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FOREWORD

This report presents results of the expansion and improvement of the
FORMA system for response and load analysis. The acronym FORMA stands
for FORTRAN Matrix Analysis. The study, performed from 16 May 1975
through 17 May 1976 was conducted by the Analytical Mechanics Department,
Martin Marietta Corporation, Denver Division, under the contract NAS8-
31376. The program was administered by the National Aercnautics and
Space Administration, George C. Marshall Space Flight Center, Huntsville,
Alabama under the direction of Dr. John R. Admire, Structural Dynamics
Division, Systems Dynamics Laboratory.

This report is published in seven volumes:

Volume 1 - Programming Manual,

Volume IIA - Listings, Dense FORMA Subroutines,

Volume IIB - Listings, Sparse FORMA Subroutines,

Volume IIC - Listings, Finite Element FORMA Subroutines,
Volume IIIA - Explanations, Dense FORMA Subroutines,

Volume IIIB ~ Explanations, Sparse FORMA Subroutines, and
Volume IIIC - Explanations, Finite Element FORMA Subroutines.
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ABSTRACT

This report presents techniques for the solution of structural

dynamic systems on an electronic digital computer using FORMA (FORTRAN
Matrix Analysis).

FORMA is a library of subroutines coded in FORTRAN 1V for the effi-
cient solution of structural dynamics problems. These subroutines are
in the form of building blocks that can be put together to solve a large
variety of structural dynamics problems. The obvious advantage of the
building block approach is that programming and checkout time are limi-
ted to that required for putting the blocks together in the proper order.

The FORMA method has advantageous features such as:

1. subroutines in the library have been used extensively for many
years and as a result are well checked out and debugged;

2. method will work on any computer with a FORTRAN 1V compiler;
3. incorporation of new subroutines is no problem;

4. basic FORTRAN statements may be used to give extreme flrxi-
bility in writing a program.

Two programming techniques are used in FORMA: dense and sparse.
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SUMMARY

The formulation and solution of most structural dynamics problems
involves the use of matrix analysis and an electronic digital computer.
Matrix analysis is used because it allows complicated arithmetical oper-
ations to be formulated systematically and provides a compact form of
bookkeeping. The electronic digital computer is used in the solution
of the problem becausc of its low cost per calculation.

After the analyst has formulated a problem in matrix notation, he
is faced with the practical consideration of obtaining numerical an-
swers using numerical input to the equation. The analyst must there-
fore translate (i.e., program) the equations into a form recognizable
by the computer. Two computer programming approaches are available to
the analyst. One is to program the computer to solve a specific type
problem using a basic programming language such as ALGOL or FORTRAN.
This approach can yield a very efficient computer program but the de-
velopment of such a program is very time consuming. Thus, such an ap-
proach is practical only if the program will be used extensively. The
second approach involves a library of matrix analysis operatiens in
subroutine form that allows the analyst to set up his own program using
a "building block” concept. This second approach allows the acquisition
of quick results Irom problems of quite different types and is the ap-
proach considered in this report.

The validity of the second approach becomes evident from a study
of structural dynamic analysis methods. This study reveals that for
most types of problems, the mathematical operations required for solu-
tions are limited in number. Thus, these mathematical operations can
be programmed in the form of computer subroutines resulting in a library
of "building blocks" that can be put together to solve a large variety
of structural dynamics problems. The obvious advantage of the building
block approach is that the only programming and checkout time required
is putting the necessary blocks together in the proper order.

The building block approach described in this report uses FORTRAN
call statements with subroutines from a library of subroutines entitled
FORMA (FORTRAN Matrix Analysis). Development of subroutines in the
FORMA library was started in 1964 by engineers in the Dynamics and Loads
Section of Martin Marietta Coryoration, Denver Division, to solve a wide
variety of st:i -ural dynamics analyses of aercspace vehicles such as
the Titan booster and Skylab orbiting laboratory. These subroutines
were programmed specifically for the soluticn of small and medium size
structural dynamics problems of up to approximately 150 degrees of free-
dom. Since this beginning, the FORMA library has been expanded to in-
clude the solution of large size structural dynamics problems of up to
approximately 6000 degrees of freedom. These subroutines for the analy-
sis of large size structures have becn used by engineers in the Dynamics
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and Loads Section in the analysis of Viking and Space Shuttle. The
FORMA library as included here consists of over 200 subroutines. List-
ing and explanations of these subroutines are given in Volumes II and
I11 respectively. A division is made in those two volumes for dense
programming logic subroutines, sparse programming logic subroutines and
finite element subroutines.

The FORMA library includes subroutines for mass matrix calculations,
stiffness matrix calculations, vibration modal solutions, time resronse
solutions as well as the basic matrix algebra subroutines. A list of
available subroutines is given in Appendices A, B, and C of this volume.

The subroutines in this library have been used extensively and as
a result are well checked out and debugged. The FORMA method has advan-
tageous features such as:

1. method will work on any computer with a FORTRAN IV compiler.
It has been used on the IBM 7044, IBM 7094, GE 625/635, CDC
6400/6500, and UNIVAC 1108 with only minor modifications;

2. computer times are reasonable;
3. incorporation of new subroutines is no problem;

4. basic FORTRAN statements may be used to give extreme flexi-
bility in writing a program;

5. an analyst can program rel'atively complex problems with very
little programming experience; and

6. the method of programming is closely related to the manner
of the mathematical formulation of the physical problem.

In conclusion, this report expands and improves the FORMA system
for response and loads analysis by combing existing and adding new dense,
sparse and finite element subroutines to the FORMA library. Modifica-
tions for MSFC requirements are included where necessary



I. INTRODUCTION

This volume presents the programming techniques and summarizes the
subroutines available in the FORMA library that will enable an analyst
to convert his matrix equaticns into a computer program., It is assumed
that the analyst has a basic knowledge of Fortran.

Using the FORMA method, a computer program is coded using CALL
statements for the desired subroutines from the FORMA library. Two
programming techniques (dense and sparse) are utilized to describe the
matrices. In dense programming, all elements of the matrix, both zero
and non-zero, are used. The maximum size of a matrix is, thus, limited
by the core size of the computer. For example, with an available com-
puter core size of 50,000, the maximum square matrix size is approxi-
mately 150 (when two matrices are used). To get around this size re-
striction, a sparse programming technique was devised. 1In sparse pro-
gramming (subroutines begin with the letter 'Y") only the non-zero matrix
elements are - ;ed. In the sparse technique, the matrix size is nominally
unlimited because partitions of a matrix are stored on disk.

A 1list of available subroutines is included in Appendix A (dense),
Appendix B (sparse), and Appendix C (finite element) grouped according
t¢ function (e.g., input, output, algebraic calculation, etc.).

As with all skills, the more experienced and skillful the analyst
is, the "better" the FORMA program he will ¢..de. A '"better" program is
defined to te one that has the maximum possible matrix sizes, checks
the input data for mistakes (where possible), and uses the least com-
puter time. Probably the best means of improving FORMA skills is by
becoming familiar with Fortran capabilities through reading of a Fortran
coding manual. It should be emphasized, however, that ary FORMA program
will work, some programs are just "better' than others.



I1. PROGRAMMING TECHNIQUE (DENSE PROGRAMMING LOGIC)

1. Txansfer of Data

Transfer of matrix data to and from the subroutines is made by
subroutine arguments. Transfer of page heading data is made by a
labeled COMMON block as explained in gubroutine START.

Input matrix data for programs using dense FORMA subroutines are
read using Subroutine READ for real numbers (a Fortran term for numbers
with a decimal point) or Subroutine READIM for integer numbers. A
special-purpose subroutine (READO is available but is not needed for
most programs. The only other subroutines that read input data are (a)
Subroutine START 3 cards for (1) runs number, and user's name, (2) title
card 1, and (3) title card 2 ; (b) Subroutine COMENT for comment cards;
(c) Subroutine UPDATE for tape updating data; (d) Subroutine RBTTAB for
data defining degrees of freedom and coordinate locations for a structural
system, No other subroutines read input data.

Printed output data for programs using dense FORMA subroutines are
generally obtained by using Subroutine WRLTE for real numbers or Sub-
routine WRITIM for integer numbers. Exceptions to this are the time
response subroutines and frequency response subroutines. Here the
volume of calculated data is too great to be transferred out of the
subroutine and is automatically printed in the subroutine. Other ex-
ceptions are CKMAS]1, CKSTFl and RBTTAB which provide specially f-r-
matted output.

In the development of FORMA it was recognized that the matrix siz:s
and rcw dimensions could be eliminated from the subroutine arguments to
give simpler CALL statements. However, by doing this, considerable pro-
graming skill is then required by the analyst if in his program he wishes
to refer to a particular element of a matrix. Considering the advantages
and disadvantages of (1) more arguments in CALL statement but easy matrix
element referral in main program against (.) less arguments in CALL state-
ment but difficult matrix element referral in main program, it was decided
to use the first approach.

e



2. Coding Procedure - Sample Problem 1

Perhaps the best means of demonstrating the use of FORMA i
through a sample problem, Assumc the matrix c¢quation

2] 03 = (3' (Plyiane * mlmxuz) [RIgoxns M

is to be programed. Matrices {P], [Q], and [R| are to be input
data to the program, The unswer matrix (2] is to be printed, The
maximum sizes expected are NI = 50, N2 = 45, and N3 = 60, How-
cver, the particular sizes of N1, N2, and N3 will be determincd

at run time and could be any value between 1 and the maximum size
vxpected,

The following steps are usced to code the program., The program
will be written on a sheet of codiag paper to facilitate keypunch-
ing the information to cards. A typical coding sheet with the
steps listed below is shown in Figure 1.

The names for data in a program are alphanumeric, but the
first character must be alphabetic, A first letter of I, J, K,
L, M, or N indicates an integer, while the rest of the alphabet
in the first letter indicates a real number,

Ste 1) - Call Subroutine START to read three input data
cards for (1) run number and user's name, (2) title carud 1, and
(3) title card 2.

Step (2) - Write the CALL statements based on the above equa-
tion (1) using the subroutines listed in Appendix A, This is
shown in Figure 1 where Kl is a symbol used to desigrate the max-
imum size expected for N1, Similarly for K2,N2 and K3,N3,

Ste 3) - Write the DIMENSION statements for the matrices,
This indicates the maximum size expected for each matrix, Note
that an intermediate matrix [PPQ) = 3, [P] + (Q] is formed in Sub-
routine AABB and must be dimensioned, The numerical values for
K1, K2, and K3 are also defined,

Step (4) - Shift back to Subroutine START by using the Fortran
statement GO TO 1, This procedure allows for "stacked'" problems.
The run is terminated by a STOP data card (see Subroutine START
r'riteup) after the data of the last problem.

Sce = The end of the Fortran source deck is indi ated
with the Fortran statement END,
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The input data to the sample problem is also written on o cod-
ing torm and is shown in Figurce 2. The input matrices are assumwd
to be:

{e) 1. 2. 3.

2x3 =
4. 5. 6.},

lQlws 7. 8. 9,

0. 0. 0.},

(R} 10, 1, 12, 3. 14, 15,

-
Ix6

0. 0. 0. 0. 6. 26,

31. 0. 33, 0. 35. 0.

The first three cards of input data contain the following in-
fcrmation:

Card 1: Run number in columns 1-6. User's name in col-
umns 11-28.

Card 2° Title 1 in columns 1-72,
Card 3: Title 2 in columns 1-72,
The input form for each matrix is:
First Card: Matrix name in columns 1-6, Matrix row size
in columns 7-10 (right justified). Matrix
column size in columns 11-15 (right justified) .
Middle Cards: Matrix row number in columns 1-5 (right
justified) of data. Matrix column number
in columns 6-10 (right justified) of data
in 1ext field, Matrix data in four fields
in columns 11-27, 28-44, 45-61, and 62-78,

Last Card: Ten zeros in columns 1-10,

The last input card is STOP in columns 1-4,



T W31804d FTdWVS ¥0d VIVd INdINI

‘T {NO1d

‘ M AR S MR 4 LA Ty yYrrrr T v vy LEDLANE AN AR AR AN AN D Atn SN AR SN SEE AR AN 4 LR A AN AR BNNE DN IREN AR ANED SN NEDN BEMS BENDAUN SR SN HEE AN § ~|“Iu
I - B | ﬁ TTTTTTTY T YT Y Y TI T T T I r T T T I T T I T T T T T Y T Y T I T T T T rT N T I YT T T T YT oTY T
[T - .:.: RS St s Aan S Sk (N S S AN SN S SN BN S SR S 0 SRt AN St Al 1 N S i i Rt S S A R DU N S A O kAN A A e N i (R N S D D (SR ; M Ty
4T T Y T TCTT T Y Y T T T T T T T T T T Tt T T rrrr it rry Ty v vty Ty v T Ty T T T
'3 CrTYTTTTrYTTTrTryT T T T T T T T T T T T T T T T T T T T T T Tt T T T Y T T T T
- LN . SIS S 55,50 50 0 S0 A S48 B0 St B mun At S S et i ot e s S e e e it e o e A e Ml s ¥ i e o s B e B e i SR 8 RIELILE
rx. ﬁ TCTTTY LTI T T T T T T T T T T T T I T I T I T A T YT T T T TN T T T T T TRt T r 1T T T T T Y T
) R LARSEN G I i A (NN SO SN (N SN RO AN (N0 SN D JR B D S NN St o A A A 0 A A 0 R A S S D JO S LA I A RSN S SR A S (D AR NN BN S (N SR B A T RIRTAERE
“ T ITT T T T T Y S0 I I S o S e o e . s ) U R o e B 2 R e e e e e T S e B S B S B B B |
T AR NN S Bt S S N S (N (R N0 0 SN (0 S0 S NN S N AN BN SN AR SN D SN BN D (R AR A S A N S U D AN A AU B It A S N R A e S D SRS B NN N N T
0'H.3- R S AL O LA N SO N AN N N S A O A O e 0 I N A S B A S e i A R R N i R I R D [ o= 111-T¢
[T T YT T T YT T T T T T T T I T T TrTrIT 1;1..Iﬂl_lﬂlﬂ4|~|14laljlqlﬂ4l1.ﬂl47144!—.444.4{«%; T
MJ.«<_ TTTTT T 4J__44q44+74=~ﬂ- T T 7V T T T vV i 7 7 T T 1T TT qdjj{« T TT 1
<h~.j.1‘lqﬁﬁﬁqqq.< TrT T T rrTY rr T T Ty LN B G G SN (O SN BN AN NS G G SO BN -44-.j4-4§‘4|-|
11_1 T YT TT VT 200 A NA At N O S B A O A R S N A B N R ). N LR TTY T T T T YT T IvRgir T T RER | LIRS
u.’_\ilwlﬂ{‘l,.wll.ui?. : T 7T _qﬁqa.udﬂ-.q}-l«l 4.ﬁ44«ﬂ+~q:11.. -44-q-.~4.3l4|.1141|11 7
/MRS A N 0 S S I A S SN B AL A S S N R e B N A e R AL LN AU B BB B B | LR A B MR JJAi
‘..4‘46_14_«4.,4~_. LR DR A GRLANE SRR S S AR S RRARRD R T Tr T r T T AL R LA L D B AL SR RS TrT
- h NN S 0 S e ol Al e (e min ol S s aun G e te s et o S SRS R e bty mue S A vt S S GLSNS ER M SN SR SN S SN GHLAS B A S S e S N S S NN NN O = qnn.lm
ikt LI LS S S S B S S SRR B AR A7 AU SR AN BN SRS AR UL AR bt SRAEALES N Bn Tl MANAS NENR BR AR 47 AREER SRR £ N T T
Ty TTT oY T T T YT T I T YT YT T Y T YT T T T T Trrrr TTR TN T ] AYW
rclwl-c..l_‘ll..nﬂ.ﬂ.ﬁ; LSS S S B0 S M2 O e Gl S (R S S S S S Sttt S A e e S N e S S S B S0 I i S D RS [ N e S 200 S e 2 A S SRS RSN o
N A LA SRR A S B | T RACRNLENL I B S S S SRR B I SN SN S S B (a0 G SRR S A IS A S SN N A D SR S T 2N S A =
l.lHt. T TTTTYTTY [ T TTTTITTTIYRy T T R 1.4!..4}.13”I1|_]3}|4|4|14|,_1J T 41‘ T IR |
RREREEEREAES SRS SRtk Shi Snsn s Shuncnataeah SaARERaLl SR 44...-1,1 T .1.76144}111..4 SRR R S e i 04 £ 1 S S ﬂ.YJJJJJn
T \ T T ARt et shat ok 08 un SR AN T Snab e S anSRSRanS AR ih 2n S 0 SRS SRS SRER SEAR SRRt - RRSRSR A0 pa
—t— - =t T T nanel aede sn e T YT YT Ty T <-l.|..-ﬂ4uﬂ4|14.1|14| YT T Y TTTT
— : Tyt TTTTYrYTITTT YT YT T T T T I T YT T Y T T T I T T Y
; - rrrYrryryyrTryvererrrroyTrT T rriImyr T rryrrrrrrrrrrrrr 1y
Y -~ N B A S SO (N (N SO0 SN NN M S S S e e S s son 0 S S S G R S St S S At e BN Ance AU St NS N0 RS B | T YI<INTVE]
oje. Ji. conejse veisaftalicfodJesToslo[omlsefusTeoles] o onTosTouTus]onTan usfes [esus Jonfenon JunTon anonTeaTenl caJonJuc foe ot "oeTscoeTecTecl clofsafoe]cefsefsefuceeec] efocfos o Je o Jse o Jeefe Jofocfo Jo Jo Jo s Jo fe Jo |v

|
Y

—
19ve
e e

invys

YWi04




3. Coding a Better Program

If the analyst is satisfied with the prozram he has coded,
this section can be skipped. However, if larpe size matrices are
to be used or if it is desired to check the sizes of the input
matrices then this section should be consulted,

Equivalence - If the analyst wished to increase the maximur
expected sizes in the program of Figare 1 to K1 = K2 = K3 = 1oy,
then 50,N00 core lccations would be required for the matrices
stone, 1f this size requirement cxceeds the capacity of the com-
puter being uscd, then core locations will have to he shared be-
tween matrices where possible. This is accomplished by using For-
tran EQUIVALENCE. Equivalencing is a very sensitive operation be-
cause it {s easy to wipe out numbers of a matrix beforc being fin-
ished with the matrix. Mistakes of this type will not stop the
running of the problem and can only be noticed (hopefully!) by
“incorrect-looking' answers.

There are several methods of equivalencing. In the first meth-
od, the various matrices are equivalenced to locations in a large
dummy matrix, In the second method, the various matrices are equiv-
alenced to each other. The third method is a "manual equivalenc-
ing" procedure and is recommended over the cther two methods be-
cause it is easier tc code and understand. In this manual equiv-
alencing method, only two ur three matrices are dimensioned le.g.,
DIMENSICN A(100,100), B(110,100), €(100,100}]. The entire progran
i{s coded using only the nemes A, B, or C. The particular meaning
of A, B, or C should then be given in Columns 73 thru 80. Bv
this third method, the EQUIVALENCE statements are kept to a minf-~
mum and may not be needad at all.

It is advisable to equivalence only the larger matrices of a
program, The possibility of mistake introduced by equivalencing
scalars and the saller matrices is not worth the small amount of
core that will Ye saved.

To dermonstrate the manual equivalencing method, assume the di-
mensions of the program of Figure 1 are to he increased to Ki =
K2 = x3 = 100, Assume that the resulting 50,0C0 core locations
cxceeds the capacity of the computer being used.

In the first example of manual equivalencing, Subroutine MULT
is retained in the program, Thus a minimum of three matrices will
be needed., The resulting program is shown in Figure 3, The cere
requirements for this program arc only 30,000 for the matrices,
The input data of Figure 2 is still the same. The same results
as the program shown in Figure | will stil] be ohtuined,
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In the second example of canual cquivalencing, the progra-: ot
Figure 3 is modificd o use on!s we matrices, This vequires thet
Subroutine MULT be replaced with erthicr Subroutine MULTA or MULLR,
The resulting preogram is shown in Figure 4. The (ore requiresents
tor this program are only 20,000 tor the matrices, The inpuet Jda:za
ot Figure 2 is still the same, The same results us the propram
shown in Figure 1 will still be ohtained.

Size Check - Any of the three programs just coded will run
even if there is a mistake in the matrix sizes in the input uvata,
The modifications to the program cf Figurce 4 to check the sizes
of the input matrix data arc shown in Figure 5. This is the "hest™
program for the sample problem piven by equatien (1), The input
data of Figure 2 is still the same. The same results as the pro-
gram shown in Figure 1 will still be obtained,

ORIGINAL PAGE IS
F POOR QUALITY,
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4, Samplc Problem 2

To further illustrate the use of FORMA, a second sample prob-
lem is coded in this section, The coding techniques described in
Section 4 to obtain a "better' program will be used,.

In this problem, the "free-free” mode shapes and frequencics
of the beam shown in Figure 6 are to be calculuated and printed,
Two degrees of freedom, translation and rotation, are assumed at
cach of the five panel points (also called collocation points).
The input data to thc computer program are the beam panel points,
the beam weight distribution, and the beam stiffness distribution,
For this samplc problem the distributed rotary inertia, any con-
cencrated weights, and the shear stiffness are ignored.

The following steps are used to code the computer program,
The program will be written on a sheet of coding paper to facili-
tate keypunching the information to cards. A typical coding sheet
with the steps listed below is shown in Figure 7.

As mentioned previously, the names for data in a program are
alphanumeric, but the first character must be alphabetic. A first
letter of I, J, K, L, M, or N indicates an integer, while the rest
of the alphabet in the first letter indicates a real number.

St 1) - Call Subroutine START to read three input data
cards for (1) run number and user's name, (2) title card 1, and
(3) title card 2.

Step (2) - Write the CALL statements to read in the panel
points, weight distribution, and stiffness distribution, Checks
on the column size are made. Write the CALL statements to calcu-
late and write the mass and stiffress matrices, and to calculate
and write the mode shapes and frequencies., Kl is a symbol used to
designate the maximum number of degrees of freedom allowed, K2 is
a symbol used to designate the maximum number of panel points al-
lowed, K3 is a symbol used tr :esignate the maximum number of
rows of distributed data,.

St 3) - Write the DIMENSION statements for the matrices,
This indicates the maximum size expected for each matrix, Ewven
though this sample problem has five panel points, the computer
program is written assuming that there could be as many as 50 pan-
el points and thus 100 degrees of freedom, Also, a maximum of
40 rows of distributed data is allowed by the dimension given to
the matrix D, The corresponding vulues for Kl, K2, and K} are
defined,



w (1b/in,)
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Figure 6. Beam for Sample Probles 2
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Step (4} - Shift back to Subrentine START by using the Fortran
statement GU TU 1. This procedure allows for 'stacked" problems.
The run is terminated by a STOP data card (see Subroutine START
writeup) after the data of the last problem.

Ste S) = The e¢nd of the Fortran source deck is indicated
with the Fortran statement END,

The input data to sample problem 2 is also written on a cod-
ing form as shown in Figure 8, The first three cards of input

data contain the following information:

Card 1: Run number in columns 1-6, User's name in col-
umns 11-28.,

Card 2: Title 1 in columns 1-72,
Card 3: Title 2 in columns 1-72,
The input form for cach matrix is:
First Card: Matrix name in columns 1-6, Matrix row size
in columns 7-10 (right justified). Matrix
column size in columas 11-15 (right justified) .
Middle Cards: Matri«¢ row number in columns 1-5 (right
justified) of data. Matrix column number
in columns 6-10 (right justified) of data
«n next field, Matrix data in four fields
in columns 11-27, 28-44, 45-61, and 61-78,
Last Card: 7Ten zeros in columns 1-10,
The matrix data consists of:

1) Matrix of panel point stations from Figure 6(a).

2) Matrix of end point coordinates of the line segments
representing the distributed weight from Figure 6(b),

3) Matrix of end point coordinates of the line segments
representing the distributed bending stif{fncss from
Figure €(c).
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The end point coordinates of cach nonvertical straight liac tor
the distributed data is givuen as a row in the matrix ot distrib-
uted data. Each row has the form:

Matrix column 1 - station Xi» i.e., the abscissa of the
line segment originating point.
Matrix column 2 - station Xip1° i.e.,, the abscissa of the

line segment terminating point.

Matrix column 3 - valuc at xi(+), i.e., the ordinate of the

line segment originating point.
Matrix column 4 - value at x1+1(-), i.e., the ordinate of the

line segment terminating point.

The last input card is STOP in card columns 1-4,
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III. PROGRAMMING TECHNIQUE (SPARSE PROGRAMMING LOGIC)

1. Transfer of Data

Matrix data for the spars. broutines is stored on disk with a disk
number (representing a matrix) being transferred to and {rom the subrou-
tines by argument. Transfer of page heading data is made by a labeled
COMMON block as explained in subroutine START.

Input matrix data is read using subroutine YREAD and printed output
data ‘s obtaine” using subroutine YWRITE.

2. Coding Procedure

The same example will be used here that was used for sample problem 1
for the dense programming logic. The example is repeated from page 3:

[Z] NLxN3 ~ (3 [P ] N2 T [Q] leN2> [R] N2xN3 (1)

As before, matrices [P] s [Q] , and [R] are to be input data to the
program. The answer [Z] is to be printed.

The following steps are used to code the program. Thc program is
written on a sheet of coding paper to facilitate key punching the in-
formation to cards. A typical coding sheet with the steps listed below
is shown in Figure 9.

Step_(1) - Dimension workspaces V and LV at least 3 times the largest
row or column size expected. The larger the dimension size the faster
the computer time. Indicate the dimension size with KV,

Step_(2) - Set the tape names to numbers.

Step_(3) - Call subroutine START to read turee input data cards for
(1) run number and user's name, (2) title card 1, and (3) title card 2.

Step_(4) - Write the CALL statements based on the above z2quation (1)
using the subroutines listed a Appendix B.

Step (5) - Shift back to subroutine START by using the Fortran statement
GO TO 1. This prccedure allows for "stacked" problems. The run is ter-
minated by a STOP data card (see subroutine START writeup) after the
data of the last problem.

Step_(6) - The end of the Fortran source deck is indicated with the
Fortran statement END.
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The input data for this sparse program is identicai to the input
data previousiy s own on pages 5 and 6 (Figure 2) for the dense program.

The techniques of pages 7 through 11 for ceding a better dense pro-
gram are not pertinent for a sparse program because equivalence is not
needed. The size checks could be made with the sparse program but is
not shown here.
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APPENDIX A, SUMMARY CF CALLING INSTRUCTINNS -
DENSE FORMA SUERNUTINES.

IN THF ARGUMENTS OF THF SUEPRUTINES FFLOW TT TS ASSUMED Thal
THERE IS¢ CUREESPONDENCE IN S1ZF AND ROW DIMEMSION OF
COMPATIALF MATRICES. FCR INSTANCE IN SUBRCUTINE MULT,
NRA=NRZ, NCA=NRB, NCB=N(2Z, KA=KZ

A 6F AFCUMENY MAY ALSC EE A VARIABLE READ WITH AN A6 FURMAT CF
ORTAINED WITH A DATA STATEMENT.

*%% LIST OF SYMBGLS *3x

A = INPUT MATRIX

e = INPUT MATRIX

ALPHE = INPUT SCALAR

RETA = INPUT SCALAR

AVEC = INPUT VECTOR (ROW (R COLUMN MATRIX)

IVEC = INPUT VECTOR (ROW CP CCLUMN MATFIX), INTEGER
TAE = INPUT TAELE (MATRIX WITH INCCMPLETE CCOLUMNS IN SCME FOWS)
z = RFSULT MATRIX

ZVEC = RESULT VECTOR

N = CI2F (FOP VECTOR PR SCUARE MATRIX)

NR = NUMEER (F ROWS

NC = MUMEER OF (OLUMNS

K = RCW DIMENSION

KR = RCW DIMENSINN

KC = COLUMN DIMENSICN

v = VECTCR WORK SPACE

LV = VECTCR W(RK SFACF, INTECEF

KV = VoLV DIMENSICN

NUT] = LOGICAL NUMBE® OF ITH UTILITY TapF

NTAPE = SYMBROLIC NUMBER CF TAPE. FCR EXAMPLE, 1

A SINCLY DIMENSIONED VARIARLE IS KREFERRED TC AS A VECTCFR IN TH)S
RFPCRT,
A DCUPLY DIMENSICONED VARIAPRLF 1S REFERRED TC AS A MATRIX IN THIS
REPMRT,
A VECTOR MAY BF HANCLED AS EITHER A POW DOF COLUMN MATRIX.
THE ROW DIMENSICN OF 2 VECTOR IN THE ARGUMFFTS GF TRE CALL
STATEMENTS 1S AMALCGOUS TCU THE POWS CF TRE VECTOR, THAT IS,

IF THE VECTOR IS HANDLEC AS A ROW, THFN kF=1

IF THE VECTOP 1S RANMNCLED AS A (CLy THEN KR=DTMENSICN STZF

EXAMPLF DIMENSINN A(IC)

CALL FEAD (A, N1,N2y, 1,1C)
PR CALL FEAD (Ay N24N1, 10, 1)

FRECED G PAGE BLsyg Nor
FlLMrp



<01

«01.01

(1,02

«01.03

«ClaCa

«01,05

«C1.0¢

«C1.C7

«C1.C8

«C1.C9

MISCELLANFOUS

PEOGRAM INITIALIZATICN
CALL START

PROGRAM PAGE KEALING
CALL PACEFRD

PROGRAM BOMBROUTY
CALL ZZPOMR (6HSUENAMNERR(R)

PRCGRAM COMMENTS
CALL COMENT

CONVERS ICN
CALL YOTOL  (24NUTZyNRyNL JKK9yKC 9 VoL VKV 4NUTT)
USES YINSYINTI,,YOUT,YOUTYT,,YPART ,22F(MF .

MATEIX FLEMENMT COMPARISON
CALL COMPAR (AGREF JNRGNC yNDYG,CTOL y 6BANLIMF—6HRFFENAM,
KAsKREF)

TIMF CHECK
CALL TIMCHEK (6ENAMCHK)

ORDER ING
CALL XLORD  (VeLVsLAS,NNZA)
CALL ORDALP (IMAT NRNC,NCALyIWMAT KRI 4KCW)

MERCGE NAMF AND NUMBEFR (FUNCTION)
N AME (6ENAME  4NUM)



A2

.02 INPUT
«02.C1 REAL NUMFERS
CALL READ (£ ¢4#NRy#NC KR ,KC)
USES INTAPE JLTAPE yPAGEHD R TAPE yWR ITE yWTAPF 92 ZECME o
#NPLNC WILL PE DEFINED PY INPUT. USF SYMEDLS.
CARD INPUT
FIPST CAPD  — ZNAMEJNF,NC WITH A6,14,15 FORMAT.
REMARKS IN CCLUMNS 16-6°,
¢ IN CCL 72 FCP WP11E TAPF INITIALIZF,
ELANK REWINDSLIST,0R TAPEID (F(R WRITE
TAFE, 1IN COLUMNS 73-Tf.
NWTAPE IN CPOLUMNS T9-80.
MIDDLE CARDS — DATA WITH 215,4E17 FOFMAT.
LAST CARD - TEN ZERCES IN COLUMR® 1-10.
TAPF INPUT
ONF CARD ~— ZNAME,G 0P —LCCATION,NRTAPE(WITH — FCF
NO WRITE CUT),ZRUMND WITH
AGyT4,15,A6 FORMAT,
BLANK ,REWIND,OR LIST (FOR READ TAPE)
IN COLUMNS 22-27.
PEMARKS IN COLUMNS 2€-69,
¢ IN CCL 72 FCP WRITE TAPE INITIALIZE.
ELANK ,REWIND,LIST,(R TAPEID (FCR WR1TE
TAPE) IN COLUMNS 73-78,
NWTAPE IM COLUMNS 79-€0.
«C2.C2 INTECEP NUMREF S
CALL READIM (IZ4#NR,¥NC,KF,KC)
USES INTAPE L TAPE yPAGEFD P TAPFEWE ITIM,WTAPE ,ZZBOME «
*NK,NC WILL BE DEFINED EY INPUT. USE SYMPOLS.
CARD INPUTY
FIRST CARD  — IZNAMEoNR,NC WITH 26,14,15 FORMAT.
REMAKKS IN CCLUMNS 16-69.
$ IN COL 72 FOR WRITE VAPE INITIALIZE.
RLANK,REWIND,LIST,CF TAPEID (F('R WRITF
TEPE) TN COLUMNS T73-7€,
MWTAPF 1IN COLUMNS 79-£0.
MIDDLE CARDS - DATA WITH 215,1415 FORMAT.
LAST CARD - TEN 2ERCES IN COLUMNS 1-1C.
TAPF INPUT
(SAME A€ SUPROUTINE READ ALCVE).
.02.03 CCTAL NUMEFRS

CALL READPG (7 9%NR ¢ ¥NCoKR 4 ¥ ()
ANRZNC WILL EF DEFINED RY INPUT, USE LYMECLS.
FIRSY CAFD — INAME GNF GNC WITH LA6e14,15 FOWMAT,
REMARKS IN COLUMNS 16-6¢,
MIDDLE CARDS - DATA WITH 215,2(3X,02C) FCRMAT,
LAST CARD ~- JEN ZFeNFS IN COLUMNS 1-10.



A4

«02 INPUT (CONTINUED)

«02.04 ALPHA-NUMERIC CHARACTERS
CALL READAN (I24*NRy*NC,KF4KC)
USES INTAPEGLTAPE yPACEHD JRTAPTF,WRITANJWTAPE 3 ZZECME .
*NR,NC WILL BF DEFINED RY INMPUT. USE SYMECLS.
CARD INPUT
FIRST CARD — IZNAME yNRyNC WITH Ab,14,15 FCRMAT,
REMARKS IN COLUMNS l6-69.
$ IN COL 72 FOR WRITE YaPF INITIALIZE,
BLANKyREWIND,LTST,0R TAPEID (FCR WRITE
TAPE) IN COLUMNS 73-78,
NWTAPF IN COLUMNS T79-80,
MIDDLE CARDS - DATA WITH 215,10A6 FORMAT.
LAST CARD ~ TEN ZERCES IN CCLUMNS 1-1f.,
TAPE INPUT
(SAMF AS SUPPCUTINE READ AECVE).



.03

«C2.01

«C3,.02

«(3.03

«03.04

«03.05

ocuTPUY

PRINT REAL NUMRERS
CALL WRITE (AyNRyNC,6HANAME=,K)

PRINT INTEGERP NUMREERS
CALL WFRITIM (TASNR JNCoy6HTANAME LK)

PRINT ALPHA-NUMERIC CHARACTEFRS
CALL WRITAN (JAJNK¢NCy6HTANAME,K)

PLOY
CALL PLCT] (XVEC, YMAT ,NRY,NCY g XSTART ¢ XPELTA g6HXNAME—~,
YNAME o PTITLE yTFSAME ZTFCURV,L,IFLIFT, K)
USES PLOTSS.
HAVE =CALL RPLT (Co2HLCY= IN MP USED ONCE/RUN.
MAX NCY = 3
CALL PLOTZ2 UIXVEC,YMAT  NRYJNCY 6 HXNAME ~y6HYNAME—,
PTITLE,TPLOT,IYS, KY)
MAX NCY=31C
CALL PLOT3  {(CLOC MLUC,COFLOC,VPLOC ,PANGLF ;CANGLE,
FEDIST, IFINUMGLREYF JNVIEW, IFFALFTITLE,
NC yNM 4 KC o KkM)
USES VCROSS,VRCT.
CALL PLCTSS (YMAX,YMIN,YTICP,TFCT)

PUNCH
CALL PUNCAN (TANRyMNCL6HIANAME,K)
CALL PUNCH  (AyNK¢NC 46HANAME=,K )
CALL PUNCHO (AgNRGNC J6H2NAME—,K)
CALL PUNCIM (TAGNF yNCoEHT ANAME,LK)



04 TAPE CPFRATIOCNS
REWIND NTAPE AT FEGINNINC OF MAIN PROGFAM,

« 04,01 INTTIALYZAVICON
CALL INTAPE (NTAPF,6HTAPFID)

«04.02 RE ADING
CALL RTAPE  (6HZRUNNDyEHINAME—32 3*NR ¢*N( 4KR 4KC 4yNTAPE)
=NRyNC WILL BE DFFINFD Y TAPE DATA, USE SYMECLS.
USES LTAPF,.

«C4,.03 WRITING
CALL WTAPE (ASNR GN™ JEHANAME= 4K s NTAPE)

«04.04 LISTING OF HE. NERS
CALL LTYAPE (NTAPE)

«04.05 UPDATING
CALL UPDATE

«C4,06 CCRE/TAFE DATA TFANSFER
CALL IN (NTAFE 4 Z 9N}
CALL OUY {NTAPFE 42 ¢N)

CALL RWND (NTAPE)
CALL SKPR (NTAPE GyNREC)



«C5

«05.01

GENER AT ION

RASIC
CALL ONES
CALL SIGMA
CALL UNITY
CALL ZEFO

{2 9yNRyNC4K)
(Z4N,K)
(Z4NyK)
{Z ¢NR¢NC oK)



«Cb

«06.01

«06.C2

«C6.C3A

«C6e02P

ALGEBRA

SCALAF PRODUCT

CALL ALFPRAA (ALPHA’A’ZQNR’NC’KAZ’

CrLL P& (PyAgZ yNRyNC gk ,K2)
ADDITION, SURTRACTINMNN
CALL AAFPR (ALPHA A ZPETA P 32 ¢yNR GNC 4KARZ)
CALL PACH (PoAgQoB ¢Z gNR yNCyKAJKE,K2Z)
MULTIPLICATICN - GENERAL
CALL MULT (AsB 9Z yNRASJNPR NCR JKAZ,KR)
CALL MULTA (A2 4B yNRAJNRR JNCE 4KAZ,KB)
MAX NRE = 500
CALL MULTE (ASRZ2yNRASNRE ¢NZP oKA KB Z)
MAX NRE = &S00
MULTIPLICATION - SPECIAL
CALL AF1 CAWE 9 Z ¢ NRAGNCAJNCE JKAGKE K2 )
MAX NCA = 500
CALL AR2 ‘A’B’Z’NPA,NCA'NCEQKA'KE’KZ)
MAX NCA = 500
CALL ARC1 (AgR 9CoZ JNRAZNCAZNCB oKA WKB g KCoK2Z)
MAX NCA = =00
CALL ARC2 (AsE oC o2 yNRAJNCAZNCE KA KBy K( 9K2)
MAX NCA = EBCO
CALL ATPE1 (AgPRgZ JNRAJNCANCRGKAKEZKZ)
MAX NPA = 500
(ALL ATEZ (A’E'Z’NpA,NCA’NCE’K‘,KB'KZ)
MAX NRA = 500
CaLL ATERCT (AgR 9C 9 Z odNPAJMCAGNCE KA GWKE 3 KC ok Z)
MAX NRA = S00
CALL ATRC? (AgR 9T 37 JNRAGJNCAGNCR KA JKR oKL 9K Z)
MAX NRA = SCC
CALL ATXEAY (£23T+NREJNCEGJKAZLNE)
MAX NCF = 50C
CALL ATXRPR (AsPZyNRATGNRFJNCF ZKAKEZ)
MAX NRAT = %00
CALL ATXREL (A BZyNFEGNCE 4XAKEZ)
MAX NRB = SCC
CALL ATXEE? (AZFZ4NRPNCEKA,KB2)
MAX NCF = 500
CALL AXFEAD (22 4FE o NRAJNCAZKAZ,LKE)
MAX NCA = %00
CALL AXBAZ (AZ gt g NMyKAZ JKE)
MAX N = 506C
CALL AYFAD (AZ By NREGNCF ¢KAZ oKF )
MEX NRP = FQCQC
CALL DR1 (NDyB 92 yNREGJNCPJKEZKZ )



06

s 06044

o 04E

«C6H.00

«06.07

ALCEERA (CONTINUED)

TRIPLE MATRIX PRCDUCT - GENFFAL

CALL BARY (AgE 3Z yNRP¢N(R,KALKEZ)
MAX NCPR = 500 (SI2f OF A)
CALL BAETA (A2 FgNRBNCE gKAZ4KF )
MaX NCE = 5CO0 (SIZE OF &)
CALL BTAB (AsR 32 JNRRYyNCP,KAF4K2Z)
MAX NRE = 8500 (SI2E OF )
CALL PTABA (AZ45oNRByNCE oKAZ 4 KE)
MAX NRB,NC: = 50C (S12F CF MATRICES A,2)

TRIFLE MATFIX FRODUCT - SPECTAL

CALL ETABYl (AEoZ NREJNCE KA KF 4KZ)
MAX NRB = 500 (S12f OF MATRIX A)
CALL BTARA? (AZ,F NeKR)
MAX M = SCC (SI1ZF CF MATRICES AyBR,eZ)
CALL BTARCY (A B,C3Z JNREJNCEJKAZKByKCyK2Z)
MAX NRE = 50C
CALL BTDBI  (DyB g2 ¢NRByNC® ,KREK2Z)
MAX NRE = &GO
CALL BYDBC] (DB oCyZ yNRBGMCE JKR 4KCyKZ])
CALL UTAUY (A U2 4N KA KU,4KZ)
MAX N = 500
CALL UTAUCY (A UsCsZ ¢NoKAZKUKCyK2)
MAX N = 5CO

INVERSION

CALL INV] (AgZ¢NyKAZ)
MAX N = 250

CALL INV2 (As2 4NoKAZ)
MAX N = 250

CALL INV3 {AsZ 9NyKAZ)
USES CCOMI,Z1NV4,
MAX N = 280

CALL TINVA (Ag2 oNoXKAZ)

SIMULTANFCUS FQUATIONS

CALL SMEQ] (%A, *RVEC,ZVECyNyKA)
*APVEC ARE DFSTROYED.

EYCENVALUE, ETCENVECTCR

CALL FIGNI (%A, ZVAL yZVFCNoF(D4KAZ)
*A IS DESTROYED.

CALL EIGNIA (%A ZVALZZVECNIN,(TV,kA7)
*A TS DESTROYED,

A=C



A-1C
e C6 ALGFFRA (CONTINUED)

«C6.086 DECCMPOSTTION
CALL DOCOMY  (A4Z 4N yKRZ)

« (6,09 RCW, COLUMN CPFRATICMS
CALL ROWMLT (AVFCyBR42¢NRyNCHKEZ)
CALL COLMLT (AVECsBoZyNRyMC4KEZ)

06410 VECTOR CPEPAT]IONS
CALL VDOT (V2 VB ,PRONDCT y VAMAC , VRMAG, COSAE)
CALL VORDSS (VASVE yVZoVAMAG VEMAGoVZMAG ySINAK)



«07

«C7.01

«CTeC?

«07.,02

07,04

07,05

«0T.06

007.07

A-11

MODIFICATICN

ASSEMELY
CALL ASSFEM  (£412,J0Z 4%24NFAJNCAGNRZ ¢NC 7?7 4KAWKZ)
*BE SURE Z 1S DFFINED, (FC CALL ZHERUe TC CLEAF 7).

DISASSEMBRLY
CALL DISA (AgTA JA 42 yNRASNCAVNRZyNCZ g KAWKZ)

REVISION
CALL REVADD (ALPRAGAZTVEC yIVE T 9 %24 NRAJNCAYNRZ yNCZ KA HKZ)
*FE SURE 2 TS DEFINFD. (EG CALL ZERD Y0 CLEAR 2).
CALL REVIJ (AZ24IVEC3IVEC yNRAGNC 2 GMRZGNCZ 4 KRAZ)

TRANSFOSF
CALL AT A2 JNRAJNCA,KALKZ)
MAX NCA = 500
CALL TRANS  (AsZ ¢gNRAGNCALKALKZ)

SYMMETRIZE
CAL™. SYMLKH  (2Z,NyK)
CALL SYMIUH  (AZyN,sK)

NULLIFY
CALL ZFPOLR (AZyNyK)
CALL ZEROUR (AZ4N,sK)

DIAGONALTZE
CALL DIAG {AVEC,Z ¢ NyK2)



« 08 INTERPCLATION, DIFFERENTIATICON

«08.01 INTERPLLATICN
CALL TERP] (XAgX2Z oA g2 yMXAJNXZ 4yNCRAyKAyK2Z)
CALL TEKP2  (XAgXZgA o2 yNXAYNXZyNTAgKR4KZ)

o 08,02 DIFFFRFATIATION
CALL DIFF] (XA gX2 3A g2 gMXPINXZyNCLyKA,K2)
CALL DIFF2 (XA XZ A2 yNXAJNXZ ¢NTALKAGK2Z)



ol AIRLCAD
«09.01 LATERAL

CALL ALTDY
«09.02 AXIAL

CALL ALCOZ

(PPoUISToCONCoCONVRY 2 ZVEC JNPPyNDyNC o KDyKC)

(PPIDISTLCONC 4CONVYRT oZVEC 4NPP yNDyNC oKDy k()



A-14
10 MACE

«1C.01 FCOD

CALL mASSY (PP,DMASS,DRINGCONC g (UNVET o ZoNPP JNDM NI G NC,
KM KNI s KC o KZ)

«1C.C2 FFAM
CALL MASSZ (PP ,CMASS DRINGCONC y CONVRT 3 2 JNPFP JNNMNDIGZNC,
ANZ JKOM KD I o KC yK2)
*MNZ=2NPP WILL BRE DEFINED RY MASS2 ., USE SYMECL.

«1C.03 FLun
CALL MASS2A (PP OMASS yFQSM FLEVEL oCONVR T o2 yNPF 4 NEMy*N2Z
KDMoKZ)
ANZ=2NPP+]1 WILL BF DFFINFD RY MACC2A, USE SYMECL,



A-15

11 STIFFNESS
«11,01 FOD

CALL STIF1 (PP,DAEsZ¢NPPNDAF,KDAE ,k2)
«11.02 RF AM

CALL STIFZ (PP yDKAGDEI 32 4MPP,MNKAGGNDET 9 #NZ JKLKAG,

KDET KZ)
*NZ=2NPP WILL €f DEFINFED EY STIFZ2, USE SYMEQL.

«11.03 REDUCTION

CALL SRED] (AR T yNgNRGIFTYJKART)
CALL SFEDZ (AP T JNNF L IFTKART}
CALL SFECT (A IVF s ToNgNRGIFT,KART )



«12 MeT AL

«12.01 JACCE]Y
CALL MCPEL (% AMACS g 2R STTIF W2 gy Wy FRF (G yN o FOC 3y KAS ¢ NUTAFF)
*AMASY IS REPLACED PY MOUCDF SHAPES.
**STIF 1S DESTROYED.
USES ETAFADCCMILZEIGNT ,INVS,
MAX N = :2CO
CALL MCGDEYA (®AMASS g Xx2STIF JW2 W oFFFC NG FODGKASNUTAPE)
*AMASS IS REPLACEL &Y MODE SHAPES,
*#STIF IS DISTRCYED.
USES ETAFA,DCOMY,EIGN? ,INVA,
MAX N = 5CC
CALL MOGEIB (®AMASS y*¥2FLEX W2 4 WoFREC Ny FOD 4 KAF yNUTAFFE)
AAMASS 1S PFPLACFD RY MUDF SHAPFES,
**FLEX IS DESTRCYED.
USES BTARAZDCUMIZFIGMT INVA,MULTA.
MaX N = 5CC



A-17
13 RIGID KCDY MORES

«13.C1 CALCULATION
CALL RETCY (XYZ 4XYZREFZINOFGIVEC,Z JNNODF G *NRZ o, *NC7 KX J,
KZ)
*NRZ 4NCZ WILL FE DFFINED PY RFETGY. USF SYMECL.
USES REVADD.
CALL RETG2 UXRTJXYZREFZJDOFLIJVF(C 32 JNNUDE ¢ *¥NRZ o 2NC2Z oKX J,
KZ)
*NPZ 4NCZ WILL EBF DFFINED FY RETG2. USF SYMB(WL.
USES REVADD.

«13.02 R THC—NCRMALIZATION
CALL CNREM  (REMCDE§ AMASS yNHNFEMCD,FRA)
USES BTABSFICNI 4MULTA,
MAX N = 250
MAX NMRENMCD 6



14

IMERTTIAL TRANSFORMATICN

CALL UMAMY  (AMASS R EMODE 92 ¢NJNREMUT: ,KAFZ)
USES PAP T ETAP,INVI MULTF
MAX N = 250
MAX NRBMOD = ¢

!

1¢



t-10

<15 INTERNAL LCADS
«15.01 REAM — SHEAR, MOMENT LNADS
CALL VM) (XVECDISToCONC 3 AMP Y s AMP2,CUNVRT 3 ZVECV 4 ZVECM,
NXoNDoNCyNAT yNAZ JKNGKC yKAT yKA2Y)
«15.02 EEAM — SHEAR, MPMENT TRANSFORMATION

CALL VMTR] (PPLZ4NPP,ENZ ,KZ)
ANZ=2NPP WILL PE DEFINFT FY VMTRY, USE SYMEOL.



A=20
«16 TIME RESECNSE

«16.,01 FORCE IS OFTAINFD &Y LINEAR INTECPOLATICM USIMNG TAET,TARF
CALL TRSP1 (RA*E (0 g 2Dy TAET G TAFF o XDC o XUpSTARTT (OELYAT,
ENDT NWRITE yAX JNRTARSNCTAR yoHXNAME HKAFCT,
KTAF JNXTAPE ZKU'T])
BMATRICES A F (4,0 APE DESTIRCOYFL,
USFS INV1,MULTE.
MAX NX = 2%0
MAX NRTAF = BCG
CALL TREPIE (b ogC oD TART,TAFF o XNC o XC 4 STAFTYT SUELTATLZENDT,
NWR ITE GNXJNETRF  NCTAF g 6HXNAME JKECD Gk TAR JNXTAPE)
MAX  NX = 2%0
MAX MRTAR = ECC
CALL TRSP2 (A gRF g C o2l g T2ET yTAFRF G XD0 o X G STAVTT L,DFLTAT,
FMOT o RETAGNWRETTE oMX JMRTAR G NCTAB g oHXNAME HKAFCD,
KTAF, NXTAPLE .MUTTYT)
AMATFICES AZR (40 AKF DESTPOVED,
USES TNV T MULTMULTE .
MAX NX = 25C
MAY NRTAE = 2%5C
CALL TRESP3 (3AVFC o 2P VEC o 2CVEC 32Dy TAPT o TAFF o2 XD0 o %X iy
CSTAFTT wCELTATYZEINDT 4NWRITE yNX 4 NRTAE,
NCTAR J6HXNAME JKNy KTAR JNXTAPE)
AVECTORS AVECBVFC oCVEC o+ XDU X0y MATRIY D ARL DESTROYED,
MAX NX = 2%0
MAX NRTAE = SCO
MAXTIMUM UNICUE TIMES FAST STARTTY IN TART = 25C.

216,02 FORCF 1S CALCULATFD AS (1 - COS) /72
CALL TREPIA (#L4%F g% C D3 FMAGIFPP,VFLaCGLyXDCy ¥y STARTT,
NPELTAT o FNDT S NWRITE gMXGNF L EHXNAME (KAFCD,
NXTAFRE ,MUTY)
AMATRICES AyR4yCyD ARF DFSTRCYEDN,
USFS INVI,mMULTE,
MAX KX = 25C
MAX M = ECO
CALL TRIPIC (F ogC ol gFMACQFFPEGVIL oGL o YDC ¢ XU STARTTHTELTAT,
END TG NWRTITE gNX GJNF EEXNAME (NF(D4MNXTAFPE)
MAX NX 250
MAX NF 500
CALL TREPZA (%A gxF g%y AN g FMAC L FFFoVFL yGCLyXNC o XCy, STARTT,
NELTLAT G FNDT G FETAZNWFTITE JNX G NF g CHXNAME GKAECH.
NXTAPELZNUTT)
AMATRICFS A Rye( 4D ARE DFSTRCYED,
USES INVI MULT,,MULTFR,
MAX AX = 2&C
MAY NF = 2°fC

nn



A-21
16 TIME RFSPONSE (CONTINUED)

«16,072 ADCITIONAL EQUATIONS
CALL TRAE2 (6HXRUNNC g 6HXNAME S TFAGAZIFE G R GIFCsC4IFD,D,
IFE gE 3 ZTMM G STARTT ZENDT yMLTXTP JNWRITE 422 IDENT,
ERSTAGHEHINAME (NZ K ZNXTAPEJNZTAPE Z STOREZ)
#7 HFADING (12A6 FORMAT).,
*%STATIONS (A6 FCRMAT).
MAX NX = 250

«16.04 TIMF RESPONSE MAX-M]INS
CALL TRMM (6EHXRUMND s 6HXNAME o XTMM o STARTT ZENLT 5 INX,
KX e NXTAPF)
*NX TS DEFINED IN SUPRCUTINE, USE SYMECL.
MAX NX = 250

«16.0% POWER SPECTRAL DENSITY COF ACCITICNAL FQUATIONS
CALL TRPSD (6HBYXRUNND 6PXNAME ,TRAF STEXPSTARTT  MLTXTP,
ZPSDINFREQ TIMPFE JNXTAPF,WRKYV)



A=-22
17 FREGUENCY RESPONSE

«17.01 RESPONSE SCLUTICN
CALL FR] (%A y2F g% C o %D g TAPW,TAEF yUMEG A9 NX g NOME GAy
NRTAF JNCTAE ¢ KAECD K TAE yWRKMyNTAPE )
*MATRICES AgBoaCoD ARE DFSTRUVYED,
B MUST BE NON-SINCULAR.
USES INVIMULTyMULTE.
MAX NX = 50
MAX NRTAE = 8O

«17.02 ADDITIONAL EQUATICONS
CALL FRAEY (AgkSTA %32 IDFENT ¢NZ MXNCMECAJKAJNXTAPE,
NZTAPE)
*STATIONS (A6 FORMAT),
*%7 HEADING (12A6 FORMAT).
MAX NZ = EC
MAX Nx = 5C



APPENNTIX R, SUMMARY (OF CALLING INSTRUCTYICNS -
SPARSE FORMA SUBRDUTINES.

**% LIST CF SYMBOLS *x»

A = INPUT MATRIX

ALFHA = INPUT SCALAR

RETA = INPUT SCALAR

NUTA = LCGICAL MUMKER CF UTILITY TAPE CONTAINING INFUT MATRIX A
NUTE = LOGICAL NUMBER OF UTILITY TAPE CONTAINING INPUT MATRIX B
~UT2 = LOGICAL NUMREER (CF UTILITY TAPE CONTAINING CUTFUT MATPIX 7
AVEC = INPUT VECTCOR (PCW OF CCLUMN MATRIX)

IVEC = INPUT VECTOR (KCW CK CGLUMN MATFIX), IMNTEGER

2 = RESINLT MATRIX

ZVEC = PESULT VECTOF

L = MATRIX WCRK SPACE

MR = NUMBER CF POWS

NC = MUMREE OF COLUMNS

KR = ROW DIMENIIOCN

KC = CNLUMN DIMENSICN

v = VFCTCOP W(RK SPACE

Lv = VICTOR WCRK SPACF, INTYECER

KV = VyelV DIMFNSION

NUTI = LCGYCAL NUMBRER CF 1TH UTILITY TAPF

NTAPE = LOGICAL MIMRER OF FCORMA RESFRVE TAPE



.01

+01.01

«01.02

«Cl.C3

«01.04

«01,0%

MISCFLL ANECUS

COMVFRSION
CALL YSTOD  (NUTA,Z 9*NRyENC 4KF gk CoV oLV KV,NUTY)
*NRSNC WILL BE DEFINEPN BY YSTOD. USE SYMEOLS,
USES YINGYINI,Z2EOMB,

CRDER MATRIX NON-2FRC ELEMENT LCCATIONS ROWWISE
CALL YLOFD  (NUTAVoLV,KV,NUTTINUT2)
USES YINSYINI,LYCUY,YOUTI,YPART ZZECOME,

FLIMINATE ZFRO _LFMFNTS
CALL YNOZEKR (NUTA,VyLV,KV,,NUTT)
USES YINLZYINI WOUT,YOUT]I,,YPART 2 2POME .,

REPARTITION
CALL YPART (NUTA,V,LV,KV,4,NMUTY)
USES YINSZYINI,LYOUT,YOUTY,ZZEOME,.

COPY T0 ANOTHER TAPE
CALL FOQUAL  (NUTAJNUTZ,V,LV,KV)



«02

« (2,01

INPUTY

REAL NUMEFERE

ko o]
!
w

CALL YREAD (NUTZ,V,LV,KV,,NUT1)
USFS INTAPFLTAPF 4PAGFHD ZYIN, YINTJYGUT,YOUT1, YPAPT,
YRTAPE ¢ YWRITE JYWTAPELZZRCME .

FIRST CAFRD

MIDDLE CAR
LAST CaRD

ONE CARD

CARD

DS -

INPUT (SAME AS READ EXCE™T SHAPE)
INAME ¢NRGNC WITH A6e14,1. FOPMAT,
MATRIX SHAPE IN COLUMNS 16-71.
PEMARKS IN COLUMNS 2269,
$ IN COL 72 FOR WRITE TAPE INITIALIZE.
RLANK . RFWIND,LISTH,0OR TAPEID (FOKk WRITE
TAPE) IN COLUMNS 73-T78.
NWTAPE INM COLUMNS 79-8C.
DATA WITH 215,4F17 FORMAT,
TFN ZERCES IN COLUMNS 1-10.

TAPE INPUT (SAME AS READ)
INAME 3C OR ~LOCATIMNGNRPTAPE(WITH - FOR
NO WRITF QUT) ,ZRUNNC WITH
Ab TS5 ,AE "ORMAT
BLANK JREWIND,OR LIST (FUR? READ TYAPE)
IN COLUMNS 22-27.
REMARKS IN CCLUMNS 28-69,
$ IN COL 72 FOR WRITE TAPE INITIALIZ2E.
BLANK yPEWINDGLIST yOR TAPEID (FOR WFITE
TAPF) TN COLUMNS 72-7F,
NWTAPE 1IN CCLUMNS 79-80,



« 032 cuTPUY

«03,.01 PRIMNT RFAL MUMBERS
CALL YWRITF (NUTA,6H ANAME 4V4LV,yKV)
USES PAGFHD o YIN, VIMNT 2 7R UME,

«03.,02 PUNCH FEAL NUMEERS
CALL YPUNCH (NUYA,6H ANAME, VyLV,4KV)
UerT YINZYIN1,Z2RCOME,

R -4



« 04 TAPE COPERATICNS

REWIND NRTAPF,NWTAPE AT EBEGINNING CF MAIN PPCOGRAM.
SEF APPENDIX 2 FCR TAPE INITIALIZING, LISTING, AND UPLAVING.

«04.01 QFADINMNG

CALL YRTAPE (O6HZRUNNC ,6H ZNAMF JNUTZ 9VoL VoKV *¥NRT2FPE 4NUTY)
*ANPTAPE MUSY EE A TEADSWFIVE TAPE ONLY.
USES LYAPESYIN,YINI,YCUT,YOUT1,422FCME,

CALL YINM (MUTALZVEC L S,LE)

CALL YINI (NUT 4JA,NSHNF)

o402 WRITIMG

CALL YWTAPF (N'"TA,6H ANAME VoLV, KV,*NWTAPE)
*MATAPE MUST RE A RFADLWRITF TAPE (NWNLY,
UeeEs YIN,YIN],22RCME.

CALL YOUT (NUTALZAVEC,LS,HLF)

CALL YOUTI (NUT,TA,NS,NE)




£E-6
«C5 GENERATICN

«C5.01} FASIC
CALL YUNITY (NUTZ NP ,V,LV,KV)
USFS YCUT,YCUTT.,
CALL YZERD  (NUTZ,NR(NC)
USES YCUT,,YOUTT.

«C%.C2 RAYLEIGH VECTCOFS
CALL YRV] INUTZ o NoNUp VoLV KV NUTY ,MIT2 ,NUT3)
USFES YINGYINI,,YLORD,YOUT,YOUTIZYPART,YTRANS ,2280MF,



« 06

o C6.C1

«C6.C2

«06.02

«C6e04

.Cb.Of

0606

s 06,07

ALGERPRA

SCALAF PPODRICY
CALL YAA (ALPHA ,NU‘A,N["Z.VQLV,K\"NUTI ’NUT2’
USES YINGYINT G YLORDJYNCZFR ,YOCUT,YOCUT1,YPART 4 22ECME.

ADCITICN, SURTRACTICN
CALL YRAEE  {ALPHA JNUTAGBETAMUTR,NUTZ g VoLV KVNUT],
NUT2)
UTES YLORDZYINGVIN] YLOENZYNTUZER S YOUT,YO'UTL o YFART,
YSYMLHGYSYMURG22FECME .

MULTIPLICATION - BASIC
CALL YMULT (NUTAJNUTE NUTZ,V,LV,KV,NUTT)
USES YINSYINIZYLORD,YNCZER ,YOUT,YOUTILZYPART,YSYMLE,
YSYMUH,ZZRCMR,

MULTIPLICATION -~ SPECIAL
CALL YMULTY (NUTAGNUTE NUTZ,,V,LV KV,N!TY)
JSES YINGZYINIZYLORD JYNCZFR,,YOCUT,YCUTIZYPARTYEYMLH,
YSYMUHLZZECOME,
CALL YMILTZ (NUTAGNUTENUTZ gWI W gV LV kVyKWyNUTY)
USES YOTOS,YINGYINYYLORD G YNOZERP yYDUT,L,YOUT1,YPART,
YEYMUBYSYMUKEL22FCME,
CALL YMULTS (NUT2 b 4sNUTZ yWoVyLVokVyeKWyNUTT)
USES YINSYINTIZYLCRE,YOUTSYOUTT YPART$ZZRCME .

TRIFLE MATRIX PECDUCT
CALL YBYAE (MUTAZNUTEZNUTZ ZV oLV KVSNUTTNUT2)
USES YINSYINIZYLORD,YMULT,YNCZER ,YOUTYCUTT,YFART,
YSYMLHyYSYMUK42ZROME o

DECOCMPOSTITICON
CALL YDCM3ZA (NUTASZNUTUNUTT VLLV KV NITT,NUT2)
USFS YINGYINIZYLORDZYCUT 4 YOCUTIZYPART 4 YTRANS 42 ZECOME,
CALL YDCOOM3 (NUTAZNUTUSNUTD GV L VKV, NUTINUTZ)
USES YINSYINIZYLORE,,YCUTYCUTI»YPART s YTRANS 3Z2PCME .

RACK SQLUTICN
CALL YESL3A (MUTUGMUTD G NUTE GJNUTZ 4 VoLV KVaNUTT NUTZ)
LSES YINSYINIZYLORD,,YOUTLYCUT T, YPART 3 YThANS,



1
«07 MODIFTCATION

«07.01 ASSEMELY
CALL YASSEM (MUTAGZTIRZ3JC2 33 NUTZ 3 VeLVKV NUTT JNUT24NUTR)
*EF SURE 2 IS DFFINED. (C2LL YZFFLC 70 CLFAF NUTZ).
USES YINGYINISYLCRD, YOCUT YOUT Y YPART 4 YSYMLE , YSYMUH,
2P OMF .,

«CT7.C2 DISASSEMELY
CALL YUISA  (NUTASIRAGICANUTZ ¢ NFZ G NCZHVyLVykVNUTT)
USES YINSYINY YLURDSYOUT GYOUTY G YFART o2 2ECME,

«C7.02 REVISICN
CALL YRFVAD (ALPHAWJNUTAZTVFLIVEC,®¥NUTZ 4V, LV KV,HNUTY,
NUTZ,NUT2,NUTL)
*PE SURF 72 1S DEFINED. (CALL YZERC TUC CLEAR NUTZ).
USES XLORD G YAAFE,YINSYINT,,YLOFD,YNDZER,YOUT,YOUT],
YPARTY gYSYMLE QYSYMUH ,22ECME .
CALL YRVADY (ALPHAGAZTIVEC sENUTZ JNRAGV LV KV4KAZNUTT,
NUT?,NUT? 'NUTL ,
*PF SIRF 7 1S DFFINED. (CALL YZEPC TC CLEAR NUTZ).
USES XLOFD JYAALFGYINSYINT L YLOFRD, YNOZEF ,YOUT,,YOUIT]T,
YPART 4YSYMLE ,YSYMUP ,2Z2E0ME
CRLL YRVADZ (NUTANUTZ NP Z gWoKW o Vol VKV NUTY JNUTZ,NUT2)
USES YINGYINI YOUT,YCUTI W YPART 4,z ZEOME,
CALL YFVAD3 (NUTAJNUTZ JNRZ ¢NCZ oW oKW Vo LVoKV4NUTY GNUT2 ,NUT2)
USES YINGZYINY ,YOUT,YCUTI ,YFART L 2FCME,
(ALL YRV]SI (I,JV"C,NUTZ,'\JFAZ,NCL,NCZ,V.LV.FV,RA)
USES XLUPDSYOUT 3 YCUTT 4 Z22FCME,
CALL YPVICD (NUTLIVICoJIVEC 3Z yNFZJNCZ24yVLVyKV4KZ)
USFS YIN,LYINY,2Z2RCME,

«(T7.04 TP ANSPCEE
CALL YTRAMS (MUTAZNUTZ gVl VKV ,MUTT (MITZ)
USES YINGYINIZYLOFD,YOUT,,YOUTI,YPART 4 ZZEOME

«07.0% SYMMETRIZE
CALL YSWMLE (NUTAZ oVl VeKVNUTTIZNUT2)
USES YINGZYINI YLOFDGYNPZER,YOUT,YOUTI,,YPART .
CALL YSYMUE (NUTRZ oVoLVyKV4NUTTIZNUIT2)
USES YINSYIN] GYLORD GYNOZFR L, /CUT, YOUT I, YFART,

«C7.0¢ NULL IFY
CALL YZERLH (NUTAZ VoLV KVNUTY, HUTD)
USFS YINGZYINT GYLOFD,YOCUT JYOUT T,YPART 4220 CMF o
CALL YZEFUH (MITAZ ¢V oLVoKV4NUTT,MHUTZ)
USFES YINQYINTZYLOPD o YOUT G YOUTIZYFPARTY yZ22F 0. 0¥,

CT.07 DYAGONALTIZE
CALL YDIAG  (MUTAGNUTZ 4V,LV,KV)
USES YINLYINTZYOUT,,YOUTT L Z2Z2R0OME,



+C8 STIFFNFSS
+C8.C1 REDUCTION
CALL YSFPENZ (NUTAGNU (R gNUTTGNKGIFT VoLV oKV NUTT 4NUT 2,

NUT2,NUTS)
UHSFS YASSFMGYDISAZYINGYINILVLORN JYNC2FR,,YOCUT,YCUT ],
YPAFR Ty YSYMLM QYSYMUMHYTRANS g YINTITY L, YZERCH2ZECME,



«C9 MODAL

«09.01 TTEF ATIVE FRAYLEICH-KITZ
CALL YMID2A (NUTM NUTK yNUTZ gW2 4 W oFEFQaNWJNUGSHIFT,L,TOLZ
TOLWE sMAXIT o IFPRNMNT VoL VoA SeyNVIN,,KA,
NUTT GNUTZ yNUT2 JNUTSL JNUTSE,NUTS )
USES ETABAZJEIGNYIAZINVSLZMODE I X NAME yPAGEHD 3 TIMCE' %
WEYTE WRITIMGXLORD,YAAFRF JYESL3A,YDCM3A,YDTOL,YIN,
YINIGYLORDGYMULTY sYMULT? o YMUL T4, YNCZER ,YOU T, YUUT]
YPART,YRVI, YSTOD s YSYMLH,YSYMUH,YTRANS ,YWR ITE,2ZEB0OME .



APFFMNDIX €. SUMMARY COF CALLINC INSTRUCTIONS -

FINITE FLEMENT RCUTINFS,

A EH ARCUMENT MAY ALSC HE A VARIAFLD FEAD WITH AN A6 FCRMAT CF
CETAINED WITH A DATA STATEMENT,

**% LIST COF SYMBGLS =#»

NUTE

NUTFL

NUTK

MUTK X

NUTLTY

NMUTM

NUTMX

NUTST

"

LOGICAL NUMEER CF UTILITY TAPE ON WHICH ELEMENT UNIT LOAD
FUCKLINC MATRICES AND TVECS ARF CUTPUT,

NUTE MAY BF ZFR(O 1F BUCKLING MATFICFS AFF NUY FORMEFD.
USES FCRTRAMN RESDy WRITF.

LNGICAL NUMBEFR OF TAPE CONTAINING ELEMENT INPUT CATA FCFR
THIS SUFPOUT INE AND SUPRCUTINES AXI&ALy ETC CIVEN FY NAMEL.
IF NUTEL = &, DATA WILL RE RPFAD FR(M™ CAR[S,

LCGICAL NUMBFR COF UTILITY TAPF CN WHICH ASSEMELED
STIFFNESS MATRIX IS CUTPUY IM SPARSE NCTATICN.

NUTK MAY FE 2FRC IF STIFFNESS MATRIX IS NOT FCKMED.

USES FOPMA YIN, YOUT.

LCGICAL NUMBER COF UTILITY TAPE CON WHICH ELIMENT

STIFFNESS MATRICES (SAME AL CLORAL LOADS TRANSFCRMATICN
MATPICES) AND IVECS ARC STYOEED,

NUTKX MAY FE ZERC TIF STIFFNFSS MATRIX IS NOT FORMEL.

USES FCRTRAN RPEADy WRITE.

LOGICAL NUMPER OF UTILITY TAPE ON WHICH FLEMENT LOCAL
LOCAD YRANSFORMATION MATRICES AND IVECS AFE (CUTPUT.

NUTLT MAY “F ZERC IF LCAD T+, "SFORMRTYIONS AFF NCT FCRMED.
USES FCRTFAN KEAL, WRITE.

LOCYICAL MUMBER COF UTILITY TAFE ON WHICH ASSEMELED

MALES MATRIX IS OUTFUT IN SPARSE NOTATICN,

MUTM mAY BE ZEFD IF MASS MATERIX IS NCT FURMED.

USES FORMA YIN, YCOUT,

LOGICAL NUMEFR CF UTILITY TAPF CON WHRICH FLEMENT

MASS MATRICES AND IVECS ARE STPRRED,

NUTMX MAY BRE ZERD IF MASS MATRIX 1S NCT FCRMED.

VUSESE FOFTRAN RFAD, WRITE,

LOGICAL MIMBEKR CF UTILITY TAPE ON WHICH FLEMENT

STRESS TRANSFOKMATION MATRICKS £%T TVECS ARE CUTPUT,
NUTST MAY BE 2FRC IF STRFST TRANSFCEMATIONS AKF NOT FOPMED,
USES FORTRAN RFAD, WFITE,



«C1 MISCELLANECUS

«01,C1 DIRECTION COSINMES

CALL DCOSIA (CJU9FEJI329KCIWKEIYKZ)
USFS FULER,MULTR ,Z2ZR0OME,

CALL DCOSIR (CJUgEJI9Z JKCJI9yKFJeKZ)
USES FULERMULTYR,22E0DMR,

CALL DCOS2 (CIyFIe2 o KC Iy KFJpKZ)
USES FULFR,MULTE,Z2280ME,

CALL DCOUS3C (CJU2EJ9Z sKCIeKEJS9KZ)
USFS CULERMULTR,ZZFOME,

«01.02 FULFR ANCGLES
CALL EULER (F4R,KR)

«01.03 TETRAHEDRON GECMETRY
CALL TECEOM (CJyIM, VL, DV,KCJsIFRAD)
USES VCROSS,VRCT,.




.02

-2

FINITE ELEMENY MASS, S TIFFNFSS, PUCKLING, LOAD TRANSFORMATION,

STRPESS TRANSFCRMATICN

CALL FINFL (PYZ 3JNCF 3 FUL JNUTFL g NJo NUTM ,NUTK JNUTL T,
NUTST yNUTB g VoL VoKV g KRX g KR J yKPE o MITMX 4 NUTK X
NUT1,NUTZ ,NUT3)
USES AXTALZFAFWFLUIDZGRAVTIY PAGFHD,QUADPECTEPSTPNGL,
YRVADZ 42280ME,

CALL AXTAL  (XYZ o JOOFEUL JNUTEL g NJ o NUTMX 4NUTKX 4NUTLT,
NUTST oW e TS oKX 3 KJIgKE 4KW)
USES ATXPRAYZJATXBFR 4DCOST 2 4FULERKTIAT ,MIAT M2 ,MASTA,
MULTAZMULTEyPAGEHT 3 STFIA 422F0MB,

CALL BAFR (XYZ 3 IDOF 3 EUL yNUTEL 3 NJ o NUTM X, NUTKX o NUTE X,
NUTLT yNUTST oWy TS oKX oK J9KE oKW)
USFS ATXFA1,PIA1,81A2,RTARBABUCIR,DCUSIRLEULER,KTT,
KI1P1,KICT,MYAY ,MIA2 ,MTIBT JMYEB2,MICT,MIC2,MAS]E,
MULTASMULTERyPAGEHD,STFIE ,22E0ME .

CALL .FLUID  (XYZ oJIDOFSFULSNUTEL g MI4NUTMXoNUTK X g NUTLT,NUTST,
WeT oS eKXgKIgKF yKW)
USeS TEGECOM,VCROSS,VDCT,ZZECME,

CALL GFRAVTY (XYZ4JOOFGEUL yNUTUL o MIJNUTK X gW g T3S g KX 9K Uy KEZKW)
USES KGRAVIMULTAMULTRB oVCR(SS 922E0MB,

CALL QUAD (XYZ yJDNFH FUL JNUTEL g NIy NUTMX yNUTR X o NUTE X
NUTLT gNMUTET o We T S oKXy KJJKE yKW)
USES ATXEAlGBTARAL,DCOS2,FULFR JK2AT,K2E1,M2AL,
MZ2AZ ¢M2ET ¢M2B2 ¢yMAS2 JMASA JMULTA,MULTE 4FAGFHD
REVADD ySTF24STF3,2Z2%0MR,

CALL PECTSP (XYZ4JDOF gFUL yNMUTEL o NG NUTMX o MUTKX yNUTLTZNUTS T,
WeT oS yKXgKJIgKF oKW)
USES MASZA,PACEHD 4STF2A,ZZR0ME,

(<Lt TRNGL (XYZ 3 JDOF gEUL gNUTEL g MISNUTMX gNUTKX 4NUTR X,
NUTLT oNUTSToWe To S oKX e KJIgKF oKW)
USES ATXEPAYI JETABADCDOSZ2,FULETR (JK2AT1,K2B1,M2AY,
MZAZ gMZ2E Y gMZF 2 yMASZ JMUL TASMULTE PAGFHDI,STFZ 42 2EB0MP,



[}
()
(1Y)

.03.0’

«02.027

«03.C3

«03.04

«03.05

MASS

eer
CALL MAS]A (CIeEJyAl A2y ROHJEHNANEM KCJIoKEJ$KZ }
USFS ATXPPJEULER,MIAT,MIA2,Z2F0OMR.
CALL M1A] (Al A2 4RLYRDy2,4K2)
CALL M1A2 (AlyA2,RL R 0424K2)
CALL MIC1 (PI1,PI124,RL4RCyZ24KZ)
CALL MIC2 (PIY,PI2,RLyRO42,4K2Z)
BFAM
CALL MASIE (CIpENgAL A2 PY1GPTI2 4RO GO6HNAMEM 42 JWoKCJI9KF S,
KZyKW)
USES RTARALDCOSIBGFULER,MTAT ,M1A2 ,M1EKT MIRZ,M1IC1,
MIC2 4MULTE ,Z2ROME,
CALL MIRY (AL yA? yRL 4RO y2,K2)
CALL MIE2 (A1,A2 4RL R0, 2,K2)
TRIANGLE
CALL MAS2 ({CIpFI»TMAS yROGEHNAMEM 72, W13 W2 JKO Sy KEJZKZ oKH T,
KW2)

USEFS BTAEAZDCCS29FULFR gM2AT 4M2A2 gM2E 1 4M2E2 yMULTE 2 2ECME,
CALL M221 (X23Y32THRO2Z4K2)
CALL MzA2 (X29X29Y33THyRNgZ g TyRyKZyKT4KR)
USES PTAPA.
CALL M2F1 (X2+Y33THRCy2,K2)
CALL M2F2 (X2eX2 Y39 VH RO g2 4y TR oK 7Z4KT 4KR)
USES FTARA,

QUANRILATEFAL
CALL MASZ (CIaFIsTMAS GRU GEHNAMEM 23 WY g W2 oKL I g KEJ k7 yK WY,
KW2)
USES FTARAZDCCOS2,FULERM2AY 4M2A2 4M2E T, M2B2 ,MAS2,
MULTE,22¢0MME,

RECTANGULAR SHEAR FBANFL
CALL MAS2A  (CJ9EJyTMAS G ROUGWEPNAMEM 42, W14W2 ,KCJ,KEJ,
KZokW1l,KWZ2)
USES BETABA,DCOS3C4MACT,27F0MR,
CELL M2(! (X3¢Y2,THPOLZ4K2)



04

«04,01

4,02

.0‘.03

N o179 o2

e 04 .05

«CboCb

STIFFNESS

RCD
CALL STFla (CUeFJgAY 22 9F s 6HNAMEK ,bHNAMFST,S,‘l,TS'NRST,
KCJI9KEJ ¢KS oK TL 4KTS)
USFS ATXEALZDCOSTIALFULEF 4KTIAT JMULTAMULTFE ,ZZEOME .
CALL K1Al (A19A2 sRL9E 923 TEyKZ 4KTEC)
CALL K1C1 (TIY 2T JI24P 19P 29RL oG o2 ¢y TS oK 2Z 4KTE)

BEAM
CALL STF1FP (CIyEIJKONE G AT A2,TI1,TI2,PIZ21,8122,F1Y1,
RIY2,RY1yR23CYYZCY2 40714022 3SFoEoC g6HNAMEK
OGHNAMES T oS o TL g TS gNR ST o KCI g KF Iy KS gk TL 4K TE)
VESES LATXBAY gDCCSIRKTATGKIRT G KICTI MULTAZMULTE 272 H0OMER,
CALL K1Y (B]!QEI?,C’,(Z,AI,A?,SF,RL,E'G'Z'TS'KZ'KTS)

TRIANGLE
CALL STFZ (CIeFI s TMEMa TEFNy F oy ANU GHNAMEK J6HNAMES TS ,TL o 18,
NRSToKCIgKFJ9KSoKTL 4KT )

USES ATYXPAL4DCCS2 yEULER GK2AT K2R T 4MULTALMULTR ,2ZROME,

CALL K2Al (X2eX3 Y3y THeE 9 AMUZ 3Ty RyKZ 4KTyKR)
USES BTARAMULTA,ZZEOME,

CALL K2ZF1 (X2 9X23YRg TH e FoalNUZ 3T 3Ty Z4KTE,4KT)
USES BETARAZMULTA,22FCHE,

OQUADFRILATEPAL
CALL STF2 (CIyES 9y TMEM, THEN F o ANU, 6HNAMEK JO6HNAMEST S ,1L 4TS,
NRST o KCIgMFEJ oK EGKTL KT C)
USES ATXEAY JDCOS2 2FULEF 4k2AY 4 K2R 1 MULTAZMULTE 4REVADD,
STF2,4,2280ME,

PECTANGULAR SHFEAP PANEL
CALL STE3A  (CJgFJeTH O obHIAMEN J6PNAME ST oS s TL TS GNRST KT U,y
KEJGKSoKTL,KTL)
USFS ATXEA> 9DCOSZCyK3CT1,MULTA,22H0MB,
CALL K3C1 (X392, THeGgZ 9o T 4KZ,4KT)

FLUID
CALL KGPAV  {CJyIMeFV AW oKWK I)
USES MULTALMULTE,VCRCSS,
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CALL BUCIR  (CJUpFJoKODEREHNAMER o7 yWoKCJoKEJgKZ oKW )
USES FYAYZE1A2)BTARAWDCOSIEZEULER MULTB ,22H0MK,

CALL F1A] (RL,Z4K2Z)

CALL B1A2 (RL,y2,K2)



N

FLUID PRESSURF

CALL PRESS  (CJyToNINGNCOLyKCIyKW)
USES REVADRD,, INVINP,MULTE.



