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ABSTRACT

COVPUTER Al DED DESI GN USI NG
THE FI NI TE ELEMENT METHCD | N
ELASTI C AND PLASTI C REG ONS
Evangel os M chael Marinis
Mast er of Science in Engi neering

Youngstown State University, 1985

The objective of this thesis is to increase student
awareness in regard to the Finite Elenment nmethod and its
application in the design of structures conprised of two
force nenbers. To achieve this goal, a set of conputer
prograns wsa' devel oped to work in conjunction with each
other to sol ve various design problens. In addition, class-
room presentati ons, di scussi ons and conput er-room denon-
strations were held in the last two years for two cl ass
of ferings of the ME 807 Design of Mechani cal Systens course

After using the prograns, the students offered a
nunber of comrents and suggestions which were the main
consi derations during the nodification of the prograns to
neet the students' needs. A |arge nunber of "nenus" and
nmessages have been incorporated to nmake the prograns as
user-friendly as possible. Mst internediate cal cul ations
are perfornmed during the time that the operator needs to
I nput data. This reduces run-tinme significantly and naxi -

m zes the systenis efficiency. In addition, all significant



data are permanently stored in data files to protect the
operator fromdata | oss during power or systemfailures.

The finite el enent theory principles and their appli-
cations in the design of structures utilizing two-force
el enents are explained in Chapter |I. Chapter II presents the
type of conputer and support devices used, along with the
manuf acturer's utility software. Two structures are studied
in Chapter 111 as a denonstration of the proper use of these
prograns under conditions of elastic and plastic behavior.
The first is a two nenber statically indetermnant structure
studi ed under two environnmental conditions: first, at
uni formtenperature, second, with one of the nmenbers at an
el evated tenperature. The second is the study of a
statically determ nant C frame having the advant ages of
structural symmetry. Conclusions on the effectiveness of
the prograns and recomendations for further expansion are

presented in Chapter |V -
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CHAPTER |

THE FI NI TE ELEMENT METHOD

| nt roducti on

The Finite El ement nethod of anal ysis of conpl ex
problenms is based on the principle that the conpl ex system
(or structure, or circuit, etc.) can be divided in very
small and yet finite'elenents” whose coll ective behavior
closely sinmul ates the behavior of the total structure.

The conplexity of this method arises fromthe fact
t hat behavi or characteristics of only the individual ele-
ments are known i nstead of the behavior of the total struc-
ture, Based on conmon vari abl es, a system of equations
whi ch may descri be the behavior of the whole structure can
be witten using the characteristics of each elenent, In
the study of structures, one common variable is the dis
pl acenent of each node (connecting point between el ements).’
Figure 1 illustrates the effect of a force on the position
of a node (node B). The displacenent of the node fromits
original positionis related to the strains induced in the
menbers by the external force. Figure 2 shows a conplete
structure and the "finite elements” it is conprised of.
This is known as anal ysis of trusses by the method of

1
joints.

1
~ F. P. Beer and R E Johnston, Vector Mechanics
For Engi neers (New York: McGraw-Hill,1977), pp.216, 217.
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Fig. 2. Structure and its Finite Elements.



The devel opnent of the equations relating the
di spl acenents of the nodes to the external and internal
forces i s based on the principle of virtual displacements.2
This principle states that the followi ng equality rnust be

satisfied for all virtual displacenent increnments:
dw [I] = aw [Internal] = aw [External] = aw [E] , (1)

where daw is the change in Wrk done. The terns of the above
equation relate to the virtual displacenments and external

forces as foll ows:

dw = Force * displ acenent

aw [1] Internal force * change in nenber |ength

dw [E]

(External force applied to node A * nmagnitude of
vector di splacenment of node A ) + (External force
applied to node B * magnitude of vector

di spl acenent of node B)

consi dering the nenber of figure 3 The externally applied
forces are known. The internal forces are the product of

( A(i)*E(i) / L(i) ) * (change in member Iength).3 The
magni tude of the vector displacenents of the nodes, as well
as the changes in the nenbers' length are the comon

vari abl es necessary to set up a system of equations, and

represent the only set of unknowns.

2

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

3

Cernica, Strength O WMaterials, pp. 33, eq. 1-7




Fig. 3 Two-force nenber (AB).



Based on figure 3 and the convention that foll ows, a
nunber of equations can be witten for the nenber of this

figure which represents the general case.

U(a) = Absol ute displacenent of node Ain the x-dir'n.
V(a) = Absolute displacenment of node Ain the y-dir'n.
U(b) = Absol ute di splacenent of node Bin the x-dir'n.
V(b) = Absolute displacenent of node Bin the y-dir'n.

Th(1)= Angl e between nenber 1 (AB) and x-axis.

D(a) = Magnitude of displ acenent vector of node A
along the direction of the nenber.

D(b) = Magnitude of displ acenent vector of node B
along the direction of the nenber.
F(1) = Force in nenber 1 (AB) due to the relative

di spl acenent of nodes Aand B A positive

val ue indicates that the nmenber is in tension.
F(l)ax = x-direction conponent of F(1) at node A
F(l)ay = y-direction conponent of F(1) at node A
F(1)bx and F(1)by apply to node B
L(1) = Length of nenber 1 (aB)

= SQR [ (Xb-Xa)“~2 + (Yb-Ya)~2 ]4 (2)

A1) = Goss-sectional Area of nenber 1 (AB).

E(1) = Modulus of elasticity of nenber 1 (AB).

Al so, sin( Th(1) ) = ( (Yb-Ya) / L(1) ]} (3)
and cos( Th(1) ) = ( (Xb-Xa) / L(1) ) (4)
/)

Due to increasing popul arity and conveni ence of
presentation, all equations are presented in conputer entry
form N



EQUATI ONS

D(a) = U(a) * cos(Th(1)) + V{(a) * sin(Th(1)) (5)
D(b) = U(b) * cos(Th(1l)) + V(b) * sin(Th(l)) (6)
F(1) = ( A(1) * E(1) / L(1) ) * (D(b) - D(a)) (7)
For node A - F(l)ax = -F(1) * cos ( Th(1l) ) (8)
F(l)ay = =-F(1) * sin ( Th(1) ) (9)
For node B - F(l)bx = F(1) * cos ( Th(1) ) (10)
F(1)by = F(1) * sin ( Th(1l) ) (11)
By letting 1 = (A *E(1) / (1) ) , the
"el ement equations" (8, 9, 10, 11) for nenber 1 becone :
F(l)ax = K(1) * [ (u(a)-U(b)) * cos”2(Th(1))
+ (V(a)=V(b)) * cos (Th(1)) * sin (Th(1)) |
F(l)ay = K(1) * [ (u(a)=U(b)) * cos (Th(1)) * sin (Th(1l))
+ (V(a)=V(b)) * sin®2(Th(1)) ]
F(l)bx = K(1) * [ (U(b)-U(a)) * cos~2(Th(1))
+ (V(b)-V(a)) * cos (Th(1l)) * sin (Th(1)) 1
F(l)by = K(1) * [ (u(b)-u(a)) * cos (Th(1)) * sin (Th(1))
+ (V(b)-V(a)) * sin~2(Th(1l)) ]
Al systens of equations simlar to the one seen above

can be witten and sol ved as
matri x representation of the

matri x techni ques.

5
R

nmatrices. The following is the

exanple and its sol ution using

G Budynas, Advanced Strength and Applied Stress

Anal ysis (New York: MG awH

T, 1977), pp. 418, 419



F(1l)ax U(a)
F(l)ay vi(a)
=C * (12)
F(l)bx U (b)
F(1)by V(b)
-~ * M A * M
cos”2 cos sin -Cc0S"2 -cos sl n
. | cos *sin sin™2 -cos * sin -sin™2
C = K(1)
-c0s™2 -cos * sin c0s”2 cos * sin
-cos ¥ sin - sin~2 cos * sin sin”2

The above terns are related to each nenber's angle.
Al the external forces applied on a structure under study
are al ways known. A so, the coefficient natrix i s known.
The only unknowns are the displacenents of the nodes. As
with any equation of the form Y =C™* X, the solution for
Xis X = (1/c) * Y ° Since this is a systemof equations
represented in nmatrix form the solution for the
di spl acenent matrix would be simlar to X = INV(C) * Y
where INV(C) is the Inverse Matrix C Applying this to the
exanpl e, the solution is the natrix product of the inverse
coefficient matrix and the external force natri x.

It is obvious that sonme nodes will be restricted

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

coefficient matrix wll be different if nore than one nenber

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



is considered. As an exanple, consider the structure shown
infigure 1. This structure is conprised of two nmenbers ( AB
and BC) with nodes A and C fixed in both directions. The
system of equations for AB contains coefficients for the
di spl acenments of nodes A and B (total of four equations).
Simlarly, there are four equations for nmenber BC  Wen
both are conbi ned into one systemof 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 variabl es 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. O course, in other
structures there may be nore because nore nenbers may con-
nect at the sanme node. The coefficients of these variables
nmust be added because the equations are added.

Fol | owi ng t he above net hod, the equations are wit-

ten as a system of equati ons.

U (a) vV (a) U (b) vV (b) U (c) VvV (c)
F(1 )ax () + )y + () + () + 0 + 0
F(1 Jay ()y « () + () + () + 0 + 0
F(1+2)bx ( +0) + ( +0) + ( + ) + ( + ) + (0+ ) + (0+ )
F(1+2)by ( #0) + ( +0) + ( + ) + ( + ) + (0+ ) + (0+ )
F( 2)cx 0 + o+ () + () + () + ()
F( 2)cy 0 + o + () + () + () + ()

Note that force F(1+2)bx iS the resultant externa

force acting at node Bin the x direction. Simlarly, 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 nust be accounted
for before proceeding with the solution. Since the val ues
of the U's and v's associated with nodes A and C are al ready
known to be zero (fixed nodes), the coefficients of the
equations invol ving forces present at nodes A and C nust be
adjusted. In this way, the coefficient matrix is adjusted
according to the boundary conditions.

The proper way in nmatrix nathenati cs to nake such an
adjustrment to a matrix without changing its sizeis to

change the equations as shown bel ow

F(l)ax = 0 = Uf(a) + OvV(a) + 0U(b) + 0OV(b) + 0U(c) + 0V(c)
F(l)ay = 0 = 0U(a) + V(a) + 0U(b) + 0V(b) + 0U(c) + 0V(c)
F(2)cx = 0 = QU(a) + OV(a) + 0U(b) + OV(b) + Ul(c) + 0V(c)
F(2)cy = 0 = Q0U(a) + OV(a) + 0U(b) + OV(b) + 0U(c) + V(?)

The final formof the coefficient nmatrix i mredi ately

before inversionis :

U (a) vV (a) U (b) VvV (b) U (c) vV (c)

F(1 )ax 1 + 0 + 0 + 0 + 0 + 0
F(1 )ay 0 + 1 + 0 + 0 + 0 + 0
F(1+2)bx 0 + 0 + (+ )+ (+)+ 0 + 0
F(1+2)by 0 + 0 + (+) + (+) + 0 + 0
F( 2)cx 0 + 0 + 0 + 0 + 1 + 0

F( 2)cy 0 + 0 + 0 + 0 + 0 + 1
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Fig. 4  Conputerized solution algorithm



After the Us and Vs are cal cul ated, the internal
forces acting in the nenbers can be cal cul ated using the
gi ven equations. The stress in a nmenber SS{i) = F(i)/A(i)
and the strain SR(i) = SS(i)/E(i) can be cal cul at ed.

Thi s nethod of solution can be conputerized since it
i s standard and can be used repeatedly to solve systens of
equations that result fromthe anal yses of structures of the
type of the exanple above. Figure 4 shows the al gorithm of
the conputerized 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 nenber of
the structure. The second step involves the use of the
boundary conditions to adjust the coefficients in the natrix.
The third step is the matrix inversion. The solution to the

equations follows as the result of matrix nultiplication

Pl asti ¢ Regi on

Typically, the study of the behavior of a structure:
subj ected to various |oading conditions is conplete when it
extends to the point when one of the nenbers buckl es or
ruptures causing the structure to collapse. This could
happen in either region (elastic or plastic). A study in
the plastic region involves the sane structural geonetry as
in the elastic region (assumng small strains) but the

nodul us of elasticity changes for the menbers that have



7
ei ther yielded, buckled, or, ruptured. 1In the case of pure

yi el ding, a new value for a nenber's nodulus of elasticity

Is calculated in the fol |l owi ng way:

1) The value of the previous |oading condition is used to
cal cul ate the new stress state of the yielded menber.

2) The newstress value is used in the follow ng formul a
to cal cul ate the nodulus of elasticity that will be used for

this menber during the next |oading condition,
NE(i) = OE(i) * (5 * ¥sS(i) - 3 * SS(I)) / (2 * YS(i)) (13)

where NE(i) is the new value and OE(i) is the value of the
nmodul us of elasticity of the elastic region. |[If a nenber is
unl oading (the internal force is decreasing,) the val ue of
NE(i) automatically becones equal to OE(i) and renai ns as
such until the stress state exceeds the point at which the
menber had started to unl oad,

Al the changes in the values of the externally
applied forces should be of the order of 1 % of the val ues
whi ch cause the highest stressed nmenber of the structure to
yield (elastic limt loads). Such snall increnments create
smal | changes in the stress state of each nenber and pronote
hi gher accuracy in the cal culation of the plastic region

nmodul i of elasticity.

7
Frank A D'lIsa, Mechanics O Mtals (Reading,
Massachusetts: Addi son-Wesley, 1968), pp.182 and pp. 209.




Stress

(LB / IN"2)

N

Promay

| | |

A e

Fig. 5. Residual strain.

Strain (IN/ IM*

1k



15

It is typical of loading tests to end with the
unl oadi ng of the conplete structure. This neans that each
and every externally applied force is reduced to zero. In
order to do so, the new increnental forces are automatically
set equal to the total negative value of each externa
force. Also, since all the nmenbers are unl oading, all
nodul i of elasticity are replaced by the respective elastic
nmodul i of elasticity. Such unloading causes the stress in
every nmenber to decrease to a residual stress which is the
result of residual strain. Residual strain is the anmount of
strain that was not recovered during the unloading of the
nmenber because of the sudden change of its nodul us of el as-
ticity fromthe plastic region value to its elastic region
value. Figure 5 is an exanple of the change of the val ue of
t he nodul us of elasticity of a nmenber due to |oading past
the yield point, sone unloadi ng, and conpl et e unl oadi ng.
Al so, the anobunt of residual strain is indicated ( AB ).

Sonetines, a structure is |loaded in such a way that
one or nore nenbers exceed the rupture point. This nay not
cause the structure to coll apse and further study may be
desi red. The nost effective way to renove a ruptured
menber froma structure is to set its nodulus of elasticity
to zero. Loading nmay continue until the structure as a
whol e col | apses or until the deflections of the nodes exceed
t he desi gn specifications.

A wi de variety of structures can be studied under a

variety of |oading conditions using the same set of prog-
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rans. The behavior of two structures is studied in chapter
1I11. The first is also an exanple of the way the prograns

operate. The second is the study of a G frane.

Buckl i ng

In addition to calculating the internal forces
i nduced by the external forces and the boundary conditions,
the prograns cal cul ate the buckling forces. These forces
represent the maxi num perm ssi bl e conpressive forces that
the menbers can safely withstand. The equations used to
cal cul ate the buckling force for any sinply connected nenber

(i) are the foll ow ng:

1) El astic region equation (14)

(-1) * [ (3.1415)72 * OE(i) * MI(i) 1 / (L(i))~2
(-1) * AR(i) * SS(i)

FB(1i)

Hon

2) Plastic region equation (15)

FB(i) = (=1) * AR(i) * (5% (3.14159)72 * MI(i) * OE(i)
* ¥ys(i) ) / [ 2 * AR(i) * YS(i) * (L(i)~2)
+ 3 % (3.1415972) * MI(i) * OE(i) ]

FB(i) is the buckling force, (-1) represents
conpression, OE(i) is the nodulus of elasticity, MI(i) is
the M nimum Monent of Inertia (about any axis of the plane
of the cross-section) and L(i) is the length of the nenber.
Equation (15) is the result of conbining equation (14) with
equation (13). Wien in the plastic region, the plastic
nodul us of elasticity nust be used. Substituting NE(i) for

CE(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 cal cul ate FB(i), the resulting equation is solved
for SS(i) to produce equation (15) .

If the menber force is greater than the buckling
force ( Fab > FB(i) ), the nmenber will buckle. The program
al ways checks for this condition and if it is true it
pronpts the operator that the nenber should be renoved from
the structure if further study is desired. A this point,

t he val ue of the nodulus of elasticity of the menber is set
to unity. This has the effect of reducing the load carried
by the nmenber to nearly zero without elimnating the nenber
fromthe graphics or the printout of results. However, if

the operator wi shes not to proceed any further with the

| oadi ng, the nodul us of elasticity remains the same. This

enabl es conpl ete unl oadi ng of the structure for the eval ua-

tion of the residual'stresses.

Thermal Stresses

An inportant design factor is the effect of tenpera-
ture differences anong the nenbers of a structure. Oten,
t he assunption of constant tenperature distributionin a
structure is justified and can sinplify a problem However,
tenperature differences anong nenbers can change a design
significantly. In some cases, the heat induced strains are
nore significant than those of externally applied forces.

Al so, the whole structure can be subjected to a uniform



change in tenperature. This is shown in chapter 111 in the
study of a G frame.
The prograns presented here consider the effects of

tenperature in the foll owi ng way:

1) It is assuned that all the naterials' physical proper-
ties and structural geonetry are specified for an average
envi ronnment tenperature.

2) Any tenperature deviations are treated as positive or
negative differences.

3) Since the systens of equations studied so far relate
externally applied forces to the nenbers' nodal displace-
nents, the heat induced di splacenents are used to cal cul ate
equi val ent external ly applied forces.8

4) These equival ent forces are added to the specified
forces and the system of equations is solved. The strains,
stresses and forces acting in the nenbers are found.

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

by subtracting the equivalent forces fromthe cal cul ated

f orces.

8
Frank A D'lsa, Mechanics O Metals (Reading,
Massachusetts: Addi son-Wsley, 1968), pp.112.




CHAPTER 11
SOFTWARE AND HARDWARE

Thi s chapter studies the conputer prograns, the
systemon whi ch they were devel oped, and the operating
systemis software that are used in conjuction with them

The mai n objective of the programm ng approach used
I n the conputerization of the design process was to wite
user-friendly prograns. Good user-friendly prograns provide
t he operator with the maxi num nunber of options avail abl e at
any time during the design process. However, the devel opnent
of a single program becane inpossible due to the |arge
nunber of options and the systemis |limted nmenory capacity.
So, the total design process was partitioned into seven nmain
prograns (in addition to the "housekeepi ng" files).

The first three prograns sol ve design probl ens invol -
ving | oads which do not exceed the yield strengths of the
nmenbers. The next three prograns are specialized versions
of the previous three which solve problens that involve
| oads which are applied after one or nore nmenbers have
yi el ded. The seventh programis the Master Reset program

The following is a list of the prograns:

1) "MATRIX1.BAS"

2) "MATRIX2.BAS"



3) "MATRIX3.BAS"

4) "M1.BAS"
5) "M2.BAS'
6) "M3. BAS'

7) "RESET. BAS"

El asti ¢ Region

The above prograns performthe foll ow ng operations:
"MATRIX1.BAS" inputs all the data and creates data files for
per manent storage. It also sets up the coefficient matrix
for the given systemand adjusts it according to the speci -
fied boundary conditions. "MATRIX2.BAS" perforns the
i nversion of the matrix. "MATRIX3.BAS" solves for the inte-
rnal forces, stresses and strains in each nenber. If the
operator wi shes to extend the study of the structure into
the plastic region, "MATRIX3.BAS" will recomend the
val ues of the forces that will yield the weakest nenber of
the structure (for the specified type of |oading), Before
proceeding to the plastic region, the recormended val ues
must be used in the elastic region. This ensures that a
yielding condition exists and tests for possible elastic

regi on buckling before entering the plastic region,

Pl asti ¢ Regi on

Since the structure's geonetry renmains the sane in

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



as it was in the elastic region, "M1.BAS" autonmatically
sets up the coefficient matrix (which is different every
time due to changes in the nodul us of elasticity). "M2.BAS"
automatically inverts the matri x and "M3.BAS" requests the

i ncrements of the external forces and sol ves for forces,
stresses, strains and new noduli of Hasticity.

"M3.BAS™ al so presents an el aborate nenu simlar to
that of "MATRIX3.BAS". Full details of the various options
can be found in the first test case of Chapter 111. Lis-
tings of the prograns and the programflowcharts can be

found in the Appendi ces.

Uility Software

Si nce the conputer uses a CP/ Moperating system an
amount of software (called utility software) can be ac-
cessed. SUBMT.CCM is one of the nore inportant (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 "submt file" is pernmanently stored on
di sk and contai ns the conmands necessary to initiate the
design cycle. As the set of commands contained in the first
file are executed, one of the basic prograns creates a
second submt file containing the specific options requested
by the operator during the design process and al so a comrand
toreturnto the first file. By using submt files, the

operator can simnulate an endl ess | oop and al so access sof-



war e avai

nunber of

able to the systemw thout the need of typing a

commands nanual ly. For exanpl e:

First submt file name:FILE1l.SUB

Second submt file name:FILE2.SUB

Basi ¢ program name:DESIGN.BAS

File FILE1.SUB contai ns:

VBASI
SUBM

C DESI G\'BAS
T FI LE2

Fil e DESIGN.BAS cont ai ns:

10 REM  TH S IS A TEST PROGRAM TO DEMONSTRATE THE USE
20 REM  COF THE SUBM T UTI LI TY SCFTWARE.
30 ReM

40
50

This is the part that may contain a
design nethod and a nmenu of options available -to
the operator. For exanpl e, suppose that a
graphics file was created by the name GRAPH.CMD

and graphi cs were request ed.

100 GPEN "O",#1,"FILE2.SUB"

110 PRI

NT #1,"CHART GRAPH.CMD"

120 PRI NT #1,"SUBMIT FILEL"

130 CLCSE

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 so

tware and graph file "GRAPH.CMD"

190 REM _
200 REM Line 120 requests access to the set of commands
2100 REM infile "rFI1iLE1.SUB" and conpl etes the cycle
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START

CPERATI NG SYSTEM

4

Use SUBMT.COM software to
access file FILE1.SUB

Load MBASI C | anguage
and run DESIGN.BAS program A

7

I's the design conplete 2

No

Exit to Operating Systemand run
graphi cs software to draw graph.

)

Access FILE1.SUB to restart
t he desi gn process.

A4

\y

Fig. 6. Flow of operations.
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220 REM
230 REM Line 130 term nates access to file. (Cl oses the
240 REM  file.)
250 SYSTEM
260 REM  The above command turns control over to the
270 REM  systemwhich will continue by submtting file
280 REM  "FILE2.sUB". This file contains the conmands
290 REM for the options selected in this program
300 END
The flowchart of figure 6 denonstrates the flow of
operations of the above exanpl e.
A list of the software available to the operating
systemis in Appendix E The software used in this design

ar e:

1) SBMT.COM  Automatical ly executes specified
conmmands.
2) MBASSCCOM By Mcrosoft. Runs programs witten in
BASI C | anguage.
3) CHART. COM Uses graphics files to create draw ngs.
4) PRINTER.PRL  Specifies the output port nunber.
5) USER.PRL Speci fies one of 15 users' program
directories. USER 0 indicates that
operations are at the System Level.

This permts access to all software.

The first case of Chapter III is given as an exanple
of the operation of the prograns and the use of the related

sof t war e.



The Har dwar e

The conputer systemshown in Figures 7 and 8 is a Z-
80 based m croprocessor system It has 64,000 bytes of
on- board Random Access Menory (RAM and operates on typica
CP/M software. It has the capability of using a nunber of
units that include a printer, a plotter and a high resol u-
tion CRT A list of the system's technical characteri s-
tics is givenin Appendix A Figure 7 shows (fromleft to
right) console #2, the printer, the conputing device with
the dual disk drive and the printer/plotter switch. The
consol e is a standard conmuni cations termnal. The printer
is an 80 colum dot-matrix EPSON nodel MX-80. The switch
shown on top of the conputer switches an output |ine between
the printer and the plotter. The dark unit bel ow the conpu-
ter is the dual disk drive. It uses 8-inch double-sided /7
soft sectored flexible disks. The conbined storage capacity
is approxi mately 3,000,000 bytes (3 Mega-bytes). Behind the
conmputer there is a main power outlet with a Iline filter and
a single ON/OFF switch. Figure 8 shows console #1, the
plotter and the graphics CRT. The plotter is a TEKTRON X
nodel with a plotting area resolution of 1024 by 780 points.
It uses standard 11 by 19 inch paper. The CRT. console is
used as an "out put-only" device and has the sane characteri -
stics as the plotter since they cone fromthe sane manuf ac-

turer and were designed to operate together.



Fig. 7. Computer console

Fig. 8  Peripheral devices.



CHAPTER 111
APPLI CATI ONS
Test Case

As an exanpl e of the operation of the conputer
progranms, a test case is given as the first part of this
chapter. It is the study of a two nenber structure which
serves as an operator's guide on the use of the prograns and
t he conputer systemhardware. The second part of the chap-
ter involves the design of a CGfrane. It is a representa-
tive exanpl e of the advantage of structural symmetry in
probl em si ze reducti on.

The first structure is shown below. It is conprised
of two nmenbers under axial loading. The material in use is
steel. The material's properties and structural geonetry

data are |isted bel ow

i e N
=Z== Ky i
Node 1 Node 2 Node 3

Fig. 9. Test case



TABLE 1

NODAL PO NT DATA

Node # (x,y) Fi xed x-dir. Fi xed y-dir.
I (0,0) YES YES
2 (15,0) NO YES
3 (35,0) YES YES
Menber # 1
Nodes : 1,2 (Length = 15 inches)

Modul us of elasticity = 30 mllion LBS/I N2
Yield strength = 40000 LBS/ I N*2

Rupture strength = 67000 LBS/ | N*2

Smal | est nmonent of inertia = .1440 | N4
Cross-sectional area = 1.440 I N2

Specific weight = .283 LBS/IN"3
Tenperature difference = 0.0 °F.

Ther mal expansi on coefficient = 6 mllionths (IN/IN/°F)

Member # 2

Nodes : 2,3 (Length = 20 inches)
Modul us of elasticity = 30 mllion LBS/I N2
Yield strength = 40000 LBS/ | N2

Rupture strength = 67000 LBS/ | N2

Smal | est nonent of inertia = .08333 | N4
Cross-sectional area = 1.0 IN"2

Specific weight = .283 LBS/I N3
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Copyright (C) 1991, Digital Research

MOSUMIY FILE
011219 SUNIT ML
GOUSER ¢

WS ASEE ML
User Number = ¢

SOPRINTER ¢
00111126 ANRINER ML

List Raber = §

1C RESEY

00811327 AL O

30192 Dytes free

C Rev. 4.9

[CPM Versiom)

Copyright 1977 (C) by Ricreseft

SOSUBNIT FILEY
rllll“ msEaT

Program initiation.
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Tenperature difference = 0.0 °F.

Thermal expansi on coefficient = 6 mllionths (IN/IN/°F)

In order to use the prograns, all the above data
nust be entered and stored on disk as a data file. To
initiate the process and run the prograns, type the fol-

| owi ng command:
0A>SUBMIT FI LEO

For the | og-on procedure preceding this comand,
see the instructions sheet in Appendix B The | og- on
procedure produces the system di agnosti cs nessages t hat
appear in figure 10. Figure 11 shows the systenis response
to the SUBMT FILEO command. FILEO is a naster command file
whi ch resets the systemand creates and runs FILEl. USER 0
permts access to systemsoftware such as the PRINTER 0
command whi ch establi shes communications with the printer
Note that printer 1 is the graphics console. The basic
program 'RESET.BAS' i s the one that creates 'FILE1.SUB' as
part of the master-reset procedure.

The first file will submt the second and the nenu
of figure 12 appears on the screen. The first optionis
used to specify a new structure. The second considers the
sane structure with the sanme boundary conditions but runs
the third programcal | ed 'MATRIX3.BAS' which requests new
external loading. The third option (QUT) is rather self-

expl anatory.



This is ‘MATRIXL.BAS' vhich will forn the starting mateix.

OPTIONS: ( SET 41 ).

1. FOLLOM MORMAL PROCEBURE.

2. 60TO MATRIX3 FOR MER FORCES,

3. QUIT, EXIT TO SYSTEM AMD STOP.
SELECT (1 thru 30, 21 )

Fig. 12 Initial options.

Hov nany pins are there in the structure 2 3
Please eater the coordinate points for each pin.
0
0
careect T/D Y
'
thot correct (V /D 7Y

 {
[
Is

X318
W30
Is that correct Y /D 2 Y]}

Fig. 13. Node specification.
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USE UNITS OF TWE ENGLISH SYSTEN CONSISTENTLY.

REFER TO TROLES OF STARDARD SECTIONS FOR COMVENIENCE
Nenher #1 PNA=N |
PINR= 2
Mat is the nodulus of elasticity in million PS1? 30
Mat is the Yield Strength of this nenber in PSI7 40000
hat is the Dotwe Strenglh of this nenber in PSI 7 70000
Mat is the mollest Nenent of Inertia in INAGD .1440
Mat is the cress-sectional Area of this nember in IN*2 7 1.440
What is the specific weight of this nenber LBS/IN3? .208
What is the change fron nean tesperature for this nember 7 0
Mhat is the thernal oxpansion coefficient (nillionths) ? 6.9

Fig. 14. Material properties.

The total weight of the structre is = 11,77 b3,

OPTIONS: {MIT GRETWRID T0 CONTIME -
DTPE /AKX’ ND HIT GETURID TO SELECT MEM MENDERS

RESPONSE: ?

Is thevalme of W( 1 )42 (Y / W)
=0 neans that the node is fixed in the x-dir.? ¥

Isthevalme of W1 )47 (Y/W)
Ved neans that the made is fixed in the ydir.?7 ¥

Y/ m
ixed in the x-dir.? N

Y/ N
xed in the ydir?2 Y

Fig. 15. Boundary conditions.



™his is 'NTRIRZ.MS' Wich cm perforn matrix imwersion,
I

he totol nmber of pivels is 6
Plesse woit while 1 6 the imversiin,
20 YOU NISH 70 PRI T RN CY/) 7Y

26 YOU MISH 19 STE TOE PIWOTING (YA 7 Y
THE PRINTER IS 1 TNE CONPAESSED WORC.

‘wntnvc

Fig. 16. Matrix inversion.

This is ‘MATRINI. NS’ Karch 8‘ 1985,
PLEASE TWAST AL TIE EXTERRALLY APPLIED FORCES

hat is the force

What is the force F
What is the force F

ARE THESE VALNES CoRRECT (YAD ? Y |

Fig. 17.- External forces.



OPTIONS? Select from the folloving in the order they are listed,
1. SO JNPUT AD RESULTS TO PRINTER MON.

2. CREATE A GRAPNICS FILE FOR PLOTTER.
3. CREATE A GRAPNICS FILE FOR CRT,

4. RESTART (SPELIFY A NEN STRUCTURE)
5. N AGAIN UITN GEN FORCES

6. IRAN DE GRAPN I0u,

7. PREMBE FOR PLASTIC REGION.

8. ENTER TIE PLASTIC REGION,

9. @IT 0N, FUNCTION COMPLETE...

Wotes  If you vish to select option 64 you WUST first
ssxzz  gelect option 3.
SELECT (1 thew 91 21

Fig. 18. Elastic region options.



Upon sel ection of option 1, the programrequests the
pi vot coordi nates as shown in figure 13. At the end, a
reviewof all the nodes and their coordinates i s shown and
t he program proceeds to ask for the nunber of menbers com
prising the structure and for the material properties of
each nmenber (figure 14). The structure's total weight is
cal cul ated and displayed in figure 15. If it is not within
t he design specifications, a new (lighter) structure can be
specified by re-running the program |If the weight is
accept abl e, 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.BAS'
(figure 16) which inverts the matrix and runs 'MATRIX3.BAS'.
'"MATRIX3.BAS' requests the externally applied forces (figure
17) and uses themto cal cul ate nodal displ acenents, forces
and stresses. This information is displayed on the screen
as an initial reviewof the structure's behavior, and a |i st
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 sane structure. |[If the operator
wi shes 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 will



cause the highest stressed nmenber 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 sonewhat obvious.

In this exanple, the foll owi ng options were sel ected
in the order they are listed: 1,7,5,1,3,8. Wen 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 imedi ately before option 8, the graphics data
of the plastic region would not be correct. Options 2 and 3
are i ndependent subroutines and can be sel ected 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 sel ection of option 8, control is turned over
to 'M1.BAS' which is the first programof the plastic region
set. At first, two options appear: continue the increnental
changes or unload. The first proceeds to set up the coeffi -
cient natrix. The second sets up the coefficient matrix
that is used in the elastic region since all the nenbers are
unl oading with the characteristics of the elastic region.

For the sake of this exanple, the study is extended into the
pl astic region by incrementing the load with 1752 LB incre-

nents. The first option of 'M1.BAS' is used and the system
proceeds in a fashion simlar to that of the prograns of the

elastic region. 'M2.BAS' and 'M3.BAS' run consecutively



OPTIONS: Select fron the folloving in the order they are listed,
1. SOB 1NPUT M RESILTS TO PRINTER MOW.

2. CREATE A GRAPHICS FILE FOR PLOTTER.
3. CREATE A GRAPHICS FILE FOR CRT,

4. RESTART (ELASTIC REGIOM)

5. P9 AGAIN HITH MEN INCRENENTAL FORCES ( AMD/OR UMLOAD)
6. DRI THE GRAPH MOM.

7. @17 WO, FUNCTION COMPLETE...

Wotes If you vish te select option 64 you must first
sezzx  select optim 2 OR 3.

SELECT (1 tweu T2 71

Fig. 19. Plastic region options.
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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 fromthe
poi nt of specification of a new structure. Options 5 and 6
are the sane, and option 7 (QUI T) stops everything. To
continue with the increnments, options 1 and 5 are sel ect ed.
If a drawi ng of each increnmental deflection is required,
options 1,3,6 will print the results, draw the graph and
return to 'M1.BAS'. Option 5 returns to 'M1.BAS' directly.

The foll ow ng pages are the printouts obtained for
this exanple 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
obt ai ned by using an external load of 1000 LB. This is a
test load used to calculate by extrapolation the elastic
limt load. The elastic Iimt 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
| oading increnents in the plastic region. The |ast two
printouts S N 267 and 268 show buckling in menber 2 and

t he residual stresses after unloading.



PIYOT WUMBER 1 OF 6
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SERIAL# 243

AMALYSIS OF &4 STRUCTURE BY THE FINITE ELEMENT METHOD

R T T T T T e T T R T T T T T R T T e e —

(fill units are LBS. IN.

NUMBER OF FINS= = NUMBEFR OF MEMBERS= =2
FIN# (A.Y) U (in» Volinm)
1 ( 0,00, O, G, 0000
2 ( 15,00, ] : SIRle
=) { IS. 00, 0, 0O0) O, 0000 0, OONO0

MEMBER# PINS: {(A.B) LENGTH (in) AREA (in2) E(*1E&) SP.WT.

1 1, 2 15. 00 1.44 Dol ( « 2330

= 2, z 20.00 1.00 T 00 0.2830
MEMBER# FORCE f‘1lbs) STRESS (psi) STRAIN

1 657.5 456.6 (= 0OO01S

- -742.5 ~Z42.5 -0, 00001 |
TEMFERATURES:

ALL TEMPERATURES ARE EQUAL EXCEPT:

EXTERNAL FORCES:

ALL EXTERNALLY APPLIED FORCES ARE ZERO EXCEPT

o7, = 1000 LUbs.

The total weight of this structure IS 11.77 lbs.



SERIALH 244

AMALYSIS OF &4 ZTRUCTURE BY THE FI NI TE ELEMENT METHOD

T T T I T T A T T I T e R T T O T T e R T T T S R T T e T T s e e

(%1l urmits are LES.IN

NUMEBER OF PINS= 3 NUMBER OF MEMEBERS= 2
FIN# (X, Y) U oanm Vodind
1 ( 0,00, 0. 00) O, D000 ), OO0
2 4 15,00 Q. 007 O, 200 SEATATRIS]
= { 35,00, 0, 00) QL0000 ), 000

MEMBER# PINS: (A.B) LENGTH (in) AREA (inZ) E(*1E&) SFOWT.

1 1. 2 15.00 1.44 T QL 2BTO

- 2. z 2000 1.00 T0. 00 0. 2830
MEMEER# FORCE (1lbs) STRESS (psi! STRAIN

1 S7600.1 4 1e 1 HIESIa D Batntnd

- =T00O00. 1 —30000. 1 =0 001000
TEMPERATURES

ALL TEMPERATURES ARE EQUAL EXCEPT

EXTERNAL FORCES:

ALL EXTERNALLY APPLIED FORCES ARE ZERO EXCEPT :

F{O2 0w = 87600 ILbe.

-
o
n

The total weiaght of this Structure i1s 11,77



SERIALY 245

ANALYSIS OF & STRUCTURE BY THE FINITE ELEHENT METHGD

(All units are LBS,IN. )

NUMBER OF PINS= 3 NUHBER OF MEMBERS= 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
2 1752 ¢ 89352 0 NO YES
3 0 0 0 0 YES YES
INCREM’TL NET NET ELASTIC MEMBER MEMBER MEMBER

MEMBEER$  FORCE (lbs) FORCE {lbs) STRESS (psi} HODULUS(#1E-6)  YIELDED  BUCKLED  RUPTURED

P T T T T T T T T T T T T T T T T T T S T T T T S T T T T T T T T AT I T T T T I Ty esssssssssss

1 1152 8732 40800 30,000 YES NO NO
2 -400 -30800 -30600 30. 900 NO HE



(Al units are LES,IN. }

NUHBE!? CF PINS= 3 NUMBER OF MEMBERS= 2
EXTERNAL FORCES

INC INC NET NET
FINE FORCE- FORCE-y FORCE-x  FORCE-y  Fixed-x  Fixed-y
| 0 0 0 0 YES YES
2 17352 0 21104 ¢ N YES
3 0 0 0 YES YES
INCREM'TL NET NET ELASTIC MENBER HEHBEE MEMEER
MEMBER# FORCE {lbs) FORCE {lbs}!  STRESS (psi} MODULUS (#1E-6)  YIELDEI BUCKLED  RURTURED
1 1149 59892 41592 29,100 YES ND ND
2 =612 -31212 -31212 30.000 ND i ND
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# STRUCTURE BY THE

Sanal VeTS OF
ENBLYSIS OF

FINITE ELEMENT METROD

[All

HUMBER OF PING= 2

units are LBS, IN, !

NUMBER OF MEMBERS= 2

EXTERNAL FORCES

INC INC NET NET
PINg FORLE-x FORCE-v FORCE-:  FORCE-v  Fixed-x  Fixed-
t 0 0 0 0 7ES YES
. 1732 0 110376 0 "o YES
k v o { 2 ¥ES {ES
INCREM' TL HET HET ELASTIC HEMEER MEMBEFR MENBER
MEMBER#  FOECE {lbs! FORCE flbs)  STRESS fpei!  MODULUS«#1E-8)  YIELDED  BUCKLED  RURTURED
{ 5t 71524 49655 1%.888 YES NE HO
2 ~771 -35852 -38832 30,000 HO KO NG



ANALYSIS OF £ STRUCTURE BY THE FINITE ELEMENT METHOD

Al units are LBS,IN, )

NUMEER OF PINS= 3 HUMBER OF WEMBERS= 2
EXTERNAL FORCES :

INC INC ti€? NET
FiNg FORCE-x FORCE-v FORCE-x  FORCE-vy  Fixed-x  Fiued-v
! i ] ¢ YES {ES
J 1732 { 112128 0 NO YES
0 0 0 ] YES YES
INCREM'TL NET NET ELASTIC MEMBER MEMEER
MEMBERY FORCE {lbs? FORCE Mks:  STRESS tpsit MODULUS(#1E-4)  YIELDED BUCKLED
! Fod 72488 50339 19,122 YES NE
- -763 -33440 ~39540 20,000 NO NG

MEMBER
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SERIAL# 264

ANALYSIS OF A STRUCTURE B: THE FINITE ELEMENT HETHGR

(k1] ~ ~ iatesLES.IN. :

HUMBER OF PINS= 3 HUMBER OF MEMBERS=
EXTERNAL FORCES :

EEEE LR Y X L e

INC INC NET NET

PINg FBRCE-x FORCE-v FORCE-x  FORCE-y  Fixed-x  Fized-v
! g 9 0 @ YES
- 1752 172640 9 NO {ES
B 0 ‘ ¥ES ¥ES
INCREN'TL NET NET ELASTIC MENEER  MEMBER  MEMBER
MEMBER®  FORCE (lbs) FORCE (lbs) G5TRESS (psi)  MODULUS:¥1E-6) ~ YIELDED  BUCKLED “RUPTURED
: 94 78060 54209 14,731 veo NO NG

- ~dit -44580 -44330 23,788 YES NG NO
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ANALYSIS CF A STRUCTURE BY THE FINITE ELEHEN? METHGD

rrrrrrrrr T T T T T T T N ST T AT TS T IO T Y

{#11 units are LB5.IN.

HUMBER OF PINS= 3 HUMBER CF MEMBERS= 2
EXTERNAL FORCES :

IHC THE NET HET

SE FORCE-: FORCE-v FORCE-x  FORCE-v  Fixed-x  Fixeg-v
g g 0 9 YES ¥E8
. 1752 9 17789 9 0 YES
i i { i vEE YES
INCREH'TL NET NET ELASTIL MEMBER  MEMBER  MEMBER
FORCE tibs)  FORCE {1bs}  STRESS (psi)  MODULUS(#iE-a)  YIELDED  BUCKLED  RUFTURED

i R 80773 36054 12,597 ¥ES Ho NG
2 -853 =471 -47121 22,949 ¥ES ¥ES HC
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Tenperature Effects

As an exanple of the effect that tenperature
changes have on the strength of a structure, the same struc-
ture is used with nenber 2 at an el evated tenperature of 150
F. This could be the case of a structure |ocated next to a
furnace which increases the average tenperature of one
menber by 150 “YF.

The results are shown in the first printout (SN
271) which shows the stresses caused by the tenperature
change alone. The second printout (SN 272) indicates that
menber 2 yields at the significantly |ower external force
| evel of 65000 Lbs.

It is inportant to note that when option 7 is
selected in order to cal cul ate the suggested elastic limt
| oads, any tenperature changes are not consi dered because
the tenperature forces are not true external forces. The
programwi || automatically adjust the forces in the nmenbers
toreflect forces due to true external |oads.

It is inportant to note that changes in tenperature
change the strains (and node deflections) significantly.
However, these strains do not translate into internal forces
and internal stresses unless boundary conditions restrict

t he nmenbers' expansion



SERIALY 271

AMALYSIS OF ~ STRUCTURE By THE FINITE ELEMENT METHOD

R R T I T T R S R T S T T N R R T T T R T T T e Y T e e

I+ill units are LES,IN

MUMBER OF FINS= T MUMEBEFR OF MEMBERS= 2

[N RINIATS]

IRPEAIE

[ N S

S

( AR EIS] N [AIERINTRTS

MEMEER# FINS: (A4,8) LENGTH tifm GREA (1nd) E(*1E&S) SF.WT.

1 |. 2 15, 1.44 d e a<h e 2370
- 2 - 0. 00 1.0 Ty, 00 O, DeT0

MEMEERH# FORCE (lbs? STRESS (psi STRAIM

1 -177%52.5 -12228.5 =boonng
- -1773S7.4 -1773Z.4 =), HOOFFT

TEMFERAT

“ll TEMFERATURES ARE EQUAL EXCEFT:

MEMBER® I . TEMF.=T+ 1S5S0 F. THERMAL EXF. COEFF.= & (e lE—h

ELTERMNAL FORCES:

I

ALL EXTERMALLY SFFLIED FORCES —RE ZERO gxcerT

The total welignt of this structure s 11,77 lbs.



AMALYSIS OF A STRUCTURE BY THE FINITE ELEMENT METHOD

TAIl wnite are LES,IN.
MUMEBER OF FINS= T NUMBER OF MEMEBERS=
=N U 1m /oL
1 ¢ (SRS TA N QG0
ey i 60 PN TETRTA
= 4 [RPEAIED] [ IR TR IATN] (RIS TNIS

MEMBEFR®# F'INS: (A, B LENGTH <(in) AREA (1nD) E(#1E&) 3R, WT.

1 1. 2 1,44 o
- 2. i 100 K
MEMBER# FORCE (lbs} STRESS 'psi:
! 24986.4 17351. 6
- ~-40013,7 -40013.,7
TEMFERATURES:
ALL TEMFERATURES ARE EGUAL EXCEPT:
MEMBER# 2 . TEMF.=T+ 150 F. THERMAL EXF. COEFF.= & ¥iE-g

ExT1ERMAL FORCES

~eLLEXTERNALLY APPLIED FORCES ARE IER(Q EXCEFT

Fao 2 Yr o= 85000 Lbs.

CThe total werght of this structure s 11.77  lbe.
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C - Frane Anal ysis

The second case is the analysis of a C - frane. The
study of only one-half of the section is necessary due to
t he advant age of symmetry. The structure is shown in
figures 20 and 21. The frane 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-

di rection because the node is assuned to renain at the sane
l evel at all times.

There are three conditions which nust be satisfied
in order to safely make the above assunption. The first and
nost obvious is geonetrical symetry. Al the nmenbers nust
be identical in orientation and node restrictions (boundary
conditions.) The second is the type of |oading and the
addi ti onal assunptions on the boundary conditions. As with
t he above nentioned C - frame, boundary conditions are
applied to nodes 5 and 6 although in reality there are no
restrictions. Node 6 is conpletely fixed to provide sone
reference for the deflections of the other nodes. However,
node 5 is fixed only in the y-direction because normally it
can nove in the x-direction. The forces acting in the y-
direction are equal and opposite and support the assunption
that the node is fixed. The third condition is that al
physi cal properties and other material charecteristics of
each nmenber are identical to those of their respective

nenbers.



The physical characteristics of the menmbers used in
this structure are identical for convenience. The nodal

informati on and material characteristics foll ow

TABLE 2

NODAL POI NT DATA

Node # (x,y) Fixed x-dir. Fi xed y-dir.
1 (40, - 20) NO NO
2 (20,-40) NO NO
3 (20, - 20) NO NO
4 ( 0,-20) NO NO
5 (0,0 ) YES YES
6 (-20,0 ) NO YES
TABLE 3

MEMBER ORI ENTATI ON

MEMBER PIN A PIN B
1 1 3
2 1 2
3 2 3
4 2 4
S 3 4
6 3 5
7 4 5
8 4 6



Properties (Standard Structural Steel).

Modul us of elasticity = 30 mllion LBS/ I N2
Yield strength = 36000 LBS/ | N°2

Rupture strength = 60000 LBS/IN"2

Smal | est nonent of inertia = .037 IN4
Cross-sectional area = .333 [IN'2

Speci fic weight = .283 LBS/I N3
Tenperature difference = 0 “F,

Ther mal expansion coefficient = 6.7 mnillionths (IN/IN/°F)

The structure is showmn in figures 20, 21 and 22.
The coefficient matrix is on page 76. The pivoting inforna-
tion can not be printed even in the conpressed node because
the matrix is too wide. The test load of -100 LB acting on
node 1 produced printout S N 274. The elastic limt |oad
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 (SN 280)
i ndi cates buckling in nmenber 8.

Since the external load(s) are directly proportional
to the stresses (in the elastic region only), the nmaxi mum
al | onabl e load that can be supported is 4242 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
consi dered, the maxi num al | owabl e | oad before yielding is

4242 / 2 = 2121 LB



ANALYSIS OF R STAUCTURE BY THE PINITE CLENENT NETHOD. S.M. 271

Fig. 21. C = frame before and after loading.



RNRLYSI'S OF A STRUCTURE

BY THE FI NI TE ELEMENT METHOD.

S.N.

256

8 q 5
8 7 6
4 S < 3
4 3

2. Plotter Ditawing.

)



L I o I IR SR}

[ ) u et 8 B % | el

Ll {ne) P "l

- - e a = -

roed Qe Rl et B v I ot S it |
1 [ 0

oy

e

]

J T T T o R e R ]



SERIAL# 274

ANALYSTS OF A STRUCTURE BY THE FINITE ELEMENT METHOD

(All units are LHS. IN. )
NUMBER 0OF PINS= 6 NUMBER OF MEMBERS= Y
PIN# (X,Y) U in) Voain)
1 ( 40,00,  —20.00)
o< ( 20. 00, —40.00)
3 ( 20. O, —20.00)
4 ( OO0, =20.00)
5 ( a0, Qa00) (¥ ulalele]
6 ( =20.,00, ., O0) —0. 0004

MEMBER# FINSI (A,B) LENGTH (in) AREA (inl)

1 1, 3 20,00

2z 1, =2 28.28

3 2, I 20.00

4 2, 4 28.28

S I, 4 20.00

6 Z, S 28.28

7 4, 5 20.00 )

a 4, 6 28.28 0.33 J0. 00 &
9 S, 6 20,00 0.33 J0. 00 0., 2830

MEMEBER# FORCE (lbs) STRESS (psi) STRAIN

100,00
-141.4
200,10
-141.4
—100.0

TG0
-848.6
GO0, O

RuaRs tERN I S I P I % B

TEMFERATURES:

ALL TEMPERATURES ARE EQUAL EXCEPT:

EXTERNAL FORCES:

ALL EXTERNALLY APPLIED FORCES ARE ZERO EXCEPT :

FC 1 )y ==100 Lbe.

*The total weight of this structure is 20.11 1bs.



SER | AL# 275

ANALYSIS OF A STRUCTURE BY THE FINITE ELEMENT METHOD

(All units are LBS. IN. )
NUVBER OF FINS= 6 NUMBER OF MEMBERS= 9
FIN# (X,Y) u (in) Voin)
1 ( =20, 00) -0,
- ( —40.00) -0
( 2 =20, 00) -0.1 297
4 4 Qw0 =20.00) —-QL 0735 -0, 0085
5 ( O Q) O 40) Q. QOO0 O QOO0
6 ( =20.00, QO Q0) —-0.0170 [s1Ys)

MEMBER#  PINS: (A,B) LENGTH (in) AREA (in2) E(*1EL) SF.WT.

1 1. 3 20010
1. 2 28.°8 3000
z 2, 2 20.00 Tl
4 2, 4 28.28 2000
S e 4 2000 Te OO
6 e S 28.28 D000
7 4. 5 20 . 00 TO OO
8 4. ] 28. 28 T L00
9 S 6 20,00 1
MEMBERH FORCE (1bs) STRESS (psi) STRAIN
1 4242.7 12728.1 O. 000424
2 -5799.8 -17922.5 -0, ODO&OO
= R484.7 25455, 0 Qe 0ONE47
"4 -5797. 8 -1799%.6
5 -4247%,1 -12727.4
& 11993.6 Z57%9.1
7 4.242.7 12728.9
a -1 2000, F —Z6000,8 =0, OD1 200
? 8485.4 25456.5 0, 000849

TEMFERATURES:

HLL TEMFERATURES ARE EQUAL EXCEPT:

EX TERMNAL FORCES:

ALL EXTERNALLY AFFLIED FORCES ARE ZFRO EXCEFT :

F( 1)y =—424%.5 Lba.

The total weight of this structure is 20.11 Ibs.
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ANALYSIS OF A STRUCTURE BY THE FINITE ELEHENT METHGD

...................................... TS T ESSTTE

{A11 units are LBS, IN. )

NUMBER OF PIHS= 6 HUMBER OF MEMBERS= ¢
EXTERNAL FORCES :

COEEEANTREEEEOSSSEE

INC INC NET NET
FINg FORCE-x FORCE-v FORCE-x ~ FORCE-y  Fired-x  Fixed-y

1 0 -50 { -4393 NO NO

- 9 0 0 0 NO NO

7 ) i 0 4 NO ti0

4 0 0 0 { NO NO

g g 9 0 0 YES YES

b 9 0 0 0 NO YES

INCREM' TL NET NET ELASTIC MEMBER MEMBER MEMBER
MEMBER#  FORCE ilbs} FORCE !"'bs!  STRESS !psi) HODULUS(#1E-4)  YIELDED  BUCKLED  RUPTURED

§ N 4393 13178 30,000 NO NG T ND
2 -7 -6212 -18634 30. 000 NO NO ND
3 190 3783 26335 30,000 NO N N
4 -71 -6212 -18636 30,000 NO Mo Ao
& -5 -4393 -13179 30.000 NO ND NG
b 141 12424 37272 28.944 YES NO Ho
7 30 4393 13179 30,000 NO NG NO
8 -141 12424 -37274 28.938 YES NO NO
9 100 8783 26357 36.000 ND KO NO
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CHAPTER |V

SUMMARY

Concl usi ons

The objective of this thesis is to increase student
awareness inregard to the finite elenent nethod and its
application in the design of structures by the use of
conputer prograns. As a result, seven conputer prograns
wer e devel oped and in-class presentations, discussions and
conput er room denonstrati ons were held for two cl ass
of ferings of the ME 807 Design of Mechani cal Systens course.
Approxi mately 40 students have successful |y used these
prograns during the design of their final project and were
i mpressed with the capabilities and efficiency of the
prograns. A so, Dr. Frank A D'isa's el aborate hand cal cu- -
| ati ons of the elastic and plastic behavior of the two-
nmenber test case of chapter 111 produced identical results
to those of the prograns proving their accuracy.

Part of the success of the programmng is due to
nuner ous refinements gui ded by student conments on their
i ndi vi dual desi gn needs and desired software support. Sone
of the many options available include a hard copy of the
input and results on the dot-matrix printer, a previ ew of

the structure's drawi ng on the graphics consol e before a



final drawing is obtained on the plotter and the presenta-
tion of the suggested elastic limt |load values. A major
advant age of these prograns over other design prograns is
that the operator has the option of nonitoring internediate
information. For exanple, the equation matrix can be prin-
ted before and after the inversion routine. Also, all the
pivoting information is printed. This gives the operator

t he opportunity to nonitor the conputer's operations and
check the results of each step agai nst hand-cal cul ati ons.

The capability of the prograns was significantly
expanded by incorporating the effects of tenperature changes
occuring in nenbers as part of the finite el ement based
solution. Also, the ability to eval uate the changi ng chara-
cteristics of nmenbers |oaded past their elastic limt
(plastic region), enhances the prograns' value as a tool for
studi es of the expected plastic region behavior. Various
nessages effectively notify the operator in the event of
menber yi el di ng, buckling and rupture which critically
determ ne the outconme of the design.

The use of the prograns by the students has proven
to be a very successful way of linking the finite el ement
nmet hod with conputer aided design nmethods. The students had
the opportunity to test their creativity and intuition by
using these prograns which are sinmlar to prograns used in
industry today. Also, it was easy to experinent by studying
various conbi nati ons of structural shapes, conposites and

plastics. This has increased their understanding of the -
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ef fects of conbining different structural shapes, and

i ntroduced advanced desi gn questions such as feasibility and
the different effects of tine on the materials' characteris-
tics.

The studi es of chapter 111 have proven that the
prograns are very effective in mnimzing the tedi ous and
repetitive part of the design procedure. |In this way,
students can conserve nore tine and energy for the considera-
tion of further refinenents of a specific design. It nust
be noted that these prograns will solve both statically
determ nant and statically indeterm nant problens. The
latter are inpossible to solve using the traditional methods
of statics such as equations of equilibriumand force
triangles. The first study of chapter 111 is a statically
i ndet ermi nant probl em (one equation with two unknowns: Sum

of Fx = 0 ).

Recomendat i ons

It is well known that the perfect program has not
been witten yet and it never will, because there is al ways
"alittle sonething'' to be added or changed. Since all the
recommendat i ons of the students who have used these prograns
have al ready been taken into consideration, only mnor
i nprovenents can be nade, especially when considering the
pur pose of the design course.

However, it is recommended that the prograns be

extended to study three dimensional structures, although
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el aborate prograns al ready exist for such studies. It is

al so recommended that a different conputer system be used,
because the existing systemis already being used to maxi num
capacity.

If a dynamic load is applied to the structure, it is
reconmended that these prograns are used only if the change
of the loading is snmall conpared to the change in tine.

Fast changi ng | oads can be studied only under the assunption
that the effective inertial forces produced by the dynamc

| oading are mnimal and can be safely ignored. The recomen-
ded approach for the solution of such dynamc problens is

to divide the probleminto a nunber of static |oading

probl ens by considering the values of the applied | oads at
regular increnental tine intervals. This is simmilar to the
study of the second structure of chapter 111 if it is
assuned that the increnental |oading represents the change

in loading at regular tinme intervals.
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s, BOARD DESCRI PTI ON
The DI Gl AC single board computer is one of the npst
power ful 280 processor boards available for the 5100
bus. The CT-804 provides the user with all necessary
support functions for the TI[EEE-696 (5100) bus
specification. Please read the entire CPU manual before
inserting this card in your system
8. TECHNICAL SPECIFICATIONS
PROCESSOR. . . v v v v v vn e 280 CPU
CLOCK RATE. .....covuuvn, 2 Of 4 MHz
INSTRUCTION SET...... ..... 158-280 instructions including
78- 8080 processor instructions
MEMORY :
RAM . viii ittt i s ianan s K Byte Static
ROM .. tiiiiie i e i s 3K Bytes (SYSTEM MONI TOR)

.........

o

BOARD SPECI FI CATI ONS
PONER REQUI REMENTS:

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

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

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

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

D. BOARD | LLUSTRATIONS

| EEE- 696 (S100)

750 milliamps
150 milliamps
150 milliamps

... 055 DEGREES CELSI US

5" x 10" x 0. 65"

| EEE- 696 (5100)
804p connector 34 pin
8043 connector 34 pin
DI P header 16 pin

100 pin

]
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BOARD DESCRI PTI ON

The cT810 is a multiple 1/0 interrupt support card for nglti-user
operating systems (eg. Mp/M). The CT810 is designed tp handle
four users in a multi-processing environnent.

Maj or Components of the CT810 are:

Four independent EIA serial ports

Two parallel ports with full handshaking (one input/one
out put)

Jump on reset to a 1K or 2k EPROM Addr ess space

On Board Menory Disabl e

Crystal timebase for the periodic interrupt generator
Logic to correct unacknow edged interrupts (Ti nmekeeping)
A software settable port that is read and executed on
interrupt acknowl edge in either 8080 (mpde 0) or 2-80
(mode 2) interrupt nodes

An | EEE- 696 (S100) extended addressing nmenory (Al6-A19)
managenment port to allow up to 1 negabyte of addressing

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

Ful | | EEE-696 (s100) compatibility

The versatility of the cr810 makes it suitable to be used as
a general purpose 1/0, EPROM and Jump on Resets for non-
multi-user applications.



B.

C.

TECHNICAL SPECIFICATIONS
CLOCK RATE...... ...... ... 2 Mhz for baud generation
MEMORY :

ROM... suussssssssss.1K Or 2K depending on Jurnper

Selection
BUS COMPATIBILITY aausus-s|EEE-696 (S100)
INTERRUPT SUPPORT......,.8080 OR 280 MODE
1/0.uueeannnnnnnsnnnsans=4 ASYNCHRONOUS PORTS
2PARALLEL PORTS(one input/
one output)

BOARD SPECIFICATIONS

POWER REQUIREMENTS.

+8V...... tesesessssses Milliamps
+16V......... cevsss... milliamps
~l6V...eeeniaieeenneea. Milliamps

OPERATING ENVIRONMENT.0-55 DEGREES CELSIUS

SIZE. v oo vt vuvenrenraans 5" X 10" X 0.65"
CONNECTORS:
PO ettt i IEEE-696 (S100) 100 pin
PlussssssssssssannssnansSerial port (Dip Header
16 pin)
P2....icvvvsvveneess.Parallel Port Input (Dip

Header 14 pin)
P3assassssansssnssssssa Parallel Port Output
Dip Header 14 pin)



1.1 The DIGIAC Serial Interface Board (CT804S) is used by the
CT804 to provide RS232-C electrical and signal interfaces to the
various peripheral devices that are to be connected to the CT804.
Using the "daughter"™ board concept provides DIGIAC with some
unique advantages that are typically not available on micro
computer products. Some of these features are:

. noise isolation

upgradability to other types of serial interfaces (RS5449,
WE303, V.35, 40 Ma. Current Loop, etc.)

R5232-C "D" type connectors are provided on board: no
need for the customer to make special cables to connect
to a non-standard pinout.

. The CT&804S connects to the CcT804 via a 31 pin Ribbon
Cable.

Please read this entire manual betore connecting the CT804S to
the CT804 or any of your peipherals.

1.2 TECHNICAL SPECIFICATIONS:
Interface...c.v......RS$232-C Drivers and Receivers
Baud RateS.issas:as.110-9600 + External
Bus Compatability....34 PIN Custom Interface

1.3 BOARD SPECIFICATIONS:

Power Requirements:

5V . i ettt it e e < 75 MA.
+l2V..o.oe... . .750 MA
=12V, +++750 MA

Operating Environments.0-55 Degrees Celsius

S ZBuierieirasensinennns 4-1//4" x 3-1/2" x 0.65"
Connectors:
P2.,........CTB04 Connector (34 Pin)
Pdovevvnnen Serial Port (TTY) 25 Pin "D" Type DCE Source

PS.........Serial Port (VIDEO) 25 Pin "D" Type DCE Source
P6.cuvenn.. Serial Port (MODEM) 25 Pin "D" Type DTE Source



Technical Specifications

Printing
Printing method
Printing speed
Linefeed time
Printing direction

Character set
Character size

Dot graphicsdensity MX-80...........
Dot graphicsdensity MX-100..........
Linespacing . .....oo.vviiiiiii i

Columns (M X-80)

Columns (M X-100)

Papertype.......... .o ool
Paper width.. ............... ... ...,

Paper thickness. .....................
Number of copies....................

Impact dot matrix
80 characters per second
Approximately 200 msec (at 1/6"/line.
Bidirectional, logic seeking. May be set to unidirection-
al (left to right) printing via software codes.
255 ASCII characters in a9 x 9 dot matrix
2.1 mm (W) x 3.1 mm (H) (0.083” x 0.11") MX-80
21 mm (W) x 3.1 mm (H) (0.08" x 0.12") MX-100
480 dots/8" line horizontal (norma mode).
960 dots/8” line horizontal (super hi res mode).
816 dots/13.6" line horizontal (normal).
1632 dots/13.6" line horizontal (super hi res mode).
176 inch normal. Programmablein increments of 1/72
inch and 1/216 inch.
80 columns (normal size)
40 columns (double width)
132 columns (compressed)
66 columns (compressed/double width)
136 columns (normal size)
68 columns (double width)
233 columns (compressed)
116 columns (compressed/double width)

Adjustablesprocket feed. Friction feed on MX-100 and
MX-80 F/T.

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

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

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.

0.3 mm (0.012") maximum.

One plus two carbon copies.



Printer

Ribbon........... ... .o Cartridge ribbon (exclusive use), black.
MTBF . i 5 million lines (excluding print head life).
Print head life............... ... ... 100 x 10 (6) characters.

Dimensions ...........c.cooiiiiiinn 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 155" x 5.2") on MX-100

Weight (approximate) ................ 55 kg (12.1 Ibs) - MX-80.
10 kg (22 1bsy = MX-100.
POWEN.. ..o 115V plus or minus 10%
49.5-60.5 Hz.
Power requirement................... 100 VA max.
Temperature -« oo ovovvi i Operating 5°C 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).
ShOoCK.. oo Operating | G (less than | msec.).
Storage 2 G (less than 1 msec.).
Vibration ... oo Operating 0.25 G, 55 Hz (max.).
Storage 0.50 G, 55 Hz (max.).
Insulation resistance.. ............vun. 10M Q between AC power line and chassis
Dielectricstrength ................... Between AC power lineand chassis, AC | KV (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 |EEE.
Datatransferrate.................... 4,000 CPS (max.).
Synchronization ..................... By externally supplied STROBE pulses.
Handshaking........................ By ACKNLG or BUSY signals.
Logiclevel - ..ovvvenin i Input data and al interface control signals are compati-

ble with the TTL level.



SPECIFICATIONS

The following tables list specifications and accesories and
supplies available for the 4662 Interactive Digital Plotter.
The specifications are listed for your information only and
are not verifiable. Information on options, supplies, and ac-
cessories are subject to change.

Table D~1

PHYSICAL SPECIFICATIONS

Table D-2

ELECTRICAL SPECIFICATIONS

Characterlrtlc

Specification (Standard and Optlon 31
Equipped 4662)

Characteristics

Standard 4662

With Option 31

Height

Width

Depth

Weight

Shipping Weight

8in (203 mm)
20.375in (517 mm)
19.5in (495 mm)

30 Ibs 4 0z (13.8kg)

45 Ibs 14 0z (20.8 kg)

8in (203 mm
25.75in (654 mm)
19.5in (495 mm)
35 Ibs (16 kg)

46 Ibs (21 kg)

Input Power

Line Voltage

Line Frequency

Line Fuse

90W maximum, 60W typical

115 or 230 volts nominal tine voltages are
strappable within the ploner lo select 105.
116, 210. or 232 volts (=14%)

48 to 66 Hz

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

Table D-3

ENVIRONMENTAL SPECIFICATIONS

Characteristic

Specification (Standard and Option 31
Equipped 4662)

Temperature

Altitude

-5510 +75 degree C. (non-operating)
0 to +50 degree C (operaling) Ee.

To 50,000 teet (15240m) (non-operating}
To 15.000 feet (4572 m) (operating)




SPECIFICATIONS

Table D4

PERFORMANCE SPECIFICATIONS

Table D 5

9C

STANDARD ACCESSORIES AND SUPPLIES

Characterlatic

Specification

Tektronlx Part

Part Number
Plotting Area X-Axis — 15in (381 mm)
(see Figure D-1) Y-Axis — 10 in (254 mm) Power Cord 161-0066-00
Can be increased to 15.35x10.23 in RS-232-C Cable 012482940
(390x260 mm). —
- 4682 Interactive Digital Plotter 070416540
Scaling The plotter will scale incoming data that is Operator's Manual
intended for full-scale plotting into any size - — -
page within the plotting area. 4662 Interactive Digital Piotter Program- 061-2642-00
mer's Reference Manual
Plotting Accuracy + 0.0025 in (0.06 mm) or = .4% of vector . —
length, whichever s larger. 4662 Interactive Digital Plotter 070-255640
Programmer's Reference Card
Repeatability The piotter will return to any previously-
plotted point within = 0.0025 in (0.06 mm). Paper, 100 sheets. 279x419 mm | 006-1698-00
With Option 31. within  0.012 inch (0.3 (11x16.5 in} linear grid. 10x10 lines lo the in
mm) after pen exchange. Digitizing Reticle — Standard 4662 214-240941
Vector Linearity Geometry — The mean vector line will not Digitizing Reticle = Option 31 118-1432-01
deviate more than 0.0007 inch (0.02 mm). - —
per inch of line length, from a straight line Pens. Fiber-Tip — Standard 4662
drawn betweent wo points. (Pkgs of 3)
Red 016-058940
Line Aberrations — Short term non-lineari- Green 016-0589-01
ties of a vector will not deviate more than Black 016458902
£ 0.005 in (0.127 mm) from the mean vec- Blue 016458943
tor.
- - Pens. Fiber-Tip = Option 31
Plotting Rate Fast Speed — 16 in per second (400 Two 8-pen pkgs (one pen each of nine | 016-0687-00

mm/sec}) at axial. 22 In per second (559
mmy/second) maximum. Maximum rate
achieved after about 100 ms, or about 13
in (33 mm) of pen travel.

Slow Speed — approximately 0.5 of fast
speed.

Programmable Speed (Option 31 only) —
limits the maximum pen velocity from 10
mm/sec to 570 mm/sec (0.4 inlsec to 224
inlsec)in 10 mmy/sec (0.4 infsec) steps
(i.e., there are 57 speeds).

Joystick Moves
(Manual)

The pen may be moved by using the fmnt
panel joystick at vector rates variable from
0.015 in/second to 4 inches/second (0.38
mm/sec to 101.6 mm/sec).

Point Plotting Rate

Pen action rate (up/down) is approximately
10 pointsisecond maximum. Plotter points
per second decreases for an increasing
distance between points.

Data Resolution

0.005 in (0.127 mm)

Motor Drive Resolu-
tion

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

colors)

See Figure D-2 [OF teisphone numbers 01 use when ordering.
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1)
2)

3)

5)

6)

7)

8)

9)

THE FI NI TE ELEMENT ANALYSI S PROGRANMS

USER | NSTRUCTI ONS FOR THE
D 3@ AC cT-80 SYSTEM

Evangel os M chael Marinis

May 1985

Turn system ON from mai n outl et.

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

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

Insert disk in drive A.

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

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

operating systemfromthe disk into the nmain nenory.

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

of the screen.

Use the foll owi ng command to start the program
OA>SUBMIT FILEO (RETURN)

The progranms will run automatically.

To STOP or QUIT, hit Control-C (nore than once nay be

necessary.)
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100

START

This is /MATRIX1.BAS/ which
sets—-up the coefficient matrix

\4

Initialize and display options

%

Specify a new structure.

Use the same structure but
specify new external forces4+—P MATRIX3.BAS
3. QUIT. The design process
IS complete. STOP | —14—P STOP !

op

4

Enter the number of pins and
their (x,y) coordinates.

Are these coordinates correct ?

: No
Yes / No

)4

Yes

Enter the number of members.

Pl
~




!

D nensi on vari abl es.

s <

Input all nmaterial properties
one nmenber at a tine.

Is the information correct ?

No
Yes / No

\'4

Yes

Cal cul ate each nenber's |ength,
wei ght, and the sine and cosine
of each orientation angle.

Cal culate the 16 coefficients
of each nmenber's matrix and add
them (overlay) on the tota
systemls coefficient matrix.

Y

Cal cul ate and di spl ay the
total weight of the structure.




i

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

Yes

Yes ::t:///* P RUN

No
Ayr 4

a
<

Specify the boundary conditions.

Y

Are they correct ?

No

Yes / No

A4

Yes

Adj ust the structure's final
coefficient matrix accordingly

74

Create data file /MATRIX.DAT/
and save coefficient matri x.

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




103

i

Load and run /MATRIX2.BAS/
which will invert the matrix.

7

f

STOP!



START

This is program /MATRIX2.BAS/
whi ch can invert the matri x of
the data file /MATRIX.DAT/

Initialize.and di mensi on
vari abl es.

Y

| nput data from /MATRIX.DAT/

Di splay the total number of
pivots and / Please wait ...

Do you wish to see the matrix ?

No
Yes / No -
Yes
Print the starting matrix
<1
~N
A4

4 A
104



Do you wish to see the pivoting ?

N o

Yes / No

A\ 4

Yes

Print the pivoting information

Y <

Start matrix inversion

Is it a singular maalrix (D=0) ?

Yes
Yes / No >

Y

No

STOP |

Continue the inversion

Save the inverted matrix on
disk under the file name :
/ INVERSE.DAT /

105



i

Run program / MATRIX3.BAS /

\4

STOP!

106
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START

Y

This is /MATRIX3.BAS/

A

Di mensi on vari abl es

N

Read data file /INVERSE.DAT/

Read data file /GEOM.DAT/

vlr <

I nput externally applied forces.
Let unknown forces = 0.0

Are these forces correct 2

No

A4

Yes / No

Yes

Cal cul ate equival ent externa
equi valent to tenp're induced
strains and add to real forces
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I

Use matrix multiplication to
cal cul ate node displacements

y

Cal cul ate internal forces

\%

Adj ust forces (F - temp're force)

Cal cul ate and display al
stresses and strains

Cal cul ate the buckling forces

\%

Has this menmber buckled 2

No
Yes / No

Y

Yes

Print that menmber has buckl ed

N
%

N
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i

Has the member yielded ?

No

Yes / No

#7 Yes

\4

Print that member has yielded

\ <

Has the member ruptured ?

No

Yes / No

\4

Yes

Print that member has ruptured

\'a <

Select from the following
options :




F

Print input and results now,

Create graphics for plotter.
Create graphics for C.R.T.

RESTART ( New structure )
Run again with NEw forces.

Draw the graph now.

Prepare for plastic region

® N o Ua wn

Enter the plastic region.

9. QUIT now. STOP !

Option 1. 2

Yes / No A

Yes

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

P
~

Nz

Option 2 ?

1



111

No

A4

Yes / No

Yes

Cal cul ate size ot the structure,
magni fication factor and new x,y
coordi nates of the nodes,

Save data in file /PLOTTER.DAT/

Y \V

Create /FILE2.SUB/ to access the
plotter, pause for pen change
and return to /FILE1.SUB/

\4

Create files /F-E-M.CMD/ and
/F-E-M1.CMD/ for graphics.

y

Return to menu

A

‘7

Option 3 2

v



No

[

Y

Yes / No

Yes

Cal cul ate size of the structure,
magni fi cation factor and new x,y
coordi nates of the nodes.

Save data in file /PLOTTER.DAT/

Create /FILE2.SUB/ to access the
plotter and return to /FILE1.SUB/

Y

Create files /F-E-M.CMD/ for
pl otter graphics

y

Return to nmenu.

Option 4 ?

T




113

No
Yes / No B
Yes
Run / MATRIX3.BAS/
\'a <
Option 5 2
' No
Yes / No D
Yes
Run
\4 <
Option 6 ?
j
No
Yes / No P
Yes

Exit to systemto turn control
over to newy created /FILE2/

Vi

""1




1

Option 7 ?

No

Yes / No

Yes

Y

Enter the subroutine which
creates the plastic region files

Y

Calculate suggested external

forces which will cause one of
the members to yield.

\
Update the data files..
Tz 2
y ~
Option 8 ?
Yes
Pp— Run 'M1.BAS'

No

STOP !




START

V

This is /M1.BAS/ which
sets-up the coefficient matrix

Y

Dimension variables
Read all data from data files
Initialize and display options

y

1. Continue to change external
loads.
2. Unload the structure.

/

Option 1 2

No
Yes / No

Y

Yes

Set-up the coefficient matrix.

\2 <

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

f

115



I

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

\

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

Y

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

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

T

STOP!

116



START

¥

This is program /M2.BAS/

whi ch can invert the matri x of

the data file /MATRIX.DAT/

A
Initialize and di nensi on
vari abl es.
A4

| nput data from /MATRIX.DAT/

Y

Di splay the total nunber of

pivots and a message to wait...

Y

Start matrix inversion

v

I[s it a singullar matkix (D=0) ?

Yes

117

Yes / No

No

W

STOP




Continue the inversion

7

Save the inverted matrix on
di sk under the file nane
/ | NVERSE-DAT /

STOP!

113



START

Thits s /M3.BAS/

Dimension variables

A\

Read data from data files

y

Calcul ate the equival ent externa
forces produced by any changes
in tenperature

Use matrix multiplication to
cal cul ate node di spl acements

Y

Cal cul ate internal forces

1

Adjust forces (F - tenmp're force)

Cal cul ate and display all
stresses and strains

T



Calculate the buckling forces

4

Have any members buckled ?

No
Yes / No

Y

Yes

Print that member has buckled

< <

Has the member yielded ?

No

Yes / No

Y

Yes

Print that member has yielded

¥ <

Has the member ruptured ?




No

A

Yes / No

Yes

Print that memheer has ruptured

N2 <

Select from the following
options :

I N Y N

o

. Print input and results now.

, Create graphics for plotter.
Create graphics for C.R.T.

, RESTART ( Elastic region)

Run again with incremental
forces

Draw the graph now.

QUIT NOW. FUNCTION COMPLETE.

Y

Option 1. 2

7

122



No
Yes / No

)74

47 Yes

Go to a subroutine to print the
i nput and results and return.

by Pl
T~
Option 2 2
No
Yes / No B
Yes

Cal cul ate size ot the structure,
magni fication factor and new x,y
coordi nates of the nodes.

N4

Save data in file /PLOTTER.DAT/

Y

Create /FILE2.SUB/ to access the
plotter, pause for pen change
and return to /FILEl1.SUB/

+




Create files /F-E-M.CMD/ and
/F-E-M1.CMD/ for graphics.

%

Return to menu

Ay
A
Option 3 ?
No
Yes / No B

Yes

Cal cul ate size of the structure,
magni fication factor and new x,y
coordi nates of the nodes.

Save data in file /PLOTTER.DAT/

y

Create /FILE2.SUB/ to access the
plotter and return to /FILE1.SUB/

7

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

T

123



Return to menu.

Option 4 2
No
Yes / No B
Yes
Run / MATRIX1.BAS/
¥ <
Option 5 2
No
Yes / No B
Yes
Run
V- <
Option 6 2




No

Yes / No

\4

Yes

Exit to systemto turn control
over to newly created /FILE2/
which will draw the graph

T <

Option 7 2
No
Yes / No D>
Yes
QUIT. FUNCTI ON COWPLETE. ..
\% <

STOP !
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10 REM 127

20 REM This is “"MATRIX1.RBAS" by Evangelos Marinig
30 REM Updated: March 28, 1985.
40 REM It can form a square matrix from data supplied by

the user
50 REM and apply the boundary conditions to it so that the

&0 REM determinant will not be zero.

7 REM

89 REM Then, it will save that matrix on disk under the
N ame

0 REM "MATRIX.DAT". This file will be used as input to
"MATRIXZ. BAB"

100 REM which will invert it.

110 OFEN"O", #1, "FILEZ.SUR"

120 PRINT #1," "

130 CLOSE

140 REM

1580 PRINT CHR3(26&)

1680 FRINT"This is "MATRIX1I.BAS® which will form the starting

matriy.

170 FRINT

180 REM This is the first set of gprions. The second is in
MATRIXE

120 PRINT: FRINT"OFTI { SET #1 )."

200 FRINTIPRINT" 1. FOLLOW NORMAL PROCEDURE. '

; FRINTFRINTY 2. GOTO MATRIX® FOR MEW FORCES. "
FRINTIPFRINT" 3. QUIT. EX'IT TO SYSTEM AMD STOF. ¢
FRIMNTIFRINTYSELECT IS thru 3). 1w

LET SELECT=3 : INPUT SELECT

IF SELECT<1 OR SELECT:>Z THEN GOTQ 150

IF SBELECT=2 THEN RUNM"MATRIXZ.RAS!

IF SELECT=2 THEM CLEARIBYSTEM:IELSE 280 -
FEM FOR IF-ELSE

FRINT CHR$(2&6) IPRINTIPREEINT

REM

FRINT"How many pins are there in the structure "j
2 INPUT M1

TEO PRIMTIFRINT:FRIMNT"Flease snter the caurdinate points for
sach pin. "

340 PRINTIFRINT

IO M=

TAHD DIM A CNEND
=7 FpR 1 = B -1 1 LET g : MEXT 1

TR DIM ¥(Ni) @ DIM Y (N1

e @FOR I1=1 KA N1

400 PRINT "X("5ls")=0MS:

INFUT ¥ Y

FRIMNT "y {";Igny= no

INFUT ¥ {I)

LET aM$="N":INFUT"Is that correct (Y . M) "1ANE
TF ARES =YY THEN 400

450 FPRINTIFRINT

470 NEXT T

487 PRINT:PRINT PRINT




490 FOR I=1 TO N1

SO0 FRINT "PIN# "3 F" X(I)="3%

510 PRINT USINMG!#ddd4., SdEdd44" i X (D) 5 IPRINT " Y (I)="3;

520 PREINT USING' #4444 .. #H444484"3 Y (1)

930 NMEXT 1

F40 PRINTIFRIMTIPRINT

=0 OINFUT"How many members are there im the system "ifMl

558  PRIMT:FRINT:FPRINT"USE UNITS OF THE ENGLISH SYSTEM
CONSHESTENTLY. "

557 PRINT:FRINT:PRINT"REFER TO TARBLES OF STANDARD SECTIONS
FOF. CONVENIENCE"

540 DIM FLEMLY 2 DIM F2(M1) @ DIM MI{ML)

570 DIM E(MLY ¢ DIM aRMMIY ¢ DIM L(M1): DIM ¥YS8{M1}y ¢ DIM
RE (M1

80 DIM CT(M1Y @ DIM STiI(ML)  DIM &T(M1Y @ DIM TE{(M1)

5%0 DM E (ML) I DIM WTM1) @ DM SG<IM1Y = DM VL (I}

&O0 DIM E1ML)Y @ DIM EEML) = DIM E3(MIL)

H10 PRINT

A2 REM

&Han  REM The following statements input the data for the
maembers.

&40 FOR I=1 TO M1

HSH0 PRINT

&HEHO FRINT "Member #";Ii:INFUT v FIN #1= #"3;F1(I1)

&70 PRINT M FIM #2= #3531 INFUT P2

SEO PRINT: INFUT"What is the modulus of elasticity in million
FSIYsECD

152 FRINT: INFUT"What is the Yield Strength of this member in
FRIYIYS(D)

&84 PRINT: INFUT"What ie the Rupture Strength of this member
in PSI "iRBD)

488  PRINT: INFUT"What is the smallest Moment of Inertia in
IN~4"sMI (D)

HF0 FPRINT: INFUT"What is the cross-sectional frea of this
member in INTZ "iARID

FOo0 FRINT: INFUT"What Bs the specific weight of this member
LES/ZIN™Z 3561

710 PRINT: INFUT"What is the change from mean tempersture for
this member- "FiTEC(I)

TR0 PRINT:INFUT"What is the thermal expansion coefficient
(milliornths) "3AT(ID

YIOOPRINT

a0 LET ANg=UN" IMNFUT " Is that correct (Y / MY "iAMNS
FESOIF AN YY" THEM 6350

THO FRINT

TTOLET  L(Id=( (YORR(IN) -Y(RL{D) - Yy (g (1D +
(P20 Y- (PL D) y (X (P2 ) —~X(FL (L) D!

780 LET L(I)=8aR (.{01})

FF0 WT(I =8G(I)«AR{TI) =L (1)

GO0 LET AL =AR(II=E(I) /L(I)

810 LET CT{I}= ( X{PI{I})=-X(FL1{I)} )} / L{I)

829 LET BT(I)= YOF2OIY»=Y(P1(I))Y ) / LI

a0 LET K1 (I =K I)#CT(I)*CT (D)

840 LET RI(I) =R *CT(I) 5T (1)




850 LET

8460 REM
€370 LET abl=F1 (1)
980 LET RBRE=F2{(I)

890
200
210
P20
=0
P44
SO
FEO
Q70
G830
R0
1 OO0
1010
1020
10730
1040
1050
104D

1070

structures

1080

3070

A (2¥AL-2) N+ (Z2%AL—-1)
A (2%HL~2) N+ (2%AL)
AL{2¥AL-2) #N+ (2*HE-1)
G(2%AL~2) N+ (2*BE)
AR ~1) #N+(2%4L-1)
A {2xAL—1) N+ (2%40L0)
AI2%Al—1) ¥N+-(2*BE~1)
A2/ ~1) N+ (2%BE)
AC(DREE-2) 2N+ {(2%0l —-1)
AC(ZHBE-2) *phN4+ (Z*OL)
Q{2 RE-2) #N+ {2*RBE~1)
AL (2RBE-2) #N+ (2%BE)
SO(2%BE~1) #h+ (2%0L_~1)
G2 BE—-1) ¥h+ (2%41)
SL{2eRE~1) #N+ (2%BE~-1)

A UZXBE—1) *N+ (Z*EE)
FRINT
NEXT 1
REM At  this
are

REM
REM

caloculated. If th

to choose

point the volume
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FIil =K () *ST (1) %=58T (1)

)=A((2%AL-2) ¥ N+ (2%AL-1) I +K1(1)
Y=A(2*Al-2) #M+ (2xAl) Y HEZ2 (1)
Y=A(2%AL -2 ¥ N+ (2%#BE-1) ) —-K1 (1)
Y=0((2%AL-2) N+ (22RE) ) —E2 (1)
Y=A((2%AL-1) #N+(2%AL-1) Y +K2 (1)
=0 ((26AL—1) #N+ (2%#AL)Y )+

Y=A((2%QL ~1) #N+ (2¥BE-1)) K2 (1)

Y=A(2*AL~-1) ¥N+ (2%BE) ) K3 (1)

Y=A{(2¥RE-2) #N+ (2*AL~-1) )y —K1 (1)

V=R ((24BE-2) ®#N+ (2%AL) ) ~K2(1)

) =A((2*BE~2) #N+ (2¥BE~-1) ) +K1 (1)
Y=A((2%BE~2) ¥N+ (2¥BE) Y +K2 (1!
Y=A({2%BE~1) #*N+ (2*AlL —-1))~E21(1)

= ((2%BE~1) N+ {240 ) ) ~KZEA(1)
Y= (2¥RE~1) ¥ N+ (Z*RE-1) ) +R2(1)
Y=A((2¥BE~1) ®N+ (ZxBEY Y +RTZ (1)

and weight of the

e waeight is not satisfactory the

operator may return to the begining of the program

1100 REM new members.

1110 REM

1120 LET Ti=O!

1130 FOR I=1 TO M1 : TW=TW+WT(I) @ NEXT 1 -
1140 FPRINT:FRINT"The total weight of the structure is
=R USTNGY S, #8s TW s PRINTY lbs. "

11520 AMs="GO"

1160 PRIMTIFRINT"OPTRONS: 1I)HIT <RETURN:> TO CONTINUE"

| - FRINMT" 2)YTYPE *EBACE® aND HIT <RETURM> TO
SELECT NEW MEMRBERS"

11280 FRENTIFRINT"RESPONSE: ";

1190 INFUT AMS

1200 IF ANS="RACE" THEN GOTO &30

1210 REM .

gem REM Tliis is the point where the B{M) array is set up.
PUEA OREM This B(M) array is a dummy variable. It will. he
erased at

1240 REM the end of this program.

1280 REM

1260 DIM BM

1270 REM

1280 REM &t this point the B.C'e are entered.

1 o0 REM (PR INT:FR MT:FRINT"BOUNDARY
CO!\!DITIUN}S: o D T NT Y s s e s e o sm e s sz 1

1T00  FOR M=1 TO N1

LR FET Ahg=UR" o2 LET B{Z2¥M-1i=-99, 119171#

1320 FRINT FRINT"Is the value of 0" MYz "y=0 7 Y
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MY "

1325 FRINT"U=0 means that the node is fixed in
the x-dir.";

1330 INPUT AN4 FRINT

1340 IF AN%="Y" THEN BRB{(Z2¥M—-1)=0!

13260 LET AN$%="N"

1370 LET B{(2¥M)=29.1191921#

1380 PRINT FRIMT"Is the valus of V{"jM:")=0 7 Y /
N| 11}

1283 FRINT"V=0 means that the nude is fixed in

the y—-dir."s

1320 INPUT ANE tFPRINT:FRINT:FRINT

1400 IF AMNE="Y" THEM B{(2#¥M)=0!

1420 NEXT M

14730 REM

1440 REM This tests for correct B.C g,

1450 FRINTIFRINT

1460 LET &NS#H="NO":INPUT"ARE THE BOUNOARY CONDITIONS CORRECT
TOAY/NY O "iIAMNBS

1470 |F ANSs="N" OF ANSE="NO" THEN GOTO 1280
1480 FOR (C=1 TO W

1490 |F B{(OC)=0 THEN GTJSUB 1750

1300 NEXT OC

1510 REM This is where the program has formed thse A matrix
and
1520 REM is ready to prinmt 1t on disk alomg with other

information

1530 REM to be used by "MATRIXZ.BAS" AFor the mabtrix
inversian.

1540  FREM

1550 OFEN 0", #1,"MATRIX. DAT"

18560 LET MiM=N=*M1
1570 FRINT #1 .M, MN

1580 FOR I=1 TO NN : FRINT #1,A4(I) 1 NEXT I
1582 CLOSE

1584 OPEN "0O",#1, "SEOM.DAT"

1590 'PRINT #1,N1,M1

1600 FOR I=1 TO N1 1 FRINT #1,X(I),Y(I) 1 NEXT

1610 FOR I=1 TO M1

14520 PHENT
$#1,PF1 (D), P2CI) ,ECD) ,MICI) BRI L (I, K (D), S6(I),YS(I) ,RS(I)
147" NEXT 1

1640 REM

1540 REM

1670 FOR I=1 TO M1 I FRINT #1,5T(1),CT{I) o NEXT I
1680 FOR I=1 TO0 M1 @ FRINT #1,AT(I),TEC(I)Y @ NEXT 1
1670 FOR I=1 TO N @ FRIMNT #1,B<(I) : NEXT I

1700 REM

1710 CLOSE

720 RUM'MATRIXZ.BASY

17320 8TOF

1740 REM

1750 REM 'This :is Subroutine #1. It changes the A matriw
according



1760
1770
1780
1790
Jd
1800
1810
I
1820
183Z0
1840
1850

REM
HEM
LET

REM

to the boundary conditions.

oe

FOR J=1 TO N :

FOR I=1 TO N :

LET A{(B&—1) #N+00) =0

REM
RETURN
REM %%

END OF FILE

LET I1=(QG-1)*N+]J

LET I1={I-1)#N+Q0Q

*k*

ACTI1)=0!

A(Il)=0!

131

NEXT

NEXT
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19 REM

20 REM This is "MATRIXZ.BAS® by Evangelos Marinis
«<w REM Updated: March 28, 1985.

30 REM

4 REM It can perform a matrix inversion ©n any size

square matrix

50 REM up to 30x30.

60 HEM

70 FREINT CHR#%(26)

B0 PRINT"Thig is "MATRIXZ.BAS® which can perform matrix
inversion. "

20 PRINT"INPUT: MATRIX. DAT ":IPRINT"QUTFUT: INVERSE. DAT "

92 PRIMT:IFRINT

100 OFENM "I, #1,"MATRIX.DAT"

110 INFUT $1,M,MNN

120 DIM & {NN)

122 REM

123 FRINT:FRINT"The total number of pivots is "iN

124 FRIMT:FRINT"Flease wait while B da the inversion, "

iZ0 FOR I=1 TO NN

140 INPUT #1,A/(01)

150 NEXT 1

410 CLOSE - FPRINT

412 RE$="N"

415 IF NS THEN PRINT'DO YOU WISH TO FRINT THE MATRIX (Y /M)

e
5

4146 INFUT HE%
417 |F RE$="N" THEN GOTO 510

20 IF N=1% THEM FRINTIPRINT"MATRIX IS TOO LARGE TO
PRINT. ":GG7T0 310
4730 LPRIMT CHR% (15) : LPRENT I LPRENT: LFRI NT"START I NG

MATRIX: "t LFRINTILFRINT

440 FOR I=1 TO N

450 LPRIMT"I "3

440 FOR J=1 TO N

470 LPRINT USINGY#d8#, #8454 ((I-1) *N+J) 3
430 NEXT J

490 LPFRINT 1

S00 MEXT I

SOo1 LPREINT:LFRINTILFRINT

210 60OSUR 840

511 REM

512 REM

=520 OFENM "OY,#1, " INVERSE.DAT"
SE0 PRINT #1,M,NN

=40 FOR I=1 TO N

550 FOR J=1 TO N

BE0 PRINT #1,AINV{{I~1)*N+J)
570 NEXT J

=580 NEXT 1

=590 REM

770 CLOSE

772 LFRINT CHKB!18)

774 RUN "MATRIXE.BASY



777 REM

790 REM " This isthe end of the main program.

800 REM

810 REM The two subroutines follow.

820 REM

824 REM

840 REM Sub. 1.

850 RE$="N"

860 FRINT:FRINT:INFUT"DO YOU WISH TO SEE THE PIVOTING {Y/N)
"iRE®

862 PRINT:FRINT

865 |IF RES="Y" AND N>8 THEN FRINT"SORRY MATRIX |S TOO LARGE
TO SHOW FIVMOTING...":LFRINT CHR%(18)

868 IF RE$="Y" AND N«<9 THEN FRINT"THE PRINTER IS IN THE
COMFRESSED' MODE. ":FRIENT

870 NC=2%N

880 DIM 141 (M#*NC) , Wk (N=MC) , AINV (M*M)

€390 FOR 1=1 TO N

00 FOR J=1 TO NC

10 IF JxM THEN 930

P20 WE C(I-1) #NC+I)=A((I-1)*N+J) 1 GOTO 920
G230 WE (T —-1) #NC+J ) =0!

240 IF(I-MY=T THEM WE{{I~-1)=NC+J3)=1

PE0 NEXT J
F4H0 NEXT |
F70 FDOR R=1 TO N

FE0 =R D=WE{{R-1)#NC+E)}

FI0 IF D<=0 THEN 1010

1000 PRINTYSINGULAR  MATRIEX - D=0 CHECK THE BOUNDARY
CONE!I TEONS. ":PRINT: FRENT" THE PROCESS ETORS HERE. ..

SORRY."10TOF
1010 FOR I=1 TO M
1020 FOR Jd=1 TO dNC

1030 IF I- R THEN 1060

1040 IF WE(IR=1)*NMC+J) =0 OR WK (1= 1)=NC+ED) =0 THEM W1i{(I-
IVeNC+IT=WE (TE-1) #NC+J) I GOTO 1070 0 ELSE 1030

1050 Wi (I-1)#¥NC+I)=RE ({TI-1) #NC+T) Wk { {R—
Y #MNC+HI) #WE((I-1) #NC+ED /D 1 GOTO 1470

1060 W1 (I~-1)*NC+I) =W ({(I-1)¥NC+J) /D

1070 NEXT J
1080 NEXT I

1.1 L0 FOR I=1 TO N

1120 FOR J=1 TO RMNC

11E0 WE (I =1 *¥MNC+T ) =1 ((I-1 ®#NC+T)
1140 NEXT J

1150 NEXT 1

1155 FRINT:FRINTFIVOT NUMBER "iR:i" OF "iN
11&0 IF RE$="Y" AND N«<%® THEN GUSUB 1240

1170 NEXT R
1180 FOR I=1 TO N

1190 FOR J=1 TO W

P ATV CCI—1) #NET Y =k (-1 2N+ (TN )
1210 NEXT J

Lt NEXT I



13k

1230  RETURN

1240 REM

1260  LFRINT"FIVOT NUMBER ";Ri" OF "sN:LPRINT"
1270 FOR ZI=1 TO N

1280 FOR zJ=1 TO NC

1290 LPRINT USTNG"####H . ##" § WK ( (Z1—-1) #NC+2J) 5
1300 | F Z3=N THEN LPRINT " !"3

1310 NEXT Z1

1320 LPRINT "

1330 NEXT zI

1340 LFRINT:LFRENT

1350 RETURN

1360 END
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19 REM

20 REM

30 REM This is "MATRIX3.BAG . It reads the inverted matrix
40 REM and calculates forces, stresses, etc.

S50 REM

60 PRINT CHR${24&)

70 PRINT "This is "MATRIXZ.RBAS" March 8, 1985."
80 REM

20 OPEN "I",#1,"INVERSE.DAT"

100 INPUT #1,N,NN

110 DIM A (NN)

120 FOR I=1 TO NN : INPUT #1,A{I)> I NEXT 1

125 CLOSE

128 OPEN "I",#1,"GEOM.DAT"

140 INPUT #1,NM1,M1

150 REM

170 DIM X {M1) : DIM Y {N1) : DIM XN(N1) : DIM YN(N1) : DIM
XO(N1)Y  DIM YO(MNL)

180 DIM F1(M1) I DIM F2{(M1) : DIM MI{M1)

ied DIM E (M1} : DIM AR{(M1)Y : DIM L (M1) : DIM k(ML) : DIM
SGEiML)

200 DM ST(M1) » DM CT{(M1) : DM ¥5(M1) - DIM RS{M1) : DM
RaML)

219 DIM E1(M1) : DIM K2(M1) @ DIM KIZ{M1) o DIM Cp)

220 DIM EX(MN)Y - DIM B(MN) : DIM RC(M) : DIM TE(MLY @ DIM
AT (ML)

222 DIM FC{M1) I DIM D{N1) : DIM 85<{M1) - DIM SR{Mi) I DIM
BF (M1}

230 REM

240 FOR I=1 TO NIIINFUT #1,X{I}),Y{I) 1XO(I)=X{I):IYO(I)=Y{I):
NEXT 1 -

250 REM

285 TW=0

260 FOR I=1 TO M1
270 INPUT
H1,FPLOD),PR2OD),ECD) , MICDY ,ARCTY (D) (D) ,86(I),¥YS(I),RE(I)
273 TH=TW+SG(I)*AR(1) *L @

280 NEXT I

310 REM
20 FUR
TE0 FOR
F40 FOR
EED REM
Z4H0 CLOSBE

I6E FOR I=1 TO NipC(I)=R(I)INEXT I

Z70 REM

80 REM The following statements are used to input. the
forces

90 REM and the boundary conditions.

400 REM

422 PRINT:FRINT"PLEGSE IMFUT ALL THE EXTERNALLY AFFLIED
FORCES™

424 FPRINT:FRINTULET ALL UMERNOWN FORCES =0."IFPRINTIFPRINT

TO M1 : IMPUT #1,8T<(I>,CT(I} I NEXT I
TO M1 - INFUTH#1,6T(I),TEC(ID) + MEXT 1
TO N ¢ INFPUT#1,B{I)  MEXT 1

i
ph fock ok

fi

$omd ] i



4730
446
450
460
470
480
430
SO0
510
B20
530
S40
550
560
570
580
590
600
610
G20

IO
H40
GHS0
HED
&7
&HE80
L0
700
PAE
T2
710
TR0
TEI0D
7410
TS0
THO
TEO
780
720
800
210
20
80
a240
70
380
830
QOO0
F10
Q20

EOTL)
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FOR I=1 TO N STEP 2
J=(I+1y /2
FRINT:FRINT"What is the force F{("§Jdi")Ixn = "3
INPUT C(I) .
FRINT"What is the force F{"iJi"™)y = "3
INPUT C(I+1}
NEXT 1
ANSHE="N"
FRINTIPRINT
FRINT: INFUT"ARE THESE VALUES CORRECT (Y/MN) "j5ANS$
FRIMNTIPRINT
| F ANS#®="N" THEN GOTO 430
IF AMS$< ="N" AMD ANSE< :"Y" THEN GOTO 320
REM
FOR I=1 TO N : EX(I)=C{I)YINEXT I
REM
FOR 1=1 TO M1
NF=(-1)#AT(I)*TE(I) *AR(I) *E(I)*CT (1)
CR2¥P1 (1) -1 =C(2%F1{(1I)~1)—-NF
C2*P2(I)-1)=CA(2%P2(1)—1)+NF
REM
MF=(-1)*%AT(I)Y*TE(I) #AR(I)*E (1) *8T (1)
Ci2=F1 (1) y=C(2%P1 (1)) -NF
CiZ2#P2(0))=C{2¥F2{(1))+NF
REM
NMEXT 1
REM
FOR I=1 TG N
IF B{I})=0 THEN C(I}=0
MEXT I
FEM
REM 'This part cal culat.~ ke di ~P lacements.
LET BM=O!
FOR BI=1 TO N
LET BA(I)=0!
FOR J=1 TO N
B(L)=B{I)+A((I-1)*N+J)%C (T3

NEXT J

REM

I F ABRS{(BR{1)) >BM THEWM LET EM=QBS{(R{1?)
NEXT 1

REM

FEM This part calculates the forces on sach menber.
REM
FRINT CHR%(2&)

FPRINT"MEMBER FIN# (A, B) U{FIND VIiFIn) ¢
F‘F\IINT”::::::::: e vseee +vson saomn sovee sevrn wenve momm soeme L —— e g )]
Pt I T 19 o e e e o o s o e o e s e 2 o e e i o 2 e i 1"

FRIMTIFRINT
FOR I=1 TO M1

FRINT ! "EUSING"HH##" s I tFRINTY

CTUSTIMG #HREESFPI (D) i PRINTY

ny LB

ING  HEHH, $E# B (2P 1 (D) ~1) 3 I FRINTY
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"IUSING" $H###. #8#" s B(2*F1 (1))

940 FRENT" "IUSING"S$##" i F2(I) s 1 FRINT"
"FUSING "####. ###"iB(2»F2 CI-) 5:PRINT"Y
"LUSING  $4#4. HER" I B(2¥F2 (1))

FE0 D( FL1(I) )Y=B( 2%Pi(I)~1 ) * CT{(I) + B({ 2*F1(I} ) =
ST(I)
&0 D PRI y=B( 2%F2(I)-1 ) * CT(I) + B{ 2%F2(I) ) o*
ST(I)

970 FC(I)=KA(I) # ( D{ F2(I) ) - D{ P1(I) ) ) #1E+06

280 FCOI) =FC(I) =K (I} *AT(I)*TE(I)*L (1)

8= IF ABS(SS(I)) *¥YS(I) AND ABRS(85(I))<=RE(I) THEN
BF(I)=(-

1E+0&) # (5% (Z, 141539 2) #MI(T)#»E(D) ®YSLI) )/ (2*AR (I ¥YS (I #L (1) *
LI +35% (3, 141592 #MI (1) *E (1)) 1 6OTO 290

785 BF(I)=(~1E+0&) % (3. 14159"2) *MI (1) #*E(D DY (L (1))

990 SS(I)=FC(I)/AR(])

1000 SRII)=88(I) 7  E{I) * 1E+0& |

1010 PRINT

1030 FRINT "FORCE(1bs)="3FC(I)s" STRESS (psi)="3;88(1)}"
STRAIN="3SFE (1)

1027 IF ARBS(SS (I 1 >¥YS(1) THEN
EFRINTIFRINTIFRINT S8 %556 X %6 EERE XL R XK EK LR EEEL N T & X LEEN"

1023 IF ARS(ES (1)) x¥5(I)  AND ARS (85 (1)) <=R5(1) THEN

FRINT"THIS MEMBER HAS YIELDED. IT IS TIME TO FREFARE FOR
FLASTIC REGEION"

10gd IF  ABS(35{(1)) »=R3{I) THEN PRINT"THIS MEMEBER HA&s
RUFTURED. XM e e W

1025 |IF FC{Nll<=RF{1) THEN FPRINT"THIS MEMBER HAS BUCKLED.
e e

1024 - AES(SS(I)Y 2¥B (1) THEN
PRIMT S5tk k%l % b RN R TR LR TR EEEEEEEERRXET I PRINTOFPRINT

103D FRINT

1040 IF INT(I/Z2y=1/2 THEN INFUT"Hit SRETURN = to
continuesfs

1050 PRINT

10460 NEXT 1

1070 FPRINT: IMFUTY"HLt <RETURN> to continue..."ifs

1080 FRINT CHR$ (26}

1090 FRINT: FRINT"OFTIONS: Select from the following in
the order they are listed.

1100 FRINT

1110 PRINT 1. SEND INPUT A&ND RESULTS TO FRINTER
MO
1120 PRINT
1130 FRINT" 2. CREATE A GRAFHICS FILE FOR
FLOTTER. "

PRINT® Z. CREATE A GRAPHICS FILE FOR CRT."
1150 FRINT® 0 ®
1140  PRINT" 4. RESTART (SPECIFY A NEW STRUCTURE!
1170 FRINT® 5. RUN AGAIN WITH NBW FORCES "
: FRINT" "
1187 EFRINT" 6. DRAW THE GRAFH NOW.

1184  FRINT" ¢ -
1186  PRINT" 7. FREFARE FOR FLASTIC REGION. "



1188 PRINT" "

1190 PRINT" 8. ENTER THE PLASTIC REGION."
1195 PRINT™" "
1210 PRINT" 9. QUIT NOW. FUNCTION COMPLETE. «."

1220 PRINT
1230 LET SELECT=<)!

1232 FRINT:PRINT"Note: If you wish to select option &,
you MUST first"

1234 PRINT"===== select option 3. "
1240 INFUT"SELECT (1 thru 9): "siSELECT

1250 | F SELECT<1 OR SELECT>? THEN GOTO 1080
1260 REM

1270 |F SELECT=1 THEN GOSUR 1370

1280 | F SELECT=2 THEN GOSUR 2030

1290 | F SELECT=3 THEN GOBUR 2030

1300 | F SELECT=4 THEN RUN"MATRIX1.EAS"

1310 | F SELECT=S THEN RUN

1312 | F SELECT=7 THEN GOSUER 3000

1315 | F SELECT=8 THEN GOTO 30435

1320 | F SELECT=& THEN CLEAR : SYSTEM

1340 | F SELECT=%2 THEN GOTGO 1361

1360 GOTO 1080

1361 OPEN "O", #1,"FILEZ. SUB"
13262 FRINT #1,""

136% CLOSE

1364 SYSTEM

1370 REM This i s the 1st sub. It prints the results on the
printer-.

1380 REM

17290 FPRINT CHR$(26):PRINT: PRINT: PRINT

1400 PRINT" PLEASE SET THE FRIMTER TO A NEW PAGE. "
1410 FRIMT:PRINT: PRINT" Hit <RETURM> to start

printing..."

1420 INFUT A%

1435 QFENM "I",#1,"SN.DATY

1440 INPUT #1,SN : CLOSE

1450 LFRINT

14460 LEFRENT"
SEHIAL#" s USING" #HH#4#HH#4" § BN

1470 LFRINT

1480 LET NS=35NM

1490 LET Sh=8N+1 : OFEN "0O",#1,"8N.DAT"

1500 IF SNX000 THEM LET Sh=1

1519 PRINT #1,8N @ CLOSE

15320 LPFREINT:ILFHENT" ANAL-YSIS OF A OTRUCTURE RY
THE FINBITE ELEMENT METHOD"

1530 LPF:INT"
15340 LFRINTILPRINT" {All ~\nitsare
LBS, INLD Y "ILPRINT

1550 LFPRINTY MUMBER CF FPIMS= "iN1i" NUMBER

OF MEMBERS= "iM1
15460 LPRINT

138
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1570 LPRINT" PIN# (X,Y) U
(ir) Vo in) "
1580 LFHINT"

1590 FOE I=1 TO N1

1600 LPRINT®" "SUSING"###" 3§

1610 LFRENT"
"TUSING" $#4#., #H" s X (1) 5 i LPRINTY , " USING " ##H#HE$.. $H" 1Y (1) 5

1620 LFRINT™) ";USING"###.####“TE(Q*I )5 tLPRINTY

"SUSING" ###. #H##H#" i B (2% 1)
1630 NEXT 1

1640 HEM

1,550 LPRIMTILPRINT: LPEINT

1660 LPRINT " MEMBER# PINS: (A, B} LENGTH {(in) AREA
(in2) E(*1E&) SPOWT.

1670 LPHINT "

1680 FOR 1=1 TO M1

1690 LPRINT™" "'USING"###"!I;:LPRINT“
PAUSIMG HEH"IPL (D) st LPRINTY, "FUSING "#$#84#" s P2 (1) s s LPRINT"
PRUSING  $HH, HE" L (1) 3 TLPRINT"

YIUSING " #H4d. ##"'QF(I) tLPRINT®

MIUSING " #4H. #H#"sE(I) 3 LFRINT” HISUSING "H. HHEH#" 156 (1)

1700 NEXT 1

1710 REM

1720 LPRINTILPRINT: LFRINT

1730 LFRENTY MEMBER# FORCE ({(1bs) STRESS
(psil STRAIN *

1740 LFRENT®

1730 FOR 1=1 TO Mi

1760 LPRINT" PRUSING " #44"5 I5 CLPFRINTY
"sUSINGY#####H. #V"IFCLI) s tLPRINT®

PIUSING " $#EHE#H. R B8 (D) s T LPRINTY

"SUSINGY###. #4###4" SR (ID)

1770 NEXT 1

1780 REM

1790 LPRENTILFRIEINTILPRENTY TEMPERATURES: "

1800 LFREINT® EESEssssssssn

1310 LPRINT: LPRINT" ALL TEMFERATURES ARE EQUAL EXCEPT
1820 LFRIENT

1830 FUR I=1 TO Mi:IF TE(I)<X0 THEN LFRINT® MEMBER#
R =i TEMFP.=T+"§ TE(LI) s " F. THERMAL EXF'.

COEFF.="1AT(I)s;" (#*1E-&) "
1840 NEXT 1

1850 HEM
1860 LFRIMTILFRINT
1870 HEM

1880 LF'RINT" EXTERNAL FORCES:"
1890 LF‘E’Il\]T” Zrms s TaTmmmiIum A n I Emam s
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1900 LPRIENT: LPRENT" ALL EXTERNALLY APPLIED FORCES ARE
ZERO EXCEPT :"

19190 LPRINT

1920 FOR I=1 TO N STEP 2

1970 J=(I+1)/2

1940 LPRENT" F{"sds"ix ="3iEXTA(I);"
Lbs."

1950 REM

1960 LPRINT™ Fi"sds")y ="iEXT{(I+1)3" Lbs."

1970 NEXT 1

1780 LPRINT: LPRINT

1990  LPFEINT® *The total weight of this structure IS
"IUSING "3RS BH" s TW I LPFRINT"  lbs.”

2000 LFPREINTILPREINT

2010 RETURN

2020 REM

2030 REM This is the 2nd sub. It creates a graphics file.
2040 REM This is the scaling routine...

2030 REM

2060 XM=—10000 XI=10000

2070 YM=—10000 YI=10000

2080 FOR I=1 TO N1

2090 [F X(IY<XM THEM XM=X(I)

2100 IF ¥Y{I)<¥YM THEN YM=Y(I)

2110 IF ¥X(I)>XI THEN XI=X(I)

2120 IF v(I)>*¥I THEN ¥YI=Y(I)

2170 NMEXT 1

2140 REM

D160 XD=ARS (ABS (XM) —ABS (X1))
2180 YD=AES (ABS (YM) ~AES (Y1) )
2190 XX-YD

2200 | F ¥XD»YD THEN XX=XD

B210 REM

2220 LET MF=EM

2222 OPEN"Q",#1, "FLOTTER.DAT"
2223 PRINT #1,MF

22750 FOR I=1 TO Mi

2240 X{I)=X(I)-XI

2230 Y(I)=¥Y(]I)~-Y]I]

2260 X{Id=X{I)Y*(B/XX)

2270 Y(IY=Y (1)%(8/XX)

2280 YNII)=X () +B(Z2*I-1)*MF
2290 YNLD) =Y (1) +B (2%0) xMF
2295 PRINT #1,XM{I),YNL{ID)
2300 NEXT 1

2EI05 CLOSE

2310 REM
- }

REM

2EED OPEN "D",#l,"FILEEnSUB"

2T40 PRINT #1," USER O

2E5H0OIF SELECT =3 THEN FRINT #1,"FPRINTER 1 ™
2360 | F SELECT=2 THEN FRENT #1, “FREINTER O "
i PI2INT #1,"CHART F~E-M.CMD .
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2380 |IF SELECT=2 THEN FRINT#1, "MBASIC PEN "

2390 | F SELECT=Z THEN PHINT #1i,"CHART F~E-M1.CMD ™

2400 PRINT #1,"SUBMIT FILEL "

2410 CLOSE

2420 REM

2430 OPEN "0Q",#1, "F-E-M. CMD"

2440 PRINT #1, " PLOTSX TYPE 16 *

2456 PRINT #1," PFLOT 2.5 O -3 END "

2460 PRINT #1," SMBOLL -.7 9.5 <2 "3iCHR#%{Z4): "ANALYSIE OF
A STRUCTURE BY THE FINITE ELEMENT METHOD.
SM. "F;USING"##H##H#"iNS; tFRINT #1,CHR$(Z4y3" 0 99 "

2470 FOR I=1 TO M1

2480 PFRINT #1," CIRCLE "§X(P1{I))s" "sY(FI1(I))s" —.09 .1

[1]

2420 PRINT #1," CIRCLE "iX(PZ(IXys" "sY(P2(I))s" —.09 .1

13

2500 PRINT #1,” PLOT "§X(F1(I))s" "PY(FL(I) )" 3
"EXC(P2CINIE" M3Y(PR(ING" 2 END "

2510 XC=( X(F1(I)+X(FR(I)) )/2:1 YC=( Y(PL{I))+Y(F2(1))
/2

250 PRINT #1," SMEOLL "y XCj "iYC: 2

"sCHRB(Z4) sUSING"H#H#"5 I3

2570 PRINT #1i,CHR%(Z4)3" © 99 ¢

2540 MEXT I

2550 REM

2560 FOR I=1 TO M1

2370 PR ENT #1," SMEQOLL HeX{(IHys" may ()™ .2
" CHR$ (34) ;USING™:##"; 1

2580 PRENT #1,CHR%134):" 0 99 v

omon X(I)=X{I)+B(Z*xI-1)

ZHO0 YD Y=Y{I)+R{(Z®x])

Z6HL0 NEXT I

2620 REM

PAHEIEID IF SELECT=2 'THEN PRINT #1, "EXIT™"

2640 | F SELECT=Z THEM CLOSE

2650 | F SELECT=2 THEN OPEN "O",#1,"F-E-M1.CMD"

2660 IF SELECT=2 THEN FRINT #1," PLOTSX TYPE 16 "

24670 | F SELECT=2 THEN PRINT #1i," PLOT 2.5 0 -3 END *
2680 FOR I=1 TO M1

DEHEION PRINT #1," CIRCLE "3iXM{F1{(I))s" "sYMNFLI(I))s»n -—-.09
2700 PRINT #1," CIRCLE "3XN(FZ2(I))s" "i¥YM{PI(I))s" - 09
2710 FRIMT #1," PLOT "RAMCFLIAIY )" IVMIPL(IDYET 3

pEENOPF2OIY Y "EYNU(PR(IN Y 2 END ¢

2720 NEXT &

E7ED REM

2740 PRINT #1,"” EXIT *

27350 REM

2760 CLOSE

2770 RETURN

2780 REM

ZO00 REM This is the subroutine that prepares for plastic
anal vsis.

=0l REM -



EORS
Z028
3029
FO3F0
032

ey
Ty S
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RM=0
For I=i TO M
RACI)=ARS(SS(I) /YS5(I))

IF radl) =rRM THEN RM=RA(])

NEXT |

PRI NT CHR$(26)

PRI NT: FrRINT"THE SUGGESTED EXTERNAL FORCES ARE (LES) "
FOR 1=1 TO N: FRINT:XE=EX(I)/RM: PRINT I,XE:NEXT
INFUT"Hit the RETURN key t0O continue":;A$:RETURN
OFEN"Q", #1, "GEOM.DAT" tFRINT #1,NMNi,M1

TO NI:PRINT#1,X0¢I),Y0(I) - NEXT |

TO M1:PRINTH#1,P1L(D) ,P2(1) ,MI(I) ,ARCI) L C(I)
TO M1:PRINTH#1,8T(I1),CT(I)INEXT |

TO Mi: PRINT#1,AT(I),TEC(I) - NEXT |

TO N tPRINTH#1,BC(I) - NEXT |

T
3
i
!
-

§
P
o onH
bt peb b et

OPEN "O",#1, "E- MOD. DAT"

FUR I=1 TO Mi:FRINT #1,E(I),E¢I) : NEXT |
CLCSE

OFEN"O", #1, "SS-5R. DAT"

FCR I=1 TO M1 PRI NT

(I),BR{I),YS(I),RS(I),0,FC(Iys NEXT |

FUR 1=1 TO N : FRINT #1,EX{(I) : NEXT |

CLCSE

OFENtQr.#L, "FILEL. SUR"

FRINTH#1L, "FWnNTER O

FRIMTH#1, "MBASIC My

FRINTH#1, "SUBMIT FILEZ2"

CLOSE

FUN "M1.BAS"

FEM XK XK END OF FILE X e e e
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10 REM
30 REM This is "Mi.BAS” by Evangelos Marinis
50 REM Updated: March 28, 1%85.

70 REM It can form a square matrix from data supplied by
the user. -
30 REM It can also adjust the matrix according to the

boundary
110 REM conditions.

130 REM

150 REM Then, it will save that matrix on disk under the
name

170 REM "MATRIX.DAT". This file will be used as input to
"M2.BAS"

190 REM which will invert it.

210 OPEN"Q", . #1, "FILEZ.SUE"
230 PRINT #t1,""

250 CLOSE

270 REM

290 PRINT CHR%(2&)

F10  PRINT"This is "M1.BAS® which will form the starting

matrix.
TEO FRINT PRENTIFRINT
350 OPEN "I",#1,"GEOM.DATY
370 INPUT #1,M1,M1
Z0 REM
410 LET M=2#N1
Z0 NN=N*MN
450 DIM A {N*N)
470 FOR I=1 TO N ¢ LET A{I)=0! o NEXT 1
490 DIM X(N1) @ DIM Y(N1)
510 FOE I=1 TO M1i: INPUT #1,X(I),Y{(I) I NEXT I
530 FOR I=1 TO MI
550 FRINT "PIN# "3 7" X{I)="3
570 PRINT USING" #4444, $H3S4R# " X (D)5 1 PRINT " Y {(I)="3}
S50 PRINT USEING" 4. Sddd4dd4a Y (11
&10 NEXT 1
630 FRIMTIFRINTIFRINT
650 DIM F1(M1) @ DIM FP2(M1)
&70 DIM QEMLY ¢ DIM NMEL(ID)
Y5 (ML) ¢ DIM RS (M1}
&0 DIM CTiM1y 2 DIM 8T(M1)Y @ DIM ATML) © DIM TE ML)
710 DIM k(ML) & DIM WT(M1}) ¢ DIM S8G{ML) : DIM VL (M1}
7EO DIM K14M1y 2 DIM K2{(Mi) : DIM EZ{M1)
750 DIM B(M)
FIO REM
7F0 REM The following statements input the data Ffor the
members.
H810 FOR I=1 70 Mi
80 INPUT #1,P1{I),F2(01),MI(D),AR{IY, LI,
FORY ,8G(I1),¥YS(1),RE(1)
850 NEXT 1
g7o FOR 1=1 TO Mi: INPUT #1,8T(I),CT(I)
820 FOR I=1 TO Mi: INFUT I |

DIM MI (M1}
1 AR(MIY - DIM Li{M1): DIM

MEXT 1
MEXT |

su sa
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910 FOR I=1 TO N - INPUT #1,B(I): NEXT |

7m0 CLOSE

950 OPEN'I ", #1,"E- MOD. DAT"

965 FOR 1=1 TO M1:INFUT#1,0E(I),NE(I): NEXT |

967 CLOSE

969 REM

970 PRI NT CHR#(26) :FRINT:FRINT" 1 . Continue ... to change
external load(s)."

975 PRINT" 2 . Unload the structure. !
1 ] "

977 | NPUT SELECT

979 | F sSgELECT=1 THEN GOTO 1030

280 IF SELECT<»1 AND SELECT<»2 THEN GOTO 976

982 PRI NT: PRINT:FRINT"You have selected to renpve all
external loadis)."

985 FOR 1I=1 TO Mi:NE(I)Y=0E(I):NEXT

90 OPEN'Qv,#1,"E-MOD.DAT"

991 FOR 1=1 TO Mi:FPRINTH#1,0E(I),ME(I): NEXT |

9= CLOSE

1000 FRIMT:PRINT"Flease Wait while | set-up a new
coefSicient matrix."

1030 FOR 1=1 TO Mi

1050 LET L(I)=( (Y(P2(I))=YL(P1(I)) )= (Y(FI(I))=Y(F1{I))) +
(XIP2(II D =X (PL LIV MY % (X (PRI =X (FL1 (1)) )

1070 LET L{l)=sorR1]))

1090 WT(D =33 rearll =L <)

1110 LE- E(Iy=ar(I)*NECI) /L ()

1130 LET CT(Id)= ( X(P2OINY=X(P1(IY)y Y / LI

1150 LET ST(Id= { Y(P2(I))=-Y(F1(I)) ) / L(I)

1170 LET K1(D) =k (D) *CT(I)*CT (D)

1190 LET E2(I =k (1) *CT{I)*ST(1)

17210 LET E3(I)=k(I)%5T(I)*8T(I)

1230 REM

1250 LET AL=F1(I)

1270 LET BE=F2(I)

1290 AC(2%AL-2) M+ (2%¥AL-1) ) =A((D*AL-2) *N+(2%AL—-1) ) +K1 (D)
LA10 A CL2RAL -2 ¥+ (2*AL) YA (RRAL -2 #N+ (24 YHRE2(TI)
1330 A(2%AL-2) %N+ (2*RE~1) ) =A((2*AL-2) *N+ (Z*¥RE-1)) =K1 (1)
1350 A (R2%AL—2) ¥N+ {Z*BE) YA (2%AL-D) M+ (2*RE) ) K2 (1)
1370 AL(2%AL-1) #N+ (2201 -1) ) =A((2%AL—-1) *N+ (2¥AL—-1))+K2 (D)
13590 ACCRRAL~1) ¥N+ (2241 Y=AC(2¥AL—1) ¥N+ (2%AL) Y +EI (D
1410 A ReAL—1) *N+ (2RE-1) ) =A( {2%AL—1) *M+ (2*¥RE-1)) -K2(I)
14730 A(2%AL~1) %N+ (Z2RE) YA ((2%AL~1) N+ (2*BE) ) -KI (1)
1450 A DERE-2) #NF (2%AL—~1) ) =A({Z*BE-2) #N+ (2*AL-1)) =K1 {])

1470 B L(2BE-2) N+ (2%AL0) YA ((I2RBE-2) M+ (2%0L) ) -2 (1D
1490 G2 RBE~7) #¥N+ (2¥BEE~1) ) =A{ {2¥BE-2) *h+ (2*BE-1) ) +E1 (1)
1810 A({Z¥BRE-2) ®N+ (Z%BE) Y =R ((2¥BE-2) ¥N+ (2*BE) Y +E2 (1)
1530 ALIR*RE~1) #N+ (2#AL—~1) ) =A((Z*¥BE-1) *N+ (2#AL-1)) K2 11)
1850 AC(ZHBRE-1) #M+ (2%810) YR ((Z*BE~1) #N+ (280 ) T —RZ (1]
1H70 B{(PERE~1) #M+ (Z¥BE-1) ) =A{ (2*RE-1) *N+ (2¥BE~-1) ) +K2 (1)
1590 A (2%BE—1) %M+ (2#BE) Y= ((2¥BE-1) #N+ (2%BED) ) +R3 (D)
1al0 PRINT® 1A

TEED NEXT I ~



1650 FOR 0OC=1 TO N

1670 IF B(OC)=0 THEN GOSUH 1910

1690 NEXT OC

1710 REM This is where the program has formed the A matrix
and -

1730 REM is ready to print it on disk along with other
intformation

1750 REM to be used by "MATRIXZ.BAS" for the matrix
inversion.

1770 KEM

1790 OPEN "0O",#1,"MATRIX.DAT"
1810 LET NM=N*N

18730 PRINT #1,MN,NN

18%0 FOR I=1 TO NM - FRINT #1,A(I) I NEXT 1

1870 CLOSE

1890 RUN"MZ.BRAS"

1310 REM This is Subroutine #I. It changes the A matrix
according

1970 REM to the boundary conditions.

1950 REM

1970 LET @&

1330 FOR J=1 TO N ¢ LET Ii={QG~-1)*N+J I A(I1)=0! 1 NMNEXT

REM
FUR I=1 TO A z LET Iil={I-1)#N+QE2 - A {I1)=0!' ¢ NEXT

2050 REM

2070 LET AC(QE~1) ¥N+GRE) =0

2090 RETURM

2110 REM *%% END OF FILE -

1k5
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10 REM

20 REM This is *M2.BAG® by Evangelos Marinis March 10,
1785.

%0 REM

49 REM It can perform a matrix inversion on any size
square matrix

50 REM up to 30x30.

60 REM

100 OPEN "I" . #1,"MATRIX.DAT"

110 INPUT #1,M,NN

120 DIM A(NN)

122 REM

123 PRINT CHR${(Z2&) iFPRINTIFRINT:FRINT

124 FRINT" The matrix Inversion routine has
started. ":FRINTIPRINT

128 PRINT™" There is a total of "ENg Y
pivots. ":PRIMTIFRINT

129 FRINT" Please Wait while | do the

inversion. ":FRINT:FRINT:FRINT
130 FOR 1=1 TO NN

140 INPUT #1,61)

150 NEXT 1

417y CLOSE

T10 GO0SUR 1340 _
meat OFEM "0, #1, "INVERSE.DATY
R0 PRINT #1,M,0MNN

=40 FOR I=1 TO N

550 FOR J=1 TO N

560 PRINT #1,AINV{(I-1)%N+d)
570 NEXT J

580 NEXT 1

590 REM

77 CLOSE

774 RUN "MS. BAS"

777 REM

790 REM This is the end af the main program.
800 REM

810 REM The two subroutines follow.

820 REM

40 REM  Sub. |l .
870 NC=2%N

880 DIM W1 IN®NCY , WK IN*NC) , ARNY (N*N)
890 FOR I=1 TO M

700  FOR J=1 TO NC

210 IF JxM THENM 230

Q20 WE (I 1Y #NC+HI Y =A({I~-1)#N+J) : GO0TO 250
PED WE ({I-1) #¥pNC+T ) =01

P40 IF(J-N =1 THEN WK {1I-1)*NC+J)=1

PEO MEXT J

F&0 NEXT |

Q70 FOR R=1 TO N

280 Foe=lRor Dl { (R-1) #MNC+ED
P90 IF D20 THEM 10140
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1000 PRINT"S|I NGQULAR MATRI X - D=0 CHECK THE BOUNDARY
CONDI TI ONS. ":FrRINT:PRI NT'THE PROCESS STOPS HERE. . .
SORRY. ":STOP

1010 FOR 1=1 TO N

1020 FOR J=I TO NC

1030 |F =R THEN 10&0

1040 | F W ((R-1)*NC+J)=0 OR WE((I-1)*NC+K)=0 THEN W1<((I-
1) #NC+I)=WK ((I-1)*NC+J) : GOTO 1070 : ELSE 1050

1050 W1 (TI—1)%¥NC+T) =Wk { {I—1) *¥NC+JT) —WE { (R~
1) #MC+I) #WK ¢ (I-1) #NC+E) /D @ G6OTO 1070

1060 W1C(I—1)%¥NC+I)=WK ((I-1)*NC+J) /D

1070 NEXT J

1080 NEXT |

1110 FF 1=1 TO M

1120 FOR J=1 TO NC

1130 WK (T—1) #NC+I)=W1({I~1)%NC+J)

1140 NEXT J

1150 NEXT |

1155 FRINT:PRINT"FIVOT NUMBER "irs" OF “iN
1170 NEXT

1180 FO= 1=1 TO p

1190 FOR J=1 TO n

1200 AINVI(T-1) #N+J) =WE {{I-1) #NC+ {J+N))

1 1 NEXT J

1220 NEXT I

250 RETURM

13460 END



10 REM
20 REM
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a0 REM This is "M3.BAS". It reads the inverted matrix

40 REM and cal cul ates forces, stresses, etc.
=0 REM
&0 PRI NT CHR$(26)

"70 PRINT "This is *MZ.BAS” March 28,

1985, "

a0 REM

90 OFEN "I",#1, "INVERSE.DAT"

100 INFUT #1,M,NN

110 DI M A (NN

120 For I=1 TO NN - INPUT #1,Aa¢I) : NEXT |
1z CLCSE

140 OPEN "1I",#1,"GEOM.DAT"

150 " TNPLIT #1, N1, M1

160 DIM x¢nMiy - DIM Y(niy - DM XMLy - DIM YN{NL)
170 piM Fi(Miy: DIM F2(Miy @ DIM M (M1

180 | 0] M:DIM NE(ML) : DIM AR(M1Y @ DIM LML) DI M
(ML) @ DIM SG(M1L)
120 DIM ST(ML) ¢ DIM CT(M1) : DIM ¥YS(M1) - DIM RS(M1) - DM
R (M1
200 DIM Eiddiy @ DIME2iM1y @ DIM K31y ;@ DIMCiry: DIM
BF (M1)
210 DM EX(ny @ DIM B(N) : DIMTE(HMLY ¢ DIM AT (ML) DIM
FS (ML)
220 DOMFCciM1y ¢+ DIM DMLY @ DM S8S<M1i) : DIM SR(M1) DI M
BC (M)
270 DM aadMi) @ DIM BR(ML) @ DIM CCiMid>: DIM XE(MN) - DM
CF (M1)
240 FOR I=1 TO M1 ¢ INPUT #1,X(I),¥<I) : NEXT
H FEM
2b0 FOR 1=1 TO M1
270 | MFUT
$1, P11, FP2(I),MICD) ,ARCI),L(D) K1) ,86(I),Y8(I} ,RE(I)
280 MEXT |
2590 FOR I=1 TO ™M1 I INPUT #1,87T(I),CT<(I) I NEXT |
o0 FOR I=1 TOM :© INPUT#1,6T(I),TE(IY : NEXT |
310 FOR I=1 TO N : INPUTH#1,B<¢I) I NEXT |

CLCSE

) OFEN"I",#1,"E~MOD.DAT"

=40 FOR I=1 TO M1:INFUT#1,0E(I),NE(I) INEXT |
50 CLOSE
60 QFEN"ICY,#1, "85-5R.DAT"
T FOR I=1 TO
M1z IMPUTH#1,85(1),8R(I),YS(I) ,RB(1),PS(I)] SNEXT |
380 FOR 1=1 TO M :INFUTH#1,XE(I)INEXT |
=70 CLOSE
400 REM
410 SELECT=0
420 PRINT CHR$ (26) tFRINT PRINT:PRINT: PRI NT
430 FPRIMT" 1. SFECIFY | NCREMENTAL FORCES":FRINT:FRIMI

440 FRINT® 2 COMPLETELY UNMLOAD THE STRUCTURE"
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450 PRINT:PRINT: INFUT"Select 1 or 2 2"iSELECT

460 F OSELECT<»1 AND SELECT<>2 THEW G0OTO 420

470 | F SELECT=2 THEN 60OTO 680

480 | F SELECT=1 THEN GOTO 500

490 REM

500 REM The following statements are used to input the
forces.

510 REM

520 PRINMT:FRINT"FPLEASE INPUT ALL THE EXTERNALLY APPLIED
INCREMENTAL FORCES" )

530 PRINTIPRINTYLET ALL UNMEMOWN FORCES =0.":FRINTIPRINT
540 FOR 1=1 TO M STEP 2

550 J={I+1) /2

560 FRINT:FRINT"What is the force F{"3J3"¥n = "3

570 INPUT C(I)

580 FRINT"What is the force F{"3;J; ")y = "3

=90 INPUT C(I+1}

&0 NEXT 1

610 ANDH='N"

620 FRIMT:FRINT

&350 PRINT: INFUT"ARE THESE VALUES CORRECT (¥Y/N! "iANS#H
640 FRIMT:IPRINT

&50 IF ANSH="Y¥Y" THEN GOTO 730

660 | F ANSS="N" THEM GOTO 340

&70 IF ANS®< "N AND AMS® YY" THEM GOTO &30

&80

&S0
T
710
720
730
740

3

HEM Do not Erase... At this point the structure Unloads
Completely.

REM

FOR I=1 TO ML NE{I)=0E{I)INEXT I~

FOR I=1 TO N :C(I)=(-~1)#XE(I) : MNEXT 1

REM

FOF. I=1 TO M - EX{(I)=C{I):NEXT 1

FOR 1=1 TO N © XE(I)=XE(I)+EX{(I) I NEXT 1

HEM

FOE i=1 TGO N

TEHO
770
780
TR0
20150
810
820
870
840
2350
gaen
870
380
a90
QOO0
QL0
RO

DEO

IF B{I)=0 THEN C(I)=0
NEXT |
FEM
REM This part calculates the displacements.
LET BM=0!
FOR 1=1 TO N
LET B(I)=0!
FOR J=1 TO N
BAIV=RB(I)+A({I-1)*N+I)%C(J)

NEXT J

IF AHS{E(N1)) >EM THENM LET BEM=ARS(EIN))
NEXT 1

| F SELECT=2 THEN GOTO %90

REM

HEM This part calculates the forces on each member.
REM
FOR I=1 TO M1
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940 IF FS{I)=0 AND ABS(S8(I))<=YG(I) THEN BF(I)=(~
1IE+OQO&4) #( (3, 14159) "2%0E(TI Y eMI(I) ) /(L (1))

950 IF FPS(I)=0 AND ABS(S8S(I))>¥S(I1) THEN BF(I)=AR{I)*{(~
)% (5% (3. 141592) #*MI (1) #*0E(D) ®* (1E+0Q&) #YS5 (1)) / (2%AR(I) *YS (1) *
(LI 2)+3%(3.14159"2) *MI (1) *0E(T) * (1E+OQ&))

P60 |F FS{I)<*0 THEN BF{I)=0!

Q@70 NEXT 1

280 REM

90 REM REM FFEINT CHR% (26)

1000 P HINY "MEMBER FIN® (A&, B) UFIMN) V(FINY *
1(:)1(:‘ F'F\'INT H o s s s e e e o +evm e e 2o 2 oo mmEmmET J e —]
1020 PP LN T 17 o o e e et e e e i e e e e s e e "

1030 FRIMNT:FRINT
104G FOR I=i TO M1
1050 PRENT n "TsUSING"###"; I3 :FRINTY
MIUSING"##EYsFI (DY S S FRINTY
"IUSING"H444, ##H#$Y I B(2¥F1(I)~-1) s s FRINTY
TIUSING"H#d ., 4" B(2%¥F1 (1))

1Q&HQ PRINT" IUSING"HHHA"sF2 (D)5 I PRINTY
"TUSING"####. HHH#" s B(2*FP2(I) -1} 5 s PRINTY
"IUSING " HEgHHE, B s B(2¥F2{1))

1070 DC PLAIY d=R( Z2¥F1(1)-1 ) FETCI) 4+ BC ZERLCD) ) %
ST

1080 DC P2 =B 2¥F2(I)~1 ) * CT(I) + B( Z*F2¢I) ) =
ST(I)

1080 FEADY=AR (D) =NECI) /L (D)

1100 FC(Iy=K<{I) * ( DC P2(I) » =D 1 ) ) *1E+O6

1110 CFR{I)=CF (1}+FC{I)
1120 NS=FC{(I)/AR(I)
11320 SRIIDI=8RII)+(NS/(NE(I)*1E+04))

1140 F FS(H) =0 AND ABS(BS(I))<=YS(I) THEN
SR =88 (I)+NEBINE(I)=0E(I}):160TO 1190 -

1150 I F FS(I1<0 AND ABS{85{1)) >¥Y5{1D) AMND
ABS (S5 (1) +NE) »=ABRS(88{(1)) THEN

S5{I)=88 (1) +NSIME(I)=(0ECI) /(22¥YS (1)) % (Tx¥Y5(1) —
ZHARS(SS (1)) 160TO 1190

1160 - FS{(I)=0 AND ARS(SS (1)) *¥YS () AND
ARS (S5 (1 I+NS) SARS(ES (1)) THEM
FE{II=88(I1)1:85(0)=85(I)+MNSINE(I)=0E(I}:50TO 1170

1170 | F FS(I)Y =0 AND ABS(SS (1) )< =ABS{(FS (1)) AND
ARS (ST (1) +NS)Y CARBS(FS(1)) THEN
ME(I)=0E(I)185{(I)=85(I)+N5:160TO 1170

1180 IF FS{I) <=0 AMD ARS(SE (I Y <=AR5(FS{I)) AND
ABRS (S8 (1) +NS) ==ARS(F5{(I1)) THEN S5(I)=88(I)+NBIF5(I)=0

TNE{D) =(0FE(I) /{(2¥YS(I)) ¥y (Sx¥YS (1) ~-T+ARS (88 (1)) :60O0TO 1190
1190 KEM Do not erase this statement.. ..

1200 PRINT

1210 FRINT "FORCE(lbs)="3CF{I)s" STRESS{psi)="5i55(0Y:"
STRAIN="§SR{I) sFRINT

1220 IF ARSL(ES(I)) »¥YQ () AND ABRS (S5 (1)) =RE{I) THENM
FRIMNT"THIS MEMBER HAS YIELDED. *

FEOOIF GRS(8541)) =R (1) THEM FRINT"*xxxx THEB MEMBER HAS
RUPTURED. *w " rE (LY =1 E-OLNE{I =1 E-04 -
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14690 REM

1700 |IF SELECT=1 THEN GOSUR 1880

1710 |IF SELECT=Z2 THEN GOSURB 2360

1720 | F SELECT=Z THEN GOSUR 2360

1730 IF SELECT=4 THEN

OFEN"O", #1,"FILEL.SUB":PRINT#1, "PRINTER Q" IFPRINT#1, "MHASIC

MATRIX1I":PRINT#1, "SUBMIT FILER":CLOSE:RUN"MATRIX1.BAS"

1740 | F SELECT=5 OR SELECT=6 THEN GOSUR 2640

1750 IF SELECT=5 THEN RUN"M1.BAS"

1760 | F SELECT=6 THEN CLEAR @ SYSTEM

1770 | F SELECT=7 THEN GOTO 1790

1780 GOTO 1470

1790 OPEN "O",#1, "FILEZ.SUE"

1800 PRINT #1,""

1810 CLOSE

1820 OFEN"O",#1,"FILE1l.SUB"

1830 FRINT#1, "PRINTER O"

1840 PRINT#1, "MBASEIC MATREIX1"

1850 PRINT#H#1,"SUBMIT FILEZ"

1860 CLOSE

1870 SYSTEM

1880 REM 'This is the 1st sub. It prints the results on the

printer.

1890 REM

1200 FREINT CHR# (26 tPREINTIP?INTIFREINTILPRIEINT CHR$(15)

1410 FRINT"FLEASE SET THE FRIMTER TO A MNEW PAGE. "

1920 PRINT:FRINTIPRINT® Hit <RETURM> to start

printing.. . "

1930 INPUT &%

1740 OPEN "I",#1,"SN.D&T"

1250 INPUT #1,58NM [ CLOSE

1260 LFREMTILFREINT CHR$(135)

1270 LFRENT"
SERIALH" s USING" #ikHHEddE" 3

1980 LFRINT

1990 LET NS=8N

2000 LET SN=8N+1 - OPEN "0O",#1,"SN.DAT"

2010 IF SN=9000 THEN LET ShN=1

2020 PRINT #1,8N ¢ CLOSE

2030 LFRINTILFRINT ANALYSIS OF A
STRUCTURE BY THE FINITE ELEMENT METHOD"

2040 GJLFRENT
e B R R R 2 e e e e B Y — T T

SO0 LPRINT:LPRINTY (All
urnits are LBS, IM. Y UILFRIMT

BOAO LFREINT NUMEEA OF FINS=
NI NUMBER OF MEMEBERS= "iMl1

2070 REM

2080 LFRINT:LPREINTILPRIENT:FQOR DU=1 TO MIFRINT B{DU):LFRIEMT
BODUY , s MEXT DU

OG0 LFRINT™
EXTERNAL FORCES :"
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2100 LPRINT"
mmmmmmommmmmmmmmmmm L PRINT

2110 LPRINT" INC INC
NET NET"

2120 LPRINT" PIN# FORCE-x FORCE~-y
FORCE-x FORCE-y Fixed—x Fixed—-y "

2130 LPRINT"

2140 FOR I=1 TO M STEP =2
2150 JI=(I+1)/2

2160 LPRINT" "SUSING "####" 53
2170 LPFEINT" "SUSING"#####"EX (I}3
2180 LFRINT® CIUSING"HHHHH#"sEX(I+1) 3
2190 LFREMT" "TUSING ######"; XEI1L)3
200 LPRINTY A USTNG"HEHEHH" S XE(I+1) 3

2210 NEXT 1
2EF20 LPRINT: LPRINT: LPRINT

PRI LPRIMT" INCREM' TL NET
NET NEW ELASTIC MEMBER MEMBER MEMBER"
2240 LFRENT" MEMEER# FORCE (1bs)  FORCE (lbs)
STRESS  (psi) MODULUS 1% 3 E - 6) YIELDED BUCKLED
RUETURED "

2RS50 LFREINT"

2280 LFRENT
2270 FOR I=1 TO M1

2280 LERINT® "IUSING"H##H4" 13

2E70 LFRINTT ":USING"#####" sFC{I)3

A LERINTY PEUSING" $#gHSH" I CF (1) 35

2310 LFRENT? "IUSING"#H##H#EH"155(1)5 -
2EZD [-PRINT" "SUSING " ##d. ##4"iNE(I) 3

EEEO MNEXT I

2340 REM

2Z50 LPREINT CHR#%(18) :LPRENT CHR$ (26} IRETURMI REM
2360 REM This is the 2nd sub. It creates a graphics file.
2I70 REM

2380 OPEN "gQ",#1, "FILEZ.SUB"

2790 PRINT #1, » USER o "

2400 | F SELECT =3 THEN FRINT #1, " FRINTER 1 "
2410 | F SELECT=2 THEN PRINT #1,"FRINTER O "
2420 FRINT #1," CHART F-E-M1.CMD “

24%0 PRINT' #1," SUBMIT FILEL "

2440 CLOSE

2450 OFEN"0O",#1,"FILEL.3UR"

24460 PRINTH#1, "USER Q"

2470 PRINTH#H1,"PRINTER OV

2480 FRINMTH1,"MBASIC ML"

2490 PRINTH#1, "SUBMIT FRILE2"

2500 CLOSE

2310 REM

2AFZ0 OFENM "O",#1,"F-E-M.CMD"



o PRI NT #i," PLOTSX TYPE 16 "
2540 PRINT #1," FLOT 2.5 o -3 END *»
2550 FOR 1=1 TO ™t
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25460 PRI NT #1," CIRCLE "3 xN(FP1(I))3" “3YN(F1(I))i" -.09
2570 PRI NT #1," CIRCLE "sXN(P2(I))s" "3YN(F2(I))s" ~-.09
2580 PRI NT #i1," PLOT PEXNCFLIC(I)) "IYN(FI(I))3Y 3
PIXNCP2LINYE"Y O CEYN(FR(I)Ys " 2 END *

2590 NEXT |

2600 PRINT #1," EXIT

2610 CLOSE

2620 RETURN

2630 REM

2640 REM This is the subroutine that prepares for the next
force | nNCcrements.

2650 REM

2660 OPEN "0",#1,"E-MOD.DAT"

2670 FOR 1=1 TO Mi:FRINTH#L,0E(D)  NE(I) INEXT |

26e0 CLOSE

2670 OFEN"0Q",#1, "SS-8R.DAT"

2700 FUR 1=1 TO M1 FRINT

#1,85(1),8R(I),Y5(I},RS(I),PS(I),CF(IY: NEXT |

2710 FOR I=1 TO NMiFRINT#1,XE(I) NEXT |

=720 CLOSE

270 RETURN

DTAD REM R END OF FI LE e e KK

ras



APPENDI X E

Computer System's Directory




SDIR A
o0:00:43 A SDIR «FRL

Directory For Drive A User O

____Egmg__ Bytes_ Recs Attributes Name Bytes Recs _Attributes
d SUB 4k 4 Dir RW %1% SUB 4k 4 Dir RW
CHART COM 32k 234 Sys RO DIR PRL 4% 14 Sys RO
DSKFRESET PRL 4k 5 Sys RO DSKRST PRL 4% 5 Sys RO
E-MOD DAT 4k 1Dir RW EPSNMAP COM 24k 185 Sys RO
ERA FRL 4} 15 Sys RO F~E~M CMD 8k 35 Dir Ri
F-E-M1 CMD 44 10 Dir RW FEA SUB 4k 1 Sys Rbl
FILEQ SUB 4k 1 Sys RO FILEL SUB 4 1 Dir RW
FILEZ2 SUB 4% 1Dir RW GEOM BAK 44 15 Dir Kw
GEOM DAT 4k 8 Dir RW INVERSE DAT 4k 6 Dir RW
M1 PAS 4k 31 Sys RO M1 BAK 4% 31 Sys RO
M2 BAS 4k 14 Sys RO M2 BAK 4k 14 Sys RO
M3 BAK 2k 78 Sys RO M3 BAS 12k 78 Sys KO
MATREX  DAT 4k & Dir RW MATRIX1 BAS 8k 51 Sys RO
MATREX1 BAK 8k 51 Sys RO MATRIX2 BAK TV 21 Sys RO
MATREX2 BAS 4k 21 Sys RO MATRIX3 BAK 12k 81 Sys RO
MATRIX3Z BAS 2 81 Sys RO MBASIC coMm 20k 144 Sys RO
MPM SYS 36k 262 Sys RO OVERLAYG QVR 36k 27S Sys RO
OVERLAYS OWR S6k 419 Sys RO PEN BAS 4% 2 Sys RW
PIP comM 8k 58 Sys RO PIP PRL 12k 77 Sys RO
PLOTER DAT 4k 1Dir RW FLOTLIB REL 40k 302 Dir RW _
FLOTSFEC DAT 12k 68 Sys RW PLOTTER DAT 4k 2 Dir RW"
FLOTWARE DAT 12% 92 Dir RW PLOTWRMS OVR 8k 58 Sys RO
PRINTER PRL 4 8 Sys RO RESET BAS 4k 9 Sys RO
SDIR PHL 20k 137 Sys RO SET PRL 8k 60 Sys RO
=1 DAT 4% 1 Dir Ri SS-SR DAT 4k 2 Dir RW )
STAT PRL 12k 78 Sys RO SUBMIT PRL 8k 42 Sys RO
TYPE PRL 4% 11 Sys RO. USER PRL 4k 8 Sys RO
WS comM 16k 124 Sys RO WSMSGS  OVR 28k 218 Sys RO
WSQVLY1 QVR 36k 266 Sys RO

Total Bytes = 620k Total Records = 3827 Files Found = 57

Total ik Blocks = 508 Used/Max Dir Entries For Drive'A: b2/ 256
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