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ABSTRACT
EVALUATION OF THE FRONTAL SOLVER

ON THE IBM PC

by
fAhmad I. Rayvyan
Committee Chairman : S. M. Holzer

Civil Engineering

ABSTRACT

In this thesis, frontal subroutines are implemented
to a plane frame analysis program for execution on the IBM
FC. The resulting program sclves for the unknown joint
displacements of frame structures with large numbers of
degrees of freedom by utilizing a peripheral back-up
storages which can not be analyzed directly in core. A
comparison of the frontal solver and the out-of-core band

solver is presented.
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CHAPTER 1
OBJECTIVES

A pdrpose of this thesis is the implementation of a
frontal solver in FORTRAN 77 for execution on the IBM PC
(IBM Personal Computer) into an already written program. A
plane frame analysis program written by Holzer (11) was
selected for this purpose. The resulting program will
analyze frame structures with large number of degrees of
freedoms which can not be analyzed directly in the central
memory of a personal computer using an in-—core equation
solver. The program will be @ested to determine the upper
bounds of the personal computers in analyzing practical
frame structures.

Another purpose is to conduct a literature survey and
present the different points of view in regard to the
evaluation of the frontal method, and in regard to
comparing it with the band method.

The last.purpose is to conduct a comparison between the
frontal solver and the out-of-core band solver. The
comparison will be conducted using the program developed in
this thesis and another program that uses the out-of—core
band solvers which was also implemented for execution on
the IBM PC.

The basis for this comparison will be the cut-of-core

storage requirements and the execution time. The



comparison will be conducted twice, first using an IBM PC
with double floppy disk drives, and second using an IBM PC

with a ten mega byte hard disk drive.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The frontal solver technique publicized by B. M.
Irons (3) in 1979 is a Gauss elimination based technique;
it assembles and solves symmetric positive definite
equations generated in finite element applications. 1t is
more involved than the band scolver algoerithm, but more
efficient in the case of two_dimensional and three—
dimensional elements with more nodes than corner nodes (3).
The frontal technique is thought to be the most natural
method of solution (1) in which elements, simple elements
or superelements, are numbered and assembled in a natural
way . The assembly of elements alternates with the
elimination of variables (degrees of freedom) associated
with each element at a time. Variables are eliminated as
soon as the corresponding stiffness coefficients are fully
summed, and then the variables and their coefficients are
transferred to an out-of-core storage. Therefore, the
system stiffness matrix as a whole is never assembled and
contained in core. The assembly process . element by
element, divides the total number of variables into three
dynamic sets of variables: (1) variables that are already
processed and discarded (stored in an out-of—-covre file),

(2) variables that are being processed and are still 1in



cores and (3) variables that are yet to be processed. The
set of variables that are in core are called active
variables. GStiffness coefficients corresponding te the
active variables are also contained in core and are called
the frontal matrix (the front). The frontwidth, which is
the number of the active variables, is continually changing
as the front advances over the structure.

As the front advances over the last element and the
elimination of all variables is completeds variables are
considered for back substitution. Te sclve for the
variables, stiffness coefficients along with instructions
on how to solve for the variables are read from the
outof_core file. Solved for variables are stored in two
vectorss the first 1is a running vector whose length is
equal to the maximum frontwidth, and it is only used during
subsequent computations in the backsubstitution process,
and the second vector which spans the entire number of the
structure’s degrees of freedom is used for post processing.
2.2 Limitations of the frontal method

The method can fail to solve large problems due to
(among other reasons) insufficient in-core and out-of-core
storage (8). It is difficult to predict the frontwidth for
complex structures. However, element numbering algoiithms
are available (7) which seek an cptimum element numbering
and compute the frontwidth in advance. The frontwidth,

which dictate the amount of storage needed in core and cut-



of-core may be used to compute the size of the largest out-
of-core file needed for the solution of a large problem.
The formula is:

SIZE (bytes) = 8 #* NTOTV * ( MFRDN-+ 4 )

in which

NTOTV

the total number of variables

MFRON

the frontwidth,

and the number 8 is used for double precision.
2.3 Flexibilities of the frontal methaod

S. F. Abbas (S) described the flexibilities
inherent 1in the frontal concept of Irons. According to
Abbas, the solver uses the following interrelated concepfs:
the elementoriented processing, the alternating of
assembly and eliminations Gauss elimination (by parts,
where Gauss elimination is performed before the assembly is
completed), the advancing front, and most important of all
is the separation of the planning and the execution
(assembly, Gauss eliminations and back substitution)
phases. The planning process presented in the pre—front
subroutine determines the order and time in which variables
enter and leave the active part of the system (the front).
Because of the separation of the planning and execution
phases. the frontal solver possess flexibility in the order
of eliminmation of variables, and in the allctment of

destinations of system variables in the front. This

flexibility can be wutilized to further improve the



efficiency of existing algorithm, or devise new
applications of the algorithm. This flexibility can be
evident when using controls available at the element level
or the subelement level. Some examples are given.
2.3.1 The element level

In the case of iterative solutions, a great deal of
effort and execution time can be saved by numbering
elements last in the regions of the structure where changes
are expected. Therefore, solutions subsequent to
alterations do not have to be repeated for the entire
structure .Where superelements are preferied over simple
elementss the pre—front is applied twice; first to generate
the superelements, and second to modify the element
incidence matrix to reflect the joints last appearances in
superelements which are treated as a simple element.
2.3.2 Longevity

Another degree of flexibility may be gained by
manipulating longevity, 1i.e., the life span of a variable
in the front. Longevity may be reduced (by using element
numbering optimizer) to optimize both efficiency and core
storage requirement; or it may be arbitrarily increased to
advantage, for example, 1in partial condensation. Guyan-—
reduced superelement matrices may be generated by assigning
long 1longevities to corresponding variables.
2.3.3 Destination allotment and efficiency

Efficiency can be improved by utilizing an ocptimum



allotment of destinations of the system variables in the
front. The presence of empty destinations within the front
is undesirables even though the solver dcoes not operate on
zero elements. These zero elements can be filled when
using dynamic allotment of destinations in which variables
from the tail-end of the front are transferred ¢to empty
destinations within the front. This method requires that
corresponding stiffness coefficients be transferred as
well. Howevers the simultaneous use of dynamic allotment
and the frontal end—elimination lead to a compact front all
the time.
2.3.4 Variables within an element

At the element level, elimination can be selected at
will., If the variable at the tail end of the front is making
a final appearance in a particular element. then by the
elimination of that variable an early contraction of the
front 1is achieved, making the algorithm more efficient (by
cperating on a smaller front).
2.3.5 The front

The process of assembling stiffness coefficients is
totally independent of Gauss elimination. Recognition of
this fact has opened the door for a number of applications
in the general finite element algorithms. The frontal
matrix multiplication and frontal matrixx storage are two
examples both of which require no modifications of the

pre—front.



2.4 Frontal matrix related activities

The following applications may be applied to the
frontal matrix to enhance efficiency and overcome core
storage limitation.
2.4.1 Partitioning of the frontal matrix

It was also suggested in (4) that if the frontal
matrix is too 1large to be contained in core during
decomposition, processing by blockss analogous toc the band
solver, may be used to overcome the core 1limitation. It
should be mentioned that in such a case maximum efficiency
will be compromised.
2.4.2 Unsymmetric coefficient matrices

P. Hood (35) has presented a frontal program that
may be used for the solution of unsymmetric matrix equations
generated in certain applications of the finite element
method to boundary value problems. In his study the frontal
solver was chosen over the band solver for two reasons: (1)
the frontal is faster and requires less core storage. (2) no
restrictions on the node numbering scheme is required.

The program first assembles element stiffness
matrices into the frontal matrix. Once the memory storage
allocated toc the frontal matrix is filled, a search is
conducted for a pivotal element in the fully summed columns
and rows to which no more contributions will be added when
more elements are assembled. The pivotal row is wused to

eliminate all coefficients in the pivotal column. Once the



elimination is completed, the pivotal row is transferred to
a backup disc. When sufficient coefficients have been
eliminated, more elements are assembled and so on. .The
solution is obtained by a back substitution routine after
all the variables are eliminated.
2.4.3 Skyline storage

In a study done by Thompson and Shimazak (6), the
frontal skyline method was presented. The method. while
using the standard frontal proceduress allows for compact
skyline storage of the frontal matrix in covre. It is
advantageocus to use this method when the frontal matrix size
varies greatly from one position in the mesh to another.
When the frontal matrix size is smalls the frontal skyline
requires the same amount of cére storage as the standard
frontal method. However, the efficiency 1in core storage
requirement tends to grows to the advantage of the frontal

skyline, as the frontal matrix size increases.
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CHAPTER 3

THE FRONTAL METHOD

3.1 Introduction

The solution of a set of simultaneous algebraic
equations is a key task of any finite element program.
Consequently, the efficiency of programs is greatly
influenced by the method adopted for equations soclution.
Frogrammers have several options ranging from iterative
methodss such as Gauss-Seidels to direct methods such as
Gauss elimination. In this chapter a direct method. namely
the frontal method, will be described.

The frontal method was first developed arcund 1958 by
engineers in the Boeing Company in Seattle; Bob Melosh and
Fred Magness are thought to be two of the pioneers of this
method (1).

The frontal method is a particular form of Gauss
elimination where the assembly process alternates with the
elimination process for each element at a time. Therefore.,
the whole stiffness matrix is never contained in core.

It is designed to minimize the central memory
requirements and the number of arithmetic operations by
utilizing out-of-core temporary storage (2).

3.2 General description
The frontal method presented inn this chapter is

applicable only to solutions of symmetric systems of linear

10
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equations. It alternates between the assembly of equations
and the elimination of variables. A variable is eliminated
as soon as the stiffness coefficients of its equatien are
fully summed, that is, after the last element containing
the variable is assembled.

The core contains only the upper triangular half of the
global stiffness submatrix which contains the stiffness
coefficients of variables that are being assembled at a
particular time. The stiffness coefficients contained in
core are called the frontal matrix (the front). The number
of variables (degrees of freedom) whose stiffness
coefficients are stored in core is called frontwidth, which
is continually changing as each element is processed. and
which 1is optimized by choosing a goocd element numbering
system. The maximum frontwidth controls the amount of core
storage used. Variables whose stiffness coefficients make
up the front are termed active; those which have been
reduced out of the front are called deactives and the rest
of the variables are called inactive (2).

During the assembly process, elements are assembled in
the order in which they are numbered. Once an element is
introduced for assembly, the three housekeeping vectors are
computed; and its stiffness coefficients are either summed
to coefficients already existing in core (that 1is. for
already active variables) or assembled intoc new positions

for variables being activated for the first time. the
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element applied 1lcad wvector is also assembled into the
global load vector in the same fashion as the stiffness
cocefficients. As for the elimination process, variables
with fully assembled stiffness coefficients are eliminated
by Gauss elimination and their coefficients are transferred
to an out-of-core storage. Therefore,; more space in core
is made available for new elements vyet to be assembled.
For example, consider the frame problem shown in figure

3.1.

A

S
. 6{ _ 9 ;-

3 \ (1]
Fig. 3.1 Example Problem
2

Before starting the assembly process,; it should be noted
that all variables whether prescribed or not are treated as
unknowns during this process.

Assemble element 1: Write the equations in variables 1 - 6
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ki [kg [Ke [k& (&S |k, | |a, £
Ko |K& [KS (K |KL | A, g
Kis “gk ké? kéo q, _ E: C 3.1 )
K Ko< |K | |a , Fy ]
Kes |Kew | |as R
Kz'e Q, F:

Stiffness coefficients of variables associated with node
1 are fully summed and can be eliminated via Gauss
elimination. The eliminated stiffness coefficients, the
right hand side, and the position within the front are
transferred to an out-of-core file for later wuse in the
back-substitution process. Variables of node 2, whose
stiffness coefficients have not vyet been fully summed
pending the assembly of element 2, remain active in the

front.

4]

-
Ok s ][R
Kee K | la| = |F ( 3.1a )
f

g

9

Equation 3.1a shows what is contained in the global
stiffness submatrix (the front) after the elimination of
variables 1, 2, and 3 the primes indicate modifications due

to the elimination of variables of node 1.
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Assemble element 2 : write equations in variables 4 — 9

T T T T *
K\1 Kn. 13 Kﬁ KT;' Kco qq- F\
b o T k1o =X T X
Kaz [Kay |Kag |Kas |Kae g Fo
T [.X [ X [.& T
Kaz |Key |Kyg |Kae Q% A
=t = = = ( 3.2 )
Ko [Kor [%e | ae] |5
3 X
Kss K:u Qg Fs
X | 3]
Keo qg %

Stiffness coefficients corresponding to variables 4, 5,
and 6 are added directly to those coefficients in core
contributed by element 1 . Coefficients corresponding to
the rest of the variables of element 2 are assembled into

new positions in the front.

T % [ow
B |62 |Biy |Ki |Kig |Ky 9, €,
Bex |Bn Koy |Moc [Ka | ag| |22
Gy K-; "‘):‘ '2:0 % 93
K‘ = = = = ( 3.3 )
wu |Kas [Fao | |99 Fa
x T
@ Ks‘(, qg Fs‘
T
Kee 9 o

Equation 3.3 shows what is contained in the front after
the addition of the stiffnesses and locads of element 2 to

the reduced equations of element 1, where

’
G, = k% + K§4

R o T)
G, = Kg + K

Gz = K: + wi
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G = K§t+-k§;
Gz = Kiy + K ( 3.4 )
B33 =K?3+|<2
@ =F + K
Q, = K +F’
Q@ =F +F

The variation of the front as it advances from
to element 2 is graphically presented in figure 3.2,
variables 4, S, and 6
moves from element 1 to element 2.

Active variables

v
a Q@ e e m - - - - - e
r 8 4 — — - - . - - - - o
i 7 $ — — — — - - - — - - — o
a A a —0
b S 4+ --- - - O o
1 4 L - - - - - O d
e 3 4 — — — - — )
S 2 - o
1 - - — — —
1 1
1 2 Elements
Fig.3.2 variation of the front

After the last element is assembled,

element 1

where

are contained in the front as it

the frontwidth is

reduced to zero by eliminating all the variables whose
stiffness coefficients are still in core. The back-
substitution process begins and variables are backsolved

for by reading their numbers (nicknames),

the front, and their coefficients

file.

"and positions in

from the ocutof_core
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A more detailed description of the individual
components of the method is presented in sections 3.3 to
3.8.

3.3 The prefront

Because of the nature of this technique, it is
essential to know when a variable can be eliminated. To
accomplish this, each node number 1is recorded with a
negative sign upon its last appearance in the element
incidence matrixs LNODS(IsN), in which I is the element
number and N is the number of nodes to which the element is
conmnected . For frame element N is equal teo 23 1 for the a-
end and 2 for b-end. For example; consider the three

elements frame shown in figure 3.3

Q@ €
51 &

Figure 3.3 Example Problem
After performing the prefront operation, LNODS(I,,N) is

modified to contain negative signs as shown below.
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NODES 1 a2

E
L 1 -1 2
E
M a2 -2 3
E
N 3 -3 |4
T

3.4 Housekeeping

To keep track of element degrees of freedom as the
front moves over the elements, three addresses of each
degree of freedom have to be recorded. These addresses are
monitored by the vectors described below.

3.4.1 The Local Element Variables Vector, LOCEL.

LOCEL is a vector which contains the system degrees of
freedom associated with a particular element. The length
of this vector 1is equal to the number of the element
degrees of freedom. It is computed for each element in
turn prior to the assembly of that element. Each degree of
freedom making a final appearance (detected by the negative
number of the node associated with that degree of freedom )
is entered in LOCEL with a negative sign. Variables are
computed according to the following algorithm:

LOCEL(J) = (LNODS(I,N)—1)%NDN+K
This formula states that the degree of freedom associated
with the Kth displacement of the Nth node of the Ith
element is stored in the Jth location in LOCEL, where NDN
is the number of the degrees of freedom per joint. and J

ranges over the number of element degrees of freedom. For
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frame elements the degrees of freedom of the a-end are
assigned in the first three positions of LOCEL, and the
degrees of freedom of the b-end are assigned in the second
three positions of LOCEL.

3.4.2 The Vector of Active Variables, NACVA.

NACVA is a vector of active variables contained in
core. The length of this vector changes as the front moves
over the structures; its maximum length is structure
dependenty and it is difficult ¢to predict for complex
structures. Therefore, a machine dependent upper 1limit
known as the maximum frontwidth is predetermined; this
maximum front is the maximum number of variables that can
be contained in core.

As soon as the variables in NACVA are eliminated they
are replaced by zeros: zeros serve as indicators of
available space that can be used for the assembly of the
next element.

3.4.3 The Destination Vector, NDEST.

The positions of newly assigned variables in the NACVA
vector are recorded in this vector. Like LOCEL it has a
fixed length which is equal to the number of deqgrees of
freedom of the element, and it 1is computed for every
element prior to the assembly process of the element. The
frame in figure 3.1 1is used to illustrate how the three
vectors monitor the variables of each element. Before the

computation of any housekeeping vector, the element



19

incidence matrix has to be modified as shown below. 1. The

element incidence matrix for the frame in figure 3.1 is

LNODS(2,2)=

-1 a2

-2 |-3

i. Initialize LOCEL, NACVA and NDEST to zero. The current

frontwidth is zero.

2. Assemble element 1.

a.

b.

Node 1 and 2 become active.

Variables 1 through 6 are stored in LOCEL.

LOCEL = |-1 |2 |-3 4 S 6

Since NACVA is a null vector, the 6 variables are
stored in the first 6 positions, and the front-

width is increased to 6.

NACVA = 1 2 3 &4 S 6

The addresses of the variables in NACVA are stored

in NDEST.

NDEST = 1 2 3 4 S 6

Since variables 1, 2, and 3 are preceded by negative
signs in LOCEL, they can be eliminated and replaced

by zercs in NACVA.
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NACvVA = @ ] 124 4 S 1)

The frontwidth would have been adjusted had the
positions of the eliminated variables in NACVA been
at the end.
3. Assemble element 2.
a. Node 3 is activated.

b. Variables 4 through 9 are stored in LOCEL.

LOCEL = |-4 |-S |-6 |-7 |-8 |-9

C. For each variable in turns an available space 1in
NACVA is searched for. Variables 4, S5, and 6 are
already in NACVA; therefore, 7, 8s and 92 will be

stored in the first available three positions.

NACVA = 7 8 9 4 S 6

d. The addresses in NACVA of the variables of element 2

as they appear in LOCEL will be stored in NDEST.

NDEST = 4 6 1 =] 3

w

As soon as the last element is assembled, the active
variables are eliminated and their stiffness coefficients
are transferred to an out—of-—core file.

3.5 The assembly process
Using the NDEST vector, the element stiffness matrix,

ESTIF, and the lcad vector, ELOAD, are assembled into the
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global stiffness matrix, GSTIF, and load vector, GLOAD, 1in
much the same fashion as in the direct stiffness method
(11). Because of symmetrys only the upper triangular half
is assembled intoc GSTIF. To improve program efficiency.
GSTIF is converted from a two dimensional matrix to a one
dimensional array (2). The conversion is achieved via the
formula
N = (J(J-1)/2)+1

in which I and J are the row and column numbers in the two
dimensiocnal matrixs, and N 1is the position in the one
dimensional array.
3.6 The elimination process

In the frontal technique., unlike ordinary Gauss
elimination, variables are not eliminated in the same ovder
in which they are encountered: they are eliminated upon
last appearance. To eliminate a prescribed variable, the
right hand side 1is modified by subtracting the effect of
the prescribed variable; and setting to zero the coclumns
except the diagonal element which corresponds tc that

variable.
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Ky [Kiz [Ka [Kg [Kis [Kie q F
K2z |Kzs [Kaa |Kos [Keo | (92 F2
K3z |Ksg |Kas |Kae | |93 _ Fa C 3.5 )
Kaa |Kes |Kae | |94 Fa
Kes |Keo | [9¢ Fs
Ko Q, Fo

If, for examples q 1is a prescribed displacement, Eq. 3.5

is reduced to Eq. 3.6.

Kn K | 2 [Kia [Kig [Kie Rl F —a53*Ki3
Ko (Koo | @ [Ko |Kes [K2e| |a, F, —a, %Ky
Ko |Kae [Kan [Kaa [Kas [Ka | fa5] | Rs e
Ko |¥az | @ |Kaa |Kes %0 | |9, F, —G, *Kas
Ko [Kea | @ [Ksq [Kes [Kso | |ag Fy —a, ¥,
Ka |Kez | 2 [Kea |Ks [Keo q, Fo ~93 %Kz

where Ry 1is the applied concentrated force that causes the
prescribed displacement; 1its value can only be computed
after the back-substitution process.

Free variables are eliminated by Gauss eliminations for
example, 1if Qg is a free variable and to be eliminated,

then Eq. 3.5 is reduced toc Eq. 3.7.
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- - -B
&-ggszw Eg“ q, A Equﬁs
Kzr-'{%&ﬁ:“w—%{; 9 F- TF<"‘ Kz

K < q £
| m3e il I I (3.7)

Fotagsfie-fog,| P [Rekig KoK, [okonss| [Fa] (R B2 Kes
-G la- St ¢ L A e I & -B Wy
e A ) s e I I

3.7 The backsubstitution process
This process is identical to that in Gauss elimina-
tion, except that in the frontal technique equations are
read from an outof-core file.
3.8 Algorithm of the frontal method
The algorithm of the frontal method may be presented in
a nine step algorithm as shown below. The first eight
steps are repeated for every element in turns while step ?
is repeated for every load condition.
1. The three housekeeping vectors are computed:
a. Local element variable vector, LOCEL
b. Global active variable vector.MACVA
c. Global destination vector.,. NDEST
2. The 1local element forces are either computed or read
from a file and transformed to global element forces.
3. The element stiffness matrix is either computed or read
from a file.
4. The element stiffness matrix and 1load vector are

assembled inteo the global stiffness matrix and load
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vector via the destination vector.

S. Each element degree of freedom is tested to deteirmine 1if
it can be eliminated.

6. Any prescribed degiees of fieedom gk is eliminated bHv
subtracting its effect from the right hand side:

Q) =8 - Kj * ggs and by setting to zeroc the column
that corresponds to that degree of freedom except the
diagonal element.

7. Free variables are eliminated by Gauss =limination. To
=liminate gk, all coefficients in the front, except those
irt Kth rows are modified as follow:

Ky = Ky — Ky *Kie /K

K)

@; = B — Q¥ /K

8. Eliminated degrees of freedom, their positions in NACVEA,
and their corresponding stiffness cosfficisats a2
transferred to a peripheral stocrage.

?. Starting with the degree of freedom 2liminated last,
degrees of freedom and their stiffness ccocefficients are
extracted from the peripheral storage and sclved for.

3.9 Numerical example

The cable shown in figure 3.4 has been discretized to
five elements, with each element having two degrees of
freedoem. The frontal technique is used to solve for  the
ngdal displacements. The extensional stiffness of the
cable is a unity. The reduced equaticins are stored o a3n

out—of-core file=. The modified element incidence matri



for the cable is shown below.

-1 e
-2 3
LNODS(S,2) = |-3 4
-4 S
-5 |-6

The following three steps are followed for every variable

to be eliminated.

1.Transfer the corresponding row of stiffness coefficients
to an outof_core storage.

2.Eliminate the variable.

3.Replace the variable by a zero in NACVA.

Assemble element 1

LOCEL = (-1 2
NACVA = 1 2
NDEST = 1 2
| T,

= (3.8)

©OOOOO
FEEEEH

- - -
1 ][ qc =[ o (3.8a)

+

v 0.1
Figure 3.4 Example Froblem

NACVA

I
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n




26

Assemble element 2 :

LOCEL = |-2 3
NACVA = 3 e
NDEST = 2 1
1 -1 q, 9]
= (3.9)
[1/2 q3]=L 0] ] (3.9a)
NACVA = 3 g
Assemble element 3 :
LOCEL = |-3 &4
NACVA = 3 4
NDEST = i 2
372 -t a3 7]
= (3.19)
-1 1 Q4 (7]
JL
[1/3 q4]= (5] ] (3.19a)
1L L

NACVA

n
(]
$»




Assemble element 4 :

LOCEL

NACVA

NDEST

NACVA

I
|
Nl

UI

I
n

4]

Assemble element S :

LOCEL

NACVA

NDEST

S/4

NACVA

As q, is eliminated,

Il
|
4]

il
w

]
[5Y

1r

-1

4L

ir
[1/5

N
]

the frontwidth reduces

a7

(3.11)

(3.11a)

(3.12)

(3.12a)

to

backup file contains the following information.

Zero.

The
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1 -1 q, @
2 -1 Q, 5]
7/ —_

3/2 1 Gy 3
4/ -1 3
3 q4
S/74 -1 Qe 1]

1/5 q, g.1
The back substitution results

9 = .5y Q5 = 9.4, q, = 3.3, q; = 3.2y 1



CHAPTER 4

PROGRAM DEVELOPMENT

4.1 Introduction

In this chapter, a design of a computer program to
analyze frame structures with a large number of degrees of
freedom 1is presented. The program is based on the program
(CE4992) presented in figure 4.1 and written by Holzer (11).
The Frontal technique is employed to sclve for the unknown
joint displacements.
4.2 Frogram Design

The program structure is presented in figure 4.2 . A
list of variables names is presented, and the modified and
new subroutines are described by Nassi-Schneiderman (NS)
diagrams (11) with a list of input and output argumsents.
The program listing is presented in Appendix A. Dimensions
of all arrays in the main program are controlled by the
parameters MXE, MXJ, MFRON, MSTIF, and MXNEG. Adjustable
arrays are used throughout the program. The program is
written in FORTRAN 77.
4.3 Symbolic Names

Listed belcw are the names of the program parameters and
variables. The 1list includes the names used in CE4862
program and other new descriptive names used in the new
subroutines.

Farameters

29



FRAME PROGRAM

Fig. 4.1 CE4002 Program Structure
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DATA

STRUCT

FRAME PROGRAM

FRONT

RESULT
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MODIFY
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MXE maximum number of elements

MXJ maximum number of joints

MFRON maximum number of variables that can be contained
in core

MSTIF maximum length of the global stiffness vector

MXNER@ maximum number of equations

Variables
AREA

C1 ,Ce
CTE

DISF
ELENG
EMOD
ESTIF(6.:6)

EG(MFRON)

F(6)

FFIX(MXNEQ)

FORCE

G(7)

GL (MFRON)

GSTIF(MSTIF)

IACT

Element cross sectional area

Element directional cosines
coefficient of thermal expansion

prescribed joint displacement
Element length
Element modulus of elasticity

Element stiffness matrix

Vector in which the eliminated equations

are stored prior to writing to a backup file
Global element end forces including applied
joint forces

Global vector that defines free and
prescribed degrees of freedom

Applied joint force

Global element stiffness coefficients

Glocbal load vector contained in core

Global stiffness matrix stored in one

dimensional vector in core (the front)

Counter for heading control
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INDEX (63 6) Index matrix

INE Index of element number

JDIR Joint direction

JNUM Joint number

LC , Load condition

LOCEL(6) Local element variables vector
MAT Member action type

MINC(2,MX) Number incidence matrix

MINC(1,I) = joint at the a-end of element 1

MINC(2,1I) = joint at the b-end of element I
MN Member number
NA Counter for number of actions on element

NACVA(MFRON) Vector containing a list of the

active variables in the front

NDOFE Index of degrees of fireedom per element
INDOFJ Index of degrees of freedom per joint
NDEST(6) Destination vector for element variables
NE Number of elements

NJ Number of joints

NLC Number of load conditions

Q(MXNEQR) Joint loads vector, displacement vector
ABAR(6) Local element applied joint load

GHAT(6) Element fixed end forces

P(3) Joint force vector

VECRV(MFRON) Vector of running variables in which

the solved displacements are temporarly stored
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X{a),Y(2) Joint coordinates vectors
2 Moment of inertia about the lecal 2(3)
axis of elements
4.4 Modifications of CE4802
Although a number of the original subroutines of CE4992
are employed in this programs, minor modifications have been
made. The joint code arrays JCODE, has been implicitly used
through the formula
K = (J-1)%#3+1
Where K 1is the number of the system degree of freedom
corresponding to the Ith displacement the Jth joint.
Subroutine MACT has been expanded to compute fixed—end
forces of elements due to five different action types.
These member action types are presented in table 4.1 . The
fixed—end forces due to the fourth member action type can be

computed by equations 4.1 and 4.2.

Fa = —-P1(X2-X1)(1-(X1+X2)/2EL)~-
(P2-P1) ((X2-X1)/2)(1-(X1+2X2) /2EL) ( 4.1 )
Fb = —P1(X2-X1) ((X1+X2)/(2EL))—-(F2-F1)

(X2-X1)/2) ((X1+2X2) /3EL ( 4.2 )



TYPE MEMBER ACTIONS X Py Xy Pp
P
1 a b X, P o o
!A X,
P
2 a = b X, P o o
e Xo ]
3 a R TTT-HP’ b x' P, xt Pa
Xu X,
4 Iaaij;;:;;:;;;iib X F Xi b
x X,
5 UNIFORM TEMPERATURE CHANGE 0 AT o o

Table 4,1 Member Action Types
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MODIFIED SUBROUTINES

Subroutine Struct

Function: Read and echo the member incidences, MINC(L.,I)j;
Initialize the fixity code array,FFIX, to 10999335
read and echo for each joint constraint the joint
number, JNUM, and the joint direction, JDIR, and
store a zero in the corresponding location in FFIX.
Call PREFNT and PROP.

Input arguments : NE,NJ,MINC,FFIX

Output arguments: FFIX

NS— diagram

WRITE HEADING FOR MEMBER INCIDENCES

DO FOR I = 1,NE

READ MINC(1,I), MINC(2,1)

WRITE MINC(1,I), MINC(2,I)

DO FOR J = 1,3%NJ

FFIX(J) = 100060.

WRITE HEADING FOR JOINT CONSTRAINTS

WHILE JNUM IS NOT EQUAL TO @

WRITE JNUM,JDIR

JLOCA = (JINUM-1)%*3+JDIR

FFIX(JLOCA) = 0.9

READ JNUM,JDIR

CALL PERFNT

CALL FROP
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Subroutine MACT

Function: Initialize element fixed—-end forces to zero.
Read member properties:s member number. MN. member
action type, MAT, actions P1 and P2, and distances
X1 and X2. Increment the action counter, compute
fixed—end forces and call ASSEMF.

Input arguments :AREA, EMOD, ELENG, C1, C2, F, @bar, GHAT,
INE, IACT.

Cutput argument :QHAT,F

NS— diagram

DO FOR I =1,6

QHAT(I) = 6.9

READ AREA, ZI, EMOD, CTE, Cil, C2, ELENG

N,

IF IACT LESS THAN 1090
THEN ELSE

READ MN.MAT,X1.,P1,X2,P2

IF MN NOT EQUAL TO 9

THEN ELSE
WHILE MN NOT EQUAL TO 9 IF IACT = 0
IF IACT = @

THEN ELSE| THEN ELSE
WRITE CAPTION FOR WRITE |IACT =
MEMBER ACTION NO IACT +

MEMBER | 1669
IACT = IACT + 1 ACTION
IF MN = INE IACT =
THEN ELSE 1
BLOCK 1 BACKSFPACE S
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1 1 1
WRITE QHAT(I), I=1,6
Block 1
IF MN =INE
THEN
WRITE MN,MAT,P1,X1,F2,.X2
NA = NA + 1
SELECT CASE
MAT=1 MAT=2 MAT=3 MAT=4 MAT=S

| [ L |

| 1 1
Compute and accomulaée fixed—-end forces by equaticns

A.15 2.53 2.44 4.1 3.158
(11) (12) 2.47 4.2 (11)
(12)

READ MN,MAT,X1,P1,X2,P2
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NEW SUBROUTINES
Subroutine PREFRONT
Function: Search the member incidence matrix and
record the last appearance of a joint with a negative
sign.
Input argument : NE, NJ, MINC
Output argument: MINC

NS— diagram

DO FOR J = 1,NJ

ILAST = @9

DO FOR I = 1,NE

DO FOR N = 1,2

IF MINC(N,I) = J
THEN ELSE

ILAST I

NLAST N

IF ILAST .NE.9S
THEN ELSE

MINC(NLAST, ILAST) =
—MINC(NLAST, ILAST)
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Subroutine FRONT
Function: Initialize to zeroc the number of eliminated
variables, KELVA, and the number of variables
in the front,NFRON. Initialize to zero the following
vectors: NACVA, EQ, GL, VECRV and GSTIF.
Call subroutines MODIFY, JLOAD, HOUSE,and BKSUB
Input argument :@, MINC, FFIX, NE, NJ, LC, MFRONs MSTIF,
E@, GL JGSTIF, NACVA. VECRV.
Output argument: @, FFIX.

NS— diagram

KELVA = @
NFRON = g
IF LC = 1
THEN ELSE

DO FOR ISTIF = 1,MSTIF

GSTIF (ISTIF) = 6.9

DO FOR IFRON = 1,MFRON

EQCIFRON)

g.9

GL ( IFRON)

3.9

NACVA (IFRON)

%]

VECRV(IFRON) 1)

CALL MODIFY

CALL JLOAD

CALL HOUSE

CALL BKSUB
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Subroutine MODIFY

FUNCTION: FPrepare FFIX to receive new prescribed
displacement. Read JNUM, JDIR, DISP for prescribed
displacement. Store the prescribed joint displacement
value of the corresponding degree of freedom in FFIX.

Input argument :NJ, FFIX

Output argument:FFIX

NS— diagram

DO FOR J = 1, 3%NJ

IF FFIX(J) IS NOT EQUAL TO 9 OR 10909.
THEN

FFIX (J) = 16009

READ JNUM, JDIR, DISP

IF JNUM = @

THEN ELSE
WRITE HEADING FOR PRESCRIBED WRITE HEADING FOR
JOINT DISPLACEMENT NO FPRESCRIBED

JOINT DISPLACEMENT

WHILE JNUM .NE.9S

WRITE JINUM,JDIR.DISP

JLOCA=(JINUM-1)*3+JDIR

FFIX(JLOCA) = DISP

READ JNUM,JDIR,DISP
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Subroutine HOUSE

Function :Loop over all the elements and generate three arrays
for each element: LOCEL,NDEST and NACVA; call
subroutines ELOAD, ESTIF, ASSEMB, and EXAM.

Input arguments :MINC, FFIX, @, NACVA, NDEST, MFRON, NFRON,
NE, LC, GSTIF, GL, EQ,; KELVA,; F, NA

Output arguments:NACVA, NDEST, LOCEL, NFRON, and an out-of-
core file containing eliminated variables. and the
corresponding coefficients.

NS— diagram

IACT = &

DO FOR INE = 1,NE

NA = O

KEVAB = @

DO FOR JOINT = 1,2

LOCNO = MINC(JOINT, INE)

DO FOR NDOFJ = 1,3

NPOSI = (JOINT-1)*3+NDOFJ

IF LOCNOC > @

THEN ELSE
LOCEL (NPOSI)=(LOCNO LOCEL (NPOSI)=(LOCNO
- 1)#3+NDOFJ + 1)%*3-NDOFJ

DO FOR NDOFE =1,6

F(NDOFE,INE) = 6.0

NIKNO IABS (LOCEL (NDOFE) )

KEXIS 1]
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DO FOR IFRON = 1, NFRON

IF NIKNO = NACVA(IFRON)
THEN

ELSE

KEVAB

KEVAB + 1

KEXIS

1

NDEST(KEVAB) = IFRON

IF KEXIS = @
THEN

ELSE

IFRON = 1

WHILE IFRON.LE.MFRON

IF NACVA(IFRON) = ¢

THEN ELSE
NACVA(IFRON)=NIKNO
KEVAB = KEVAB + 1
NDEST (KEVAB)=IFRON
IFRON = MFRON + 1
IF NDEST(KEVAB) > &
THEN ELSE

NFRON = NDEST(KEVAB)

CALL ELOAD

CALL ESTIF

CALL ASSEMB

CALL EXAM
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Subroutine ELOAD

Function: Call subroutines member joint 1load, MJLD,
and member actions, MACT, and ASSEMF.

Input arguments :FFIX,MINC, INE, IACT, @s F, NA

Output arguments:F, @GBAR, GHAT

NS— diagram

CALL MJLD

CALL MACT

CALL ASSEMF
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Subroutine MJLD

Function: Transform applied joint 1locads from global
joint locads to local element joint loads. Initialize GBAR
to zero.

Input arguments :0, @BAR, FFIXs MINC, INE, NA

Output arguments:@BAR,;NA

NS— diagram

DO FOR 1 1,6

@BAR(I) 9.9

DO FOR JOINT = 1.2

JINUM = IABS(MINC(JOINT,INE))

DO FOR NDOFJ = 1,3

K = (IJNUM-1)*3+NDOFJ

IF FFIX(K) = 1060¢06.
THEN ELSE

IF JOINT = 1
THEN ELSE

NDOFE = NDOFJ NDOFE = NDOFJ +3

IF @(K) .NE. &
THEN ELSE

E@BAR (NDOFE) = Q(K)

NA = NA +1

2(K) =@
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Subroutine ASSEMB

Function :Assemble element loads, F; into a glocbal load vector
and the element stiffness matrix, ESTIF(646): into
the global stiffness array, GSTIF, via the destination
vector. For subsequent locad conditions assemble only
element loads.

Input arguments : ESTIF, GSTIF, NDEST, GL, F, LC, INE

Output arguments: GSTIF, GL

NS— diagram

NFUNC(I,J) = (J(J-1)/2)+1

DO FOR IDOFE = 1,6

IDEST = NDEST(IDOFE)

GL(IDEST)= GL(IDEST)+F (IDOFE, INE)

IF LC = 1
THEN ELSE

DO FOR JDOFE = 1,6

JDEST =NDEST (JDOFE)

NGASH = NFUNC(IDEST,JDEST)

IF JDEST 2 1IDEST
THEN ELSE

GSTIF(NGASH)= GSTIF(NGASH)+
ESTIF(IDEST, JDEST)




47

Subroutine EXAM

Function: Examine newly assembled variables and determine
if they should be eliminated. that is. if the last
element containing these variables has been assembled.
Eliminate prescribed variables or call REDUCE to
eliminate free variables. Write the stiffness coeffi-
cients of the eliminated variables to a temporary files;
examine if the number of variables in the front can be
reduced.

Input arguments :L0CEL, NACVA, MFRON, NFRON, EQs GSTIF, GL.
KELVA, LC, FFIX

Output arguments:GSTIF, GL, NFRON, and an out-of-core file
containing the coefficients of the eliminated
variables to a temporary file.

NS— diagram

NFUNC(I,J) = (J(J-1)/2)+1

DO FOR IDOFE = 1,6

NIKNO =- LOCEL (IDOFE)

IF NIKNO > &
THEN ELSE

IFRON = 1

WHILE IFRON.LE.NFRON

IF NACVA(IFRON) = NIKNO
THEN ELSE
IF LC =1
THEN ELSE
}
DO FOR JFRON = 1,MFRON
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IF IFRON < JFRON
THEN ELSE

NLOCA = NFUNC NLOCA = NFUNC
(IFRONJFRON) (JFRON;: IFRON)

EQ(JFRON) = GSTIF(NLOCA)

GSTIF(NLOCA) = 6.9

EQRHS = GL(IFRON)

GL(IFRON) = 6.8

KELVA = KELVA + 1
IF LC = 1
THEN ELSE

WRITE 17 EQ,EQRHS, |WRITE 18 EQRHS
IFRON, NIKNO READ 17 EQ,D,ID,NIKNO

PIVOT = ER(IFRON)

EQ(IFRON) = 9.9

IF FFIX(NIKNO) not equal 19609

THEN ELSE
IF FFIX{(NIKNO) not equal 9 CALL
THEN ELSE| REDUCE

DO FOR JFRON= 1,NFRON

GL (JFRON)=GL (JFRON) —
FFIX(NIKNO)*EQ(JFRON)

EQ(IFRON) = PIVOT

NACVA(IFRON) = @

IFRON

NFRON + 1

IFRON IFRON + 1

WHILE NACVA(NFRON) = @

NFRON = NFRON - 1
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IF NFRON > &
THEN ELSE
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Subroutine REDUCE

Function:

appearance.

Input arguments :EQ@, EGQRHS, GL, GSTIF,

Output arguments:GL, GSTIF

NS— diagram

NFRON

Eliminate free variables upon their last

PIVOT,LC

NFUNC(I,J) = (J(J-1)/2)+1

DO FOR JFRON = 1,NFRON

GL(JFRON) =

GL (JFRON)-EQ(JFRON) *EQRHS/PIVOT

IF LC = 1
THEN

ELSE

IF EQ(JFRON) NOT EQUAL o
THEN

ELSE

NLOCA = NFUNC(9,JFRON)

DO FOR LFRON = 1,JFRON

NGASH = LFRON + NLOCA

GSTIF(NGASH) = GSTIF (NGASH)
—ER(JFRON)*ER(LFRON) /FPIVOT
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Subroutine BKSUB

Function:
read information from the back-up file,
for the joint displacements.

Input arguments :FFIX, KELVA, VECRVY, MFRON, @,

Output arguments:State variables stored in Q.

NS— diagram

Loop over all the variables of the structure,

and solve

LC.

DO FOR IELVA = 1,KELVA

KK = KELVA+1-IELVA

READ 17 EQ,EQRHS, IFRONJNIKNO

IFLC > 1
THEN

ELSE

READ 18 EGRHS

FIVOT = EQ(IFRON)

IF FFIX(NIKNO) NOT EQUAL TO 19699

THEN ELSE

VECRV(IFRON)=FFIX (NIKNQO)

EQ(IFRON)=6.9

DO FOR JFRON = 1,MFRON

EQRHS=EQRHS-VECRV (JFRON) *EQ (JFRON)

IF FFIX(NIKNO) EQUAL 19099

THEN ELSE

VECRV(IFRON) = EGRHS/PIVOT

2(NIKNO) = VECRV(IFRON)




CHAPTER S
BAND VS. FRONTAL
S.1 Introduction

In this chapter a comparison of the band soclver and
the frontal solver is presented. The comparison consists of
presenting the different points of view regarding both
methods as cited in the 1literature, and the results of
computations using both a band sclver and a frontal sclver.
The results are compared in respect of cut-of-core storage
requirements and execution time using the IBM FC-XT (IEM
Personal Computer XT).

5.2 Literature Survey

In many structural analysis methods.s it is essential
tc solve a large set of algebraic equaticns of the form Ax =
B, where B is a known nodal vectors x is the unknown nodal
vector to be computeds and A is a symmetrics positive
definites, and sparse coefficient matrix.

The node numbering or the element numbering creates a
different distribution of nonzero entries in A depending on
the method of solution. In the variable band method the
non—zero envelope of A 1is called the profiles, and it is
defined by the node numbers connected to each element. In
the frontal method, the element numbering defines the
maximum frontwidth.

The basic idea of the variable band method 1is to

assemble the whole system stiffness matrix A, partition it

52



to smaller matrices (blocks) that can be contained in core,

and store these blocks in an out-of-core file. To reduce A,

the equation seclver reads in blocks, reduces thems and

writes them to an out-of-core file to be used for
in the backsubstitution process. The number of equations
that can be solved is no longer limited by the capacity of
the central memorys but by the amount of central memory
needed for the necessary housekeeping arrays and the
available amount of out-of-core storage.

The main steps in sclving A ¥ = B by the variable band
method may be summarized as:

1. Using the node numbers, determine both the profile of A
and the block structure for triangular factors.

2. Compute elements stiffness matrices, load vectore.s the
numbers of equations asscciated with each element, and
store the results in an out-of-core file.

3. Using previously computed arrays,s assemble and block the
system stiffness matrix and load vectors store the results
in an out-of-core file.

4. Construct triangular factors of A using assembled blocks.
Store blocks of factors in an ocut-of-core file.

S. Using the reduced blocks of A and B perform the
resolution. For multiple load conditions only step S
and those involving the locad vector are repeated.

The basic idea of the frontal method is that because

the assembly of elements and the eliminaticon of variables



alternate for each element at a time, the system stiffness

matrix as a whole is never assembled and contained in corve.

The core contains only the active part of the system

stiffness matrix (the front). Equations to be eliminated may

be any where in the front unlike the band method where
elimination proceeds in equations order. In the frontal
method, once an equation 1is eliminated it is no longer
needed for subsequent triangular decomposition and may be
removed from the front.

The basic steps of the frontal method may be summarized
as:

1. In the prefront. the order for elimination of variables
is determined.

2. Compute element stiffness matrices and lcad vectors
store the results in an out-of-core file.

3. For each elehent compute the housekeeping vectors
retrieve the element stiffness matrix and locad vector to
be assembled intoc the front, and eliminate equations
whose elements are completely summed at this stage.
Store eliminated equations in an cut—-of-core file.

4. Perform resolution steps using frontal equations in the

out—-of-core file.

In a comparisorn conducted in (14) using three-—
dimensional meshes constructed from 8 node Lagrangian
elements, 29 rnode Serendipity elements, or 27 node

Lagrangian elements 1t is concluded that both metheds



require the same number of numerical operations. Based on
the advantages in cther areas. the band method is preferable
for the solution of a broad range of prcblems in
computational mechanics. It 1is alcso pointed cut that the
band method is favored especially in the case of very large
problems.

The algorithm of the band method 1is much simpler to
code than the frontals, and in the resolution it requires
less indexing and neo relocation of informaticn. It is alsc
stated (1d) that neither of the two methods is optimal for
three—-dimensional problems. Either sparse matirix methods orv
iterative methods may prevail.

fAlthough the frontal method is a particular form of
Gauss elimination wher=2 the coefficient matrii has tc oe
repeatedly veduced for different locad conditicns., the
frontal algorithm can be coded to reduce the cocefficient
matrix only once for several load conditions (1).

In a comparison of the band method and the frontal
method Irons (3) stated the following:

1 The flexibility inherent in the order in which variables
are picked up and eliminated in the frontal method makes
it more efficient than the band method.

2. Element numbering is critical and naﬁural in the frontal
method., while the node numbering is critical anrd
artificial in the band sclver.

3. Variable order is irrelevant in the frontal method. In
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fact, variable numbers are some times called nicknames.

4, In the frontal methods, data altering is minimal when
refining a coarse meshs While the band method requires
an extéﬁsive node renumbering to preserve a small band
width.

S. The changing of the active variables is achieved in the
band method by the bodily shifting of coefficients
which takes times, but in the frontal method this 1s
achieved by leaving spaces in the frontal matrix.

In the case of unsymmetric matrices. both methods
compare very closely for small problems. Howevers for mediuin
to large problems the frontal methoq is faster and requires
less core storage (for the same amount of pivotal choice)
than the band method (S).

The graph in figure S.1 (2} indicate that the time
saving for frontal solver increases relative to band solver
as the problem size increases. It is estimated that at 53¢
degrees of freedom the time saving is nearly 3@%4 in favor of
the frontal sclver. However,; the three meshes used in this
comparison were prepared to produce a minimum band width but
not minimum frontwidth.

Because variables are eliminated while the assembly
process is in progress,; and because of the compact nature of
the frontal method. the operations on zero cocefficients aire
minimized and the total arithmetic coperations are fewer than

with other methods (1).
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10 ° All problems numbered for minimum
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front width.
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Figure 5.1 Comparison of computation times for
elastoplastic programs with banded
and front solution routines,



S.3 Comparison of The Two Sclvers

This comparicson is conductad using two frame anzlysis
programs,; one of which was described in chagter 3 wihich usss
frontal subroutiness and the other program was developed
using band subroutines (13). The basis for the comparison
are the out-of-core storage requirements, the execution
times, and the structure size.

The three sets of problems usad for comparison were
g=nerated by considering three different frames. The nuaber
of stories in each frame varies to generats  the ndividual
problems 1n each set. The three frama2s are depicted in
figures 5.2+ 5.3,y and S.4. Two load conditions are applied
to each fréme to.explore the capabilities of the two solvers
to solve for multiple lecad conditions. To faivly compars the
two solvsrs and because a band minimizing sunroutios LS
implemented to the band solvers the elements in all three
frames are numbered to produce a minimum frontwidth.

The compariscon is conducted on the IBEM FC-XT with 2S&
. in—core memory with twoe types of out-of-core storage. The
first is a double sideds, double density floppy disk with
storage capacity of 354 k bytes, and the second is a ten
mega byte hard disk. The comparison results are tabulatzd
in tables 9S5.4 through S$.9 and analyzed in sectiocns 5.3.1.
and S5.3.2.

Tables 5.1, S.2. and 5.3 contain input data for each

problem in the three sets respectively. The same element
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Figure 5.2 Frame used for the first set of problems.
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Figure 5.3 Frame used for the second set of problems



Figure 5.4 Frame used for the third set of problems

19
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Table 5.1 Data for the first set of problems
NO. NO. NO. NO.
NO. |ELEMENTS JOINTS STORIES EQUATIONS
1 38 39 -E 45
2 95 &9 S 189
3 152 4] 8 279
4 199 119 19 339
S 228 139 i2 399
6 28S 160 15 483
7 342 199 18 S79
8 389 219 IEQ 639
? 418 239 a2e 699
19 473 269 25 789
11 579 319 30 39
12 665 369 35 1383
13 769 419 4@ 1239
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Table S.2 Data for the second set of problems
NO. NO. NO. NO.
NO. |ELEMENTS JOINTS STORIES EQUATIONS
1 31 32 1 6
2 124 89 4 249
3 237 128 7 384
4 319 176 19 528

Table S.3 Data for

the third set of prcblems

MO. NO. NO. NO.
NO. |ELEMENTS JOINTS STORIES EQUATIONS
1 39 49 1 129
e 156 10@ 4 303
3 2756 163 7 4869
4 3F49 229 19 66




Table S.4 Comparison

&4

data of

the Band

and the

Frontal

solvers using Floppy Disk for the first set of proeblems with

a frontwidth of 33.

TIME (SECONDS) |OUT-OF-CORE (K-BYTES)
NO.; NEQ BAND FRONTAL BAND FRONTAL
1 k47 / 144 / 32
2 189 259 271 36 54.5
3 273 481 469 8.5 82.5
4 338 619 589 94 169.5
3 39 779 719 123 129.5
1) 489 1899 865 157.5 159
7 S79 / 1931 / 188.5
8 639 1371 1134 211.5 298.5
9 699 1526 1279 237 2e28.5
19 789 / 1451 267 258.5
11 39 / 1879 318 398.5
12 1989 / 2199 / 357.5
13 1239 / 2557 / 4¢3
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Table S.5 Comparison data of the Band and the Frontal
solvers using Hard Disk for the first set of problems with

a frontwidth of 33.

TIME (SECONDS) |OUT-OF-CORE (K-BYTES)
NO. | NE@ BAND FRONTAL BAND FRONTAL
1 4] / 67 / 32
2 189 142 143 36 S4.5
3 278 235 225 84.5 82.5
4 339 289 3e2 ?4 192.5
S 394 344 35S 123 129.5
6 484 4446 495 157.5 159
7 S79 / S94 / 188.5
8 638 591 663 211.5 298.5
4 699 / 729 237 228.5
13 789 732 839 267 258.5
11 939 878 1697 318 208.5
ig2 1986 / 1697 / 357.5
13 1239 / 1257 / 498
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Table 5.6 Compariscn data of the Band and the Frontal

solvers using Floppy Disk for the second set of problems with

a frontwidth of Si.

TIME (SECONDS) |OUT-OF-CORE (K-BYTES)
MNO.| NE@Q BAND FRONTAL BAND FRONTAL
1 96 93 128 6 43
2 249 298 482 43 198
3 378 662 814 187.S 174
4 489 794 1296 172 249
Table S$.7 Comparisocn data of the Band and the Fiontal

solvers using Hard Disk for the second set of problems with

a frontwidth of S1.

TIME (SECONDS) |OUT-OF-CORE (x-RBYTES)
NO. | NEQ BAND FROMTAL BAND FRONTAL
1 ?6 77 93 6 43
2 249 171 329 43 198
3 378 321 S97 1¢7.5 174
4 489 S14 775 172 249
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Table S$.8 Comparison data of the Band and the Frontal

sclvers using Floppy Disk for the thivd set of problems with

a frontwidth of 63.

TIME (SECONDS) |OUT-OF-CORE (K-BYTES)
NO.| NEQ BAND FRONTAL BAND FRONTAL
1 129 119 251 19 66.5
2 399 361 776 S3 169
3 483 819 1423 136 279
28 669 8729 1993 213 373
Table 5.9 Comparison data of the Band and the Frontal

solvers using Hard Disk for the third set of problems with

a frontwidth of 63.

. TIME (SECONDS) JOUT-OF-CORE (k-EYTES)
NO.} MEQ BAND FRONTAL BAND FRONTAL
1 123 82 129 19 66.5
2 399 292 498 53 167
3 489 298 245 136 273
4 669 648 1228 213 373
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numbering scheme is used for all the problems to produce
three easy to predict and different frontwidths. kKnowing the
frontwidth for each sets the cut-of-core storage needed to
store all the data files 1is easy to calculate and it is
critical in the case of the floppy disk. However, for the
hard disks it is the size of the in-core storage that is
critical and not the out-of-core because it 1is virtually
unlimited.

5.3.1 IBM PC—XT with two floppy disk drives

1. For the set of prcocblems in table S.1 which has the
smallest frontwidth, the two solvers compare very closely in
terms of the out-of-core storage requirements. As shown in
figure 5.5, the frontal solver is more efficient for the larger
problems than the band solver. Consequently. a taller frame
may be analyzed by the frontal sclver.

2. For the sets of problems in tables 5.2 and 5.3
which have larger frontwidth than the first sets figures 5.6
and 5.7 indicate that the band solver requires less ocut-of-
core storage than the frontal solver. It is alsa indicated
that as the frontwidth increases the frontal solver ocut-of-
core requirements departs from that of the band soclver.

3. Figure S.8B indicates that the frontal sclver is
faster than the band solver in the case of the first cet,
while figures 5.9 and 5.19 indicate that the band solver is
faster in other twoe cases. It is also indicated that the

time saving increases in favor of the band sclver as the
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frontwidth increases.
S.3.2 IBM PC-XT with a ten mega bytes hard disk drive

1. The same argument for out-of—-core storage
requirements applies here as in section 5.3.1. However, it
should be pointed out that the in—core storage 1is critical
since the ocut-of-core storage is virtually limitless.

2. Using an IBM PC with a hard disk drive which spins
faster than the floppy disk. it is clear from figures S.11i.
S.12, and S.13 that the band sclver is more efficient in
terms of execution time. Again the efficiency of the band
solver over the frontal solver increases as the frontwidth
increase.

S.4 Conclusion

When using the frontal method the user should try to
keep the frontwidth to a minimum. This can be done by either
using an element numbering subroutine, or simply by
inspecting the structure and how the elements are numbered
which is rather easy to do for simple frames. FCs with haid
disk drives are more efficient than those with double floppy
disk drives in terms of execution time and out-ocf-core
storage,; which makes it possible to run larger problems.
Although it has been cited in several publications (1, 2, 3.
4) that the frontal method is superior to the band method
for two and three dimensicnal elements with more ncdes than
just the corner nodess the comparison as conducted in thkis

thesis indicates that the band method is more efficient than
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the frontal method for the analysis of frames.
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APPENDIX A

PROGRAM LISTING

36363 I I I I I 3 W3 I I I I I I I3 I I I I I I I I I I IEI6I I I I I3 26 36 I FE I I X

c

PROGRAM FUNCTION *

6369 3636 I I 63636 3636 36396 336 36 I6 30 36369696 36 36 36 90 6 36 I600 36 36 336 36 36 3636963 K 96 96 363366 36 3636 6 3 6 2
THE PROGRAM PERFORMS THE MATRIX DISPLACEMENT ANALYSIS

nooonoonn

C»

(FIG.

3.9, REF 13) @F PLANE FRAMES COMPOSED OF PRISMATIC

MEMBERS, WHICH MAY HAVE DISTINCT GEOMETRIC AND MATERIAL
PROPERTIES. IT HANDLES MULTIPLE LOAD CONDITIONS. EACH LOAD
CONDITION MAY CONSIST OF JOINT PRESCRIBED DISFLACEMENT .
JOINT LOADS, AND ANY TYPE OF MEMBER ACTIONS INCLUDING

A UNIFORM TEMPERATURE CHANGE (EQ. 4.238,. REF.(13)

C 369696 3636 3696 369636 3696 36 3636 36 9636 3696 3696 36 3636 36 3696 3696 3636 96 363696 3636 36 3696 36 9636 2696 36 36 36 3696 36 3696 3666 366 36

INPUT DATA *

£ 99626 36 6.5 36 36 269636 363696 636963696 36 36969636 369636 36 3636 96 3636369696 36 36 26 96 36 36 36 0 363696 36 3636 6 6 6 ¥ X
LIST-DIRECTED INFUT '
INFUT UNITS: KIP, INCH, RADIAN, FAHRENHEIT

ooo0on00No0n000ON00O00O0ON00O000000N0N00N0nNnN0n

1.

8.

ENTER DATE IN THE FORM ’@6/28/847 (IN MAIN)
DATE

ENTER NUMBER OF ELEMENTS, NUMBER OF JOINTS,
AND NUMBER OF LOAD CONDITIONS(IN MAIN)
NEs NJ, NLC

ENTER MEMEER INCIDENCES(IM STRUCT)
MINC(1,I), MINC(2,1I) I=1,ME

ENTER FOR EACH JOINT CONSTRAINT(IN STRUCT)
JNUM, JDIR
AFTER LAST JOINT CONSTRAINT ENTER
3, @

ENTER EACH JOINT COORDINATES(IN PROP)
X(1), X(2)

ENTER MEMBER PROPERTIES(IN PROFP)
AREA, ZI, EMOD, CTE

DO FOR EACH LOAD CONDITION
IF THERE ARE PRESCRIBED JOINT DISPLACEMENT

IN MODIFY ENTER FOR EACH PRESCRIBED JOINT

DISPLACEMENT JNUM, JDIR, DISP
AFTER THE LAST JOINT PRESCRIBED DISFLACEMENT
ENTER 8, 9, @

ELSE
ENTER 8, 9, &

ENDIF

IF THERE ARE JOINT LOADS ENTER(IN JLOAD)

82
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JNUM, JDIR, FORCE
AFTER LAST JOINT LOAD ENTER
g, 9, 3.
ELSE ENTER
g. 9. 9.
END IF -

IF THERE ARE MEMBER ACTIONS ENTER(IN MACT)
MN, MAT, ACT1, DIST1, ACT2, DIST2
AFTER LAST MEMBER ACTION ENTER
Oy G, F.5 G.5 G., G,

ELSE ENTER
g, O, 9., B.

END IF

END DO

€396 36 36 36 36 3636 36 3 36 96 36 96 36 36 36 36 3636 36 36 36 3636 96 3 36 36 36 I6 36 3636 6 36 3 36 36 36 I 36 36 3 36 36 36 I I 6 I 3 2 366 I % %

Cx

MAIN FROGRAM *

36 36 36 36 3636 36 36 3 36 36 36 I 36 3636 36 I 3636 36 I 3636 36 3 I I3 36 36 I 33636 6 36 36 36 36 I 36 I I 36 I I 363663 96 I3 3 % %

0

00 ooo0onon0on

IMPLICIT REAL*8 (A-H.0-2)
CHARACTER TITLE*248, UNITS*36, DATE*8, FNAME*12
PARAMETER (MXE = 1896 , MXJ = S@@, MXNEQR = 3%*MXJ,

t 3 MFRON=351 s MSTIF=MFRON*(MFRON+1)/2)
DIMENSION MINC(2,MXE) ,R(MXNEQ) +FFIX(MXNER)
% GSTIF(MSTIF) ,EQ@(MFRON) ,GL(MFRON) s
k3 VECRV (MFRON) s NACVA (MFRON)

TITLE PLANE FRAME ANALYSIS?

UNITS UNITS: KIPas INCH, RADIAN, FAHRENHEIT’
INITIALIZE PARAMETERS MXE,MXJ.MFRON,AND MXNERs READ
AND ECHO NE, NJ, NLC3IF NE IS LESS THAN OR EQUAL TO
MXE AND NJ IS ALSO LESS THAN OR ERUAL TO MXJ. CALL
FOR EACH LOAD CONDITION DATA, FRONT, AND RESULT;
ELSE PRINT ERROR MESSAGE AND STOP.

L=8% (MFRON+3)

OPEN DATA FILES:

WRITE(*,”(>7@>>,A )*) *INPUT DATA FILE: ~’

READ(*,” (A)*) FNAME

OPEN(S ,FILE= FNAME)

OPEN(6 ,FILE= *FRAME.OUT?’,STATUS=’>NEW’)

OPEN(21,FILE= *JOINT.FIL’,STATUS="NEW’,ACCESS=’DIRECT?”,
SRECL=24%)

OPEN(16.FILE= ’PROP.FIL’.STATUS=>NEW”,ACCESS=">DIRECT",
$RECL=56)
OFEN(17,FILE="B:FILE.ONE” ,STATUS="NEW’ sACCESS="DIRECT ",
$RECL=L)

OFEN(18.FILE= ’FILE.TWO’.STATUS="NEW" sACCESS="DIFECT’,
$RECL=8)

OFEN(19,FILE= ’FORCE.FIL’,STATUS="NEW’ ,ACCESS="DIRECT”,
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$RECL=48)

READ(S,.” (A)*) DATE

WRITE(6,18) TITLE,” (HOLZER,1985S)°,°DATE: ’,DATE,UNITS
18 FORMAT( 17 aTS,73( %7 ) /TS, %7 s T32sART77: 7% /TS %7, T35,

P AT77,°%°/TS,73(° %7 )/ /TSGATO2.AR/ /TSR /7))

READ(S.%) NE, NJ, NLC

WRITE(6:29) “NUMBER OF ELEMENTS’ ,NE, NUMBER OF JOINTS?,

$ \ NJ», *NUMBER OF LOAD CONDITIONS?’,,NLC
20 FORMAT(3(TS,A,T30,14/))

IF (NE .LE. MXE .AND. NJ .LE. MXJ) THEN
DO 38 LC = 1, NLC

CALL DATA ( FFIX, MINC s NE, NJ, LC )
CALL FRONT (@ s FFIXs MINC . NE, NJ, LC x
% MFRON, MSTIF, EQ, GL. GSTIF,
k3 NACVA, VECRV)
CALL RESULT (@, MINC. NE, NJ)
39 CONTINUE
ELSE
WRITE(6,48) "ERROR MESSAGE: AT LEAST ME OR NJ
k3 EXCEEDS EITHER MXE OR MXJ3’,
E >INCREASE VALUE OF MX.°
49 FORMAT(TS,s A/ T29, A)
END IF
STOP

END
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96 9 36 36 363636 3696 363696 36 36 36 3636 36 36 36 3636 30 363 3636 36 3636 636 36 36 3636 36 36 36 3636 3636 36 3696 6 36 963636 36 36 36 36 3 3 %
C* DATA *
3 36 36 3636 36 36 36 3636 36 36 36 I 3636 3636 3636 36 2636 36 96 36 36 36 3696 363636 36 36 36 36 3636 3636 36 36 96 36 36 26 36 336K 2 H K%
SUBROUTINE DATA (FFIX, MINC, NE, NI, LC)
IMFLICIT REAL*8 (A-H,0-2)

DIMENSION FFIX(*) ,MINC(2.%)
Cc
C FOR THE FIRST LOAD CONDITION, LC=1, CALL STRUCT.
c
IF(LC.EQ.1) THEN
CALL STRUCT(FFIXs MINC, NE, NJ)
END IF
WRITE(6.19) *LOAD CONDITION’,.LC
19 FORMAT(?1°////7/T13.A,T2S,12/°+7T1@,17¢(7_2))
Cc
RETURN

END
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€ 3696 3636 36 96 9636 3 96 3636 36 36 36 36 36 36 I6 36 I6- 36 I I I6 3616 3 6 3636 36 36 3636 36 36 36 3636 36 36 36 36 363 3636 I I 363 I 6 3 ¥

C*

STRUCT *

3696 36 36 36 36 36 3 363636 36 363636 36 36 36 36 36 36 36 36 3636 3 36 3636 36 36 36 36 36 36 96 36 3636 36 36 3636 36 36 36 36 3 6 3636 3 6 6% ¥ ¥

C

c

c

C

Cc

C

Cc

c

(

cC 19

c

cC 29
39

C
S@

c

C &¢
73

C

C 8¢

SUBROUTINE STRUCT(FFIX, MINC, NE. NJ)
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION FFIX (%) MINC(Z2:%)

READ AND ECHO THE MEMBER INCIDENCES, MINC(L,I)j;
INITIALIZE THE FIXITY CODE, FFIX, TO 19998, READ AND
ECHO FOR EACH JOINT CONSTRAINT THE JOINT NUMBERs JNUM,
AND JOINT DIRECTION, JDIR, AND STORE A ZERO IN THE
CORRESPONDING LOCATION OF FFIX (END OF DATA MARKER
JNUM=g) ;5 CALL PREFNT,AND PROP.

WRITE(6,10) "MEMBER INCIDENCES’ s ’MEMBER’ . A-END’, E—END’
FORMAT(///T18.A/T13,AT17,A,T23.:A)
DO 38 I=1,NE
READ(S.%*) MINC(1,I) :MINC(2.I)
WRITE(6520) ILMINC(1.1I)MINC(2.1)
FORMAT(T11,13,T18513.T24,13)
CONT INUE

DO S8 J=1,.3%NJ
FFIX(J)= 10000.

CONT INUE

WRITE(6:68) *JOINT CONSTRAINTS? . >JOINT’, "DIRECTION?

FORMAT(///T18:A/T13:AxT17:A)

FEAD(S,%*) JINUM,JDIR

IF (JNUM.NE.9) THEN
WRITE(6+88) IJNUM,JDIR
FORMAT(T11,1I3,T19,13)
JLOCA=(INUM-1)%*3+JDIR
FFIX(JLOCA)= 8.0
READ(S,%*) JINUM,JIDIR
60 TO 79

END IF

CALL PREFNT(NE, NJ, MINC)

CALL PROP (NE, NJ, MINC)

RETURN

END
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9696 36 36 36 36 36 36 96 36 36 36 36 3636 3636 36 96 36 3636 36 3636 36 36 36 3696 369636 36 36 36 36 36 36 36 363636 36 336 3636 96 3696 36 369696 36 36 % 3¢
C* PREFRONT *
9636 3696 36 36 96 3696 36 3696 36 36 36 36 96 3636 96 36 96 36 3636 3636 36 3636 36 3636 36 9636 36 36 3636 36 36 96 36 3696 36 36 96 6 36 36 96 3 36 6 3 %

SUBROUTINE PREFNT(NE JNJ ,MINC )

IMPLICIT REAL*8 (A-H,0-2)

DIMENSION MINC(2,%)

IDENTIFY THE LAST APPEARANCE OF A JOINT NUMBER IN THE
MEMBER INCIDENCE MATRIX BY ADDING A NEGATIVE SIGN
INFRONT OF IT.

noooon

DO 38 J=1.NJ
ILAST= ¢
DO 20 I = 1,NE
DO 13 N = 1,2
IF (MINC(N,I).ER.J) THEN
ILAST=I
NLAST = N
ENDIF
10 CONTINUE
29 CONTINUE

IF(ILAST.NE.G) THEN
MINC(NLAST, ILAST) = — MINC(NLAST,ILAST)
ENDIF .
32 CONTINUE
RETURN
END
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2696 96 36 36 36 96 3636 36 369636 3696 36 36 36 6 96 36 36 36 36 96 363636 3636 96 369696 3696 36 I6 96 36 96 36 2696 36 6363 I 363 6 6 36 M X 6
Cx FREP *
T3 3969636363966 36363636 36 30200 36 363636 36 36 396 3636 36 6 36 36K 20 3 336900 2300 036206 3 303603 33 X 3 X3
SUBROUTINE PROF (NE, NJ, MINC)
IMPLICIT REAL*8 (A-H.,0-2)

DIMENSION MINC(2,%). X(2), Y(2)
c
c READ AND ECHO JOINT COORDINATES. X(1).,X(2)3; COMPUTE FCR
Cc EACH ELEMENT BY EQS. C.21 THE LENGTH, ELENGs AND THE
c DIRECTION COSINES, Cl, C25 READ FOR EACH ELEMENT THE
Cc CROSS SECTIONAL AREA, THE MOMENT OF INERTIA ABOUT THE
c LOCAL 2(3)-AXIS., 21, THE MODULUS OF ELASTICITY, EMOD,
(1 AND THE COEFFICIENT OF THERMAL EXPANSION, CTE; FRINT
c ELEMENT PROPERTIES.
c
WRITE(6:19) >JOINT COORIDIMNATES’ +»*>JOINT’ 4>DIRECTION-17,
$ >DIRECTION-27
19 FORMAT(///T18.AR/T10:AT17:AT33,:A)
DO 33 J=1.NJ
READ(S,%*) X(1).,X(2)
WRITE(6,29) J,X(1):X(2)
g FORMAT(T13,13,T26,F8.2,T33,F8.2)
WRITE(21,REC=J) (X(I),I=1,2)
39 CONTINUE
c
WRITE(6.49) *ELEMENT PROPERTIES®, "MOMENT OF’ ., ELASTIC’ .
£ TTHERMAL ® » TELEMENT 2 "AREA™ s " INERTIA®
% >MODULUS” s >COEFFICIENT ™ » LENGTH?
49 FORMAT(///T18,A/T3S5:AT49:ATEEsA/T18,A,TR4A, T3S A
% Ta49:A:TE25A:T76:A)
C

DO 68 I=1,NE
J=IABS(MIMC(1,1I))
K=IABS(MINC(2,1))
READ(21,REC=J) (X(N)+N=1.2)
READ(21,REC=K]) (Y(N) :N=1,2)
EL1=Y(1)-X(1)
ELa2=Y(2)-X(2)
ELENG=DSQRT (EL 1%%2+EL 2%%*2)
C1=EL1/ELENG
Ca2=EL2/ELENG
READ(S,*) AREA.ZI,EMOD,CTE
WRITE(16,REC=1) AREA,Z2I.EMOD.CTE.C1,C2,ELENG
WRITE(6:59) I1,AREA,ZI.EMOD.CTE.ELENG

Sa FORMAT(T12,1I3.T19:E12.4,T33:E12.4.,T47 E12.4,
% T61,E12.4,T75,F8.3)

63 CONTINUE
RETURN

END
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€9 36 26 36 36 9 36 36 36 3 3 3636 36 6 I 36 36 636 3636 I6 366 3636 36 I 36 36 3 I 3636 326 36 36 36 36 36 36 I 36 36 36 I 36 36 I6 36 3 J6 I 6 3 6 36 % %

C* FRONT *
C 393696363636 36 36363636 36 3696 3636 369696 3696 36 5636 36 36 3636 36 36 3630 3636 6 3696 36 36 36 36 96 36 36 96 36 96 96 36 6 36 36 96 3 396 3 %

SUBROUTINE FRONT(&® , FFIXs MINC , NE. NJ, LC ’

% MFRON, MSTIF. EQ, GL. GSTIF,
£ NACVA, VECRVY )
IMPLICIT REAL*8 (A-H,0-2)
c
DIMENSION MINC(2.%) ,FFIX (%) s Q (%) sNACVA(*)
$ NDEST(6) SVECRV(#®) LEQ(*) +GL (%) s
% GSTIF (%) ‘
€ FUNCTION:
c SET THE NUMBER OF UNKOWNS IN THE FRONT.NFRON. THE NUMBER
c OF ELIMINATED VARIABLES,KELVA TO ZERO.
c INITIALIZES TO ZERO GSTIF(MSTIF), GL{MFROM}., ECQ/MFROM).
c VECRV (MFRON) » NACVA (MFRON)
C
FELVA = ¢
NFRON = &
IF (LC.ER.1) THEN
DO 1¢ ISTIF = 1.MSTIF
GSTIF(ISTIF) = 8.9
14 CONTINUE

ENDIF
DO 15 IFRON=1,MFRON
EQ(IFRON)= @.9
GL(IFROM)= ¢.@
NACVA(IFRCN) =@
VECRV(IFRON)=@ .9
15 CONTINUE
CALL MODIFY{(NJ ,FFIX)
CALL JLOAD(R,NJ)
CALL HOUSE( MINC LFFIX @ LNACVA NDEST ,MFRON .,
% NFRON sNE sLC ,GSTIF .GL +EQ +EKELVA?
CALL BKSUB(FFIX ,KELVA ,VECRVY MFRON .& ,LC, E®)
RETURN
END
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Cx

MODIFY *

€ 9636 36 36 3 3635 36 36 36 36 3636 36 36 36 36 36 36363 3 36 3636 36 36 I 26 36 36 6 36 I I 36 I I 36 I 3636 36363 36 36 36 36 I 96 3 66 I 36 % %
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79

SUBROUTINE MODIFY(NJ FFIX?
IMPLICIT REAL*8 (A-H.0-2)
DIMENSION FFIX (%)

READ JOINT NUMBER, JOINT DIRECTION, AND DISPLACEMENT
GENERATE THE FIXITY ARRAYs FFIX, WHICH DEFINE THE
PRESCRIBED DEGREES OF FREEDOM BY THEIR FRESCRIBED VALUES
AND THE FREE DEGREES OF FREEDOM BY ASSIGNING EACH DEGREE
OF FREEDOM THE REAL NUMBER 19990.

DO 16 J = 1,3%NJ

IF(FFIX(J).NE. 19003 . O.AND.FFIX(J).NE.@.3} THEN
FFIX(J) = 16093.

ENDIF

CONT INUE

FEAD(S,%*) JNUM,JDIR.DISF

IF(INUM.NE.&J) THEN
WRITE(6:6W) *PRESCRIBED JOIMT DISPLACEMENT? ,’>JOINT?,

$ >DIRECTION’ s > DISPLACEMENT

FORMAT(///T10,A/T18,A,T17,A.T31,A)
IF(INUM.NE.9) THEN
WRITE(6:,99) IJNUM.JDIR,DISP
FORMAT(T18.14.,T21.,11,T28,F1%.3)
JLOCA =(INUM-1)%3+JDIR
FFIX{JLOCA) = DISF
READ(S,%*) JNUM,JDIR,DISF
GO TO 89
ENDIF
ELEE
WRITE(6,7¢) “NO PRESCRIBED JOINT DISFLACEMENT®
FORMAT(//7/T13,A)
ENDIF
RETURN
END
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C» JLOAD *
€363 36 96 36 3646 3636 36 36 36 36 3636 36 36 36 3636 36 3636 36 36 3636 36 36 3636 I 36 36 369636 36 36 36 9636 36 3636 6 36166 3 6 36 36 3 2 3 K %
SUBROUTINE JLOAD( @, NJ)
IMPLICIT REAL*8B (A-H,0-2)
DIMENSION 2(*)
C FUNCTION:
Cc READ AND ECHO FOR EACH JOINT LOAD JOINT NUMBER,JNUM,
C JOINT DIRECTION, JDIR, AND FORCE; STORE FORCE IN Q<K)
c WHERE K CORRESPOND TO A SYSTEM DEGREE OF FREEDOM.
Cc

DO 1S5 1
acr)
15 CONTINUE

1,3%NJ
g.0

READ(S5,%) JINUM,JDIR,FORCE
IF(INUM.NE.®) THEN
WRITE(6,18) *JOINT LOAD (GLOBAL)?,
% JOINT? « DIRECTION? , "F3RCE”
19 FORMAT(///T18:,A/:sT1@:AT17:A,T31,:R)

29 IF(IJNUM.NE.F) THEN
WRITE(6,30) INUML.JIDIR,FORCE
39 FORMAT(T11,13,T21,13,T28.,F19.3)
K =(INUM-1)#3+JDIR
() = FORCE
READ(S,%*) JIMUM.JIDIR.FORCE
G0 TO 29
ENDIF
ELSE
WRITE(6,49) *NO JOINT LOAD’
493 FORMAT(/7//T19,A)
ENDIF
RETURN
END
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Cx HOUSE *
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SUBROUTINE HOUSE(MINC JFFIX .2 JNACVA JNDEST .MFROM .,
% NFRON JNE sLC +GSTIF JGL SEQ )
% KELVA )
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION MINC(2,%) FFIX(%*) sESTIF(64+6),

% EQ(*) sGL (%) sNACVA(*) NDEST(*) ,
$ Q(%*) sGSTIF(*) LLOCEL(6) HF(6)
c
C FUNCTION:
c FOR THE EVERY LOAD CONDITION. GENERATE FOR EACH ELEMENT
Cc THREE ARRAYS LOCEL,NACVA.NDEST.THEN CALL ELEMENT LOAD,
c ELOAD, ESTIFs ASSEMB AND EXAM.
IACT=0
DO 39 INE = 1,NE
NA = O
KEVAB = @
DO 28 JOINT = 1,2
LOCNG = MINC(JOINT, INE)
DO 14 NDOFJ = 1,3
NPOSI = (JOINT-1)*3+NDOFJ
IF(LOCNO.GT.8) THEN
LOCEL(NPOSI) = (LOCNO-1)%3+NDOFJ
ELSE
LOCEL(NFGCSI) = (LOCNO+1)*3-NMDOFJ
ENDIF
14 CONTINUE
29 CONTINUE
Cc
C GENERATE THE ELEMENT ACTIVE VARIABLE ARRAY NACVA(*) AND
c AN ARRAY OF THIER LOCATIONS NDEST (%)
c
DO 79 NDOFE = 1.6
F(NDOFE) = ¢.9
NIKNO = IABS(LOCEL (NDOFE))
KEXIS = @
DO S9 IFRON = 1,NFRON
IF(NIKNO.EQ.NACVA(IFRON)) THEN
KEVAB = KEVAB+1
KEXIS = 1
NDEST(KEVAB) = IFRON
ENDIF
SE CONTINUE
(4

IF(KEXIS.EG.8) THEN
IFRON=1
Y5} IF(IFRON.LE.MFRON) THEN
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IF(NACVA(IFRON) .EQ.8) THEN
NACVA(IFRON) = NIKN0
KEVAB = KEVAB+1
NDEST(KEVAR) = IFRON
IFRON = 1 + MFRON
ENDIF
IFRON = IFRON + 1
GOTO 68
ENDIF
IF(NDEST(KEVAB) .GT.NFRON) THEN
NFRON = NDEST(KEVAB)
ENDIF
ENDIF
79 CONTINUE
READ(16+REC=INE) AREA.ZIEMOD,CTE.C1.C2,ELENG
CALL ELOAD (FFIX, MINC, INE, IACT. @s F5 NA s

% AREA, Z1.eMOD, CTE, Cl. C2, ELENG)
CALL ESTIFF(INE, ESTIF,AREA, ZI,EMOD,CTE, C1 3
% c2, ELENG)

CALL ASSEMB(ESTIF ,GSTIF sNDEST ,INE .GL ,F LC )
CALL EXAM ( LOCEL JNACVA MFRON MFRON .EQ s
% GSTIF ,GL +sKELVA +LC sFFIX JINE )
33 CONTINUE :
RETURN
END
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€96 3636 36 36 36 36 3636 9696 36 3636 36 36 36 3636369696 36 36 36 36 3636 3696 96 J66 36 6 36 3 J 333 I 66 M HH XXX XXX NN E XXX
SUBROUTINE ELOAD(FFIX,s MINC, INE. IACT. &, F, NA s
$ AREAs 21 +EMOD, CTE, Ci, C2, ELENG )
IMPLICIT REAL*8 (A-H.0-2)
DIMENSION FFIX(%) SMINC(2,%),QHAT(L) ,

E 3 2(*) sF (%) s@BAR(6)
c
C FUNCTION:
C CALL MEMBER JOINT LOAD,MJLD, AND MEMBER ACTIONsMACT.
c
CALL MIJLD (@ ., @BAR, FFIX, MINC, INEs NA )
CALL MACT (F s @BAR, QHAT, INEs IACT; NA ,
k3 AREA s 21+ EMOD, CTE, Ci1. C2 5, ELENG )
CALL ASSEMF( F , QHAT, @BAR, INE, Ci, C2 > NA)
RETURN

END
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C» MEMBER JOINTS LOADS *

T 269696 3 369696 3 3636 3696 36 3696 26 36369696 36 362696 36 363636 36369606 36 3 I 366 36 36 3 3 3696 3 36 66 3 X H X 2
SUBROUTINE MJLD(Q s BBAR sFFIX +MINC.INE NA)
IMPLICIT REAL*8 (A-H.0-2)
DIMENSION Q(*) ,QBAR(*) ,FFIX{*) MINC(Z2,%)

c

c FUNCTION:

c TRANSFORM APPLIED JOINT LOADS FROM GLOBAL JOINT LOADS

c TO LOCAL ELEMENT JOINT LOADS.

DOSI= 1,6
@BAR(I) = 6.9
S CONT INUE
DO 26 JOINT = 1,2
JINUM = TIABS(MINC(JOINT,INE))
DO 14 NDOFJ = 1.3
22 K- = (JNUM-1)*3+NDOFJ
IF(FFIX(K).EQ.18893.) THEN
IF(JOINT.E@.1) THEN
NDOFE = NDOFJ
ELSE
NDOFE = NDOFJ +3
ENDIF
IF(R(K).NE.S.8) THEN
@BAR(NDOFE) = Q(K)

NA = NA +1
(k) =@.3
ENDIF
ENDIF
19 CONTINUE
29 CONTINUE

RETURN
END
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Cx MACT *
C 6969 36 %I 3636 I KK I HH TN X RN R KRR RE R RAE X R XEE LA RS
SUBROUTINE MACT(F, @BAR, QHAT, INE.IACT. NA,
t: . AREA, 21, EMOD,s CTEs Cl, C2,ELENG )}
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION F (%) s @BAR (%) sQHAT (%)

READ THE MEMBER NUMBER, MN, THE MEMBER ACTION TYPE. MAT.,
THE ACTIONS, F1 AND P2, THE DISTANCES ,X1 AND X2.
PRINT MN, MAT, P1 ,X1 ,P2 ,X2
INCREMENT THE ACTION COUNTER,
COMPUTE THE FIXED-END FORCES.
DO 18 I = 146
CHAT(I) = @.9
19 CONTINUE
IF(IACT.LT.1983) THEN
READ(S.%*) MN, MAT, X1 sF1 ;X2 .F2
1S IF(MN.NE.®) THEN
IF(IACT.EQ.9¥) THEN
WRITE(6.29) ’MEMBER ACTIONS” s "MEMBER’ , >TYFE® s ACT-0ONE” &

onooonn

$ DIST-ONE”, *ACT-TWO’, DIST-TWO’
29 FORMAT(///T18:A/T18:A:T18,A,T26:AT37:A: TSSO A TH2:A)
IACT = IACT+1
ENDIF

IF (MN.EQ.INE) THEN
WRITE(6.33) MNJMAT.P1 X1 F2.X2
3¢ FORMAT(T11,1I3,T19,11,722:F13.3,T36:F3.3:T4b,
% F16.3,T61,F8.3)
NA = NA + 1

IF (MAT.ER.1) THEN
c CONCENTRATED LOAD
EL=ELENG
A=X1 /7 EL
QHAT(2) =QHAT(2) -P1x(1.9+A*x*x2x(2.0*xQA-3.6))
GHAT(3) =QHAT(3) -PIix*EL*A%(1.0-A)**2
GHAT(3S) =QHAT(S) +Pl*Axx2%(2.9%A-3.9)
GHAT(6) =GHAT (&) +P1*EL*Ax%x2%(1.J-A)
ELSE IF (MAT.EQ.2) THEN
Cc CONCENTRATED AXIAL LOAD
EL=ELENG
A=X1 / EL
GHAT (1)=AHAT(1)-P1*(1.9-A)
GHAT (4)=BHAT (4)-P1*A
ELSE IF (MAT.EQ.3) THEN
c LINEARLY VARYING DISTRIBUTED LOAD GVER
C A FORTION OF THE ELEMENT
EL=ELENG
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A = X1 /7 EL
B = X2 7/ EL
D1 = (P1*EL/63.)%{A-K)
D2 = (P2*EL/69.)%(B-A)

2HAT (2 ) =QHAT(2 1+D2%x3 . {B*%2%(15.-8.*R)

+(AXB)*(19.-6.%B)+(A*¥*x2) % (5.-4.*E)
—2.%(A**3)—-1F.)-D1*3. ¥ (Ax*x2%x(15.-8.
#A)+(AXB)* (10 . 6. ¥A)+(B¥x2) % (5.4,
*#A)—(2.%B**3)-13.)
QHAT (3 ) =GHAT(3 Y+D2*EL* (B*%2% (39.—-12.%B)
+(AX¥B)* (20 .-9.%B)+A**x2%(13.-6.%B)-3.
*#AX%3—-1F . % (2.%B+A) )-DI*EL* (Ax%2% (35 .
—12.%A)+(A¥B) ¥ (2F.-F.¥A)+(Bxx2)* (1.
—6.#A)— (3. *¥B¥%3)-10.%(2.%A+B))
QHAT(S ) =GQHAT(S ) —D2%#3.%(B*%¥2*%(15.-8.%B)
+(A*B)*(19. -6 . #*B)+(A*%2) ¥ (S.-4 . *R) -~
2. (A*%I)I+D1I*3. ¥ (A*xx2%x(15.-B.*%A) +
(AX¥B)*(1G.-6.%A)+(B¥*2) ¥ (S. -4 . *¥A) —
(2.%B*%3))
RHAT (6 ) =GHAT(6 )-D2*EL ¥ (B*¥#2%(12.%B-15.)
+(A%¥B)*(F.¥B-1d.)+(A**x2)* (6. *¥B-5.)+
3. #A¥x3)+D1*EL* (A2 (12.%A-15.)+
(A*B) *¥ (9. %A—-1F. ) +(B*¥*2) ¥ (6. *¥A-3T.) +
(3.%B**%3))
ELSE IF(MAT.EQ.4) THEN
LINEARLY VARYING DISTRIBUTED AXIAL LOAD OVER
A PORTION OF THE ELEMENT.
EL = ELENG
GHAT(1) =0HAT (1) —F1¥(X2-X1)*(1.-(X1+X2)/(2*EL)
% )—(P2-P1)%((X2-X1)/2)%(1.-(X1+2.%X2)/3.%EL)
BHAT(4) =GQHAT(4) —-P1#(X2-X1)*((X1+X2)/(2*EL))
—(P2-P1)#((X2-X1)/2)%({X1+2.%X2) /3.%EL)
ELSE
TEMPRETURE CHANGE
=AREA*EMOD*CTE*ACT
GHAT(1)=GHAT(1) +P
GHAT (4)=RQHAT(&4) -F
ENDIF
READ(S.*) MN, MAT, X1 ,P1 X2 .P2
GO TO 15
ELSE
BACKSPACE S
ENDIF
ELSE
IF (IACT.EO.¥) THEN
WRITE(&,68)” NO MEMBER ACTIONS?
FORMAT(///T18.:A)
IACT = IACT+1499

ELSE
IACT= IACT+1000
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ENDIF
ENDIF
ENDIF
WRITE(I?.REC = INE) (GHAT(I).I=1,6)
RETURN
END
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Cx ASSEMF *
C 3963696 36363636 9696 3696 36363 36 966 3636 96 3696 36363 3696 363696 36 J6 96 36 96 36 36 96 36 366 36 J6 36 36 6 3 63 36 6 H 36 6 3 %6 36 %
SUBROUTINE ASSEMF(F LGHAT ,8BAR JINE ,Ct sCa2 A NAD

IMPLICIT REAL*8 (A-H,0-2)
DIMENSION F(%*) ,QHAT(%*) ,QBAR(%*)

TRANSFORM AND ASSEMBLE THE LOCAL FIXED-END FORCES.QHAT(6)
AND APLIED MEMBER JOINT LOADS @&BAR(*) TO PRODUCE THE
EQUIVALENT ELEMENT JOINT LOAD VECTOR,s F(#*)
STATEMENT FUNCTION
FG(C1I,C2I,FLX,FLY) = C11 * FLX + C2I * FLY
IF (NA .NE. @) THEN
DO 14 NDOFE = 1, &6
IF(NDOFE.EQ.1) THEN
F(NDOFE) = GBAR(NDOFE)-FG(C1,
$ —C2,C0HAT (1) .QHAT(2))
ELSE IF(NDOFE.EQ@.2) THENM
F(NDOFE) = GBAR(NDOFE)-FG(C2.,
+ C1,QHAT (1) ,@HAT(2))
ELSE IF(NDOFE.EQ.3) THEN
F(NDOFE) =QBAR(NDOFE)-QHAT(3)
ELSE IF(NDOFE.EQ.4) THEN
F(NDOFE) = GBAR(NDOFE)-FG(C1,

o000 o0n

$ —C2,AHAT(4) ,GHAT(S))
ELSE IF(NDOFE.EQ.S) THEN
F(NDOFE) = @BAR(NDOFE)-FG(LC2,
% C1,QHAT(4) . 0HAT(S))

ELSE IF(NDOFE.EQ.6) THEN
F(NDOFE) = QBAR(NDOFE)-QHAT(6)
ENDIF
19 CONTINUE
ENDIF
RETURN
END
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Cx ESTIFF *
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SUBROUTINE ESTIFF (INE., ESTIF, AREA, ZI sEMOD,
% CTE, Ci, €2, ELENG)

IMPLICIT REAL*¥8 (A-H,0-2)
DIMENSION G(7) JESTIF(&6,6) sINDEX(6,56)

DATA INDEX / 192,4,"‘1,—89“” 293,59—3,"3’5’
$ ‘0,556,—4,"5,7, -15'25-4,158,—4’
+ —23-35-5:253,-5, 443537343 -5:6/
c
C FUNCTION:
c FOR ELEMENT INE,COMPUTE THE GLOBAL STIFFNESS
C COEFFICIENTSsG(7) AND ASSEMBLE ESTIF(6,6)
Cc
ALFA = EMOD*ZI/ELENG*%*3
BETA = AREA*ELENG**2/21
G(1)= ALFAX(BETA*C1x*#2+12 . 0*C2%%2)
G(2)= ALFA*C1*Ce*(BETA-12.0)
G(3)= ALFA* (BETA*C2%*%2+12 .g*C1¥x2)
G(4)=—ALFA*6 . O*ELENG*C2
G(S)= ALFA*x6.F*ELENG*C1
G(6)= ALFA*4 . G*ELENG**2
G(7)= ALFA*2 .G*ELENG**2
[

DO 29 I = 1,6
DO 18 J = 1,6
L = IMBEX(I,J)
IF(L.GT.®¥) THEN
ESTIF(I.J) = G(L)

ELSE
ESTIF(I.J) = —-G(-L)
ENDIF
19 CONTINUE
2¢ CONTINUE
RETURN

END
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C*

ASSEMBLE *
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SUBROUTINE ASSEMB( ESTIF ,GSTIF JNDEST ,INE ,GL F ,LC)
IMFLICIT REAL*8 (A-H.0-2)

DIMENSION ESTIF(6,6) GSTIF{(*) .MDEST(#) ,GL{(%) JF(%)
NFUNC(I,J) = (I*J-J)/2+I

FUNCTION:
ASSEBLE ELEMENT LOADS,F, INTO A GLOBAL LOAD VECTOR,GL,
AND ELEMENT STIFFNESS MATRIX INTO A GLOBAL STIFFNESS
ARRAY sGSTIF.
DO 39 IDOFE = 1,6
IDEST = NDEST(IDOFE)
GL(IDEST) = GL(IDEST) + F(IDOFE)
IF(LC.EQ.1) THEN
DO 49 JDOFE = 1,6
JDEST = NDEST(JDOFE)
NGASH = NFUNC(IDEST.JDEST)
IF(JDEST.GE.IDEST) THEN
GSTIF(NGASH) = GSTIF{NGASH) +

$ ESTIF(IDOFE,JDOFE)
ENDIF
ENDIF
4@ CONTINUE
ENDIF
39 CONTINUE
RETURN

END
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C* EXAM *
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SUBROUTIMNE EXAM( LOCEL NACVA MFRON NFRON ,EQ GS5TIF.,
% GL sKELVA HLC sFFIX HINE )
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION LOCEL (%) sNACVA (%) +EQ(*)
% GSTIF (%) 2 BL (%) sFRIX (%)

NFUNC(I,J) = (IJ*J-J)/2+1
DO 49 IDOFE = 1,6
NIKNO = —-LOCEL (IDOFE)
IF(NIKNO.GT.9) THEN
IFRON = 1
33 IF(IFRON.LE.NFRON) THEN
IF(NACVA(IFRON) .EQ.MIKNO) THEN
IF(LC.E&.1) THEN
DO 1¢ JFRON = 1.MFRON
IF(IFRON.LT.JFRON) THEN
NLOCA = NFUNC(IFFRON.JFRON)
ELSE
NLOCA = NFUNC(JFRON, IFRON)
ENDIF
EQ(JFRON) = GSTIF(NLOCA)
GSTIF(NLOCA) = 9.8
19 CONTINUE
ENDIF
EQRHS = GL(IFROM)
GL(IFRON) = ¢.3
KELVA = KELVA+1
IF(LC.EQ.1) THEN
WRITE(17,REC=KELVA) (EQ(I),I=1,MFRON),EQRHS,
$ IFRON.NIKNO
ELSE
WRITE(18,REC=KELVA) EBRHS
READ(17,REC=KELVA) (ER(I),I=1,MFRON) ;DUMMY,
$ IDUMJNIKNO
ENDIF
PIVOT = EQ(IFRON)
EQ(IFRON) = 6.9

IF(FFIX(NIKNO) .NE.19866.) THEN
IF(FFIX(NIKNO) .NE.9@0936.) THEN
DO 28 JFRON 1 s NFRON
GL (JFRON) GL(IJFRON)-FFIX(NIKNO)*
2 E@(JFRON)
=19} CONTINUE
ENDIF
ELSE
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CALL REDUCE( E@
% NFRON
ENDIF
EQ(IFRON) = FPIVOT
NACVA(IFRON) = ¢
IFRON=NFRON+1
ENDIF
IFRON=IFRON+1
GOT0O 39
ENDIF
35 IF(NACVA(NFRON) .EQ.9) THEN
NFRON = NFRON-1
IF(NFRON.GT.8) THEN
G0TO 3S
ENDIF
ENDIF
ENDIF
43 CONTINUE
RETURN
END

s EQRHS
sFINVGT

sGL
sLC

+GSTIF
s INE )

s
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Cx REDUCE *
9 36 36 96963636 3696 36 369636 36 3696 3636 363696 36 363636 36 363696 36 363636 36 36 36 I 36 36 3696 36 3 36666 3 X H 3 X XN ¥ X X XX ¥
SUBROUTINE REDUCE( E@ yEQRHS GL +GSTIF
% NFRON LPIVOT LLC LINE )
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION EQ (%) s GL (%) »yGSTIF (%)
c FUNCTION:
C ELIMINATION OF VARIABLES UPON LAST AFPPEARANCE
Cc

NFUNC(I J) =(IJ*J-J)/2+1
DO 26 JFRON = 1,NFRON
GL(JFRON) = GL(JFRON)-EQ(JFRON)*EQRHS/PIVOT
IF(LC.EQ.1) THEN
IF(EQ(JFRON) .NE.) THEN
NLOCA = NFUNC(@.,JFRON)
DO 19 LFRON = 1,JFRON
NGASH = LFRON+NLOCA
GSTIF(NGASH) = GSTIF(NGASH)-EQ(IFRCN}*

% EQ(LFRON) /FIVOT
19 CONTINUE
ENDIF
ENDIF
29 CONTINUE
RETURN

END
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SUBROUTINE BKSUB(FFIX ,KELVA JVECRY .MFRON ,0 ,LC, E&)
IMPLICIT REAL*¥8 (A-H.0-2)
DIMENSION FFIX(*) ,VECRV(*) EQ(*) ,G(*)

DO 19 IELVA=1,KELVA
KK=KELVA+1-IELVA
READ(17,REC=KK) (EQ(I),I=1,MFRON),EGQRHS, IFRON,NIKNO
IF (LC.GT.1) THEN

READ(18,REC=KK) EQRHS
ENDIF
PIVOT =EQ(IFRON)
IF(FFIX(NIKNO) .NE.19999) THEN
VECRV(IFRON) = FFIX(NIKNO)
ELSE
EQ(IFRON) =g.9
ENDIF
DO 26 JFROM = 1,MFRON
EGRHS = EGRHS - VECRV(JFRON)*EQ(JFRON)
CONTINUE
IF(FFIX(NIKNQ) .EQ.19909) THEN
VECRV(IFRON) = EG@RHS/FIVOT
ENDIF
2(NIKNO)=VECRV{(IFRON)

CONTINUE

RETURN

END
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29

SUBROUTINE RESULT(Q@ ,MINC .NE +NJ )
IMPLICIT REAL*B (A-H.0-2)
DIMENSION G(x) SMINC(2,*) P

INITIALIZE THE JOINT FORCES. P, TO ZERO : CALL
FORCES AND OUTPUT.

OPEN(21 ,FILE=>JOINT.FIL’ sSTATUS="NEW” s ACCESS=>DIRECT’,
$RECL=24)
DO 19 I

PCI)
CONTINUE
DO 23 J = 1,NJ

WRITE(21,REC=J) (P(I),1=1,3)

s3
-9

CONTINUE

CALL FORCES(Q@ sMINC SNE)
CALL OUTPUT(Q s NE sNJI)
RETURN

END
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19

SUBROUTINE FORCES(Q2 MINC sNE)
IMPLICIT REAL*8 (A-H.0-2)
DIMENSION Q%) MINC(2,%*)

FOR EACH ELEMENT I, CALL ELEMF AND JOINTF.

DO 18 I=1, NE
READ(16,REC=1) AREA, ZI, EMOD, CTE, Ci1, C2, ELENG
CALL ELEMF ( @,AREA, 21, EMOD, ELENG, C1l, C2, MINC.I)
CALL JOINTF( Ci, C2, MINC,I)

CONTINUE

RETURN

END
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SUBROUTINE ELEMF(Q, AREA, Z2I. EMOD, ELENG, Cl., C2, MINC, I}
IMFLICIT REAL*8 (A-H,0-2)
DIMENSION D(6) ,MINC(2,:%) ,Q{(%) QHAT(6)

COMPUTE THE LOCAL FORCES IN ELEMENT I. GHAT(6) :
DETERMINE THE GLOBAL ELEMENT DISPLACEMENTS, D(&).,
FROM THE JOINT DISPLACEMENT VECTOR, @, COMPUTE THE
LOCAL END AT THE A-END OF THE ELEMENT BY EQS.
2.34, 2.36 & 3.59 5 USE EQUILIBRIUM TO COMFUTE

THE LOCAL FORCES AT THE B—END OF THE ELEMENT

AND EQ. 3.95 TO COMPUTE THE ACTUAL ELEMENT FORCES.

ALFA=EMOD*Z1/ELENG**3
BETA=AREA*ELENG**2/21

GLOBAL ELEMENT DISFLACEMENTS:
ACTUAL DISPLACEMENTS

JA = IABS(MINC(1,I))

JB = IABS(MINC(2,1))

DO 19 L=1,3

JALOC = (JA-1)%3+L

JBLOC = (JB—1)%3+L

D(L) = B(JALOC)

D(L+3)= @(JBLOC)
CONTINUE

RELATIVE DISPLACEMENTS
D14=D(1)-D(4&)
D25=D(2)-D(S5)
D36=D(3)+D(6)

FORCES AT A-END DUE TO END DISPLACEMENTS
F1=ALFA*BETA*(C1#D14+C2%D25)
F2=6.9#ALFA*(2.0%C1*D25-2.d*C2*¥D14+ELENG*D36)
F3=2.9%ALFAXELENG* (3.3%C1%#D25—-3.9#C2*%D14+ELENG*(D(3)+D36))
READ(192.REC=1) (QHAT(J) sJ=1,6)

ACTUAL ELEMENT-END FORCES

CGHAT (1)=RHAT(1)+F1

GHAT (2)=QHAT (2)+F2

GHAT (3)=RHAT (3)+F3

CHAT (4)=QHAT (4)-F1

GHAT (S)=RHAT(5)-F2

GHAT(6)=BHAT (6)+ELENG*F2-F3

WRITE(19,REC=1) (QHAT(J)  J=1.6)

RETURN

END
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SUBROUTINE JOINTF(C1 sC2 +MINC LID
IMFLICIT REAL*8 (A-H,0-2)
DIMENSION QHAT(6) HSMINC(2,%) F1(3) P2(3)

TRANSFORM THE LOCAL FORCES OF ELEMENT I, QHAT(6)., TO
GLOBAL FORCES AND ASSIGN THEM TO THE JOINT FORCES , P,
BY EQS. 2.29, 2.34, 2.37, AND MINC.

STATEMENT FUNCTION
FG(C11,C2IFLXFLY)=ClI*FLX+C2I*FLY

J=IABS(MINC(1,1))

K=IABS(MINC(2,1))

READ(21 sREC=J) (P1(N) N=1.3)
READ(21,REC=K) (P2(N)},N=1,3)
READ(192,REC=1I) (QHAT(N) . N=1,6)
F1(1)=P1(1)+FG(C1,-C2,BHAT (1) ,QHAT(2))
P1(2)=P1(2)+FG(C2,; C1,BHAT(1),BHAT(2))
P1(3)=P1(3)+QHAT(3)

P2(1)=P2(1)+FG(C1,-C2,QHAT (4) sQHAT(S))
P2(2)=P2(2)+FG(C2, C1,BHAT(4),8HAT(3))
P2(3)=P2(3)+QHAT (&)

WRITE(21,REC=J) (F1(N),N=1,3)
WRITE(21,REC=K) (P2(N):N=1:3)

RETURN

END
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SUBROUTINE OUTPUT(R NE ,NJ)

IMPLICIT REAL*8 (A-H,0-2)

DIMENSION GHAT(6) »FP1(3) ,P2(3) ,Q(*x) ,U(3)

USE JOINT DISPLACEMENT VECTOR, @, TO PRINT JOINT
DISPLACEMENTS (INCLUDING JOINT CONSTRAINTS) s
PRINT LOCL ELEMENT FORCES, QHA(6,NE) 5 PRINT
JOINT FORCES, P(3,NJ)

oo0onoon

WRITE(b6,16) *LOCAL ELEMENT FORCES’,’A-END’,’B-END’.
$’ELEMENT’, > DIRECT—-1", DIRECT-2°, > DIRECT-3”, "DIRECT-4",
$’DIRECT-57, "DIRECT-6"

19 FORMAT(///T18:;A/T33,ATESA/T1:7+73,T18,38(”_"),TS1,
$3G(°_*)/T18,A:T18,A:5(3X:A))

DO 3% I=1,NE

READ(19.REC=1) (GHAT(L),L=1,6)

WRITE(6529) I, (QHAT(L)L=1,6)
29 FORMAT(T19,13,T13,6(1X,F18.3))
39 CONTINUE

WRITE(6,49) >JOINT DISFLACEMENTS (GLOBAL) .’ JOINT’,
$ *DIRECTION-1’,’DIRECTION-27, > DIRECTION-3”
49 FORMAT(///T18:A/T10AT17:A:T3F:AT43.A)
DO 78 J=1,NJ
DO S¢ L=1,3
K=(J—-1)%3+L
U(L)=R(K)
S9 CONT INUE
WRITE(L,68) J, (U(K), K=1,3)
69 FORMAT(T11,13,T18,F18.5,T31,F1@d.5.T44-F13.3)
79 CONTINUE

WRITE(L,49) >JOINT FORCES (GLOBAL)?,’JOINT?,’DIRECTION-17,
$ DIRECTION-2° , DIRECTION-3°
DO 199 J=1,NJ
READ(21,REC=J) (P1(L),L=1,3)
WRITE(6,99) J,(P1(L),L=1,3)
9 FORMAT(T11,13,T18,F18.3,T31.F19.3,T44,F10.3)
199 CONTINUE
RETURN
END
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