri 
............................................................ 

1 - 1775;. ; - l = i ~ a . s  -,I, , ,;,,;,,;,4 1 1 
.. -1??5,. 4 - 17757. 4 -,> , ! > < ; ~ : > 5 9 ~  

r!E,YE+EF:# 2 . TEMF'. =T+ 15!? F. TUEE:MnL Ekp .  C O E F F .  = '. '-!E--b! 

. i L i  E; T"Kf.JnLi: 4F;'E'LlED COF:CEs -RE ZERO E,(CEF'T : 



HNALrS IS  O F  A STRUCTURE Ec'f THE FII41TE ELENEblT WETHOP 

! A l l  unl ts a r e  LBS. I N .  I 

FIUMBE.": O F  F'ILIS= T NUMBER OF MEMBERS= L 

MEMHEF:# F'INS: ?A.Hl  LENGTH !in! kF:EA !1n2! E " * 1 E 6 !  9P.WT. ............................................................ 
1 - 1. - 15 . ~:I!:I 1 - 4 4  

- .  - ,.> . ,:,<> ,I,. -'3;,:, 
7 - - - . _I 21:) . !Il!J 1 . I~IL;~ -; -, .I - I:>>:, t-1 . 23 

MEMBER# FORCE ! lbs) STRESS ',psi : STFAIN ............................................................ 
1 24986.4 17351.6 I : , .  8.,8:),:tz-s - -4(:!1.! 1 z .  7 -4~:~~.) 1 :. ? -,-, . <.,,;, 1 :;q 

ALL TEMF'ERATURES AF:E EriLlAL EXCEPT: 

NEMbEPt 2 . TEMF'.=T+ 15!? F.  THERMeL E P .  COEFF.= 2 . + i E - b :  

E h l  ERNAL FORCES: ---------------- ---------------- 
~PILL EYTERNciLLv APPLIED FORCES ARE ZEF:U EUCEF'T : 



C - Frame Analysis 

The second case is the analysis of a C - frame. The 

study of only one-half of the section is necessary due to 

the advantage of symmetry. The structure is shown in 

figures 20 and 21. The frame is divided at the horizontal 

axis of symmetry. Node 5 is fixed in both directions to 

establish a reference, and node 6 is fixed only in the y- 

direction because the node is assumed to remain at the same 

level at all times. 

There are three conditions which must be satisfied 

in order to safely make the above assumption. The first and 

most obvious is geometrical symmetry. All the members must 

be identical in orientation and node restrictions (boundary 

conditions.) The second is the type of loading and the 

additional assumptions on the boundary conditions. As with 

the above mentioned C - frame, boundary conditions are 
applied to nodes 5 and 6 although in reality there are no 

restrictions. Node 6 is completely fixed to provide some 

reference for the deflections of the other nodes. However, 

node 5 is fixed only in the y-direction because normally it 

can move in the x-direction. The forces acting in the y- 

direction are equal and opposite and support the assumption 

that the node is fixed. The third condition is that all 

physical properties and other material charecteristics of 

each member are identical to those of their respective 

members. 



The physical characteristics of the members used in 

this structure are identical for convenience. The nodal 

information and material characteristics follow. 

TABLE 2 

Node # 

NODAL POINT DATA 

(x,Y) Fixed x-dir. Fixed y-dir. 

(40,-20) NO NO 

(20 ,-40) NO NO 

(20,-20) NO NO 

( 0,-20) NO NO 

( 010 1 YES YES 

(-2010 NO YES 

MEMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

TABLE 3 

MEMBER ORIENTATION 

PIN A 

1 

1 

2 

2 

3 

3 

4 

4 

5 

PIN B 

3 

2 

3 

4 

4 

5 

5 

6 

6 



Properties (Standard Structural Steel). 

Modulus of elasticity = 30 million LBS/INn2 

Yield strength = 36000 LBS/INA2 

Rupture strength = 60000 LBS/INA2 

Smallest moment of inertia = .037 INn4 

Cross-sectional area = .333 INn2 

Specific weight = .283 LBS/INA3 

Temperature difference = 0 ZF. 

Thermal expansion coefficient = 6.7 millionths (IN/IN/'F) 

The structure is shown in figures 20, 21 and 22 .  

The coefficient matrix is on page 76. The pivoting informa- 

tion can not be printed even in the compressed mode because 

the matrix is too wide. The test load of -100 LB acting on 

node 1 produced printout S. N. 274. The elastic limit load 

of -4242.5 LB produced printout S. N. 275. The next five 

printouts (S. N. 276 thru 280) are related to plastic region 

load increments of -50 LB. The last printout (S.N. 280) 

indicates buckling in member 8. 

Since the external load(s) are directly proportional 

to the stresses (in the elastic region only), the maximum 

allowable load that can be supported is 4 2 4 2  LB. If a 

factor of safety is to be considered, the load is reduced 

appropriately. For example, if a factor of safety of 2 is 

considered, the maximum allowable load before yielding is 

4242 / 2 = 2121 LB. 
- 



Fig. 21 .  C - frame before  and a f t e r  loading.  
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CHAPTER IV 

SUMMARY 

Conclusions 

The objective of this thesis is to increase student 

awareness in regard to the finite element method and its 

application in the design of structures by the use of 

computer programs. As a result, seven computer programs 

were developed and in-class presentations, discussions and 

computer room demonstrations were held for two class 

offerings of the ME 807 Design of Mechanical Systems course. 

Approximately 40 students have successfully used these 

programs during the design of their final project and were 

impressed with the capabilities and efficiency of the 

programs. Also, Dr. Frank A. D'Isa's elaborate hand calcu- - 

lations of the elastic and plastic behavior of the two- 

member test case of chapter I11 produced identical results 

to those of the programs proving their accuracy. 

Part of the success of the programming is due to 

numerous refinements guided by student comments on their 

individual design needs and desired software support. Some 

of the many options available include a hard copy of the 

input and results on the dot-matrix printer, a preview of 

the structure's drawing on the graphics console before a 



final drawing is obtained on the plotter and the presenta- 

tion of the suggested elastic limit load values. A major 

advantage of these programs over other design programs is 

that the operator has the option of monitoring intermediate 

information. For example, the equation matrix can be prin- 

ted before and after the inversion routine. Also, all the 

pivoting information is printed. This gives the operator 

the opportunity to monitor the computer's operations and 

check the results of each step against hand-calculations. 

The capability of the programs was significantly 

expanded by incorporating the effects of temperature changes 

occuring in members as part of the finite element based 

solution. Also, the ability to evaluate the changing chara- 

cteristics of members loaded past their elastic limit 

(plastic region), enhances the programs' value as a tool for 

studies of the expected plastic region behavior. Various - 
messages effectively notify the operator in the event of 

member yielding, buckling and rupture which critically 

determine the outcome of the design. 

The use of the programs by the students has proven 

to be a very successful way of linking the finite element 

method with computer aided design methods. The students had 

the opportunity to test their creativity and intuition by 

using these programs which are simmilar to programs used in 

industry today. Also, it was easy to experiment by studying 

various combinations of structural shapes, composites and 

plastics. This has increased their understanding of the - 



effects of combining different structural shapes, and 

introduced advanced design questions such as feasibility and 

the different effects of time on the materials' characteris- 

tics. 

The studies of chapter I11 have proven that the 

programs are very effective in minimizing the tedious and 

repetitive part of the design procedure. In this way, 

students can conserve more time and energy for the considera- 

tion of further refinements of a specific design. It must 

be noted that these programs will solve both statically 

determinant and statically indeterminant problems. The 

latter are impossible to solve using the traditional methods 

of statics such as equations of equilibrium and force 

triangles. The first study of chapter I11 is a statically 

indeterminant problem (one equation with two unknowns: Sum 

Recommendations 

It is well known that the perfect program has not 

been written yet and it never will, because there is always 

"a little something'' to be added or changed. Since all the 

recommendations of the students who have used these programs 

have already been taken into consideration, only minor 

improvements can be made, especially when considering the 

purpose of the design course. 

However, it is recommended that the programs be 

extended to study three dimensional structures, although 



elaborate programs already exist for such studies. It is 

also recommended that a different computer system be used, 

because the existing system is already being used to maximum 

capacity. 

If a dynamic load is applied to the structure, it is 

recommended that these programs are used only if the change 

of the loading is small compared to the change in time. 

Fast changing loads can be studied only under the assumption 

that the effective inertial forces produced by the dynamic 

loading are minimal and can be safely ignored. The recommen- 

ded approach for the solution of such dynamic problems is 

to divide the problem into a number of static loading 

problems by considering the values of the applied loads at 

regular incremental time intervals. This is simmilar to the 

study of the second structure of chapter I11 if it is 

assumed that the incremental loading represents the change - 
in loading at regular time intervals. 



APPENDIX A 

Computer System's Technical Specifications. 



\. BOARD DESCRIPTION 

The DIGIAC single board computer is one oE the most 
powerful Z8O processor boartls av3ilable for the SlOO 
bus. The CT-804 provides the user with all necessary 
support functions for the TEEE-696 (SLOO) bus 
specification. Please read the entire CPU manual beEore 
inserting this card in your system. 

PROCESSOR ................. 280 CPU 
CLOCK RATE. ............... 2 or 4 MHZ 
INSTRUCTION SET...... . . . . .  158-280 instructions including 

78-8080 processor instruct~t>ns 

. . . . . . . . . . . . . . . . . . . . .  RAM.. LK Byte Static 
. . . . . . . . . . . . . . . . . . . .  ROM... 3K Bytes (SYSTEM MONITOR) 

BUS COMPATIBILITY ......... IEEE-696 (SlOO) 
1:. BOARD SPECIFICATIONS 

POWER REQU I REMENTS : 

+8V.......................750 milliamps 
t16V . . . . . . . . . . . . . . . . . . . . . .  150 milliamps 
-16V ...................... 150 milliamps 
rlPERA'rING ENVIRONMENT. ... .O-55 DEGREES CELSIUS 
SIZE. ..................... 5" x 10" x 0.65" 
CONNECTORS : 

........................ PO IEEE-696 (S100) 100 pin 
Pl.. ...................... 804P connector 3 4  pin . P2 . . . . . . . . . . . . . . . . . . . . . . . .  804s connector 31 pin 
P3 ........................ DIP header 16 pin II 

D. BOARD I LLUSTRATI.ONS 



A .  BOARD DESCRIPTION 

The CT810 is a multiple 1/0 interrupt support card For mqlti-user 
operating systems (eg. M P/M). The CT810 is designed tp handle 
four users in a multi-processing environment. 

Major Components of the CT810 are: 

- Four independent EIA serial ports 

- Two parallel ports with full handshaking (one input/one 
output) 

- Jump on reset to a 1K or 2K EPROM Address space 

- On Board Memory Disable 

- Crystal timebase for the periodic interrupt generator 

- Logic to correct unacknowledged interrupts (Timekeeping) 

- A software settable port that is read and executed on 
interrupt acknowledge in either 8080 (mode 0) or 2-80 
(mode 2) interrupt modes 

- An IEEE-696 (S100) extended addressing memory (A16-A19) 
management port to allow up to 1 megabyte of addressing 

- Serial clock generators for all standard asynchronous - 
data' rates from 75 Baud - 19,200 Baud 

- Full IEEE-696 (S100) compatibility 

The versatility of the CT810 makes it suitable to be used as 
a general purpose I/O, EPROM and Jump on Resets for non- 
mu1 t i-user applications. 



B. TECHNICAL SPECIFICATIONS 

CLOCK RATE.. . . . .  ......... 2 Mhz foc baud g e n e r a t i o n  

MEMORY : 

............. ROM... . l K  o r  2K d e p e n d i n g  o n  J u r n p e  r  
S e l e c t  i o n  

........ BUS COMPATIBILITY IEEE- 696 ( S 1 0 0 )  

INTERRUPT SUPPORT ........ 8 0 8 0  OR 2 8 0  MODE 

...................... 1/0 4  ASYNCHRONOUS PORTS 
2PARALLEL PORTS ( o n e  i n p u t /  
o n e  o u t p u t )  

C. BOARD SPECIFICATIONS 

POWER REQUIREMENTS. 

+8V................... m i l l i a m p s  
+ 1 6 V . . . . . . . . . . . . . . . . . .  r n i l l i a m p s  
- 1 6 V . . . . . . . . . . . . . . . . . .  m i l l i a m p s  

OPERATING ENVI RONMENT.0-55 DEGREES CELSIUS 

S I Z E .  .................... 5"  X 1 0 "  X 0 . 6 5 "  

CONNECTORS : 

PO ..................... IEEE- 696 ( S 1 0 0 )  1 0 0  p i n  ..................... P 1  S e r  i a l  p o r t  ( D i p  H e a d e r  
1 6  p i n )  

P 2  ..................... P a r a l l e l  P o r t  I n p u t  ( D i p  
H e a d e r  1 4  p i n )  ..................... P 3  P a r a l l e l  P o r t  O u t p u t  
D i p  H e a d e r  1 4  p i n )  



1.1 T h e  DIGIAC S e r i a l  I n t e r f a c e  B o a r d  ( C T 8 0 4 S )  i s  u s e d  b y  t h e  
CT8O-i t o  p r o v i d e  RS232-C e l e c t r i c a l  a n d  s i g n a l  i n t e r E a c e s  t o  t h e  
v a r i o u s  p e r i p h e r a l  d e v i c e s  t h a t  a r e  t o  b e  c o n n e c t e d  t o  t h e  CT80-I. 
U s i n q  t h e  " d a u g h t e r n  b o a r d  c o n c e p t  p r o v i d e s  DIGIAC w 1 t h  s o m e  
u n i q u e  a d v a n t a g e s  t h a t  a r e  t y p i c a l l y  n o t  a v a i l a b l e  o n  m i c r o  
c o m p u t e r  p r o d u c t s .  Some o f  t h e s e  f e a t u r e s  a r e :  

. n o i s e  i s o l a t i o n  

- u p g r a d a b i l i t y  t o  o t h e r  t y p e s  o f  s e r i a l  i n t e r f a c e s  (RS449, 
tgE3.03, V.35, 40  M a .  C u r r e n t  Loop ,  e t c . )  

. RS232-C " D"  t y p e  c o n n e c t o r s  a r e  p r o v i d e d  o n  b o a r d :  n o  
n e e d  f o r  t h e  c u s t o m e r  t o  m a k e  s p e c i a l  c a b l e s  t o  c o n n e . c t  
t o  a  n o n - s t a n d a r d  p i n o u t .  

. T h e  CTbO4S c o n n e c t s  t o  t h e  C T 8 0 4  v i a  a  3 1  p i n  R i b b o n  
C a b l e .  

P L e a s e  r e a d  t h i s  e n t i r e  m a n u a l  b e t o r e  connecting t h e  C T 8 0 4 S  t o  
t h e  CT804 o r  a n y  o f  y o u r  p e l p h e r a l s .  

1. 2 TECIINICAI, SPECIFICATIONS: 

I n t e r f a c e  ............ RS232-C D r i v e r s  a n d  R e c e i v e r s  .......... k3aud R a t e s  1 1 0 - 9 6 0 0  + E x t e r n a l  
Bus C o m p a t a b i l i t y  .... 34 PIN Cus tom I n t e r f a c e  

1 . 3  ROA9D SPECIFICATIONS: 

Power R e q u i r e m e n t s :  
+ S V . . . . . . . . . . . . . . . . <  7 5  M A .  
+ 1 2 V . . . . . . . . . . . . . . . - 5 0  M A .  
- 1 2 V . . . . . . . . . . . . . . . - 5 0  M A .  

O p e r a t i n g  E n v i r o n m e n t s . 0 - 5 5  D e g r e e s  C e l s i u s  

S i z e  .................... 4 - 1 / / 4 "  x 3 - 1 / 2 "  x  0 . 6 5 "  

C o n n e c t o r s :  
P 2  ......... C T 8 0 4  C o n n e c t o r  ( 3 4  P i n )  
P4 ......... S e r i a l  P o r t  (TTY) 2 5  P i n  " D "  T y p e  D C E  S o u r c e  ......... P 5  S e r i a l  P o r t  ( V I D E O )  2 5  P i n  " D "  T y p e  DCE S o u r c e  
P6 ......... S e r i a l  P o r t  ( M O D E M )  2 5  P l n  "Dm T y p e  DTE S o u r c c  



Technical Specifications 
Printing 

Printing method . . . . . . . . . . . . . . . . . . . . .  Impact dot matrix 
Printing speed . . . . . . . . . . . . . . . . . . . . . . .  80 characters per second 
Line feed time . . . . . . . . . . . . . . . . . . . . . . .  Approximately 200 msec (at 1/6 "/line. 
Printing direction . . . . . . . . . . . . . . . . . . . .  Bidirectional, logic seeking. May be set to unidirection- 

al (left to right) printing via software codes. ' 

Character se t . .  . . . . . . . . . . . . . . . . . . . . . .  255 ASCII characters in a 9 x 9 dot matrix 
Character size . . . . . . . . . . . . . . . . . . . . . . .  2.1 mm (W) x 3.1 mm (H) (0.083 " x 0.11 ") MX-80 

2.1 mm (W) x 3.1 mm (H) (0.08" x 0.12 ") MX-100 
Dot graphics density MX-80 . . . . . . . . . . .  480 dots/8 " line horizontal (normal mode). 

960 dots/8" line horizontal (super hi res mode). 
Dot graphics density MX-100 . . . . . . . . . .  816 dots/13.6" line horizontal (normal). 

1632 doM13.6" line horizontal (super hi res mode). 
Line spacing . . . . . . . . . . . . . . . . . . . . . . . .  116 inch normal. Programmable in increments of 1/72 

inch and 1/216 inch. 
Columns (MX-80) . . . . . . . . . . . . . . . . . . .  80 columns (normal size) 

40 columns (double width) 
132 columns (compressed) 
66 columns (compressed/double width) 

Columns (MX-100) . . . . . . . . . . . . . . . . . .  136 columns (normal size) 
68 columns (double width) 

233 columns (compressed) 
116 columns (compressed/double width) 

Paper 
Paper feed . . . . . . . . . . . . . . . . . . . . . . . . . .  Adjustable sprocket feed. Friction feed on MX-100 and 

MX-80 F/T. 
Roll paper holder available for MX-80 F/T. 

Papertype. .  . . . . . . . . . . . . . . . . . . . . . . . .  Fanfold. Single sheet on MX-100 and MX-80 F/T. 
Roll paper on MX-80 F/T with optional holder, 

Paper width.. . . . . . . . . . . . . . . . . . . . . . . .  101.6 mm to 254 mm (4" to 10") on MX-80 
101.6 mm to 393.7 mm (4" to 15.5") on MX-100. 

Paper thickness. . . . . . . . . . . . . . . . . . . . . .  0.3 mm (0.012 ") maximum. 
Number of copies. . . . . . . . . . . . . . . . . . . .  One plus two carbon copies. 



Printer 
Ribbon.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cartridge ribbon (exclusive use), black. 
MTBF . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 million lines (excluding print head life). 
Print head l i fe . .  . . . . . . . . . . . . . . . . . . . . .  100 x 10 (6) characters. 
Dimensions . . . . . . . . . . . . . . . . . . . . . . . . .  374 mm (W) x 305 mm (D) x 107 mm (H) 

(14.7" x 12.0" x 4.2") 
592 mm (W) x 393 mm (D) x 133 mm (H) 
(23.3" x 15.5" x 5.2") on MX-100 

Weight (approximate) . . . . . . . . . . . . . . . .  5.5 kg (12.1 Ibs) - MX-80. 
10 kg (22 Ibs) - MX-100. 

Power..  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l l5V plus or minus 10% 
49.5-60.5 Hz. 

Power requirement. . . . . . . . . . . . . . . . . . .  100 VA max. 
Temperature . . . . . . . . . . . . . . . . . . . . . . . .  Operating 5OC to 35°C (41°F to 95°F) 

Storage - 30°C to 70°C ( - 22°F to 158°F). 
Humidity.. . . . . . . . . . . . . . . . . . . . . . . . . .  Operating 5% to 90% (no condensation). 

Storage 0% to 95% (no condensation). 
Shock. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Operating I G (less than I msec.). 

Storage 2 G (less than 1 msec.). 
Vibration . . . . . . . . . . . . . . . . . . . . . . . . . . .  Operating 0.25 G, 55 Hz (max.). 

Storage 0.50 G ,  55 Hz (max.). 
. . . . . . . . . . . . . . . .  Insulation resistance.. 10M Q between AC power line and chassis 

Dielectric strength . . . . . . . . . . . . . . . . . . .  Between AC power line and chassis, AC I K V  (RMS) 50 
Hz or 60 Hz during 1 minute and no abnormal condi- - 
tion shall be observed. 

Parallel Interface 

Interface . . . . . . . . . . . . . . . . . . . . . . . . . . .  Standard Centronics parallel. 
Optional RS-232 and IEEE. 

Data transfer ra te . .  .. : . . . . . . . . . . . . . . .  4,000 CPS (max.). 
Synchronization . . . . . . . . . . . . . . . . . . . . .  By externally supplied STROBE pulses. 
Handshaking.. . . . . . . . . . . . . . . . . . . . . . .  By ACKNLG or BUSY signals. 
Logic level . . . . . . . . . . . . . . . . . . . . . . . . . .  Input data and all interface control signals are compati- 

ble with the TTL level. 



SPECIFICATIONS 

Table Dl 

PHYSICAL SPECIFICATIONS 

The following tables list specifications and accesories and Table 0 2  
supplies available for the 4662 Interactive Digital Plotter. 
The specifications are listed for your intonation only and ELECTRICAL SPECIFICATIONS 

are not verifiable. Information on options, supplies, and ac- 
cessories are subject to change. 

~ 

Characterlrtlw 

Helght 

W~dth 

Depth 

We~ghl 

Shlpplng Weight 
Table D-3 

Characterlrtlc 

Input Power 

Llne Voltage 

Llne Frequency 

Llne Fuse 

ENVIRONMENTAL SPECIFICATIONS 
I 

- - 

Speclflcatlon (Standard and Optlon 3 1  
Equlpped 4662) 

90W maxwnum. 60W typral 

115 or 230 volts nomnal L~ne voltages are 
strappable wlthtn the ploner lo select 105. 
116. 210. or 232 volts (214%) 

48 to 66 Hz 

1 amp (slow-blow) when operating In the 
115 volt range 0 5 amp (slow-blow) when 
operatlng In the 230 volt range 

Standard 4662 

8 in (203 mm) 

20.375 in (517 mm) 

19.5 in (495 mm) 

30 Ibs 4 oz (13.8 kg) 

45 Ibs 14 oz (20.8 kg) 

0 to +50 degree C (operallng) 

Wlth Optlon 31 

8 in (203 mm 

25.75 in (654 mm) 

19.5 in (495 mm) 

35 Ibs (16 kg) 

46 Ibs (21 kg) 

Altllude I To 50.MO lee1 (15240 m) (non-operatmng) 
To 15.000 feet (4572 m) loperatlnal 



SPECIFICATIONS 

Table D 4  Table D 5  

PERFORMANCE SPECIFICATIONS STANDARD ACCESSORIES AND SUPPLIES 

Characterlatic Specltlcatlon Tcktronlx Part 

Plolt~ng Area X-Axs - 15 in (381 mm) 

Can be increased to 15.35x10.23 in RS-232-C Cable 012482940 
(390x280 mm). 

4682 Interacttve Digital Ploner 07041 6540 
Scaling The ploner will scale incoming data that is 0~erator.s Manual 

intended for full-scale plotting into any size 
page wHhin the plotting area. 

length, whichever is larger. 

plotled point within 2 0.0025 in (0.06 mm). 
With Option 31. within + 0.012 inch (0.3 
mm) atter pen exchange. 

Line Aberratioos - Short term non-iineari- 
ties of a vector will not deviate more than 
2 0.005 in (0.127 mm) from the mean vec- I tor. 

Vector Linearity 

mmtsec) at axial. 22 in per second (559 
mmlsecond) maximum. Maximum rate 
achieved afler about 100 ms. or abwt 1.3 
in (33 mm) ot pen travel. 

Geometry -The mean vector line will not 
deviate more than 0.0007 inch (0.02 mm). 
per inch of line length, from a straight line 
drawn between two points. 

Slow Speed - approximately 0.5 of fast I 
Programmable Speed (Optin 31 only) - 
limits the maxlmum pen velocity from 10 
mmlsec to 570 rnmtsec (0.4 inlsec to 22.4 
inlsec) in 10 mmhec (0.4 inlsec) steps 
(i.e.. there are 57 speeds). 

10 pointslsecond maximum. P l W  points 
per second decreases for an increasing 

Joystick Moves 
(Manual) 

4662 Interactive Dinal Ploner Program- 061-2642-00 
mer's Reference Manual 

4662 Interactive Digital Plotter 070-255640 

The pen may be mwed by using the fmnt 
panel joystick at vector rates variable from 
0.015 inlsecond to 4 incheslsecond (0.38 
mmhec to 101.6 mmlsec). 

Programmer's ~ef&nce Card 

Paper. 100 sheets. 279x419 mm 1006-1698-00 
(lix16.5 in) linear arid. 10x10 lines lo the in I 

colors) 
SW FCur* P 2  lor 1.1.phon. numb." lor when orderlnp. 

" .  ~ ~ 

Digitizing Reticle - Standard 4662 214-240941 

Digitizing Reticle - Option 31 

Pens. Fiber-lip - Standard 4662 
(Pkgs of 3) 

Red 
Green 
Black 
Blue 

Pens. Fiber-Tip - Option 31 
Tm, 9-n pkgs (one pen each of nine 

119-1432-01 

016-058940 
016458941 
01 6458902 
016458943 

01 6-066740 

I 

Motor Drive Resolu- 
tion 

Approximately 8 times ths data resolution 
(0.000625 in or 0.016 mm) 



APPENDIX B 

Uer Log-On Instructions 



THE FINITE ELEMENT ANALYSIS PROGRAMS 

USER INSTRUCTIONS FOR THE 

DIGIAC CT-80 SYSTEM 

Evangelos Michael Marinis 

May 1985 

Turn system ON from main outlet. 

Turn ON the plotter and C.R.T units. 

Hit the RESET switch (top left corner of computer.) 

Insert disk in drive A.  

Type the letter B and hit the RETURN key (console 1.) 

This step will Boot-up the system. It will load the 

operating system from the disk into the main memory. 

After system boots-up it will display OA> at the bottom 

of the screen. 

Use the following command to start the program: 

OA>SUBMIT FILE0 (RETURN) 

The programs will run automatically. 

To STOP or QUIT, hit Control-C (more than once may be 

necessary.) 



APPENDIX C 

Program Flow Diagrams 



START I 
I T h i s  i s  /MATRIXl,BAS/ which 

s e t s - u p  t h e  c o e f f i c i e n t  matrix I 
I 

I n i t i a l i z e  a n d  d i s p l a y  o p t i o n s  

1. S p e c i f y  a new s t r u c t u r e .  
2 .  Use t h e  same s t r u c t u r e  b u t  

s p e c i f y  new e x t e r n a l  f o r c e s  -k MATRIX3.BAS 
3. QUIT. The d e s i g n  p r o c e s s  

i s  comple te .  STOP ! STOP ! 

E n t e r  t h e  number o f  p i n s  and  
t h e i r  (x,y) c o o r d i n a t e s .  

I I 

A r e  t h e s e  c o o r d i n a t e s  c o r r e c t  ? 

L 
I 

E n t e r  t h e  number o f  members. I 



Dimension variables. 

I 

Input all material properties 
one member at a time. 

Is the information correct ? I 
+ Yes 

Calculate each member's length, 
weight, and the sine and cosine 

of each orientation angle. 

Calculate the 16 coefficients 
of each member's matrix and add 
them (overlay) on the total 
system's coefficient matrix. 

Calculate and display the 
total weight of the structure. 



Do you wish to specify a new 
< lighter > structure ? I 

Specify the boundary conditions. 

Are they correct ? 

< Yes / NO > 
+ Yes 

Adjust the structure's final 
coefficient matrix accordingly I 
Create data file /MATRIX.DAT/ 
and save coefficient matrix. 

Create data file /GEOM.DAT/ and 
save the rest of the information 



Load and  r u n  /MATRIX2.BAS/ j 
which w i l l  i n v e r t  t h e  m a t r i x .  1 

STOP ! 



START a 
This is program /MATRIX2.BAS/ 

which can invert the matrix of 
the data file /MATRIX.DAT/ 

Initialize and dimension 
variables. 

. I 

Input data from /MATRIX.DAT/ 

Display the total number of 
pivots and / Please wait ... 

Do you wish to see the matrix ? 

I 

Yes / No 0~ 
Print the starting matrix I 



I 

Do you wish  t o  see t h e  p i v o t i n g  ? 

I 
A 

N o  
h 
V 

P r i n t  t h e  p i v o t i n g  i n f o r m a t i o n  

A 
'4 

I S t a r t  m a t r i x  i n v e r s i o n  I 

Is i t  a s i n g u l a r  matr ix ( D = O )  ? 0 
Y e s  / No STOP ! STOP ! 

I 

Cont inue  t h e  i n v e r s i o n  

I 

I 

Save t h e  i n v e r t e d  m a t r i x  on 
d i s k  under  t h e  f i l e  name : 

/ 1NVERSE.DAT / 



T 7 

R u n  program / MATRIX3.BAS / 
- 

r 

STOP ! 



START a 
This is /MATRIX~,BAS/ 1 
Dimension variables 

I Read data file /INVERSE.DAT/ 

Read data file /GEoM.DAT/ 

Input externally applied forces. 
Let unknown forces = 0.0 

Are these forces correct ? 

Calculate equivalent external 
equivalent to temp're induced 

strains and add to real forces 



Use matrix multiplication to 
calculate node displacements 

I Calculate internal forces I 

I Adjust forces (F - temp're force) I 

Calculate and display all 
stresses and strains 

Calculate the buckling forces I 
r 

Has this member buckled ? 

I 

Print that member has buckled 
* 

Y? 



H a s  t h e  member y i e l d e d  ? 4 
Y e s  / N o  Y 

I 

P r i n t  t h a t  member h a s  y i e l d e d  

I 

I 

Has t h e  member r u p t u r e d  ? 

I 

I - 
P r i n t  t h a t  member h a s  r u p t u r e d  

I 

S e l e c t  from t h e  f o l l o w i n g  
o p t i o n s  : 

1 



I 1. P r i n t  i n p u t  and r e s u l t s  now, I 
2.  C r e a t e  g r a p h i c s  f o r  p l o t t e r .  
3 .  C r e a t e  g r a p h i c s  f o r  C.R.T.  

4 .  RESTART ( N e w  s t r u c t u r e  ) 
5. Run a g a i n  w i t h  NEW f o r c e s .  

I 6.  Draw t h e  g r a p h  now. I 
1 7.  P r e p a r e  f o r  p l a s t i c  r e g i o n  I 

8.  E n t e r  t h e  p l a s t i c  r e g i o n .  

1 9 .  Q UI T now. STOP ! I 

I O p t i o n  1 ? 

No 
h 

Go t o  a s u b r o u t i n e  t o  p r i n t  t h e  
i n p u t  and r e s u l t s  and r e t u r n ,  

I 



Calculate size ot the structure, 
magnification factor and new x,y 
coordinates of the nodes, 

Save data in file /PLOTTER,DAT/ - 
Create /FILEZ.SUB/ to access the 
plotter, pause for pen change 

and return to /FILEl.SUB/ 

Create files /F-E-M.CMD/ and 
/F-E-M~.CMD/ for graphics. 

Return to menu. 

Option 3 ? 



Calculate size of the structure, 
magnification factor and new x,y 
coordinates of the nodes. 

( Save data in file /PLOTTER.DAT/ I 

Create /FILE~.SUB/ to access the 
plotter and return to /FILEl.SUB/ 

Create files /F-E-M.CMD/ for 
plotter  graphic.^ I 
Return to menu. I 



I 

Run / MATRIX~.BAS/ 

I 

I 

Option 5 ? 

Option 6 ? I 

Yes / No Y 
Exit to system to turn control 
over to newly created /FILE2/ 



E n t e r  t h e  s u b r o u t i n e  which 
c r e a t e s  t h e  p l a s t i c  r e g i o n  f i l e s  

C a l c u l a t e  s u g g e s t e d  e x t e r n a l  
f o r c e s  which w i l l  c a u s e  o n e  o f  
t h e  members t o  y i e l d .  

I Update t h e  d a t a  f i l e s . .  I 

O p t i o n  8 ? 



Thi s  i s  /Ml.BAS/ which 
se t s- up  t h e  c o e f f i c i e n t  m a t r i x  

Dimension v a r i a b l e s  
Read a l l  d a t a  from d a t a  f i l e s  
I n i t i a l i z e  and d i s p l a y  o p t i o n s  

1. Cont inue t o  change e x t e r n a l  
loads .  

2.  Unload t h e  s t r u c t u r e .  

Option 1 ? 

Set- up t h e  c o e f f i c i e n t  mat r ix .  

I 

C a l c u l a t e  t h e  1 6  c o e f f i c i e n t s  
of each member's ma t r ix  and add 

them ( o v e r l a y )  on t h e  t o t a l  
sy s t em ' s  c o e f f i c i e n t  ma t r ix .  



Adjust the structure's final 
coefficient matrix according 
to the boundary conditions . 

Create data file /MATRIX.DAT/ 
and save coefficient matrix. 

Create data file /GEOM.DAT/ and 
save the rest of the information 

Load and run /M2.BAS/ 
which will invert the matrix. 

I 



START Q 
This is program /M~.BAS/ 

which can invert the matrix of 
the data file /MATRIX.DAT/ 

Initialize and dimension 
variables. 

1 

Input data from /MATRIX.DAT/ 

Display the total number of 
pivots and a message to wait... 

I 

I 

Start matrix inversion 

I 

Is it a singular matrix (D=O) ? 0 
h 
v 

, - 
STOP ! 



T 7 

Continue the inversion 

Save the inverted matrix on 
disk under the file name : 

/ INVERSE-DAT / 
d 

T7 

STOP ! 



This is /M3.BAS/ 

Read data from data files 

Calculate the equivalent external 
forces produced by any changes 

in temperature 

Use matrlx multlpllcation to 
calculate node displacements 

Calculate internal forces 

Adjust forces (F - temp're force) 

Calculate and display all 
stresses and strains 

T7 



I 

C a l c u l a t e  t h e  buck l ing  f o r c e s  

I 

I Have any members buckled ? I 

P r i n t  t h a t  member h a s  buck led  
1 

I 

I Has t h e  member y i e l d e d  ? I 

Y e s  / No -0-7 
I 

P r i n t  t h a t  member h a s  y i e l d e d  

i 

Has t h e  member r u p t u r e d  ? 
-- I 



P r i n t  t h a t  member has  r u p t u r e d  P 
S e l e c t  from t h e  fo l lowing  

o p t i o n s  : 

1. P r i n t  i n p u t  and r e s u l t s  now. 

2 ,  C r e a t e  g r a p h i c s  f o r  p l o t t e r .  
3 .  C r e a t e  g r a p h i c s  f o r  C.R.T. I 
4 ,  RESTART ( E l a s t i c  r e g i o n )  

5. Run a g a i n  w i t h  incrementa l  
f o r c e s  

6 .  Draw t h e  graph now. 

7. QUIT NOW. FUNCTION COMPLETE.. 

Opt ion 1 ? 

L 



+ Yes 

Go to a subroutine to print the 
input and results and return. 

Option 2 ? 

Calculate size ot the structure, 
magnification factor and new x,y 
coordinates of the nodes. 

Save data in file /PLOTTER.DAT/ 

Create /FILE~.SUB/ to access the 
plotter, pause for pen change 

and return to /FILEl.SUB/ 



a 

Create files /F-E-M.CMD/ and 
/F-E-M~.CMD/ for graphics. 

I 

I 

Return to menu. 
t 

I 

Calculate size of the structure, 
magnification factor and new x,y 
coordinates of the nodes. 

Save data in file /PLOTTER.DAT/ * 
I Create /FILE2.SUB/ to access the 
plotter and return to /FILE~.SUB/ I 

L I 

* 

Create files /F-E-M.CMD/ for 
plotter graphics 

7 

I 



I - 

Return to menu. 

YF 
I 

Option 4 ? 

I 

Run / MATRIX~.BAS/ 

Option 6 ? 



Exit to system to turn control 
over to newly created /FILE2/ 

which will draw the graph 

Option 7 ? 

I 

Yes / No Y 6 Yes 

QUIT. FUNCTION COMPLETE... I 



APPENDIX D 

C o m p u t e r  P r o g r a m  Listings 



18 REM 127 
2!:! REM T h i s  i s  'MA'TRIX1,BAS7 b y  E v a n g e l u s  M a r i n i s  
30 REM U p d a t e d :  M a r c h  28, 1985. 
4C1 REM I t  c a n  f o r m  a s q u a r e  m a t r i x  f r o m  d a t a  s u p p l i e d  b y  
the user 
50 AEM a n d  a p p l y  t h e  b o u n d a r y  c o n d i t i o n s  t o  i t  so t h a t  t he  
60 REM d e t e r m i n a n t  w i l l  n o t  b e  z e r o .  
'?!:I REM 
HO REM Then, i t  w i l l  s a v e  t h a t  m a t r i x  on d i s k  u n d e r  t h e  
n arne 
5%:) !?EM "MATRIX.DATU. T h i s  + i  l e  w i l l  b e  u s e d  a s  i n p u t  t o  
"MATRIXZ. BAS" 
ii.:)!:! REM w h i c h  w i l l  i n v e r t  i t .  
11!:t OPEN"OH,#1!,"FILE2.SUB" 
I?!:) PRINT $11, " 11 

1 :st:! CLOSE 
1 4 0  REM 
150 PR I N'T CHR$ ! 26) 
:Lbr:) 12F:l:i'.1T"T!-,is i s  'MkTRIXi .BAS3 w h i c h  w i l l  f o r m  .the s ta r -Z r ing  
m a t r  i :.: . 
1'7(:! PRII\JT 
18r:) REM T h i s  i s  t he  f i r s t  set o f  cjpr:iur$!s. The  !second i%:i i n  
PlAT'R !: X 3  
1 I?!:) PRINT: I='R I PIT " OP'T I UblS: ! SET B 1 ! . " 
2 r:) !::! P F: I !\IT :. F' F: 1 N 'I" 1. FOLLOW NORMAL PROCEDURE. " 

:~1!:! I:'RI1:]1": PRI!\JT" 2. GOT0 MAIF:I XIS FOR NEW FORCES. " 
'7 3 i"r p F: I p,Il' : P F; I N T " .,....,- .... 3. DUI'T. EX 'IT Tf l  S'I/STEM Ar.1D STOP. " 
:-, .7 .- 
.~:.-;l.-t PF:II'\I'T9:+F:INl'"SELECT I S  t h r u  3 ) .  If I P 

240 LET SEL.ECT=5 : INPUT SELECT 
'7 .,,~!:t '"I I F  SELECT.::: 1 OR SELECT :::.3 TI-{EN GO'l-a 150 

1 F SELEC'!-=2 'TI.dE:N F :~J~ \J " !~~1 'R  1 Y,3. BAS " 
2'7i3 I F  SEL'=C'~-Z:~ THEN CLEAR: SYSTEI* ELSE 33(:) .- 

em -. .i:'cs!:! HEM FOR IF-ELSE 
:> .- ;'.+r:! PF: % NT CEFiB 126 i : PF: I NT :: PF: I MT 
3 i,") (1, 1;: EM 
:31r:! P!?IN'S"l-!ow many p i n s  a r e  . t h e r e  i n  t h e  .;t.ruc"c.tre " 5  
:32r::t INPUT MI. 
3:3r:t PF:IN'l~:I~F:I!:IT".JI:PHINI~"Please e n t e r  t h e  c a u r d i n a t e  p o i n t s  . fu r  
e a c h  p i n .  " 
34r:! P R  I NT : F'H I I:JT 
:3 5 (1) r.5 = 2 * 1.1 
:3&r:! DIM A !rd+qq! 
-!, .-? .- . ) I =  I - I : LET $,(I)=!:!! 2 I\IEXT I 
"". -- .. '-4 ("1 . . BTM X !PIS) : UIPA Y!M1) 
.-. .- ,L,~.+ (I) IZ i:J 5; 'j: := 1 'I- a 1x1 1 
4.(::>(::> F'WIN?" "24 ( " ;  I; " "; 

41!:! 1:NPU'T X (I! 
42r::! I:SHI,J'~ I I W  i II; 1; I I  ) I I  

T I 

f i  , '7 i-, I FJP!JT 'I/ ( I ! 
44.C) fiI\I$:="I\]"flfiF:'!-j'T"T~, ..t!-,a.t (:uy-l-pc.t: ' , ) ";Af,.I$ 
~ 1 .  , 1:- .> (., .,.. 1 F At.! 8 .::: 1::. " 'y" T t4E N 4 ('1 !I> 
A? &iJ P F; 1: p.J'T : 3 1: 
4'7r1.1 NEXT I 
.L& (3 p r? 1 ~ X J  *r ; 1:) . T .,. P,J , 7- ; [:$ f? 1 p,l.~- 



49C1 FOR I = i  1-0 N i  ,- ...J.-K) PF:IMT " P I N #  " j I F  " X ( I ) = " ;  
510 PRINT  USING"#####.#######tliX<I);:PRIEJT " Y ! I ) = " ;  
52r:l PF: I N1- IJS I I\JGW :##### . #######" ; Y ( I 1 
C-.. .. 
,..J.:,(.) NEXT I 
54C! PR1NT:PF:INT:PRINT 
cz Ly ,-I . 1NPUT"How many members  a re  t he re  i n  t h e  s y s t e m  " : M i  
CI-C 
JJJ PRINT:PRINT:PRINTMUSE UNITS O F  THE ENGLISH SYSTEM 
CONS I STENTLY. " 
557 PRIN'T:PRINT:PRINTHREFER TC) TAEILES OF STANDARD SECTIONS 
FOF: CONVENIENCE" 
c ' z  - J ~ C )  D I M  P i  ( M i )  : D I M  P2!M1) : D I M  M I  ! M i )  
570 D I M  € ( M i !  : D I M  (?F:!Mi! : D I M  L ! M i ! :  D I M  YS IM1)  : D I M  
F:S (MI. ) 
1 I T I .  : D I M  S T ! M i )  : D I M  AT!Ml )  : D I M  TE(1l I . )  
' 4 "  . : ~ v  DIM t : : : ( ~ i )  : m i - 4  W T I M ~ )  : DIM SG!MI) : DIM VLII! 
6 1  I 1 M i  1 : D I M  I.::2!Mi : D I M  K:.3!M1 ) 

619 PF:Ilt]T 
620 REI"I 
b :3 (1) F:EM T h e  f o l l o w i n g  s t a t e m e n t s  i n p u t  t h e  d a t a  f o r  t h e  

meii iber s ., 
&4!:! FC)F: I := 1. TO M I  
&!=j(:, 1"'RINT' 
&&:) PRINT "Member : # . " j I ; : INPUT " P I N  #1= # " ; F " I I I )  
6.70 pF;IN'1" " P I N  #2= #" ; : INPUT P 2 ( I )  

&El!:! I='RIl\l'T: I !~lF'UT"l?)hat i s  t h e  i i i oc l u l us  i3.f e la~ ; t i c : i t y  i n  i ~ i i l l i i 2 n  

P:SIH;E! I !  
1592 !=*F:II\JT: I I \JPUT"L~JI- I~~ i s  t he  Y i e l d  S t i c e n q t h  o f  t h i ! s  ~-iieniber i n  
F'S I " ' "p ' ' 

p r . 3  \ I !  
:18.4 !~~'RINT:I !~JPIJV"14hat.  i !s . t h e  Rt.iptt.\re S t r e n g t h  o f  t ! ? i ! z  member- 
i ! - l  P S I  ";F;S!I) 

.- 

699 PRINT:  1MPIJV"What i 5 t h e  s m a l  l e c i t M ~ ~ x e n t  t o . f  I n e r t i  a i n  
I l\.i."..4" : M I  ! I ! 
159t:) l-"!::IbJ'T:I!\JPUT"L.Jha.t i s  the  c r o s r s - - s e r t i u n a l  & r e a  o f  . this 
rnemlser i n  Il'~.l.1""'2 " j AF:(I 1 
' 7  F:'RINT: INPUT"1lJhat i s the  s p e c i  f i i: w e i  g t i t  of. t h i  s inember 
!...bS/ I N."'.:Z " ; ( 1: ) 

71!:1 PRINT:  INPUT"I.Jhat i s  t he  c h a n g e  f r o i n  ineari t e n i p e r a ' t ~ t r - e  fur 
% h i s member- " 5 TE ( I 1 
... " , 
! FF:I I ' .J 'T: I~ ' .~PUT"W~I~.~ i s  . t h e  t h e r m a l  e: . :pansior i  c t ~ e + + i c i i ~ r l t  
!(ni!.I.i~x-1tt15! ' I ;ATCI )  

.-, .T - 
/ .-:, (2 Fz' F: 1: !'\IT 
'74.[1! ANB-"t\J" IP\II"U'I- " I s  t t l a . t  ,-(>i-.ret=t { / 1 )  "?AN'& 
7L- l ru1 , ..., .... IF '  AN$.::: :::.ll\{ll '+f')-IEN (55(:j 

'7 (1) !:* F:; I I\] -!- 
-7 "7 ,-, .. , L E " ~  I-!I)=.?< y p  - 1 )  . - -I- 

r ; : $ ( P 2 ( ] ) ! - X ( F : s 1 ( ~ ) )  ) . " ( X ! p 2 ( I ) ) - X ( p 1 ( I ) )  ) !  

'713(:! LET  L I I) -SOR I!.,,. ( I ) ! 
79!::! l . J T ( I ) : = S G ( I ) + A F : ( I ) ? i . L _ ! I )  
,-, .- " =+!.! !..ET !.::: ( I:) ( f  ) +E (I! ,/L! I) 
810 L.ET C T ( I ! =  I X ! P 2 ( I ? ! - X ! P 3 . ( 1 ) !  ! ,/ L ! I !  
7 0- .... 5 :  ) - 1 ) )  ) / L ( f  1 
I -  c; .-' .:, C! 1- E -r 1.::: 1 C I ) ==I.::: ( I ) .lt- C T ( I ) .& C '1- 1 ) 
;3.4 (1) 1,- -!" 1.::: 2 ( 1 ) == t::; < I ) *. [";'1- r; I ) + 5 "!- < I ) 



€35(:> LET k::3 ! 1 ! =b:: ! I ) *ST ( I ! *ST ( I ) 
ah<:) F:EM 
€370 LET AL=Pl ( I ) 
980 LET BE=P2( I) 
890 A((2*AL-2!*N+(2+AL- l !  )=A(!2*AL-2)*N+(2*AL-1) ) + K 1 ( I )  
900 A 1 (2*fiL-2! *N+ I Z*AL) ) = A (  (2*AL--2!*N+(2*AL! ! + E 2 ( I )  
91(:) A( (2*AL-Z)+N+(2*BE- i )  )=A((2*AL-2!*N+(2*EiE-11)-P~l(I) 
920 A ( (2*AL-2! *Ni- (2*BE! 1 =A ( (2*AL-2! *N+ (2*BE! ! -t:::2 ( I ! 
930 A ! (2 *AL - i ) *N+ (2?AL - l )  ! = A ( ( 2 * A L - l ! * N + ( 2 * A L - l ! ) + c ' ; 2 < 1 !  
9 4 < 3  A ! (2*AL-1) *N+ C2*kL! ) = k (  (Z*AL- l ) *N+(2*AL l  )+c';3(I! 
950 A ( ( ~ * A L - ~ ) * N + ! ~ * B E - I )  !=A((2*AL- i ) *N+(2*BE- i ! ) -c '<2(1!  
9h0 A ( (2*AL- 1 1 .EN+ (2.REE) ) = A (  (2*AL-I!*N-k(2*BE! ) - K 3 ( I )  
9'7t:) A ( ( ~ * E ~ E - ~ ! . u N ~ - ( ~ Y A L . - ~ )  !=A(!~*BE-~!*N+(~uAL-~!!-M~!I) 
9 8 0  ( (2+BE-2 1 .n.N.r- (2*4L.) =A ( (2*BE-2) *N+ (2*Al-! 1 -k::Z 1 ) 
990 A ( (2*BE--2 > ++N+ < 2"EiE- 1 ) ) =A ( ( 2*E{E-2 ) *N+ (2uBE- 1 1 +k:: 1 1: I ) 
1 0(:)Q 4 ! (2*BE-2! *N+ (2*BE) ) =A ( (2*BE-2> *N+ (2*BE) ) +k::2 ( I ! 
1 ;  ~ ~ ( ( ~ U B E - ~ ) * I \ J + ( ~ * A L - ~ )  !=A!!2*BE-i)*N+(2*AL-l))-k::2!1) 
1 !:>2fi A ( (2*BE- 1 ) *P,.J+ (2*AL! 1 =A ( (2sBE-1) -EN+ (2*AL! 1 -k:3 (I! 
1!:!50 A( (2*BE-J)# .N+(2*BE- I )  1-A!(2*BE-S)*N+!2*BE.-I)1+k::Z(I1 
1 9 4 0  A ( (Z+BE- 1 1 uN+ !Z*BE! ) = A (  ( ~ - E E E - ~ ! * N + ( ~ * B E !  ) + K 3 ( I )  
j, <;"z!;! p F: I FjI- 
1. <::! ;:> (1:) !'*I [: :x '1- 1: 
1 1  liEl9 A t  t h i s  pai17t .  t h e  \iol!-!rne and  w e i g h t  o f  t h e  
i.,tri.!ctu~-e a r e  
1!:1i3!:) REM i:al i :~ l  a t e d .  I f  t h e  weigh.k i s n o t  s a t i s - f a c t o t - y  t h e  
c ? : :  P i  o p e r a t o r  iliay r e . t u r n  t o  t h e  beg i l - t i r i q  uf ti.?@ pr-ogr-am 
.ti:) c h o o s e  
l. I!:KI REM new rn iw ibe~~s .  
1 1  I<:! F:El9 
1 1 2~':) L,. E'T 'rbJ=!;! ! 
1 :13!:1 FUR I = l  TO 191. : T'W=VW+WT (I 1 : NEXT I .-- 

I 1 4 0  I='F:INT:PRIpl'T'"Ttle t o t a l  w e i g h t  cs,f t h e  s t r u c : t u r e  i s  
=";IJSIr.!i;1t#:####m##11;Tw;:PF.:TN7"" Ihs. " 
1 1 5!:! ,L;N*="G(-JH . I l br:! PR I!\JT: I=$: I PJT "OPT I (INS: 1 1 H I  T .::: F:ETUF:M:::. TO CObJT I NUE" 
I .  P1";IIMT" 2 1 TY PE ' BACK ' kl'4ID W I T .::: F:ETlJRM :? TO 
SELECT NEW MEMBEF:SU 
1 IG!:! PI? I N'T : PR I N'T "RESPONSE : " ; 
119<.1 1:I:JPU'T AP.14 
1 :?(:!!:) I F  Ap.J$=. BACI.:: " THElil C.jOTO 63(:) 
1:21C! REM 
.[ . .:.: ,,!.I ?.> .- !?EM TI-ii $5 i s  +-tie pu i i -s t  w h e r e  . the  B ! M I  art-a:./ i s  c iet  up. 
1 :;:, '7 ,", . KEM 'TI-iis B(P.1) a r r a y  i s  a d~tmmy ,%.zariabl.e. I t  w i l l .  h e  
pr-a~ei- !  3.t 
124.r:) /?EM the  end  oS. . t h i s  prugr-am. 
1 ?IY(-., pZ'p4 .. .A,., .., .-. 

126(:> DIM B ( N )  
1270  REF 
?2{3<) REM t h i s  ;:jn:ir1.t t 1 - t ~  C ' s  31-e ente l -ed.  
1 2 <,> (1) REM : PI? I NT : PI? 1 : PF: I N'T' " EOIJNDARY 
(Z(3ps!L\ 1 T I : " : PR :[ hjT " ==-===Z:=:==Z:-Z.====~==== " 
: !=fJR M=:1 T[j Nj, - 
I A 7 ..-x 1 (1) I - IYT ,.... $,r.l$:.. II !',jU : L-ET 3 (2+~.- .  1 j :=-9!3. 1 I $19 1 :fl: 
1. 1:: :?<'! p!:::~p,j-r :: I:'?:INTuIs .t,-,e ,,-~al~te o f  C J ! " ;  (M);") : . r ( i !  ? ,/ 



N! " 
1325 PRINTUU=O m e a n s  t h a t  t he  nude i s  f i x e d  i n  
t he  x - d i r . " ;  
133r:) INPUT AN4 : P R I N T  
1 3 4 !:) I F  ANB="Y" THEN B (2*M-1 )=( : I !  

1 :3 6 [:I L E T  ANB="NW 
1370 LET  B(2*M)=9?.  11?191#  
1380 PRINT  : PRI f \ JT " I s  t h e  value o f  V ( " ; M ; " ) = O  ? ( Y  ! 
N! " 
1385 PF:INTUV=O m e a n s  t h a t  the n u d e  i s  f i x e d  i n  
t he  y - d i r .  "; 
1390 INPUT AN% :PF:INT:PRINT:PRINT 
1 4(:K:l I F  fiM§i="Y" THEM B(2*M!=0!  
142~:) I\!EXT M 
143r'i REM 
1 4 4 0  REM T h i s  . t e 3 t s  fnr c o r r e c t  B . C F s .  
1450 PR1NT:PRINT 
1 4 6 0  LET  ANSSz" NO" : INPUT"  ARE THE BOUNOARY CONDITIONS CORRECT 
7 !Y/N! "5ANS4 
147~:) I F  ANSPi="NH OF: ANSB="NO" THEN GOT0 1280 
1 4 8 0  FOR OC=l TO N 
14'?!:! I F  B ! OC 1 =C! TI-IEN' GTJSUB 1'75C) 
15C!r:) NEX7 TJC 
1 .  REM T h i s  :is w h e r e  the  p r o g r a m  has . f o rmed  t he  A fnatr i : . :  
a n  d 
15,:~fi ,... REM i s  r e a d y  t o  p r i n t  i t  on dish:: a:lor-ig 4-tith o t h e r  

1. I-I+ or- m a t .  i or\ 
153!:1 REM t o  be used by  "MAT'RIX2.BAS" + o r  . t h e  rnatri: . :  
j. river-si an. 
4 :  F:EM 
1:~fzljt:) OPEN "at1, 91, I~PIGTF:I X. EAT"  
1 5 b r::! L.ET NN=fi.I.MI\.I 1 
157~:) P!?II\JT # I ,  Pi, l\JN 
3.58C! FOR I=l TO NN : PRINT  # 1 , A ! I )  : NEXT I 
1582 (:LOSE 

15H4 OPEN "CIn,#1, "GEOM.DAT1' 
I : :  'PHINT #I,P.JI,M~ 
1 FOR I :=1 TO N 1  : F'F:INT # I , X ( I ) , Y ( I )  : NEXT I 
161r:l FUR I=l .TO MI. 
1 <& 2 [I) PH I NT 
?+ i9F '1  (I? !tF '2( I j  ? E < I )  yl'41: (I? ? f i R ( I ?  ?I-(]:! ? K : ( I l  ? 5 G ( I !  ? Y 5 ( I !  ? I 3 5 ( I )  
1 . .:r - NEXT I 
1 &4.!:! REM 
1 ,;br:! REM 
:L67r:) FOR I=1 'TO M i  : F'F:lldT # 1 , S T ' ( I ) , C T ! I j  : I'JEXT I 
168t:) FOE 1-1. TO MI : F'RIr4.r #I.,F~T!I),TE(I~ : NEXT I 
1$?!:! FOR I=l TO N : PF:INT # 1 , B ( I !  : NEXT I 
1 ':Jt:)!::) F:€M 
1'71.0 CLOSE 
1'7:2!:::1 RUI\.IH1qATF.:IX2. 
3,73C! STOF' 
1'74!::) 
1 '7 5 (1, REM 'This :is !Sctbt -nut i f ie  # I .  1.k c h a n g e s  t he  A ma.t~.-i2.t 
accnr-cli rig 



131 
HEM t o  the boundary conditions. 
HEM 
LET fifi 

FOR J=1 TO N : LET 11=1QQ-l)*N+J : 4(11)=O! : NEXT 

REM 
FOR I=l TO N : LET Il=CI-l)WW-fiQ : A(Il)=O! : NEXT 

F:EM 
LET A(Cfifi-l)*N+QQ)=O 
RETURN 

REM * END OF FILE *** 



132 

I!:) REM 
20 REM T h i s  i s  WMATRIX2.EAS3 b y  E v a n g e l a s  M a r i n i s  
L.J REM U p d a t e d :  M a r c h  28, 1985. 
3:) REM 
4 REM It c a n  p e r f o r m  a m a t r i x  i n v e r s i o n  on a n y  s i z e  
s q u a r e  m a t r i x  
3:) REM ~ t p  t o  3 0 x  30. 
A(:) HEM 
70 PF: I NT CHR* (26  
a:! P F : I N T " T ~ ~ E ;  i s  'MATRIX2.BASP w h i c h  car1 p e r f o r m  ma'kri:.: 
i n v e r s i o n .  " 
(30 PRINT"  INPUT: MATRI X. DAT " : FRINTuOUTPU'T: INVERSE. DAT " 
92 PHINT:FF:INT 
l.!:>C! OPEN " In ,# I , "MATRIX.DAT"  
I l r : : !  IMPlJT #1,N,NN 
12!:! D IM A!NN) 
122 REM 
123 PRINT:F'RINT"ThelT1T t o t a l  number  of  p i v o t s  i s  " S F 4  
1.24 PR1N'T':PRLMT"F'lease w a i t  w h i l e  I d a  the i n v e r s i o n ,  " 
1:3r:! FCIF: I =  1 TO NN 
14c:) INPUT # 1 , A ( I )  
15111 IlJEX-T I 
4 I!:! CLOSE : PR IN'T 
412 F:E$="I'.J" 
415 I F  .t'.i.:::15 THEN PRINT"I)U 'YQ\J 1.IISH TO F'HIN'T THE MATRIX / ,Y /M)  
11 . 

P 

4 1 6  INF'CIT HE% \ 

4 1 7  I F  RE$="M" THEN GOTO 510 
42r:! I F  N::>15 TI-IEN PRIl\Jl-: PRINT "MATRI X I S  TOO LAF:GE TO 
PRINT. ":GOTO 510 
430 LPRIMT CHF:$ C 15 1 : LPF: I N I :  LPF: I PIT : LPF: I Pd7- It START I blG 

.- 

MATF:IX: ":L.PHINT:LPRINT 
440 FOR I = 1  TO N 
4.5t:! LPRII\.I'l-"I ": 
4 6 0  FOR J=1  TO N 
4 7 0  LPRIMT USINGM####.##"iA!fI-1)*NfiI)j 
48!:! NEXT J 
4 9 0  LPF:INT " I" 
501:) NEXT I: 
5C! i LPR I MT : LPR I N'T : LPR I NT 
510 GOSUB 8 4 0  
511 REM 
512 REM 
53:) (]FEI\J "ON , # 1 , " f ]\.J{..'ERSE. CAT" 
r7 
3.2.!:! F'HIN'T # 1  , N, NN 
54r:! FOF: 1-1 TO M 
550 FOR J=1 TO M 
5hZ) PRINT #1,AIN?!  (I-:L!*M+Y! 
579 NEXT J 
58!:! NEXT I 
59!:1 F:EM 
'77r:! CLOSE 
772 LFK I NT CHKB ! 181 
.7'7il. l=;UN "M&'l-!=:'JX3. BAS''  



777 REM 
770 F:EM T h i s  is t h e  e n d  a f  t h e  ma in  p r o g r a m .  
801:) REM 
81Ct REM T h e  t w o  s u b r o u t i n e s  f o l l o w .  
82?2 REM 
854 REM 
840 REM Sub. 1. 
850 RE$="NW 
860 PR1NT:F'RINT:IMPUT"DO YOU WISH TO SEE THE P I V O T I N G  !Y/N)  
" ; F:EB 
862 PR1WT:PRINT 
865 I F  RE$="YU AND N:::43 THEN F'RINT1'SORRY MATRIX I S  TO0 LARGE 
TO SHOW P I V U T I N G . . . " : L P R I N T  C H R B ( 1 8 )  
868 I F  F:E$="YH AND N ( 9  THEN F'RINTUTHE PRINTER I S  I N  THE 
CCIMFF:ESSED' MODE. : F'R I NT 
#'?(:I NC=2*I\J 
880 D I M  141 !N*NC) , Wli::!N*NC) , A I N V  CN*I\J) 
€390 FOR 1=1 TO N 
? FOR J= 1 TU N(Z 
(7 1 I F J :::.N THEN 930 
9 2 r:! l~JK!(I-1)*NC+J)=A(!I-1~*P1+J~:GOTO 750 
4 3 c! WK( ! I - l ) *P<JC+J)=O!  
94!:! I F  !J-l:J! THEM llJI.:: ! (1-1 ) *N(z+iY i ~1 
q 1 7  " 
4 .  NEXT J 
'?hQ NEXT I 
,"J "7 i", . . Ff lR R:=l TO hl 
7 8 (1) K=R : D=WK (R-1 )  uNC+K> 
l-l Q f. 
7 , .2 I F D.::: :::.!:! 'THEN 1 !I! 1 r:! 
1 ! F'R I NT " S I PJGIJLAF: MATR I X . . . D=!::! CHECI.::: 'TI-iE tit?liNDfiF:Y 
CONE I T  I OMS. " : PR I N T  2 F'F: I bJT1'THE PROCESS ~ j ~ a p s  HEFX. . . 
SCF?RY. " : STOP 

.- 

1 .  FOR I=l. TO I'd 
1r:12C! F(JF: J=i 1-@ NC: 
1 3 0 I F  I- R  THEN 1C!bO 
1 4 (11 I F  bj1.C ( (fi-1 ) +NC+J) :=<I! C)F: 11JI.:: ( ( I- 1)  +NC+t:::) =ti) 'THEPA W1. ! ( I-- 
1 ! *NC+J ! .~rbJt:z ( ! I - 1 ) *NC+J ) : GO'TO 1 tl '70 : E L S E  105r:l 
1 <I! (1) l ~ j  1 ( ( I - 1 ) +NC+J ) =liJt:I ( ( I - 1 ) +I'*.iC+iJ 1 -11JI.:: ( ( F:- 
j, ) ++p.IC+J ) ++MI.:: ( ( 1-1 ) +NC+t:::) / E  : GOTfl 1!::!7!:! 
1 (11 &(:1 141 ! (1-1 ) +NC+J!=WK ( (1-1 l.*I\JC3+J! / D  
7 NEXT J 

1 P.IEXT I 
I. I I. (::I FOR :[-I TO N 
1 1 ::!:> FOR J=l  TO NC 
1 1 1:: -.. $3 !.JI.::$: (1--1!+f\)C+J!=W1 ( ( I -1) . *NC+J!  
1 1 4(:! NEXT J 
1. Z 59 NEXT I 
1155 P R I N T :  PRINT"P1OC)T IIUMBEF: " I?: " OF ";N 
1 1 t5 I F  F:E$= "'f " AND N.:::9 THEN GUSUB 1240 
1 1 7 ~ 0  P.,EX'T H 
118Q FOR I=1  TO N 
j ,  !-[JR J=-1 '1-0 p.1 
, ,-., " - . G I I ' ~ J V ( ! ~ : - ~ ! . ~ I ' * ~ + J ) - L A J I . : : : ! ! ~ : - ~ ) + N C + ( J + N ) !  
1 )  I',JEX'Y J 
. ,", r, .. . NEXT I 



1230 RETURN 
1240 REM 
126(3 LPRINTHPIVO'T NUMBER ";RgH OF ";N:LPRINTW " 
1270 FOR Z I = 1  TO N 
1280 FOR Z J = l  TO NC 
1 270 LPRINT USING"#####.##"!WK<<ZI-11*1\iCfZJIi 
1300 I F  ZJ=N THEN LPRINT " ! " ;  
1310 NEXT Z J  
132(:) LPRINT " "  
1330 NEXT Z I 
1340 LPR INT: LPR I NT 
1350 RETURN 
1360 END 



I!:) REM 
20 REM 
30 REM T h i s  i s  "MATRIX3.BAS'. I t  r e a d s  the i n v e r t e d  m a t r i x  
40 REM a n d  c a l c u l a t e s  f o r c e s ,  stresses, e t c .  
50 REM 
60 PRINT CHR8!26)  
70 PRINT " T h i s  i s  'MATRIX3.BAS2 M a r c h  8, 1985." 
80 REM 
90 OPEN "1",#1,"INVERSE.DAT" 
100 INPUT #1,N,NN 
110 DIM A!NN) 
120 FOR I=l TO NN : INPUT # 1 , A ( I )  : NEXT I 
125 CLCISE 
128 OPEN " I H , # l ,  "GEOM.DAT" 
14(:> INPUT #1, MI. ,  M1 
150 REM 
170 D I M  X (N1) : D I M  Y (N1) : D I M  XN(N1) : DIM YN(N1) : DIM 
XOINI.! : DIM YO(N1) 
180 DIM P i  (MI !  : D I M  P 2 ! M i )  : DIM M I  (MI !  
190 DIM E!M1) : D I M  AR!M1) : DIM L ( M 1 )  : D I M  K(M1! : DIM 
SG < M i  
,", .- 
.Lt.!!:~ DIM s.r t r r i !  : DIM ~ ~ c i v i l )  : DIM YS!MI) : DIM RS!MI.I : DIM 
RA (I'1.I) 
21~:) DIM K 1  !MI ! : D I M  C';2 1M1) : DIM k::3!M1) : D I Y  C !pl! 
22C) DIM EX!M! -: DIM E(b.l! : DIM BCeN) : E I M  TE!M1! : DIM 
A T  ! M 1 ) 
222 DIM F C ! M i j  : D I M  D(N1)  :: D IM SSCMl! : DIM SF:!! I I j  : DIM 
EF < M I !  
239 REM 
2 4 0  FOR I = 1  TO N1:INPUT # 1 , X I I ! , Y C I )  :XO(I!=XCI!:YO!I?='f!I): 
NEXT I .- 

,71= - !?EM 
255 TW=:(:) 
2 6 0  IzOH 1x1 TU M1 
2 '7 (:! INPUT 
# 1 p ~ i ( ~ ~ , ~ 2 ! ~ ) , ~ ( ~ ) , ~ ~ ( ~ !  , G F : ~ I ~ ~ L ~ I ~ , ~ : ~ I )  ,SWII ,YS( I I~F :S~I !  
275 TW=TW+SG ! I) *GR ! I ! *L (I) 
28r'! NEX.1- I 
:31r:1 REM 
32C! FUR I = 1  TO M1 : IMPUT # l , S T ( I ! , C T ! I !  : WEXT I 
330 FOR I=]. TO M1 : I N P U T # I , A T ! I ! , T E ( I !  : MEXT I 
:34i:) FOR I = 1  TO N : INFUT#1,B! I !  : MEXT I 
""",3 pcM 
.-id.. ,L 

CLGSE 
365 1-1 'TO I .~ j :BC( I )=B! I !  :P!EXT I 
:37t5 HEM 
38C1 !?EM The . f o l  : l o w i n g  ! s t a t e m e n t s  a r e  u s e d  t o  i n p u t .  . t he  
f u r c e c ,  
:3[?Ct I?EM and t he  buul- idary t - a n d i ' t i  ons .  
4(:!0 REM 
422 PR I NT : !='I3 I r.IT " PLEGSE I NPIJT ALI- THE EXTERNAL-LY PiPI='L- I ED 
FUF:;:CES " 
424 !=lF;If.!T: PHIM'T"LE1- ALL UI\./~.::~.J()~LJN FORCES =I::). " : 12F:Ir.I'l":: PRINT - 



4 3 0  FOR S = 1  TO N STEP 2 
4 4 0 J=(I+1! /2  
4 5 0  PRIN'1-:PRINTMWhat is the f o r c e  F l u ;  J j  " ) x  = "' 9 

4 6 0  INPUT C ( 1 )  . 

4 7 0  PRINT"What is the f o r c e  F I " ;J j  ")y = "' 9 

4 8 !:) INPUT C ( I + l !  
4 9 0  NEXT I 
500 ANS$="N" 
510 PF:INT:PRINT 
L-2-l - . ~ L U  PRINT: 1NPUT"ARE THESE VALUES CORRECT (Y/N)  "FANS% 
530 FR1NT:PRIN'T 
5 4 0  I F  ANS$="N" THEN GOT0 4 9 0  
550 I F ANS'$<:: :::."NH AND &NS$( :::." Y " THEN GOTO 520 
!56r:) REM 
5'70 FOR 1-1 TO W : E X ( I ) = C ( I ) : N E X T  I 
58r:) REM 
590 FOR 1=1 TO M I  
600 NF=(-l)*AT(I)*TEII)*ARCI)*E(I)*CT(I) 
610 C(2*P1  ( 1 ) - 1 ) = C ( 2 * P 1 I I } - 1 ) - N F  
62!:! C(2*P2(1)-J.)=C(2.EP2(1)-1)+NF 
636 REM 
64r:! NF=(-S)UAT!I!*TEII)*AR(I)*E(I)*S'T(I! 
656 
(3$0 C(2+P2(I))=C(2*P2(I)I+NF 
(;'7?:! F:EM 
(,f3!:! i\JEX'r I 
69(:1 REM 
700 FUR 1x1 TQ N 
701 I F  B ( I ! = O  TtiEN C(I)=i:! 
'7r:!2 NEXT I 
71<! REF 

.- 

72r:! REM 'This part cal c u l  a t . ~ ? ~  t .he  di ~ P I .  acements. 
7:3!3 LET BP1=.0 ! 
74r:! FUR I = 1 'r0 N 
73:) LE'T E ( I) =C! ! 
'7hr:) FOR ~ : = i  TO b1 
7 7 < !  B ( I j = B ( I ) + A (  (1--1)* I \ I+J)+C(Jj  
780 NEXT ,I 
'7qS:) F:EM 
!3t:!(:) I F  ABS (B  ( I ! ) :::.BPI THEN LET BM=ABS (B I I ? 
i310 NEXT I 
8Zr:! REM 
i3:3!:! 1"iEPI ' T h i s  part calc~tlates , t h e  forces on eac:h  member. 
%4C!  REM 
i3'7Q pRIr,JT CHF;;{$ ( 2 6 )  
t38!:! F'F;: I P.jT "MEMBEF: 121M# ';A, B )  U IF'IM! V f I='' I r.1) " 
s?r::! F'F; INT"======. - ---------- .---------- ------.- ------ ---I-.- I 1  ------ 
90[:) F'R I NT" - - - - - - - - - - - . - - - - - - . - - - - - - . - - - - - - - - - - - . - - . ~  

?I<! F'F:INT: PRINT 
!72(:! FOR 1 := 1 T!"j 
CrJ" .- , .22 I.-) F' F: 1 p.I.1- 11 "; USINGU#4+#'" I! : F'F:II:JTU 
" i IJE;ING"1+:##" 5 F'1 (I! : : I='FiIp17'" 
II ,a , 1 1 : -  ,.s 1, ..r\iG":11#:#::#. %##' I  ; Ij (2++P1 < I ) -1. ) 5 :: F'RIN'1"" - 



";USINGH####.###'I  j B t 2 * P 1  (11  ! 
9 4 0 PF: I NT " n:USING"###";P2 (I) i :PF:II\Il-*' 
" ; USINGn####. ###I1; B (2*P2 (I! -1) j :PRINT1' 
":USINGn####.###";B12*P2!I~ 
9'30 D (  P i ( I !  )=b( 2 * P 1 I I ! - 1  ! * C T I I !  + B I  2 * P 1 I I !  ! * 
S T I I )  
[? 6 i:) D (  P 2 1 I )  ) = B I  2 * P 2 I I ! - 1  * C T I I )  + E I  2 * P Z ( I )  1 * 
S T ! I )  
970 F C ( I ) = E I I )  * I D I  P21J.l 1 - D (  P 1 ( I )  1 *1E+O6 
980 FCII)=FC(I)-K<I)*AT(I!*TEII)*L(I) 
(783 11- AEiS(SSCI! > Y S I I )  AND ABSISSI I ) ! ( :=F:S( I )  THEN 
B F I I ! = I -  
lE+C!b) + 15+ (3.14159-+2! *MI (1) *E ( I ) ! / 12*AF? 11 ! +YS I 1  j *L (1  1 * 
L!1)+33(.(3.14159.".2!*MI !I!*EII!!:GUTC! 9'3!:I 
9 8 5  BF (I) = (-1E+!:!6) .Y (3. 14159,"'2) *MI (I: +E( I) / i L  (1  ! "'2) 
990 S S I I ! = F C I I ) / A F : I I )  
1c:!Or:! S R ! I ! = S S ( I )  / ( E ( 1 )  * ~E-I-!:I& i 
l r : ! lC! PRINT 
1!:!20 PRINT " F O F : C E ! l h s ) = " j F C ( I ) : "  STRESS(ps i  ) = " a S S ( I !  , 

S'TF:A I N== I' j SF: I I ! 
1 r:j22 I F  ABS(SSCI1 ! :::.YS(I) THEN 
t"F: I N'T PRINT: PR 1 N'T " .e*.*+*+*+~#.*?t+~.U+~E?t.E.K+*)C.U)(.~b?c~#)(.U~ff)(.+.E.*+" 
1!:!2:3 11'- AE~S (SS ( 1  j ! :::.Ys ( 1) AND AE{S ';SS ( 1) ? .:::zR~ ( 1) 'I"!-I EN 
I=:'F:INT"TtiIS MEMBER HFtS Y PEL-DED. I T  I S  TIME '1-0 l='REF'AF:E FOR 
I-'!-AST I C F:EG I ON"  
'I ... i7.74 .- - I I= AES (55 ( 1 ) ! :::.=RS ( 1 THEN :[r,JT I1'TH I S  MEHEEF: 
!IUF'T\JREE. -E.*+.E.?c" 

l e:!2!5 I F  F C  I: I ! c:: =BF I 1 'TI-IEN F:'F: I NT "TI4 I S MEMBER HAS BUCt:::LED. 
**?-+?t " 
1 (1) 2 5 I I= A B S ( S S ! I ~  i :::.Ys!I! TI-IEI'1 
I='F: ]I: r%jT" +x*.\c~*+~%~.%*.~+?~?~+.ft..)i.++++,f~fc~?t+.~.~f..~f.~.%?t*+++ " : F'R I NT : PR I MT 

.- 
ie:!3c! I='RIN'T 
1 (1) 4 <:I I F  Ir.JTi;J./2!=:[/2 '1-IiEN I/\.IP[JT"Hit .:::F.:E.TUF:::. 

I 

c o n t i n ~ ! e " j A %  
l :  PRINT 
1.C!61:! NEXT I 
1<57!:! PRINT:INF'IJT1'Hit  .:::RETURN::: t a  c o n t i i 7 u e . . . " ; A %  
f i")sc! F'F: 1 NT CHF::8 ! 2 6 )  * 

Y !:I?!:! FR I MY: PR I NT"C)13T I UNS: S e l e c t  Srum t h e  S u l l o w i n g  i n  
t h e  or-ber- !:hey a r e  l i s t e d .  " 
1 l : F'R I NT 

i F'HINT" l . SEND INPUT AbJD F:ESULTS TO F'R I I'.JTEF: 
1.4 0 LlJ . " 
1 2: (1) !Z2 1:; 1 p,i 1- 
1 1 3 0  12  R f p,J l- Il L. CI-;;EA'!-E A GRAPk]LCS I":ILE l=UFk: .'-, 
F'LOT-rER. " 
. FJF:I~~-"  3. CREATE A GRAPHICS F I L E  FOR CRT.'! 
1 ' :  F'HINT" " 
1 PRINT"  4. RESTART (SPECIFY A NEW STRUCTURE! 
: pF:IN'T" 5. RUP4 AGAIN WI'l*H NEW FCJRCES " 
. F'RINf"" II 

1 1 3 2  PRINT" 6. DF:Alil 'TI-IE GF:tlPH I'.JOW. " 
1.1.84 13F:INT" I 1  - 

1 :ti36 pRIpJT" '7. PREPARE FC)R PLCg3T 1 C REG 1 " 



1188 PRINT"  
138 

I I 

1190 PRINT"  8. ENTER THE PLASTIC REGION." 
1195 PRINT1' I I 

1210 PRINT"  9. QUIT NOW. FUNCTION COMPLETE. . . " 
1220 PRINT 

- 1230 LET SELECT=<)! 
1232 PR1NT:PRINT"Note: I f  y o u  wish t o  s e l e c t  o p t i o n  6 ,  
y o u  MUST f i r s t "  
1 2 3 4  PRINT"===== s e l e c t  o p t i o n  3. 11 

1 2 4 0  1NPUT"SELECT (1  t h ru  9 ) :  ";SELECT 
1250 I F  SELECT<:: 1 OR SELECT>? THEN GOT0 1 C 1 8 0  

1260 HEM 
12'7C1 I F  SELECT=l THEN GOSUB 1370 
1280 I F  SELECT=2 THEN GOSUB 2030 
1290 I F  !;ELECT=3 THEN GOSlJB 2030 
1300 I F  SELECT=4 THEN AUN"MATRIX1.BAS" 
1310 I F  SELECT=5 THEN RUN 
1312 I F  SELECT=? THEN GOSUB 3000 
1315 I F  SELECT=8 THEN GOTO 3 0 4 5  
1320 I F  SELECT=& THEN CLEAR : SYSTEM 
1 3 4 0  I F  SELECT=(? THEN GOTO 1361 
i 3 6 ~ )  GOTO 1 oao 
13hl OPEN "O", # I ,  " F ILEZ.  SUB" 
1:3&2 PRINT # I ,  " "  
1:3&:: CLOSE 
1 3 6 4  SYSTEM 
5370 REM T h i s  i s  the  1st sub .  I t  p r i n t s  t h e  r e s u l t s  on t h e  
pr in te r -.  
1 3 8 C )  REM 
1 3 9 0  PRINT CHF:$ (261 :PRINT: PRINT: PRINT 
I~Q?:! PRINT" PLEASE SET THE PRI~.ITER r n  A NEN PAGE. u 

141CI PRINT: PRINT: PRINT"  H i . t  .::F:El'UF:N:::. t o  s ta r t :  
p ~ ~ i n t i n g .  . . " 
142r:) INPUT A$ 
1435  OFEN "11 ' ,#1 ,  l1SN.Z&T" 
1.44!:! INPUT # I  , SN : CLOSE 
145!:! LPH I NT 
14h(:) L-PR I NT" 
SEHI NL#" : USING" #########' I  ; SP4 
147!:) LF'R I NT 
148(:) L.ET I'.IS=SN 
149C! LET SN=SN+l : OPEN "O",#i,"SN.DAT" 
15C!!:! I F  "JN::.C?OO<> THEN LET SN= 1 
151C) PRINT # l , S N  : CLOSE 
1!32!:) LPF: I NT : LF'H I Pd'T " ANAL-YSIS OF A STF:UCTUF:E BY 
'THE F I N  I TE ELEMENT METHOE" 
1 53: )  LPF: I: NTH 
-...----.-------.---.----- - ----------- - ----.-----.---------- I 1  ---.------------------------------------------------- 

1 5 4 0  LPRINT: LPRINT"  !A1 l ~ \ n i t s  a re  
LBS,IN.  !":LPF:INT 
l55!:! LPRINT" NUMBER CIF P I  I\JS== " ; N 1 ; " NUMBER 
OF MEMBERS= " : M 1 
1 5 6 9  L.FF:IN'T 

- 



1570 LPRINT"  P I N #  
( i n )  {J ( i n )  " 

1 5 8 0  

U 

LFHINT"  

1590 FOE I=l TO N 1  
l6OO LPR I NT " " ;USING"###" ; 
1610 LFR I NT" 
(";USING"#####.##"; X (I) ; :LPRINTU, ";USING"#####.##" ;Y  !I) ; 
1620 LPHINT")  " T USING"###. ###Hi': E (2*1-11 i : LPR1P1T1' 
";USING"###.####ll;B(Z)CI) 
163t:) NEXT I 
1 6 4 0  HEM 
1,550 L P R I  NT: LPRINT: LPEINT 
1660 LPRINT " IqEMBER# PINS: (A,B! LENGTI-I ( i n )  AREA 
( i n2 )  E I *1E6)  SP.WT." 
1670 LPHINT I I 

---------------------------------------------------------.--- 

1680 FOR 1=1 TO M1 
169c:) LPR IN'T" " j USING"###" !  1; : L.FF:1NTu 
" i U S I N G " # # # "  j P 1  (1)  j :LPRIMT", ";USING"###";F'2!1! ; :LPF:INTn 
" ; U S I M G H # # # # . # # " j L ( I )  j :LPRIN'T" 
"; USINGM####. ##"  ; AF: ', I) ; : LPRINTtl  
" j USING":#:#:#. ##";  E ! I) ; : LPRIbJT" " ;USING"#.####" ;SG( I )  
l';Yr:)r:! NEXT I 
1'710 F~EM 
172C1 LPR1NT:LPRINT:LF'HINT 
1-730 LFR I NT" MEMBER# FORCE ( lbc, )  STRESS 
( p s i  ) STRAIN " 

1-74!:) LFR I N'T " - .-------- ----- -.---.-------.-------------------- ------ ------- ----- 
I I  

1750 FOR 1=1 TO M i  
176C! LPRINT"  " ;USINGW###" i  I; :LF'RIPJTII 
" 5  USINGu######.  #' I ;  F C  (1) ; : LPRIPJT1l 
~ J C J S I M E ~ # # # # # # . # " ;  S S ( 1 )  j :LPEINTH 
" ; USINGu###. ######Ig ;  SF: ( 1) 
177C! NEXT I 
178C:) REM 
1'7'30 LPR I ldT : L.PR I NT : LPR I NT" TEMPERATURES: " 
180(3 LF'R I N'T" - --.---------- 11 ------------ 
181C! LPRINT: LPRINT"  ALL TEMPERATUWES ARE EQUAL EXCEPT: 
182(:! LFR I NT 
183C) FUR 1 ~ 1  TO P! l : IF  TEII!.::).O TI-IEN LFRINT"  MEMBER# 
I; Itrn TEMP.=T+" iTE! I ) ; "  F. THERMAL EXF'. 

C(IEFF.=";AT(I !  j " I*l.E-b) " 
1840 NEXT I 
1 8 5 0  HEM 
1 8 6 0  LF'RIPJT: LF'R I N T  
! 8'7~:) HEM 
188G LF'RINT" EX'TERNGL FORCES: " 
1890 LPR I !\IT" ,-,----....-....--I.----. I t  --.----.-----.---.-.--- 



140 

ALL EXTERNALLY APPLIED FORCES ARE 1 9 :  LPR I NT: LPR I NT " 
ZERO EXCEPT :" 
1910  LPRINT 
1920 FOR I=1 TO N STEP 2 
1930 J= (14-1) /2 
1940  LPR I NT " F ! " j J j " ) x  = " j E X T ( I ) f "  
Lbc,. " 
195C) REM 
196O LPRINT" F(";J: " ) y  = " : E X T I I + l )  j "  Lbs ."  
197C) NEXT I 
198C1 LPRINT: LPRINT 
199U LPF: I NT " >The t o t a l  w e i g h t  o f  t h i s  s t r u c t u r e  is 
H:USINGu#####.##ll;TbJj:LPRINT1' l bs . "  
2!:?t:)r:) LPF: I N'T: LPR I NT 
2 0 1 0  RETURN 
2r:>20 REM 
2030 HEM T h i s  is the  2 n d  sub.  I t  c r e a t e s  a g r a p h i c s  f i l e .  
204O REM T h i s  i s  the s c a l i n g  rou%ine... 
2!:)5!:) REM 
2!:>60 XM=- 1 C!QOt:) : X I = 1 t:)00(:) 
2 0 7 0  YM=- 1!:>(:)!30 : Y I = 10000 
2 0 8 0  FOR I=l TO N1 
2090 I F  X ( 1 ) I X M T H E N  XM=X!I) 
1 I F  Y!I)<::YM THEN YM=Y(I )  
1 1  I F  X<I) : : : .XI  THEN X I - X ( I )  
21.2C) I F  Y( I ) : : : .Y I  THEN Y I - Y ( I 1  
21:T!:) NEXT I 
2.540 F:EM 
2 1 6 0  XD=ABS!ABS(XM)-ABS(XIH 
'3 1 Y !:r Y D=ABS ( ABS ( 'f M) -485 ( Y  I H 
2 1 YC) XX-YD 
2 2 g 0  I F  XD:;.YD THEN XX=XD 
2 2 1 0  F(EM 
222(:) LET MF=E(M 
2222  OPEN" OH, # 1, " PLOTTEF:. EAT1' 
2223  PRINT # I ,  MF 
22:3!:) FOR 1-1 TO N1 
2 2 4 0  X ( I ) = X ( I ) - X I  
2251:) Y ( I ) = Y ( I ) - Y I  
2 2 6 0  X ( I ) = X I I ) * < R / X X )  
337~:) Y ( I ) = Y ( I ) s ( 8 / X X )  A- 

2280  X N ( I ) = X  ( I )+B(2*1 - -1 )+MF 
229~:) YN ! I ) =Y ( I ) +.B ( 2 s  I ! n.MF 
' - r P I Q C  
L L , ~  PRINT # i , X N ( I )  , Y N I I )  
231:~:) NEXT 1: 
23!:)5 CLOSE 
21310 F:EM 
232r:) EEM 
*'> -7 -7 ..L.:*.JC:! GPEN 'I 0 " , # 1 :, I1 F I LE2. SUB 
23413 PRINT #1,"  USER 0 " 
235r:) 1 F !;ELECT =3  'Ti-{EN PF: IMT # 1 , "PR INTER 1 " 
y>-?' 3 ,..-,a0 I F  SELECTz2 'THEN FH I N'T 4B 1 , "F'R I f.ITEF: (1) 
q " .- 
. ~ . i t  /!I! PI? II\JT # 1 "CHAK'1- F-E-PI, C:MD I' 



2380 I F  SELECT=2 THEN PRIWT#i,"MEASIC PEN " 
2390 I F  SELECT=2 THEN PHINT #i,"CHART F-E-M1.CMD " 
2 4 0 0  PRINT # l , "SUBMIT F I L E 1  " 
241r:) CLOSE 

2 . 4 2 6  REM 
2 4 3 0  OPEN "On, # 1, "F-E-M. CMD" 
2 4 4 0  PRINT # 1, " PLOTSX TYPE 16 " 
2 4 5 6  PRINT # l , " ' P L O T  2.5 O -3 END " 
2 4 6 0  PRINT # I , "  SMBOLL -.7 9.5 .2 ";CHR8134)g"ANALYSIS OF 
A STRlJCTURE BY THE F I N I T E  ELEMENT METHOD. 
S.M. ";USING"#####ll;NS; :PRINT #1,CHR8(34) ; " 0 99 " 
2 4 7 0  FOR I=i TO M1 
2 4 8 0  PRIldT # I , "  CIRCLE " ; X I F l I I ) ) j "  " ~ Y ! P i ( I ! ) 5 "  -.0? .I 
I I 

2 4 9 0  PRINT # I , "  CIRCLE " ; X ! P Z ( I ) ) ; "  " j Y ( P 2 1 1 ) ) $ "  -.OY .1  
i t  

7c,- - , J ..I (-) PRINT # I , "  PLOT " ~ X 1 P l I I ) ) ; "  " i Y 1 P 1  (I) ) j "  
?r 
.-s 

u ; X ( P 2 ( I ) ) ; n  f l ; Y ! P 2 1 1 ) ) j "  2 END " 
2 5 1 (1) XC=1 X 1 P l ( I ) ) + X ~ P 2 ! 1 ) )  ) /2 :  YC=1 Y I P 1 ( I ) ) + \ f ( P 2 ! 1 ) )  
) / 2  
2520 PRINT # I , "  SME{OLL XC; " It; YC: " .2 
"; CHRB 134) : USINGW##";Ig 
253:! PRINT #i ,CHF:B(34);"  r;, 99 " 
254!:! NEXT I 
2 5 5 0  REM 
'3 " ~ ~ ~ 6 0  FOR I = l  TO N1 
257~:) 

I 
PRINT #I," SMBOLL n ; ~ l ~ ) a "  " " p ~ ( 1 )  j "  .2  

" iCHR8 (34) ;USING":##"; 1; 
2580 PR I NT # 1 , CHR& 134 ) j " r:) (79 #I 

21390 X ! I ) = X ( I ) + B ( 2 * I - 1 )  
2 6 0  Y ( I ) = Y ( I ! + B I Z * I )  
2610 NEX'T 1 .-- 

362!:) F:EM & 

263~:) 11- SELECT=2 'THEN PRINT W 1, "EX I T "  
2 6 4 0  I F  SELECT=: THEM CLOSE 
2 6 5 0  I F  SELECT=2 THEN OPEN "O",#l,"F-E-M1.CMD" 
2 6 6 0  E F SEL.ECT=2 THEN PF: I N T  # 1, " PLOTSX TYPE 1 6  " 
2 b 7 0  I F  SELECT=2 THEN PRINT # I , "  PLOT 2.5 0 -3 END " 
2 6 8 0  FOR I = l  TO M1 
267~:j PRINT # I , "  CIRCLE " i X N ( P 1 ! I ) ! ; "  " j ~ r . 1 ~ 1  1 1 5  ) a  - s f79 .-. 

2'70!::) PRINT # I , "  CIRCLE " j X N ! P 2 1 1 ) ) ; "  " ; Y N 1 P 2 ( I ) ) ; "  -. . (119 
27 1. r:) PRINT # I ,  " PLOT " j X W  ( P I  1 I) 1 ; " ";'fN!Fl 11) ! ;" 3 
11 . y. .N!P2! I ) ! ; "  y " j Y N ! P 2 ( 1 ! ! ; "  2 EI'JD " 
7'7'7 - 
,, ,!.! NEXT 1: 
273r:j FtEM 
2 7 4 0  PRINT # I , "  E X I T  " 
275(1! REN 
2'7hr:) CLOSE 
2770 RETURN 
2'?8i:) REIY 
:3Or:)O REM T h i s  is the subroutine t . h a t  prepares for pIar;tic 
anal ysi.  s. 
:3!:1 l r:! Fi EM - 



3025 RM=r:, 
:3r:)28 FOF: I=i TO Mi 
3029 RA(I)=ABS(SS(I)/YS(I)) 
5!33r:) IF F:A ( I 1 :::.RM THEN RM=RA ( I 1 
3(:)32 NEXT I 
3035 PRINT CHR$126) 
3040 PRINT: PR INTuTHE SUGGESTED EXTERNAL FORCES ARE: (LBS 1 " - .:*042 FOR I=1 TO N: PRINT:XE=EXII}/F:M: PRINT 1,XE:NEXT I . 
3043 1NFUT"Hit the RETURN k e y  to continue";A$:RETURN 
3045 OPEN"O",#1,"GEOM.DAT" :PRINT #1,N1,Mi 
3048 FOR I=i TO Ni:PRINT#i,XO(I) ,YOU1 : NEXT I 
3050 FOR I=l TO M1:PR1NT#iyP1. (I) ,P2(I) ,MI (I},AR(I) ,L{Il 
3052 FOR I=i TO Mi:PRINT#1,ST(I) ,CT(I1:NEXT I 
3r:)53 FOR I=! TO M1: PF:INT#i,AT(I),TEII) : NEXT I 
3054 FOF: I=1 TO N :FRINT#i,BC(I) : NEXT I 
-7' - El- .-\rbs CLOSE 
3t36(:) OPEN "0" , # 1 , " E-MOD. DAT " 
3!:)8C! FUR 1 . ~ 1  TU M1:PRINT #1,E(I) ,E(I) : NEXT I 
3!:)9(:) CLOSE 
3iC)C! OFEN"i3",#1, "SS-SR.DATn 
3 1 1 t:) FOR 1=1 TO Mi PRINT 
#1,SS(I) ,SF:(II ,YS{I! 7F:S(1') ,C>?FC(I!: NEXT I 
3 1 1 5  FUR I=i TO N : PRINT #i,EXII) : I 
:3 12t::) CLOSE 
I!, 22 [3!"EN 0 " # I ,  "FI!-El.. SIJB" 

'? 124 PF: I P..IT# 1 , " F'W I MTER C)"  
:3 12b p~ I I\.I'T# 1. , "MBAS I c M J. 
3128 PRINT#i,"SUBMIT FILEZ" 
::;I30 CLOSE 
-r 1 ;: 
..z - r i  RUI'J "Mi.EAS" 
215~ !;;EM **.**+** END [IF FILE ***.?++*.*+ 

.-- 



10 REM 
30 REM T h i s  i s  W i . B A S "  by E v a n g e l 0 5  M a r i n i s  
50 REM U p d a t e d :  M a r c h  28, 1985. 
70 REM It can f o r m  a s q u a r e  m a t r i x  f r o m  d a t a  s u p p l i e d  by 

-- - 

the  user. 
9O REM It c a n  a lso  a d j u s t  the m a t r i x  according t o  the  
b o u n d a r y  
110 REM c o n d i t i o n s .  
130 REM 
1 5 C 1  REM Then,  i t  w i l l  save tha t  m a t r i x  on d i s k  under t h e  
name 
170 REM "MATRIX.DATW. T h i s  f i l e  w i l l  beused  as inpu t  t o  

BAS" 
190 F:EM w h i c h  w i l l  i n v e r t  i t .  
210 OPEN"O", # I ,  ' !F ILE2.  SUE" 
230 PRINT  # I ,  " "  
250 CLOSE 
27r:) REM 
290 PRINT  CHRs126) 
.- s I O  P R 1 N T " T h i s  i s  "M1.EAS7 w h i c h  w i l l  f o r m  t h e  s t a r t i n g  
mattr.j.:.:. " 
:33r:1 PF: I NT : PF: I NT: PR I IYT 
-* ,= " .:>dO OPEN " I U , # 1 ,  "GEOM.Dk7'" 
370 INPUT # i , N l , M 1  
39!::! REM 
4 1 9  LET N:=Z+N1 
43C! NN:=N*I'.I 
4!3r:) D I M  A !lY*N 1 
470 FOR I = 1  TO N : LET A ( I ) = 0 !  : NEXT I 
4 9 0  D I M X ( N 1 )  : D I M Y I N 1 )  
510 FOE I = 1  TO N1: INPUT # l , X ! I ) , Y ( I I  1 NEXT I 

.- 
53r:! FOF: 1-1 TO M I  
55~:) PRINT " P I N #  " i  I;" X ( I I = " ;  
5'70 PF:INT lJSING"#####.#######"jX(I!;:F'WII\JT " Y ! I ! = " ;  
57r:) PF: I NT US I NG ":I+####. #######" F Y ( I I 
6lr:) NEXT I 
630 PF:INT:PRINT:PRINT 
&St:) D I M  P i  (M I !  : D I M  P 2 ( M 1 )  : D I M  M I  (II1I 
6'70 D I M  OE(M1I  : D I M  N E I I I :  I A R M  : D I M  L ( M 1 I :  D I M  
VSIM11 : D I M  RS!M1! 
6?!:1 D I M  CT(M i ' ,  : D I M  ST(M1)  : D I M  AT(M1)  : D I M  TE!! I1) 
710 D I M  I.::(MI! D I M  14T!Mi! : D I M  S E l M l !  : D I M  VL!I"11) 
'7:5!:! DIIY t:::1(Mj.) : D I M  t : f2(Ml !  : D I M  !.:::Z(Mj.) 
'75!:! D I M  E ( M !  
'7'7t:) 
'79C1 F:EM T h e  f o l l o w i n g  + t a t e m e r i . t s  i n p u t  k1-i~ d a t a  fot-. .the 
nernber  s . 
{3iC1 FOP: 1:=1 TO M i  
13:3C1 INPUT #1,F'1 (1 )  , P 2 , I )  ,M I  (1 )  , k F : I I f  ,L! : [ j ,  
I.:::( I ) ,SG (1) ,'is (1 )  , F:!3 (1: ! 
85!:! NEXT I 
E37!:} 1-1 1-a M I :  INPUT #J . ,S 'T ( l )  ,CT(] : !  : [\]EX?- :[ 

89!:! FOR 1-1 TO M I :  I l I ' J  I I :: NEiXT I 



910 FOR I=1 TO N : INPUT #1,E(I): NEXT I 
93C! CLOSE 
950 OPEN" I " , # 1 , " E-MOD. DAT" 
965 FOR I=1 TO Ml:INPUT#i,OE(I),NE(I): NEXT I 
967 CLOSE 
969 REM 
970 PRINT CHR$(26):PRINT:PRINTn i . Continue ... to change 
external load (5). " 
975 PRINT" 2 . Unload the structure. ! 
! ! 18 

977 INPUT SELECT 
979 IF SELECT=l THEN GOT0 1030 
(78(:! 1 F SELECT.::: :::.I AND SELECT( >2 THEN GOT0 976 
982 PRINT: PKINT: FH1NT"You have sel ected to remove a1 1 
external load (5). " 
985 FOR I=l TO Ml:NECI!=OEII!:NEXT I 
991:) OPEN" 018 , # 1 , "E-MOD . DAT " 
991 FOR 1=1 TO Ml:PRINT#l,OE(I),NEII): NEXT I 
993 CLOSE 
1(36(:! PR1NT:PRINT"Please wait while I set-up a n e w  
coef Sicient matrix. " 
i!:>3C1 FOR I=l TO Ml 
! LEI L(I)=( f ( 1 )  ) - x (  I !  ) f I !  f I ! !  + 
(X(P2(I!)-X!Pl!I!)!*(X(F2(I))-X(Pl(I!) ) !  

11::!7!:! L-ET I- ! I ! =SBR ! L ! I 1 
1 i'lqC! 1.JT i I ! =SE ! I ! *C':R ( I! +L. ( I ) 
111~:! LEI- k : : ( I ! = G R ( I ! * h J E i I ) / L ( I )  
i13!:> L..E'T CT(I!= ! .X(P2111!-X(P1(1)! ! / !-(I) 
1150 LET ST!I)= Y(P~(II)-Y(PI~II) ) / L(Ij 
11.7(! LET k::l (I!=K:!I)+CTII!+CT(I) 
1 I?!:! LET 1.:::2 ( 1 ) =k:: ( 1 ) *CT I I ) *ST ! I ) 

. -- 121.~:) LET k::3(I!=k::(I!+ST!I)*S'T!I) 
123C! REM 
1250 LET AL=P1 (1) 
127C! LET BE=I='2 ( I ) 
1290 A((2*AL-2).*N+(2+AL-l) ! = & ( ( ~ Y A L - - ~ ) * M + ! ~ * A L - ~ )  )+K1II) 
1 c A ( ( 2+AL-2) *N+ (2+AL! )=A((2+AL-2)*N+(2*AL) )+K2(I) 
1:3:30 &((2*AL-2)+N+(2*BE.-l) )=A!!2*AL-2!*N.t!2*BE-l)!-KlII! 
1.350 A ( (2+AL-2 ) *N+ ( 2*BE) =A ( (Z+AL-2) *l\J+ (2*EE! ) -13::2 ( 1 ! 
1:370 &(!2+AL--l)*Ni-(2*AL-l) ) = A ! ( 2 * A L - l ) * N + ( 2 * A L - l ) ! + ! : ' ; 2 ! 1 ?  
1390 A((2*AL-l)+N+(2+&L) )=A ( (2*fiL-1) *N+ (2+AL! ) +t:::3 (I) 
14 1~:) A ( ( z.*,qL- :L xN.+ (2+E{E- 1 ) ) =A ( (2+4L- 1 ) *N+ (2+BE.- 1 ) -k::2 ( I ! 
3.43C! A ( (2*AL-1) +bJ+ (2*BE) ) =A ( ( ~ Y A L - ~ )  +b.l+(2+9E) ) -I.::3! 1 ) 
1450 A ( (2+BE-2) (2*fiL-l) ) =A ( (2*BE-2) *N+ (2*AL-1. ) ) -kc1 ! I 1 
J 470 C': ( (2+BE-2) *!\I+ !2*kL) ! =A ! (2+HE-2) *N+ (2+AL) ) --kc2 ( 1 ) 
14.90 A ( (>:*EE-2! *N+ !2*BE-l) ) =A ( (2+BE--2) *Ni- !2*BE-l, ) 1 i-t:';l ! 1 1  
1519 A ( (2+6EE-2) +N+ (2*bE) =A( {2+EE-2!+M+(2+BE) +k::2( I! 
3 :  A (2*BE- 1 ) *N1- (2+AI-.- 1 ) ) =A ( (2+t.EE- 1 ) *l\J+ (2*AL- 1 ) -1.:::2 ! 1 ! 
3.55<! A ( (2UBE.- 1 1 +I'd+ ! 2*AL.! 1 =A (2*E{E- 1. ) +r%.l+ (2*AL-) ! -k::3 ! 1 ! 
157C) (9 ( (z.?i.EE-- 1 ) +N+ (2+BE- 1 ) ) =A ! (Z*BE-.- 1 ) YNi- ( 2.rt.BE- 1 ) ! i-k::2 ! I 
1 9  A ! (2.EBE- 1 ! *bJ+ (2*BE! )=A( (2+BE-.l)*N+(2+BE) ) +1.::::3(1) 
?bj,[:! I"HII'.J'r" II - P 

:':.&3~:! I'.jEXT I - 



1650 FOR OC=1 TO IY 
1 6 7 0  I F  B!OC)=O THEN GOSUH 1910 
ih90 NEXT OC 
1710 REM T h i s  i s  w h e r e  the p r o g r a m  has f o r m e d  the A m a t r i x  
a n d  

- 

1730 REM i s  r e a d y  t o  p r i n t  i t  on d i s k  a l o n g  w i t h  other 
i n f o r m a t i o n  
1790 REM t o  be u s e d  b y  "MATHIXZ.EAS" f o r  the m a t r i x  
i n v e r s i  on. 
1770 KEM 
1790 OPEN "O",#i,"MATRIX.DAT" 
1 8 1 0 LET NN=P.l*N 
1 $33<:! PRINT #1,N,NN 
1E359 FOR S = = l  TO Nt\J : PF:INT # i , k ( . I S  : NEXT I 
it370 CLOSE 
1890 RUN"MZ.BAS" 
1310 REM T h i s  i s  S u b r o u t i n e  # l .  It c h a n g e s  t h e  PI m a t r i x  
a c c o r d i n g  
1930 REM tu t he  b u u n d a r y  c o n d i  t i  ons .  
195!:! REI'I 
19'70 LET UQ 
1 9 ? <:I Iz(3R J.11 T13 N : LET Ii=!BQ-1)UN-i-J : A I I I ! : = C ! !  : PIEXT 
2 
z!:)!.!:! REM 
,y (-,':: ("1 .- ._. ._.I ._ FUR I=I To PI : LET 11=~I - l i *N i -L ! [5 !  : A(II~.=!:!! NEXT 
I 
2r:!5!:) REM 
:2!:!7r:) LET 6 ( t BQ- 1 ) +N+QQ ) =(I! 
2 :  F:ET[JRN 
2 1  I(:! REM + ENrj C)F FILE +++.% 



10 REM 
2 :  F:EM T h i s  i s  'M2.B#S3 b y  E v a n g e l o s M a r i n i s M a r c h  
1785. 
3:) REM 
4 0 .  REM It c a n  p e r f o r m  a m a t r i x  i n v e r s i o n  on a n y  s i z e  
s q u a r e  m a t r i x  
50 REM up t o  30x30 .  
60 REM 
1c:)r:! OPEN "I",#l ,HMATF:IX.DAT" 
11r:) INPUT #l,N,NN 
120 DIM A<NN) 
1 2 2  REM 
123 PRINT CHR8(26) :PRINT:PF:INT:F:'RIF1T 
124  PRIN'~" The m a t r i x  I n v e r s i o n  r o t - t t i n e  h a s  
s t a r t e d .  ":PF:INT: PRINT 
128 PRINT " T h e r e  i s  a t o t a l  o f  ll:N;" 
p i v o t s .  ": PR1NT:PHINT 
129 PRIP.jTH P l e a s e  W a i t  w h i l e  I d o  the 
i n v e r s i o n .  ":PF:INT:PRINN1":PRINT 
130 FOR 1=1 TO NN 
l4r3 INPUT # 1 , A ( I !  
15t:! NEXT I 
41!:1 CLOSE 
5 1 !:I GOSUB 1340 
1: j i l t _ !  *-, - CIPEN "UH,#1, "INVERSE.DATW 

53C! PRINT #I,N,NN 
54!5 FOR I=1  'TO N 
550 FOR J = l  TO N 
56C! PRINT # l , A I N V I ( I - i ! * N + J )  
5'70 NEXT 1J 

c r  '' dd!_! NEXT I 
5!7r:! REM 
'7'7!:1 CLOSE 
'7'74 RfJM "MS. BAS" 
'777 REM 
'?9!:! F:E M T h i s  1s the e n d  a f  t h e  m a i n  p rng ram.  
8r:!r:? REM 
8lr:) !?EM 'The .two s ~ t b r o c t t i  nes $01 1 ow. 
1320 REM 
84r:) RgM Sub.  I. 
G"/!:I MC=2n.r.j 
H8C! DIM W 1 ! N*NC) , MI.::: ! N*NC 1 , A I NV I: N*Nj 
83C! F O R  1-1 TO N 
? FUF: J = l  '?-O NC 
7 1. !::I IF J:::.r,j 'THEN '$30 
9 2 9  ~AJI.::: ( ( I - 1 'j yNC1-J ) =A C I I -- 1 ) + N + J  ) : GOTO [75!:! 
?:30  MI.::: ( i; I -j, ) *P..IC+J ! ZC! ! 
9 4 <:'I I!= ! J-N! = I  'TI-IEN MI::: ( ! 1-1 ! *NC+J) -1. 
9 5 0  NEX'T ;J 
T&t:! NEXT I 
?'?!I! FOR F::=l TO 1.1 
(7 $3 (1) I.:::=!? : D=Lijt::: ( (R- 'J, ) +NC+k:) 
7 <:I I F Q.::: :::.!I! T 1-4 Er.1 1. 0 1 !:I 



10r:)0 PR 1N'T"S INGULAR MATR I X . . . D=6 CHECK THE BOUNDARY 
CONDITIONS. ":PRINT: PRINTiiTHE PROCESS STOPS HERE.. . 
SORRY. " : STOP 
1010 FOR 1=1 TO N 
1020 FOR J=l TO NC 
1030 IF I=R THEN i06O 
1 r:140 IF WK((R-l)*NC+J)=O OH WK( (I-l)*NC+K)=O THEN Wl((1- 
l)*NC+J)=WK((I-1)*NC+J) : GOT0 1070 : ELSE 1050 
1 r:)50 W1 ((I-i)*NC+J)=WK( (I-l>*NC+J)-WK( (R- 
~).ENC+J)*WP;!(I-~)*NC+P;)/D : GOT0 1070 
1 <I) 6 t:) W1< (1-1)*NC+J)=WE( (I-l)*NC+J) ID 
107r;) NEXT J 
1081:, NEXT I 
1 1 1 c:) FOF: I=l TO N 
1 120 FOR J=1 TO NC 
1 13<:1 WK! !I-l)*NC+J)=Wl< (I--l)*I\JC+J) 
1 140 NEXT J 
1 15C) NEXT I 
1155 F'F:INT:PRII'\JT"FIVOT NUMBER ";R;" OF "3N 
1170 NEXT R 
1 1 8 0  FOF: 1=1 TO N 
1.190 FOR J=I -ru N 
2 :  ~~I I \Jv ! ( 'E-~) .+~, I+J)=~~J~: : :~ ! I - -~)*Nc+!J+N))  
1 1  NEXT J 
122t:) bJEXT 1: 
1230 RETURN 
1 :3&r:) END 



I(:! REM 
2!3 REM 
;St:) REM This is 'MS.BAS'. It reads the inverted rrlatrix 
40 HEM and calculates forces, stresses, etc. 
50 REM 
60 PRINT CHRS ( 2 6 )  
'70 PRINT "This is 'MS.BAS7 March 28, 
19813. " 
€30 REM 
9r3 OPEN "Iv,#l,uINVERSE.DAT" 
1 0 0  INPIJT #I, N, I\JN 
110 DIM AtNN! 
120 FUR I=1 TO NN : INPUT #1,A!I) : NEXT I 
izr:! CLOSE 
14r:) OPEN "I",#I,"GEOM.DAT" 
1SC 'TNPLJT #1,N1,M1 
160 DIM X(N1) : DIM Y IN1) : DIM XNIN1) : DIM YNINI) 
170 DIM Pl (MI!: DIM P2(M1) : DIM MI (Mi) 
1 :  I O M  :DIM PlE(M1) : DIM ARIM1) : DIM L(M1.j : DIM 
K!M1) : DIM SG(M1) 
??(':I DIM ST!M1) : DIM CT(M1) : DIM YS(M1) : DIM F:S!M1) : DIM 
RR IM1) 
200 DIIYl I.::i (Mi j : DIM b::2 (MI) : DIM !.:::3 ( M I !  : DIM C!N! : DIM 
ElZ (MI ) 
210 DIM EX (N) : DIM H(I'.l! : DIM 'TEIM1) : DIM A"rl!lf.! : %IM 
F'S (Mi! 
22~:) DIM FCtM1) : DIM D!N1) : DIM SS(M1) : DIM SF:l!"l1) : DIM 
EC (N! 
23!:! DIM UAIM1) : EIll BB(M1) : DIM CC(M1) : DIM XEIPJ! : DIM 
CF'!M1! 
24t:! FOR I=1 TO 1\41 : INPUT #1,X!I),YfI) C NEXT I 

. -- 
?"St:! F:EM 
2b0 FOR I=l TO MI 
27t:) I NPIJT 
#l,Pl!I!,P21I!,MI (I),AFt(Ij,LII) ?K(II ,SG(I!,YS(I>3F:S<I) 
26~:) PJEXT I 
2~:) FOR I=I rn MI : INPUT #I,STII!,CTII) : NEXT I 
:?;G(:> FOF: 1-1 TO Mi : INPUT#l,AT(I),'TE!I! : NEXT I 
310 FOR I=1 TO N : INPUT#i,E!I) : NEXT I 
32!:! CLOSE 
33i3 QPEN"I",#j., "E-MOD.DAT" 
34!3 #-OF: I=l TO M1: XNF'UY#l,OE!I) ,I'%JE(I) :NEXT I 
:Ist:) [:LOSE 
:36t:! [:]PEI\J " 1 " , # 1 , "SS-SF: . DAT " 
3 '7 !:! FOF: Iz 1  TO 
Mi: INPUT#l,SS(I) ,SR(I! ,YSII) ?RS(1:) ,PS(I! I E X  I 
380 FOR I=l TO N :INPUT#i,XE(I):NEXT I 
3?t::! CLOSE 
4~:!!:! REM 
4 SELECT-0 
42!:1 PI? I NT CHRB ! 2b ) : PF: I NT: PR I l\lT: PR I IXIT: PI? I NT 
4:3<:) PWIN'I-" 1 . SPEC I FY I NCREMENI'AL FOHCES " : PF: I N? : FF: I MT 
441:j PRII\JT" 2. COFF'LE'TELY LJlilLClAD TI-4E STRUCTURE " - 



4 5 0  PF:INT:PRINT:INPUT"Select 1 or  2 :":SELECT 
460 IF SELECT(::::.I AND  SELECT^::)^ THEW GOTO 4 2 0  
470 I F  SELECT=2 THEN GOT0 680 
480 I F  SELECT=l THEN GOT0 500 
4?!3 REM 
5 REM T h e  f o l l o w i n g  s t a t e m e n t s  a re  lased t a  i n p c t t  t h e  
f or-ces.  
5 10 REM 
520 PRINT:PRINTNPLEASE INPUT ALL THE EXTERNALLY APPLIED 
INCREMENTAL FORCES " 
c-7 J.:,<! PRINT: PF: J.NT "LET ALL UNKNOI4N FORCES =O. " : PR I NT : PRINT 

540 FOR 1=1 TO N STEP 2 
550 J = ( I + l ) / Z  
56C! PE1NT:PRINT"L~Jhat i s  t l ~ e  f o r c e  F ! " j J j  "I:.: = " j  

5 '7 0 INPUT C I I )  
513!:) 13RII\JT"What i s  the f o r c e  FC": J; " ) y  = "' P 

5 9 r:! INPUT C! I .+ l !  
S!:!!:! NEXT I 
61 <:I ANSB="Nn 
620 PR1NT:PRINT 
63!:! PRINT: 1NPUT"ARE THESE VALlJES C0RF:ECT !Y /N! " i A N S ~  
6 4 0  PRINT: PRINT 
&!?(I) I F  AI\.lS$== "'f " T!-!EN GOTC) '739 
66!3 I F  ANS$="M" 'TI-{EN GOTU 540 
6'713 f F ANSB.::: :::. " N " AND AI\!S$.:" :::. " "f " THEN GO'TC] 6:3C? 
&8(:! HEM Da n o t  E r a s e . . .  f4.k t h i s  p n i . n t  t h e  s t r u c t c t r e  Un lnac ls  
C!xr~p:L e t e l  y .  
tJ9!:) REM 
?r:?!:, FOR 1-1 TO MI :  NE!2) -0Er; 1:) : PJEX.1'' 3: ' 

'71!:! FOR I=1  TU N : C ( I ! - ! - l ! * X E ! I )  : NEXT I 
7:2!:1 !?EM 
730 FOF: I = 1  TO N : EX! I !=C( I ) :NEXT I 
740 FOR 1=1 TO N : X E ! I ! = X E ( I ) + E X ! I !  : NEXT I 
'-7 r ,- 
:J.-) HEM 
760 FOE 1=1 -ra N 
770 I F  B!J.)=O "II-IEN C ( I ! = 0  
7 8 Q  NEXT I 
7!3!:,i I-;:EM 
!3r:!r:! REM ' T h i  .; p a r t  (:a1 cu:! a t e 5  t h e  d i  s p l  arernen,ks. 
810 LE'T BM-O! 
a?!:, FOR I = 1  TC) N 
f3:31:, LET B ! I =!:! ! 
84!:! F O R  J :=  3. 1-0 N 
85!::1 B ( I ) = B ( I ! + f l (  (I-l!+1'..I+J!.+CIJ! 
86C) NEXT J 
87!:! I F  AHS I: b ! I ! :::.E{M THEhl LET BM=AES ! B ! I ! 
88!:! NEXT I 
8!?C! I F  SELECT=2 THEN ECITO ?St:) 
9!:!C! REM 
Sl!:! HEM ' T h i s  p a r t  c a l c c t l . a t e s  t h e  f o r c e s  un e a c h  membcr. 
32!:! F:EM 
(7.7' - 
7.2C! FOR I = 1  'TO MI. 

- 



940 I F  P S ( I ) = O  AND RBS(SSC1) )c<=YS!I) THEN B F ( I ) = ( -  
1E+06! * (  (3. 14159) . .~5?*0E( I>*MI  (I 1 ) / (L (  1)."'2) 
950 I F  PS(I)=r:) AND A B S ( S S ( 1 ) )  > Y S ( I )  THEN B F ( I ) = A R ( I ) * ( -  
i ) ~ ( 5 * ( 3 . 1 4 1 5 9 ~ ~ ~ 2 ) * M I ( I ~ * O E ~ I ~ * ~ 1 E + O b ) * Y S ~ ~ ~  ) / ( 2 * A H ( I ) * Y S ( I ) *  
(L(  1)."")+3*13. 1415'3^2)*MI ( I ) * O E  ( I ) * ( l E + 0 6 )  ) 

960 I F  PS!I)c:>O THEN E F I I ) = O !  
971:) NEXT I 
98!:) REM 
996 REM REM FF: I N'T CHRS ( 26 ) 
1 OUO P H I  NY " MEMBER P I N # ( A ,  H) U ( F I N )  V t P I N )  " 
1010 PRINTH====== --------- --------- ------ ------ ---I-- I 1  ------ 
l[:)ZQ PRINTU-----------------------------------------'1 

1030 PR1NT:PRINT 
1040 FOR I=i TO MI 
1 (1) 5 (:I PR I !\IT 1 I " 5  USING"###" ;  I t  :PRINTis 
" ; U S I N G " # # # " : F l ( I )  j :PRINTI1 
"!USING"####. # # # " i B ! 2 * P l  (1)- i !  EPHIPJT'~ 
";USING"####.###1s j B ( 2 * P i  !I) ) 

1 r:! &!:t PRINT"  " j U S I M G " # # # " j P 2  (1) 5 :PRIPJTsl 
" ; USING"####. ###I1 j B (2*P2 (1) -1 1 ; : PRINT1' 
":USING"####.###''iB(2*P2(1) ) 

1 7 (1, D! I !  !=E( 2 * P 1 ! I ! - 1  ! * C T ( I )  + B !  2.*F'1!I! ! * 
S'T ! I j 
1 !I) 8 !:) E (  P 2 ( I !  j = B (  2 * F f Z ( I ) - i  ) Y C T t I )  + 2 * P Z ( I !  ! * 
S ' T  f I) 
I!:!?i:t b c ! I ! = f i R ( I ! * l L j E ( I ) / L ( I j  
1100 FC(I).=.I . : : ( I)  .ic ( D! P2!11 ! - D I ! ! *iE+!36 
1110 CFI I !=CF!T !+FC( I>  
112t.3 NS=FC! I ! /AR! I !  
1130 SR!I)=SR!I)+!NS/(NE(I!+ffE+t1f&)! 
1 1.40 IF PS ( I ) ;.!:I AND ABSISS(I! !.:::=Ys(I! THEN 

<- - JS!I~=SS!I!+NS:NE!I:!=OE!I!:G~TO 1i9Q ..- 

1 1 5!:) I F  Ps(I) ; : :O AND ABS ISS ( I ) ! 3YS ! I) GND 
AES!SS!I!+NS! kABS!SS!I)) THEN 
SS!Ij=SS!I)+NS:NEII~=!OEII!!(2*YS(I)! i * ! 5 * Y S ( I ) -  
3*.Pi8S!SS11!!):GOTO 119t2 
1 1 60 I i= PS (1)  =(:I AND A B S ( S S ! I ) !  > ' fS ! I )  GND 
f iBS!SSI I! +NS!.:ZAES(SS(I)) TtiEN 
F'S(I?=SS!I):S:5(I)-SS(I)+NS:I\JEII!=UE(I!:GU'Ti3 1130 
1 1 ':I !:I I F  PS(T!<::.O AND ABS!SS( I !  ).:::=ABS!PS(I)! AND 
ABSISS! I!+NS!.:::ABS!PS(I) ) T l i  EN 
I'~.IE<I!=OE!I!:SS!I!=SS(I!+NS:CjOTO 119C.l 
1 1 '$!:) I F  P S I  AND k B S ! S S ( I )  ) . :<= f ibSF 'S ! I ) )  AND 
AES!SS( I )+NS)  :::.=ABS(PS!J.) ! THEN SS( I !=SS! I !+NS:PS( I )=5,  
: M E ( I ) = ( O E ( I ! / ( 2 + Y S ( I )  1 ) . ~ ~ ! ~ ) C ' ~ S ~ I ~ - ~ ~ A ~ S ! S ! I ) )  T 1 1 9 0  
119C! KEM Do n o t  er -ase t h i s  s t a t e m e n t . .  . . 
12!:!0 PRINT 
12J.t:) PF:II\JT "FIJI?CEClbs)-";CF!I ) ; " STRESS { p s i  ! = "  5 SS ( I )S" 
STRkIN=";SR,I!  :PRINT 
122Q IF ~BS! !3S( I ) ) . ' : . t /S ( I )  AND AES(SS<T) )E : '=RS<I )  TltEN 
PF:INT1'THIS MEMBER HAS YIELDED. Is 

1 zzt.:! IF T;BS I ss ! I 1 ) :::.=Rs < I j THEM PR I N I - I ~  TI-{ IS P~EMBER I ~ A S  
RUF"TCJREE. +?c.%Y+" : OE 1 1 ! -- 1 E-<:>&: NE ( I ! = 1 E-!:>6 - 
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152 . 

1690 REM 
1700 I F  SELECT=l THEN GOSUB 1880 
1710 I F  SELECT=Z THEN GOSUB 2 3 6 0  
1720 I F  SELECT=3 THEN GOSUB 2360 
173i) I F  SELECT=4 THEN 
OPEN"O1', # I ,  " F I L E 1 .  SUH":PRINT#l, "PRINTER 0": PRINT# l ,  "MHASIC 
MATRIX1~:PF:INT#l , l lSUEiMIT FILEZu:CLOSE:RUNuMATRIX1.BAS1l 
1 7 4 0  I F  SELECT=S OR SELECT& THEN GOSUB 2 6 4 0  
1750 I F  SELECT=S THEN RUN"M1.BAS" 
1 7 6 0  I F  SELECT=& THEN CLEAR : SYSTEM 
17'7r:) I F  SELECT=7 THEN GOT0 1790 
1780 GCITU 1 4 7 0  
1790 OPEN "0" , #1, "F ILEZ.  SUE" 
1800 PRINT # I ,  " "  
181(:1 CLOSE 
1820 OPEN"O", # I ,  " F I L E 1 .  SUB" 
1830 PHINT#1, "PRINTER O" 
1 8 4 0  PRINT# 1, "MBAS I C MATR I X I. " 
1850 PRINT#l , "SUBMIT F I L E Z "  
186C) CLOSE 
1 8 7 0  SYSTEM 
188r:! F:EM 'This is .the 1st sub. It p r i n t s  the r e s u l t s  on the 
p r i n t e r .  
1 8 ? C !  REM 
:! 902 F'R I NT CHRB '. 26) : PR I NT: Pi? I PIT : FR I : LPR I NT CHF:!ti ( 15 1 
1 4  10 PF: 1N'T"I:'L.EC)rSE SET THE PR INTER TO A hIE1.J PAGE. " 
142r:) F'F:INT: T=F:INT: PRINT"  H i  't .:::RETURN:::. to s t a r t  
p r i n t i n g . .  . " 
1930 INPUT AB 
1.940 OPEN " I " , # l ,  "SN,DATt' 
195C! INPUT # 1  ,SN : CLOSE 
196!:) LF'R I NT: LPH I M'T CHR$ I 1 5) 
197~) LF'R I 1a.r 

SER I AL# " 5 US I NG" ####I####" SbJ 
1980 LPRINT 
179!:! LET NS=SN 
2!:!i:)r:! LET SN=SN+1 : OPEN "OH, # I ,  "SN. DATu 
2r:!10 I F  SN:::.?o!:>r:) THEN LET SN=1 
2020 PRINT #1, SN : CLOSE 
,-,--v- 
: LPRIN'I-:LF'F:INTM ANALYSIS OF A 
STRUCTURE BY THE F I N I T E  ELEMENT METHGD" 
:? (1) 4 <I) LF'R I NT " - ----,-.---- -------------- -.-------.------ 11 ---- --.--------.----------.--------.----------.--------------- 
2!::>SC) LPF:II\IT: LPRIN'T" <A1 l 
ur t i ts  Eire LBS,IP~I. ) ":LPF:INT 
2 : :  LF'R I fijT" NUMEEA OF FINS= 
" jN1 ; "  NUMBER O F  MEMBERS= " 5 M1 
2r:!?!:! F:EM 
208!:! LF'R I NT :: LPR I PIT : LPR I NT : FOF: DIJ- 1 'TCI fil : PR I!\JT B i DU : LF'R I MT 
B (DU! , e K!U 
:z r:! 9 [I! LF'R I NT " 
EXTERNAL FORCES : " 

- 



'-t 1 t:! (:I LPRINT"  
.---------.---------- ------------------- ":LPRINT 
2110 LPRINT"  I NC I NC 
NET NET" 
2120 LPRINT"  P I N #  FORCE-:.: FORCE-y 
FORCE-x FORCE-y F i  :.: a d - x  F i x e d - y  " 
2130 LPRINT"  ............................................................ --------.---------------------------------------------------- 
--.----I------ ,,-, -,--- I 1  ...................... 
2 1 4 0  FOR I=1 TO N STEP 2 
215C1 J= (1+1) /2  
2160 LPRINT"  " j USINGn####"  j J5 
2 170 LPF: I NT " " j USING"#####"  5 EX II!; 
2 18!3 LPF: I NT" " jUSINGU#####" jEX < I + 1 1  5 
2 19Cl LF'R I MT " " 5  USING M######" ;  XE I 1) 5 
22!:30 LPR I I\JT" ";USING"######"; X E ( I + 1 1  i 
2210 NEXT I 
2220 LPRINT: LPRINT: LPRINT 
:??- - .& .J <-I LPRIMT" I NCREM' T L  NET 
NET NEW ELASTIC MEMBER MEMBER MEMBER" 
224~:) LPF: I NT " MEMBER# FORCE ! 1 Lc, > F0F:CE ! lbs=, )  
S'TF:ESS ( ps  j. ) MODULUS ! * 3. E-6 1 Y IELDEU BUCt:::LED 
!=:IJP'fIJF:ED " 
,-l F> cr (-, 
i: L cl ... I..F'F: I NT" 
.- ---.- -----.-.----------------------.-----.---.---------------.------.----.---- ---.--- --.--.-------------------.-.---------.---------.---.-----------.-.---- 
.-..---.-.----- .._------------.-------1-------1.----------.- I 1  .-.."..--.---------..----.----------------"-----.--------.-- 
22&!:! LF'R I f.iT 
2279 FOR 1 ~ 1  TO ~1 
228!:1 LpF: I f.jT " " iUSING"####" ! i  1; 
'"7?Qim! LpR I NTH .,..A,.. , .- " :USING"#####"  ;FC!I); 
'7"' - . LF'RINT" " j U S I N G U # # # # # # " i C F I I )  'I 
2:3 1 !:I LPR I NT " " ; U S I N G " # # # # # # " i S S ( I l  5 ..- 

7 .- P- .Z .., ,.. i- ,.-,.-I I-PRINT" ";USING"###.###";blE(I); 
2:33!:! NEXT 1: 
234!:! REM 
2350 LPR I WT CHR$ ( 1 a 1 : LPR I NT CHF:$ I 26) : RETURN: HEM 
2 3 6 0  F:EM T h i s  i s  t h e  2nd sub. It c r e a t e s  a g r a p h i c s  f i l e .  
237!:3 REIq 
2380 OPEN "OU,#1, "FILE2.SUH" 
239~:) PRINT # 1, " USER 9 " 
240!:! I F  SELECT = 3  'THEN PI? IPJT # 1, " PF: I NTER 1. " 
2 4 1 0  I F  SELECT=? THEN PRINT #1,"FHINTER O " 
242!:! PF? I WT # 1 , " !::!-lAF:T F-€-MI . CMD 
2411!:! PRINT' # I ,  " SlJBMIT F I L E 1  " 
244!:! CLOSE 

2 4 5 0  OPEM"O",#Y., "FILE1.SUB1' 
2 4 5 0  PRINT#1, "USER O" 
2.1'7!:! PF: I N T # 1  , "PRINTER !:3" 

2480 PRINT#i , "MBASIC M i "  
249!:) F'F: 1 NT# I, "SUBIII  T F I LE2 " 
2ZO!:! CLOSE 
251!5 F;EM 
252(:! OPEI\J 'a Q", # 1, " F-E-M. CMD" 



Tr-7 . PRINT #I, " PLOTS>! TYPE 16 " 
254(:1 PRINT #I, " PLOT 2.5 (1) -3 END " 
255(:) FOR 1=1 TO M1 
256(:1 PRINT #I," CIRCLE ";XN(Pl(I))j" ";YN(Pl!I) 1 ; "  - . 09 
2570 PRINT #I," CIRCLE "jXN(P2(I))j" ";YN(P2(I))jW -. 09 
25#(:) PRINT #I," PLOT ";XN(Fl(I)l;" ":YN!Pi (1) 1 j i l  T .-t 

";XN(P21I))aU ";YN(P2!1));" 2 END " 
259r:) NEXT I 
2600 PRINT #I," EXIT " 
26I.C) CLOSE 
2629 RETURN 
2650 REM 
2640 REM This is the subroutine that prepares for the next 
.force increments. 
265!:) REM 
2660 OPEN "OU,#1, "E--MOD.DATn 
2670 FOR 1=1 TO Ml:PRIMT#l,OE(I!,NE<I!:NEXT I 
2681:) CLOSE 
26~r.1 OPEN~IO", #I, "5s-SF:. DAT" 
2 7 (:I (:I FUR 1=1 TO M1 
#l,SS13! ,SRII) ,YS(I! ?RS(I) 3PS(I:> 3CF<I): NEXT I 
2'71!:! FOR I=1 TO N:FRINTH1, XEiI! :NEXT I 
r-, .7,-,  " 

i./ L.Q CLOSE 
2'73(:! RETUF:P.I 
2;7rbr:) R E I ~  .R.H-uu+++u END OF FILE +**?cu**.E 



APPENDIX E 

Computer System's Directory 



S D I R  A: 
ti)!:): !:I(:): 4 3  A: S D I R  . PRL  

D i r e c t o r y  For D r i v e  A: U s e r  0 

Flame --------- 
8 (I) 8 
CHART 
DSKRESET 
E-MOD 
ERA 
F-E-M 1 
F I L E O  
F I L E Z  
GEOM 
M 1 
M2  
M3 
MATR I X 
MA'TR I X 1 
MATR I X2 
MATH1 X 3  
MPM 
OVERLAYS 
P I P  
PLOTER 
F'LOTSPEC 
PLOTWAF?E 
PRINTER 
S D I R  
SM 
STAT 
TYPE 
WS 
WSOVLY 1 

.--- 
SUB 
COM 
P R L  
Dk'T 
P R L  
CMD 
SUB 
SUB 
DAT 
PAS 
BAS 
BAK 
E A T  
B k K  
BAS 
BAS 
SYS 
OIIR 
COW 
DAT 
DAT 
DAT 
P R L  
PHL  
DAT 
P R L  
P R L  
COP1 
OVR 

B y t e s  ------ 

T o t a l  B y t e s  = 
T o t a l  l k  B l o c k s  = 

R e c s  A t t r i b u t e s  blame B y t e s  R e c s  A t t r i b u t e s  ------ ------------ ------------ ------ ------ ------------ 
4 D i r  RW 4 1 4  SUB 4 k  4 D i r  RbJ 

234 S y s  RO D I R  P R L  4 k 1 4  S y s  RO 
5 S y s  RO DSKRST P R L  4 k 5 S y s  RO 
1 D i r  RW EPSNMAP COM 2 4 k  185 S y s  RO 

15 S y s  RO F-E-M CMD 8k 35 D i r  Rial 
10 D i r  RW F E  A SUB 4 k 1 S y s  Rbl 
1 S y s  RO F I L E 1  SUB 4): 1 D i r  RW 
1 D i r  RW GEOM B AK 4): 15 D i r  KW 
8 D i r  RW INVERSE DAT 4 k  6 D i r  RW 

31 S y s  RO H 1 B AK 4 k 31 S y s  RO 
1 4  S y s  RO M2  B AK 4 k  1 4  S y s  RO 
78 S y s  RO M 3  BAS 1 2 k  7 8  S y s  KO 

6 D i r  RW M A T R I X 1  BAS 8 1: 51 S y s  RO 
51 S y s  RO M A T R I X 2  BAK 41: . 21 S y s  RO 
21 S y s  RO M A T R I X 3  BAK 12k 81 S y s  RO 
81 S y s  RO MBASIC COW 2 0 k  1 4 4 S y s R O  

262 S y s  RO OVERLAYG OUR 3 6 k  275 S y s  RO 
4 1 9  S y s  RO PEN BAS 4 k 2 S y s  RW 
58 S y s  RO P I P  P R L  12): 77 S y s  RO 

1 D i r  RW P L O T L I B  R E L  4 0 k  302 D i r  RW 
68 S y s  RW PLOTTER DAT 4 k  2 D i r  RWI- 
92 D i r  RW PLOTWRMS OVR 8 k  58 S y s  F:O 
8 S y s  RO RESET BAS 4 k  9 S y s  RO 

137 S y s  RO SET P R L  8 k  6 0  S y s  RO 
1 D i r  RW SS-SR DAT 4 k 2 D i r R W  - 

78 S y s  RO SUBMIT P R L  8 1: 4 2  S y s  RO 
11 S y s  RO . USER P R L  4 k  8 S y s  RO 

1 2 4  S y s  RO WSMSGS OUR 2 8 k  218 S y s  RO 
266 S y s  RO 

6 2 0 k  T o t a l  R e c o r d s  = 3827 F i  l e s  F o u n d  = 57 
508 Used /Wax  D i r  E n t r i e s  For D r i v e '  A: 62/ 256 
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