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LOCAL ORTHOTROPIC, PLANAR ELASTICITY COMPUTER PROGRAM

by

THEQDORE E. LANG, NATSUQ NUMANO and OSAMU ABE

SHINJO BRANCH, NATIONAL RESEARCH CENTER FOR DISASTER PREVENTION
SHINJO, YAMAGATA-KEN, JAPAN 996

ABSTRACT

Analysis of elasticity and related type problems is facilitated through the
development of a finite element (LOPE, Local Orthotropic, Planar Elasticity) code.
Direct application is to two-dimensional elasticity problems, that may include
material orthotropy, surface and body force loading, and constraint boundary con-
ditions. In addition, the algorithm is applicable to steady state (potential)
problems such as in ideal fluid flow, tertiary viscoelastic creep, flow through
porous media, and heat transfer, The basic finite element of the code is the
constant strain triangular element, which, by superposition, may be used to define
quadrilateral shaped elements. The program uses Gauss elimination to solve the set
of algebraic equations, which are handled by matrix partitioning in order to
accommodate large order problems on medium sized computer systems. The program is
operational on the Shinjo Branch {NRCDP) Melcom 70 computer system, and has been
used to solve problems where core limits are exceeded. Listing of the computer
instructions is glven in this reporting, together with input format descriptions,

and test problems that check the various options of the program.
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Introduction

A computer code entitled Local Orthotropic, Planar Elasticity (LOPE) has
been developed to solve planar elasticity problems by application of the
finite element method on the Melcom 70 (Mitsubishi Electric} computer system,
Program LOPE is a modified version of program PALOS, originally developed by
Goudreau, Nickell and Dunham (1967). Program LOPE is both & simplified and
performance improved version of program PALOS, Simplification includes de-
letion of polar planar peometries, axisymmetric shell geometries, and reduction
of options on material and thermal environment representations, Performance
is improved by changes in algorithm executions consistent with the functions
of the Melcom 70 computer system. Original documentation of program PALQS
entitled, "Plane and Axisymmetric Finite Element Analysis of Orthotrepic Elastic
Solids and Orthotropic Shells", will be considered in this reporting as the
primary scourse on finite element theory pertaining to computer program LOPE,
This users manual is intented as a supplement to indicate how input data is
formatted for porgram LOPE, and to provide test problems and statement list-
ings of the code. Anyone using program LOPE is advised to become familiar with
the Goudreau, etal. document as may be needed.

Program LOPE may be used to solve planar elasticity problems either in
plane-strain or plane-stress, based upon a finite element representation in
the plane, Discretization of this plane, designated the x, z plane, into
elements may be either triangular or quadrilateral, based upon definition of
a set of nodal points interconnected by strainght lines. The layout of the
element array is an important consideration in making efficient use of the
program. One limiting consideration is the spread or difference between node
numbers within the individual elements of the problem, The largest difference
between node numbers of any element may not exceed 26 in the listed code.
Node numbers should be assigned in a regular pattern, and nodes should be

nunmbered across the narrower width of the region, Examples of efficient and

— 86—



inefficient nuwbering schemes are shown in Figure 1. After element layout,
and nodal numbering, then the maximum node differemce in the member can be
determined from inspection. Designating this by, [)N , ther the bandwidth of
the problem can be defined as

MBAND = 2Dy +2
For the LOPE code, as listed herein, DN < 26, so that MBAND< 54. Later, use
will be made of MBAND in additional calculations, The LOPE code, as listed
in the Appendix of this repert, has limits expressed in DIMENSION and COMMON
statements which are to be considered as a guide, and may be changed as the

capacity of the computer permits,

Plane Stress-Plane Strain

The general 3-D constitutive law used by the LOPE program allows up to seven

material coefficients, namely.

o
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To express the C's physically for an isotropic material having material mod-

ulus, E, and Poissons ratioc, ¥ , we have,

cu = C?.z = C33 = }‘+2'/“
Cz = €13 = Co3 = 2
Cas "/""

Aa —VE - =
Cre9)1-24) - 2{1+9)

c
For plane stress in the x, z plane, we set ﬁ;=0, which yields E‘ﬁ -—::-53- 2_"_’"8,,
T

where

which when substituted into the constitutive equations yields
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The transformation to the C*'s is done by the program if €;,1s non-zero in the
original input array and plane stress is indicated in the input data, If
C;1 =0 then reduction to plane stress is assumed to have been done already
with the coefficients that are input. If the program computes the C*, then
these are cutput and the plane stress condition is noted.

For plane strain, E‘i- =0 and the constitutive law reduces to

Tx ¢, L Csy © Ex
Ty = | Cin Cy © E‘r
L= Ciy C33 © [{ ¥
f,; o o 44

where no transformation of the C's is required.
If the material is orthotropic in the x, z plane then the seven material
constants have different values, and the starting 3D constitutive equation,

assuming shear in the x, z plane, is
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The inverse of this equation, namely
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, ! / /
has the physical meaning = — = - 44 = —
A“ £y ’ Azz_ Eu, d a3
A’z = o &i = - 4}[1 A;: O 4}3.'. - - £3
Ey Eqa £z EJJ
4 = - ._‘v’_J. = - ——-4/3’ /444 =
2 £33 Ey Gr3 .
Here E;; is the elastic modulus of the material along the £ axis,
£, .
i&y- = - ‘ﬁ/E}j far stress applied along the L axis, and Géj is the

shear modulus corresponding te shear stress in the f:,J plane.
Other interpretations of the C's are required if the computer program is
used for steady-state viscoelastic znalysis, for steady-state fluid potential

flow, or for other planar mechanics problems.

Triangular and Quadrilateral Elements

The triangular element used in LOPE is the planar elasticity element com-
monly reported in finite element texts. The element has 3 nodes, with two
displacement compoments at each node. Thus for the triangular element the
stiffness matrix is 6x6. A quadrilateral element, when specified in the
input data, is made up from 4 triangular elements by creating a fifth node,
which is later deleted from the stiffness matrix, Thus, the final quadrilateral
element has 4 nodes, with L ,1 displacement components at each node, so that
the stiffness matrix is 8x8. The quadrilateral element may be trapezoidal,

1f necessary (Figure 2).

Element Stresses

For each element of a finite element problem one set of stresses is com-
puted, which should be considered as acting at the centroid of the element,
In program LOPE several sets of stress components are computed. One set is
referenced to the global X, Z coordinate system. These are stresses UT, R 6:;3
and 073 in Figure 3. A second set of stresses are the principal stresses,
which are 0';1‘: , 0o, at angle @ measured from the X axis (Figure 3). A
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Figure 2 : Types of quadrilateral elements
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third set of stresses designatedﬁ;iand (Gt are also computed, which are the
stresses normal and tangential to the J, K boundary of the element,

In Figﬁre 3 is also shown the correct sequencing of node numbering con-
sistent with the global coordinate system, If the rotation from the X to Z
coordinate axis is counterclockwise, as shown in Figure 3, then the listing
of nodes In the element data should also be counterclockwise, Thus, three

choices of listing the node points are:

1-2-3
2-3-1
3-1-~2

Which one to use depends upon which stress G;K is desired, and is the choice

of the user.

Program LOPE Structure

Program LOPE is made up of one MAIN program and four subroutines, named
LOCATE, TRISTF, MODULI and MODIFY. Subroutine LOCATE has the purpese of read-
ing and writing program Input and control data. Also, several calculations
are performed in this subroutine including the interpolation for inter-
mediate nodes and elements that are not listed in the input data, and conversion
of pressure boundary conditions to equivalent nodal forces. Number of nodes,
elements and matrix bandwidth are also checked relative to limiting values in
LOCATE. Subroutine TRISTF is the element stiffness and force vector generation
code. It is called once if the element is triangular and four times if the
element is quadrilateral. Subroutine MODULI transforms the material coeffi-
cient matrix from local to global coordinate reference. Subroutine MODIFY is
used to impose displacement boundary conditions on the total structure stiff-
ness matrix. All remaining finite element functions are performed in program
MAIN. This includes the following:

1, Element stiffness matrix overlay to form the total structure stiffness
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matrix.

Imposition of directional gridpoint displacement conditions.

Reduction of the stiffness matrix to semi-diagonal form and back sub-

stitution for the displacement solution by Gaussian eliminatiom,

Printout of displacements.

Calculation and printout of element stresses.

The original PALOS program has proven to be an efficient and useful program

to solve 2D elasticity, fluid, and viscoelasticity problems. It if expected

that the simplified version, LOPE, has the essential characteristics and util-

ity of the original program.

INPUT DATA DESCRIPTION FOR PROGRAM LOPE

Line 1

: Title data : FORMAT {40A2)

Columns 1 - 80 : Name and identification information

Line 2 : Control Data : FORMAT (515, 2Fl0.0)

Columns 1 - 5 :
Columns &-10 :
Columns 11-15 :
Columns 16-20 :
Column 25 :

Columns 26-35 :
Columns 36-45 :

Number of nodal points (600 maximum)

Number of elements (500 maximum)

Number of different materials (10 maximum)

Number of boundary pressure conditions (50 maximum)

Program option:
1 plane strain analysis
2 plane stress analysis

Acceleration in the X directien

Acceleration in the Z direction

Line 3 : Material Data : FORMAT (I5, Fl0.0, 2542)

Columns 1 - 5 :
Columns 6 - 15 :

Columns 16 - 70 :

Material number (number from 1 to 10)

Mass density of the material (this is used
only if accelerations are specified, to
compute equivalent static force}

Material title and identification
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Line 4 : Material Coefficients : FORMAT (7E1Q.4)

ELASTICITY COEF ISQOTROPIC VALUE
Columns 1 -10 : Cu M 2 phe
Columns 11-20 : Ciz >
Columns 21 ~30 : Cia p S
Columns 31 -~ 40 : Ci2 h*%}b
Columns 41-50 : Cza b

Columns 51 - 60 : Ca3z >'*'7'/"‘
Columns 61 - 70 Qa4 /l&

All orthotropic material properties are assumed to be defined with respect to

-

the local axes of orthotropy. The Lame constants M and/u for an isotropic

material are related to the engineering constants E and 4 by

AE - E
o (+a)a-24) /u A(1+4)

For the case of plane stress (f;.‘, =0) the material coefficients will be
modified by the program unless coefficlent Cu_ in columns 31 -40 is zero,

indicating that the coefficients have already been modified.

Line 5 : Nodal Point Data : FORMAT (I5, 3X, 2I1, 5F10.0)

One line is needed for each nodal point (see exception below).
Columns 1 - 5 : Nodal point number

Colunn 9 : Put 1 if Z displacement is to be specified
Column 10 : Put 1 1f X displacement is to be specified

(If columns 9 or 10 are zero or blank, then the corresponding
force will be specified).

Columns 11 - 20 : X coordinate of node {in global X, Z)
Columns 21 ~ 30 ¢ Z coordinate of node (in global X, Z)
Columns 31 -~ 40 : X force or displacement component
Columns 41 - 50 : Z force or displacement component
Columns 51 - 60 : boundary angles (degress from X axis)
(If a boundary point is constrained to move in a direction §,

input the angle, in degrees, from the X axis, positive as shown.

n o

08 &S 360

Fig.3-2
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In this case leave columns 9 and 10 blank. Columns 31-40

are then the § force, and columms 41-50 are the displace-

ment),
Nodal points must be listed in numerical sequence, If values are omitted
then nodal points are generated at equal intervals along a straight line
between the defined nodal points., If the end point boundary codes (9 and
10) are the same at each end of the interval, then that code will be assigned
to the generated nodes. If they are different, then the codes will be
assigned zero. The generated nodal point forces or displacements will be

ZETO.

Line 6 : Element Data : FORMAT (615, Fl1l0,0)

One line is needed for each element {(see exception below).
Columns 1 - 5 : Element number
Columns 6 -10: Nodal point I
Columns 11 -15: Nodal point J
Columng 16 - 20 : Nodal peint K
Columns 21 ~ 25 : Nodal point L
Columns 26 - 30 : Material number
Columns 31 - 40 : Local angle of orthotropy (degrees from X axis)
An element may be triangular or quadrilateral, depending upon whether it is
defined by three or four nodes, respectively. 1If the global axes transform
from the X to Z axis by a counterclockwise rotation, then the nodal sequence
I-J-K-L must be a counterclockwise rotation around the element. If the
element is triangular, set L=K,
The maximum difference between any pair of I, J, K, L may not exceed 26
(the maximum node numbering difference of the problem).
If the principal material axes ~, ~ of an orthotropic material element are

different from the global X, Z axes, then the angle (in degrees) from the X

axis is input positive as shown, 3 £

i

Fig.3-3
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Elements must be listed in numerical sequence. If element numbers are
omitted, then elements are generated by incrementing I, J, K and L of the
‘previous element by one, The material identification code and the local
angle of orthotropy are set equal to that of the previous line, The last

element of the problem must always be input.

Line 7 : Boundary Loading Data : FORMAT (2I5, 2F1(.0)

One line is needed for each boundary segment which is subjected to
a normal or tangential pressure,

Columns 1 - 5 : Nedal point II

Columns 6 -10: Nodal point JJ

Columns 11 - 20 : Normal Pressure

Columns 21 -~ 30 : Tangential Pressure

The boundary element must be on
the left as one progresses from
from I to JJ, Surface tensile
force is input as a negative

pressure. Positive shear pressure

Fig.3~4 is in the direction from I to JJ.

RCh,
QUTPUT DATA

The fellowing information is output from the computer.

1. Printout of the input data, If, in a plane stress problem the material
coefficients are modified, then the medified set are output., The
program also ocutputs whether the plane stress or plane strain option
is being used.

2. Printout of the computed node point displacements.

3. Printout of the centroidal stresses and strains in the following

coordinate systems:
A, global
B. principal (with separate angle for stresses and strains)
C. Normal and tangential to J-K face

{see Figure 3 for further definition of the stress components)
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Program Operation on Melcom 70

The original main program and three levels of eight subroutines comprised
in progrhm PALOS, were replaced by a main program and one level of four sub-
routines in program LOPE. The main program in LOPE was expanded to include
three of the longest subroutines in program PALOS, The remaining 5 sub-
routines were reduced to 4 and accessed at one level of subroutine entry, as
required by the Melcom 70 system. One data storage and accéss option in
program PALOS that provides efficient dataz handling, was simulated in porgram
LOPE in order to retain the same efficiency. The option takes into account
the array symmetry and band limiting characteristics of the finite element
stiffness matrix. In stiffness matrix generation and overlay only the lower
dragenal and off-diagonal elements are retained, and these data are generated,
stored and re-read from computer memory, to disk, and back inte memory by
blocks. This process of data handling is efficient relative to total storage
allocation needed in problem execution on the Melcom 70 system, A user of
the program, in taking advantage of this data handling feature must make
some simple preliminary calculations prior to assigningdisk storage for pro-
gram execution.
A BLOCK of data is defined, using the bondwidth (MBAND) defined earlier,

as
BLOCK OF DATA = DATA LENGTH = (MBAND + 1) x 54

There may be several BLOCKS OF DATA, the number of which may be computed as

follows

MAXIMUM NODE NUMBER OF GRID
27

NO. OF BLOCKS =

rounded off to the next larger whole number (integer). On the Melcom 70
the record length on the computer disks is defined as
RECORD LENGTH (2D DISK) = 256 bytes = 128 words
for an unformatted R/W statement. However, two words are needed to store each

REAL NUMBER of a data set. Thus, the number of RECORDS needed for each BLOCK
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OF DATA may be computed based upon the value of the bandwidth (MBAND). The

result of this computation is summarized in Table 1.

TABLE 1 : Number of RECORDS necessary for storage
of array of bandwidth MEBAND

MBAND DATA LENGTH NO. OF RECORDS/BLOCK

4 270 5
6 378 6
8 486 8

10 594 10

12 702 11

14 810 13

16 918 15

18 1026 17

20 1134 18

22 1242 20

24 1350 22

26 1458 23

28 1566 25

30 1674 27

32 1782 28

34 1890 30

36 1998 32

38 2106 33

40 2214 35

42 2322 37

44 2430 38

46 2538 40

48 2646 42

50 2754 44

52 2862 45

54 2970 &7

In summary, once the bandwidth (MBAND) is known, then from Table 1 the NO, OF
RECORDS/BLOCK can be determined, finally multiplying by the NO, OF BLOCKS, as
computed above, ylelds the total NO. OF RECORDS needed for the problem being

solved. This number is used to define disk storage, and if designated STORE,
the format of the statement is

&¢// DEFL UD, STORE, NO. OF RECORDS, U
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Following this, DEVICE no. 1l is specified in program LOPE so an assign state-
ment (ASGN} is needed of the form

@ @// ASGN Ull = STERE, UD
Assuming that a problem data file has been built, designated DATA, then the
sequence of computer instructions needed to execute (EXEC) a problem is:

@@ /! ASGN U7 = DATA, UD

@ ®// DEFL UD, STPRE, NO. OF RECORDS, U

@@ /! ASGN Ull = ST¢RE, UD

@ ¢ !/ EXEC L¢PE, UD
These instructions assume that data areaUD is used and that the LPPE program

has been compiled .and placed in disk area UD.

LOPE Test Problem #7

This test problem is designed to check the basic operations in program
LOPE, including INPUT-OUTPUT, DISPLACEMENT COMPUTATION and ELEMENT STRESS
COMPUTATION. In addition, the problem is large enmough that three BLOCKS of
data are generated, of which two are stored on disk by the WRITE-READ-
BACKSPACE function on the Melcom 70 computer.

The test problem is of an axial rod of mild steel supported at one end
(X=0) and loaded by a cencentrated force of 10,000 LB at the other end
{(¥=10"), The finite element representation of the probelm uses 40 square
elements that are 1" by 1", with corresponding 55 nodal points(Figure 4).
The 103,000 LB load acts in the positive X direction, and is applied at node
point #53 (Figure 4), The axial rod is assumed 1" in the third dimension,‘
otherwise the 10,000 LB force may require redefinitiom. At the upper
(supported) end of the axial rod displacements W, , U, , Wy, Uy, Uy 1n the
X direction are set to zero. However in the Z direction the rod is allowed
to change width, as only U: =0, These displacement constraints at the sup-

ported end of the rod are sufficient to prevent any rigid body tramslation

— 100—
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in the X-Z plane, or rotation about the Y axis, which always must be checked.

If rigid body motions are not prevented, then the solution returned by LOPE

* will not be well-defined.

Another reason for selection of the test problem above, is that a closed
form solution for the stresses in the rod are given by Timeshenko (1970),
which can be compared with the program computed values. The comparison is
shown in Figure 5 at three stations along the rod, X=6.0", 8.0" and 9.0".
The solid line distribution is that reperted by Timoshenko, and the X values
are the values cbtained from the computer solution. A close correspondance
between the two sets of values is evident, and by making the finite element
grid finer, more finite element stresses can be computed across the width
of the rod.

The input data for this problem is listed in Table 2, and the cemputer

output is listed in Table 3.

—102—
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Figure 53 : STRESS DISTRIBUTION, TEST PROBLEM #7
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INPUT DATA FOR TEST PROBLEM #7

LOPE TEST FROBLEM #7

40 1
1 0.0
403 EO2 .173

i
{
i
i
i

LL]
<

=3

w
N

S3

.
1
{
%
!
i
1
1

— 14—

o] 2 Q,0 0.0
MILD STEEL
E0o8 .173 E09 .403 EO08 173 EO8 .403 E08 .115 Eog
0.0 -2.0 0.0
0.0 -1.0 0,0
0.0 __ 0,0 0.0 B.0 o o
0.0 1.0 0.0
Q.0 2.0 0.0
1.0 -2.0
1.0 2.0
2.0 -2.0
2.0 2.0
3.0 ~-2.0
.0 2.0
4.0 -2,0
4,0 2.0
5.0 -2,0
- 2.0 B
6.0 -2,0
&.0 2.0
7.0 ~2.0
7.0 2.0
2.0 -2.0
8.0 __ _2.0_ i B
.0 -2.0
9.0 2.0
10.0 -2,0
0.0 -1.0
0.0 0.0 10000
10.0 _t.0_ e i o
10.0 2.0
7 2 1
12 7 1
17 12 1 s
22 171 '
27 22 i i
327 27 1
37 3z 1
42 37 1
47 4z 1
g2 47 1
85 50 i
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TABLE 3 : COMPUTER QUTPUT FOR TEST PROBLEM #7

Cil=

X1 ACCELERATION-====me e C0.0000E-01

£23=

Cii=
£23

- PAGE 1 -

LOPE TEST PROBLEM #7
T PLANE STRESS PROBLEM

NUMBER OF NODAL PQINTS—=—-=—==-mnu 55
NUMBER OF ELEMENTS=—mmm—m— e 40
NUMEER OF DIFFERENT MATERIALS-——- 1
NUMEER OF PRES/SHEAR CONDITIONS- O

X3 ACCELERATION—=—mmm—mm e 0. 0D0OE-01

- PAGE 2 -

" MATERIAL DATA

MILLD STEEL
4,03E+07 _C12= 1.,73E+07 Cl13= 1.73E+07 (22Z= 4,03E+07 '
1.73E+07 C€33= 4,.03E+07 C44= 1.1SE+07 DENSITY= 0.00E-G1

PLANE STREDES REDUCTION OF MATR. COEF.
J.27E+07 Clz= 0.00E-01 Ci13= 9.87E+04 C22= Q.00E-0O1 ;
0.00E-01 €33= 3.29E+07 C44= 1.15E+07 DENSITY= 0.00E=Q1

— 05—
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- PAGE 3-
NODE PNT CODE X1=-COORD X3-COORD X1-LD OR DISP X3-LD OR DISP ANGLE
1 1. 0. 0000 -2.0000 0. 0DCOE~D1 0, O0GOE-O1 0. OU00E-O1L
2 1. 0.0000  ~-1,0000 0.0000E-01  0.0000E-O1 ___ 0,Q000E=01
3 11. 0, 0000 6. 0000 0. 0000E-01 0.0000E~01  0.0000E-Ot
4 1. 0. 0000  1.0000 0. 0000E-O1 0.0D00E=-01 ____0.0000E-01___!
5 1. 0. 0000 2.0000 0. 0000E-01 0. 0O00E-01 0. O0OVE-O1
& 0. 1.0000 -2.0000 0. COO0E=01 0. 0000E-0Q} 0. 0000E=-01__
7 0. 1.0000 Z1.0000 0. 0000E=01 0, O000E-01 0. OGOCE-01L
8 0. 1. 0000 0. 0000 0. OOO0E-01 0.0000E-01 _____0.00COE-01
® 0. 1.0000 1.0000 0, O00OE=01 0. 0000E-01 0. 0Q00E-01L
10 0. 1. 0000 2.0000 0. 0000E-01 0. 0000E-01 0. O000E-01
11 0. 2.0000 -2.0000- 0. D00OE-01 0. 0000E-01 0. 00Q0E=-01
1z _0, _2.0000 ___ -1,0000__ _ 0,0000E~0} 0. 0000E-D1 0. DOOOE=-01
13 0. 2. 0000 0.0000” 0. 0000E=01 0. 0000E =01 0. GO00E-01
14 0. 2.0000 1.0000 0.0600E-03 0.00Q0E-01 _ __0.0000E-01
15 G. 2.0000 2.0000 0. COOOE~01 0. GOODE-01 0. 0000E-01
16 0. 3. 0000 -2.0000 0. OOOOE-01 0.0000E-G1  _0.0000E-01
17 o. 3.0000 -1.0000 0. 0000E~01 0. 0000E-01 0. 0OCOE-01
o 1e 0. 3.0000__ _ G,0000  0,0000E~01___ 0,0000E-01 2.0000E-01
19 0. 3.0000 T1.00007 T 0. 0060E-01 G, OO0DE=01 0.00G0E-G1
20 o. 3.0000 2.0000 0. DO0OE~-01 0,0000E~01  0.0000E=01
21 o. 4.0000 -2.0000 0. 0000E-01 0. 000GE-01 ¢. COCOE-OL
22 0. 4.0000 -1.0000 0. 00D0E-01 0.0000E-01 __ 0.0000E-01
23 0. 4,0000 0. 0000 0. 0000E-01 0. 0000E-01. " ©0.0000E-01
28 0. #0000 __ __ 1.0000____ 0.0000E-01 ___ ©0.0000E-01 0. 0000E-Q3
28 0. 4.0000 2.0000 T "0.0000E-01 0. 0000E-01 &, OO00E-01
26 0. 3.0000 -2. 0000 0. 0DOBE-01 _0.0000E~01 ___ 0.0000E-01 _|
27 0. 5. 0000 ~1.0000 0. CO00E-01 0.0000E-01 0.Q00GE-01 |
28 0.  S.0000  0.0000 0. O0ONE-01 0.0000E-01 ___ 0,0DO00E-01 |
29 0. 5, 0000 1.0000 0. 0000E-01 0. 0COCE-01 0.0000E-01 |
30 0. 5. 0000 2.0000  0,0000E-01 0, DODOE=01 o DOOOE~01 )
31 o. &. 0004 —2.0000 0. 0COOE~01 &, 0000E=01 -0000E=01" |
i 32 _ 0. 6.0000  -1.0000  0.0000E-0!  _0.0000E-01 _ o ODOGE-01 |
33 0. 4. 0000 0.0000  0.0000E-01 0.0000E-01 " 0,Q000E-01 '}
34 0. 6.0000  1,0000 0.0000E~01  0,0000E-01 ___0,0000E-01
35 o, &, 0000 _2.0000 0. 0ONOE-01 0. 0000E-01 0. 0000E-01 |
34 0. 7. 0000 2.0000  0,0000E-01 0. G000E-01 0. 0000E-01_
37 0. 7. 0000 =1 0606 0. GOO0E=01 0. 0060E-51 0.0000E-G1™
3g o, 7.0060 0. 0000 0.0000E-01  0.CO00E-01 __  €.0000E-01
39 o. 7.0000 1,0000 0. 0000E-01 0. 00G0E~O1 9. OOOVE-O1
. 0. 7.0000 2.0000  ©O,0000E-01 ___ Q,0000E-C1 _ 0,0000E-01
a1 o. 8.0000 ~2.000Q 0.0000E-01  0.0000E-01  ~  0.,0000E-0t
42 0. £.0000 -1.0000 0. QOODE-G1 0. 0000E~01 C.O0Q0E-01
43 O, T gL 00007 T T 00000 0. DOUGE=G1 O, G000E~01 0. 0000E=0T
44 0. &.0000 1.0000 0,0000E-31 _ _ 0.0000E-01 ___ ©,0000E-0t
as 0. §.0000 2.0000 ©0.0000E-01 0. OO0RE-O1 0. ODONE-O1
46 0. 9.0000  -2,0000 0,0000E-01 0.C000E=01  0.00GOE-O1
47 0. 2. 0000 ~1.0000 0.0000E~01 0. OOGNE-01 Q. 00ODE~O1
43 0. 9.0000____ ©€.0000___ _0.0000E-01___ 0.9000E-01 0. QUOE-01
a3y 6. 2.,0000 10000 0. GOJOE=01 6. 0060E-01 0. 0000E-01
S0 G, 9.0000 2. 0000 0.0000E-01  0.000DE-Q1 _ _ ©.O00OCE-01
51 0. 10,0000 ~2.0000 0. 0000E-01 0. OOOVE-01 0.0000E-01 |
i B2 O, 10,0000 -1,0000  0.0000E-01 _ _ 0,0000E-01 __  _0.00GOE-01
53 0. 16, 6000 0.0000 1.0000E+04 0. 00C0E-01 0.0000E-0t
. m4 0, _10.0000_ 1 1.0000  0.0000E-01__  0,0000E-Q1 ___ _0.Q000E-01
55 0. T10.0000 2.5000 0. 0000E-01 0. O0G0E-S1 0. O000E-01 |

:
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= PACE & -
ELEMENT 1 J K L MATERIAL ANGLE
1 1 & 7 2 1 0.0000E-01
———l.2_ 2z 7 . 8 3 1 0.0000E-01
3 2 -] 9 4 t 0.0000E-01
4 4 ¢ 10 5 1 0.0000E-01
5 & i1 12 7 1 0.0000E-01
. & 7.1z 13 8_ .1 0,0000E-01
7 8 i3 14 U i 0.0000E~01
__..8_ % 14 1% 10 1 0,0000E-01
v i1 14 17 12 17 0.0000E~01
) 10 iz 17 18 13 1 _0.G000E-01_
11 13 ig 19 14 17 0. 0000E-01
o 12 _1s 1% 20 1§ __ 1 ©.0000E-01
13 1& 21 22 17 i 70, 0000E=-01
& 17 22 23 18 1 0.0DOOE-01
15 18 23 24 19 1 0. 0000E-01
16 19 24 23 20 1 0.0000E-01
17 21 26 27 22 1 0.0000E-01
. 18 22 27 8 23 1 0.DODOE-O1
1% 23 28 29 24 17 6. 0000E-01
~ 20 24 29 30 25 1 0.0000E-01
21 247 TTRL T TR 2y T 17 0 0000E-01 T T
22 27 32 33 28 1 0.0000E-01
CUT23T T28 TTT33% 0 34 T 29 "1 0. 0000E-01
24 29 34 b1 30 1 0.0000E-01
TTTTT2sT 31 34 37 32 17 OU0000E=01
26 32 37 33 33 1 0.0000E-01
T2y T T'E3 T TT3s 39 3 71 T 0.0000E-0L
2 3@ 39 ap  3FF 1 D.0000E-O1
29777367741 42 37 "71 7 0. 0000E-01
_ 30 a7 42 43 3z 1 0.0000E-01
3t 38 43 44 - 2 1 0. OC00nE=GI
32 3% 44 45 40 1 0.0000E-Q1
3z 41 44 47 T4z 1 0.0000E~0I
i B4 42 &7 43 43 1 0,0000E-0f _
35 43 43 43 44 1 0. Q0GUE~0L
e 36 44 4% S0 A5 1 0,0000E-01
37 4 si 52 47 17 0. 000OE-OL
32 47 s2 53 43 1 0.0000E-01
29 43 53 54 49 1 0.0000E-01
.80 49 m4 %5 50 1 0.0000E-01
BANDWIDTH-—————-=215 - 14 T
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- PAGE 5 -
NP X1 X3 ut u3
H 0.00 =2.00 0.COQ0E-01 5,0207E-05
2 .00 ~1,00 O0.0000E-0% 2.5101E-05 _
3 ¢, 00 .00 0.0000E-01 0,00C0E~-01
4 0.00 1.00 0.0000E-01 -2,B097E-05 o
s 0.00 2.00 0.0000E-01 =5, 0204E-05
& 1,00 =2,00_ 8.3599E-05 S.0186E-05_
7 i.00 1,00  8.3609E-0% 2.5083E-05
g 1.00 _ 0.00 &,3400E-05 2,1109E-0% )
e 1.00 1.00 2.3409E-05 ~2,5079E-05
1.00 2.00 8.3597E-05 -5,0182E-05 L
2.00 =-2.00 1.46728E-04 S.0119E-05
2,00 =1,00  1.467Z21E-04 _2.5024E-05
2.00 0.00 1.4671%E-04 3,46198E-09
2.00 1.00 1.46721E-04 -2,.5017E-0S
2.00 2.00 1.4724E-04 -5.0111E-0%
3.00 -2.00 2.5103E-04 S,0037E-05
3,00 -1,00 2.5077E-04 2,4934E-05
- 3.00 _ __ 0.00_2.S057E-04 S.3124E-09
.00 1.00  2.5077E-04 -2.4924E-05
3.00 2.00 2.5102E-04 -5,0027E-05
4.00 -2.00 3.3518E-04 5,0193E-05
4,00 -1.00 2.3426E-04 2.5006E-0S
4,00 0.00 X,3I0E-04  &.9H40E-09
_4.00 _ 1.00  3,3428E-04 ~2.4992E-05__
400 "2.00 3.3517E-04 -5.0181E-05
5.00 ~2.00 4.1984E-04 5,1502E~05
S5.00 -1.00 &.1767E-04 2,5971E-05
5.00 _0.00 4,1711E-04 6.3810E-09
5,00 1.00 4, 1747E-04 -2.S57S4E-0%
.00 2.00_ 4,1933E-04 -5, 149SE-05 B
&.00 2,00 5.0406E-04 S, 6130E-05
600 =1,00 5,0129E-04 2.9730E-05
T&.00 0.00  S.0223E-~04  9.4224E-0%
) 6,00 1,00 5.0128E-04 -2.9711E-05
&.00 2.00 5. 0404E-04 ~%, 6112E~0F
7.00 -2.00  5,8258E-04 &.56733E-0F o
- 7.00 =1.00 S./8625E-04  3.9314E-0S5
7. 00 0.00 5.9494E-04 1.0053E-08
7.00 T 1,00 B.8425E-04 -3, 7294E-05
_ 7.00 _ 2.00 _5.92T9E-04 —6.&763E-0F
B 8.00 T L2.00 7 4.3950E-04 7 8, 0572E-05
42 8.00 ~1.00 &,7532E-04 5.33509E-0S L
T T a3 8,00 0. 00T 7.0834E-047 1. 06176708
43 8,00 1,00 &,7T32E-04 -5,348SE-05
45 8.00 2,00 &.39506-04 -2,0551E-0%
45 .00 -2,00 &.8641E~04 4.9492E-05
47 i} §.00 -1.00" 7.5929E-04 5.8812E-05
a8 9,00 _0.00 ®.7538E-04 1.1197E-08 __
"""" 43 TR0 T L0 T 7.8939E-04 —5.8790E-QS
50 .00 2.00 &.4641E-04 -4,9470E-05
51 10,00 -2.00 &,4442E-04 -5.5701E-05
52 _10.00  ~1.00 7.S89ZE-04 -B.742TE-05
53 10,00 TOT0,00 1.1799E-03 1.1411E-03
54 _10.00 1.00 7.5292E-04  S.7448E-05
T ss TR0 00T T T T 2000 T TELA642E-04 B S724E-05
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Locatl Orthotropic, Planar Elasticity Computer Program
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Additional test problems were run to checkout other functions and options
of the computer code. Results of these tests are summarized briefly below.
‘For each problem the input data is listed for reference purposes. All test
problems use the same grid system as problem # 7, with only loading or con-

straint conditions changed.

LOPE Test Problem #8

In this test the concentrated force was replaced by a compressive pressure
loading along the unsupported bottom edge of the rod. Thus, the rod is
lcaded uniformly and the stress in all elements should be 0;'-2500 psi, with
all cther components zero. This result was obtained from the computer
solution, but is not listed; however the input data for this problem is list-
ed in Table 4. The nodal displacements were also constant across the rod
and became pragressively larger with distance X along the rod, The displacement
state is shown by the dashed line g?id in Figure 6. The thecretically com-

puted displacement of the leaded end of the rod is

s - BL L dmelie) o ssszxstin.
AE 4 (30x10%)

which compares well with the computer predicted value § = -8.3604 x 107% in.

A second version of the uniformly loaded rod was run to checkout the
gridpoint constraint function of the program. The uniform pressure was applied
as before, but gridpoint #51 was constrained to move at a 45° angle to the
axis of loading. This caused the distortion in displacement of the rod, as
noted in Figure 7. No quantitative analytical results are known for this test
case, only that the displacement state conforms to the constraint condition

that was imposed, The input data for this problem is listed in Table 3.

LOPE Test Problem #9

This problem tests the application of a shear boundary stress, similar to

— 12—
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TABLE 4 : COMPUTER INPUT DATA FOR TEST PROBLEM #8

1 __LOPE_TEST PROBLEM #2
z 55 40 1 & 2 0.0 0.0
3 1 ©.0  MILD STEEL e
4 .40 E08 .173 EO8 L1732 EQ8 .403 EOE 173 EOE .403 E08 .115 EOS
s 11 0.0 -2.0 0.0 i
& 2 i 0.0 -1.0 0.0
S AR S ¢ | C.0 oo 0.0 .0 -
g Fi i 0.0 1.0 0.0
3 5 c.0 2.0 0.0 o i
10 & 1.0 -2.0
11 10 1.0 2.0
12 11 2.0 -2.0
S48 15 2.0 2.0 R e
1a 16 3.0 12,0
15 20 3.0 2.0 B
14 21 a.0 -2.0
17 25 4,0 - z.0
18 26 5.0 -2.0
9 . 3____ .50 __ 20 .
20 31 TG 2.0
21 as 6.0 2.0 i
22 3e 7.0 -2.0
23 40 7.0 2.0 .
24 41 g.d ~2.0
28 45 8.0 2.0
24 45 5.0 —2.0
27 s 9.0 2.0 i ) ) ¥
22 51 10.0 ~2.0 ‘
29 52 _10.0 C-1.0 e R
20 53 10.0 0.0 ;
R 54 0.0 1.0 !
32 =5 16.9 3.0 {
33 11 & 7 2 1 o
34 s & 11712 7 1 {
3 9.3l 16 17 12 b o
38 1377718 T2 22 Ty 1 ;
3717 21 26 27 22 1 -
3 21726 T T3 27 i
39 25 31 3 37 32 1
40 29 34 41 42 37 i
41 33 41  4s 47 42 1 S ) N
42 37 a6 ®L T m2 a7 i
_A3__ .40 4y 54 55 %o 1
a4 5{" "5z 3500
55 =z 53 2500 o
46 53 =54 2500
47 5458 700 . B )
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Figure & :; DISPLACEMENT STATE OF UNIFORMLY LOADED ROD
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:+ UNIFORMLY LOADED ROD WITH DISPLACEMENT

Figure 7

CONSTRAINT CONDITION
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TABLE 5 : LISTING OF INFUT DATA FOR TEST PROBLEM
#8, WITH A CONSTRAINED NGDAL POINT

1 LOPE TEST PROBLEM #8 — WITH CONSTRAINED NODE
2 55 40 i 4 2 c.o 0.0
.z 1 0.0 MILD STEEL o o )
4 L403 E08  .173 EQ8 .173 EOS .403 EO8 173 EOS .403 EO3 ,115 EO8
s ! 1 0.0 =2.0 0.0
& 2 1 0.0 -1.0 0.0
7 311 0.0 0.0 0.0 0.0 _
) 4 6.0 1.0 0.0
9 = 1 0.0 2.0 0.0 i}
10 & 1.0 ~2.0
i B 10 1.0 _ 2.0 .
12 11 2.0 -2.0
; i _.S O 20 , .
14 is T 3.0 -2.0
15 20 3.0 2.0 o ~
14 21 4,0 -2.0
17 23 4.0 2.0 _
ig 24 S.0 -2.0
19 20 . 5.0 20 e
- I & S S | MR~ S
21 35 ) &0 2.0 .
22 34 7.0 -2.0
232 40 7.0 2.0 )
-1 a4 g,0 -2.0
5 35 .80 2 ~
26 -7 9.0 2007
27 50 2.0 __ 2.0 o .
28 Tosy R 1o 1 T I I 45
29 5z 10,0 -1.0 _
30 53 BTN 0.0
31 54 1.0 1.0
_____ 2T T TTUsSsSTTTTTTTT R000 2.0 -
33 1 1t & 7z 1 i
34 -] &7 11 1277777 1
35 % 11 16 17tz 1 _ o _
34 137 16 21 22 Ty 1
3747 21 »s 27 22 1 . B .
33 217 T R8T 78T 33 T2y 1
29 ‘2% 31 3 37 32 1 ~
40 2% 3& 41 42 37 1
41 33 41, 46 47 4z 1 o o
42 37 44 51 52 a7 1
A3 A0 49 88 55 S0 L
44 LR ] 2500
4% 52 53 2300
44 53 54 2500
A7, .54 55 2500 - s - —
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the normal boundary pressure of problem #8. The grid layout, loading, and
displacement state are shown in Figure 8. The problem is basically a can-
‘tilever beam subjected to a 10,000LB force at its free end. For this con-
figuration the thecoretical analytical maximumgefleetion at the end of the
beanm is

P(_g 12,000 (10)3

_2
= 2,08 X /0 in.
: o) (19)?
JET 3(39)(/0 ) i

compared to the computer determined value of § = 2.2743 x 102 in., an error
of 9.3%Z. Part of this error is likely due to the type of cantilever suppoert
condition assumed, in which the beam is free to expand in the Z direction
except at the centerline gridpoint (#3). Input data fer this problem is

listed in Table 6.

LOPE Test Problem #10

This test problem involved the evaluation of the axial rod of test problenm
#7 under gravitational loading along the X axis. For this calculation
acceleration along the X axis was input as ACELL = 384.4 in/sec?, and density
of the material was set at p = 0.00L Wrosec2/int,

Only the input data listing is given for this problem {Table 7). The
results obtained by the computer calculation, agree well with the exact
solution te the problem. The axial stress computed at the centroid of the
finite elements next to the upper support was §x = 3,62 psi, compared to the
exact value of € = 3,65 psi. Displacement at the lower, free end of the
rod by computer solution was § = 6.380 x 10~7in, compared to the exact solutien

of § = 6,40 x 1077 in,

References

Goudreau, G.L., Nickeu, R.E., punham, R.S5., 1967,'Plane and axisymmetric finite
element analysis of locally orthotropic elastic solids and orthotropic shells',

University of California, Berkeley, California, Report 67-15.
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: LOADING AND DISPLACEMENT STATE TEST
PROBLEM #9

Figure 8

— E

Y g ovitne — p e

b i e e

1= 2800 p5i

— s et
———_—— bl
e e} e e e | e e

E

— 118—

1X

A K A K

—— i omtar ]

_

===

—n e gt |

w2
2,274 3R/ e, P



Local Orthotropic, Planar Elasticity Computer Program——Lang « N. Numano - O. Abe

TABLE 6 : INPUT DATA FOR TEST PROBLEM #9

g L802 ECGS L1155 E08

- 1 LOPE TEST FROUBLEM #%
2 55 40 1 a2 6.0
3 1 0.0 MILD STEEL
4 L4003 EG2 L1773 EOS  .173 EOS L 403 EQS
5 1 1 6.0 -2.0 0.0
& 2 1 0.0 -1.0 0.0
o .3 _ 11 0.0 L0 0.0
-] 3 1 0.0 1.0 0.0
9 ] 1 0.0 2.0 0.0
10 & 1.0 -2.0
11 10 1.0 2.0
12 11 2.0 -2.0
i 13 15 2.0 2.0 i
14 14 TR -2.0
15 20 3.0 2.0
14 21 4.0 -2.0
17 zZ5 4.0 2.0
12 24 5.0 ~2.0
17 30 e Se0 2.0 .
T e T TR T 6.0 -2.0
21 35 6.0 2.0
22 34 7.0 -2.0
23 40 7.0 2.0
24 41 8.0 -2.0
23 .85 B0 2.0
TTTTRET 48 T T T Tl T ezl0
27 50 9.0 2.0
] S1 10.0 -2.0
29 - 10,0 -1.0
30 ] 10,0 Q.0
- D U . Ao 1.0
3z 55 10,0 2.0
33 1 14 7 2 i
24 s & 11 12 7 1
35 ¥ 11 16 17 12 1
3 13 16 21 22 17 1
37 17 21 z& 27 2 4
35 21 26 31 3z 27 1
2 25 3t 3 37 &2 1
40 29 34 41 42 37 1
41 33 41 46 47 4z 1
42 37 44 51 52 47 1
. I .40 49 34 55 B0 1
44 St s2 2500
45 52 53 2500
44 53 54 2500
47 54 55 2500
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TABLE 7 :

i
1
|

|
1

R L NI

INPUT DATA FOR TEST PROBLEM #10

LOPE TEST FROBLEM #10_

-
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=
-

Y- T BERRE | e} 2

1 0. 001 MILD STEEL
L403 EQ8  ,173 EO8 .173 EOS
1 1 0.0 -2.0
2 1 0.0 -1.0
311 0.0 0.0
4 EO e T TG
5 1 0.0 z2.0
& 1.0 -2.0
10 1.0 2.0
11 2.0 -2.0
15 . .20 2,0
te 3.0 -2.0
20 3.0 2.0
21 4.0 -2.0
25 4.0 2.0
28 5.0 -2.0°
30 5.0 2.0
317 -9 I 2z.0
35 &.0 2.0
3% 7.0 -2.0
40 7.0 2.0
41 2.0 -2.0'
45 8.0 2.0
o gl et
S0 9.0 2.0
S1 10.0 -2.0°
52 10.0 -1.0
53 10.0 0.0
=4 10.0 1.0
s TTTTTTTTTTIo 0 T Tele”
1 1 & 7 2 1
S & i1 12 7 1
g 11 16 17 1z 1
130 14 2y Tz o170 U
17 21 26 27 2z 1
21 26 31 TR ey Y
25 31 36 X7 3z 1
29 346 41 4z 37 1
33 41 46 47 42 1
37 44 51 52 47 1
40 49 954 S5 S0 1
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Timoshenkoc, S.P. and Goodier, J.N., 1970. Theory of elasticity, third edition,
M Graw-Hill, N.Y,, New York, p.59.
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APPENDIX

MAIN PROGRAM AND SUBROUTINE LISTING
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REAL TIME FORTRAN VER.EQOQ PAGE _

A DATE 83 08 23

1 C % LOCAL ORTHOTROPIC PLANAR ELASTICITY PROGRAM )
2 DIMENSION LM (#),EPS(8),516(8)
3 COMMON A (54,103}, B (108) - . .
4 COMMON/NPELD/E (7, 10) »RO(10) , CODE (£00) , X (600}, Y (600)
- #UX (1200) , 1X (500, 5) » ANGLE (500} » NUMNP » NUMEL » NUMPC
& T T T COMMONZRADTRI /XXX {5V, YYY(5Y, C 14, 4)56(10, 101, F(16)
.7 . _..__DATA PI1/28.648/ = o
] c * > . *  PARAMETER INITIALIZATION
9 NB=27 _ .
10 I5TOP=0
11 NLIMBLK=0 . _
iz 1JK=0
13 NEL=0
14 CALL LOCATE (NPF, ISTOF, ACEL 1, ACEL3, NBs MBAND)
15 ~ IF{ISTOP.NE.O) GO TO 999
16 c * * * * + OTHER INITIALIZATION
17 ND=2#NB .
ie ND2=4+NB ™
19 DO 5 N=1,ND2 _ .
20 B(N)=0.0
21 00 S M=1,ND ) )
22 75 A(MsNI=0.0
23 C * #  FORM STIFFNESS MATRIX IN BLOCKS _
24 & NUMBLK=NUMBLK+1
25  NMSNB#NUMBLK B o
26 NL=NM~NE+1
27 __ NT=NMeMBAND o _ . .
28 T NEL=NEL+}
29 KSHIFT=2#NL-2 o . ~
20 TIF (NM, T NUMRE) RM=NOMNE
3t IF (NEL.GE.NUMEL)30 T3 210 B
32 e ow x o * * SELECT ELEMENT IN BLOCK
33 DO 210 N=NEL , NUMEL o
34 MT=IX(N,S)
35 _IFCMT.BT.0) G2 TO g0
34 WRITE (4. 3001) N
37 80 TO 210 o
38 10 AM1=ACEL1+RO (MT}
37 AM3=ACELS*RO (MT) ] .
40 DO 7 I=1.4
AL IRCIXANS DY LLTUNLY B T 7
a2 IFCIX(N. 1) .LE.NTY GO TO &
a3 7 CONTINUE
44 G0 TO 210
a5 & IF(N.GT.NEL) NEL=N
4¢é DO 9 I=1.10
A7 P E O e e e
52 0o 9 J3=1,10
49 9 §(I,J1=0.0
50 IFC(ISTOP.NE.O) GO TO 90
51 c " e * %  FORM STRESS~STRAIN RELATIONSHIP
52 CALL MODULI (N, TI,J3,K,L)
C.SE_ pomaM=lL4
54 C(M,2Y=0.0
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REAL TIME FORTRAN VER.E0O0 PAGE 2 DATE 33 08_ 23
55 80 C{(2,M)=0.0 ) o
54 (0 * * * *  FORM QUADRILATERAL STIFFNESS MATRIX
57 © 20 DO 100 H=1,4 o _ ‘ L
58 MM=IX (N.M)
59 XXXAM)Y=X (MM _ N B
&0 100 YYY (M)Y=Y (MM}
61 IF(K.NE.L} GO TO 110 ] o
&2 CALL TRISTF(1,2,3,NPP, ISTOP, COMM. AMI, AM3)
43 IF(COMM.LE.0,Q) GO TO 190 _
44 GO TO 120
6% 110 XXX (S)=0,25% (XXX (1} +XXK{ZI+XXA(FIHXNK (4))
(¥ YYY(S)=0, 25+ (YYY (D) +YYY (2)+YYY () +¥YY (4))
&7 CALL TRISTF(1.2,5,NPPs ISTOP,COMM,AM1 . AM3) )
68 IF(COMM,LE.©.0) GO TO 190
&9 CALL TRISTF(2,3.5:NPP,: ISTOP,COMM, AM1 , AMZ)
70 IF(COMM.LE.0.0) GO TO 190
71 CALL TRISTF (3.4.5.NFP, ISTQP, COMM, AML,AM3) B
T 727 T IR GEOMMILEL L D) TG0 TD 190
73 - EALL TRISTF(4,1.%.NPF, ISTOP,COMM. AM1,AM3}
74 IF(COMM.LE. 0.0} GO TO 190
75 120 IF(ISTOP.NE.O0) GO TO 210
76 c * %  SOLVE FOR MIDDLE NODAL PQINT DISPLACEMENTS
77 IF(K.EQ.L) GO TO 170 .
78" i no 150 1=1,¢%
77 =5(1,10) /5(10,10) S L
ey T P(I)-P('I)‘-"CC*PHO)'
81 B DO 150 J=1,9 . ~
a2 150 S(I, =S}, JY-CC*S (10, J)
83 Do 160 1=1,8 — . i
a4 Ce=s(1. 9y /819, 9)
85 PSPPI -CCwP () ) _
&8s " DOU160 J=1,8
87 140 S, =53¢, NN -CCxS(7.0) o
""" g2 T 170 CONTINUE
89y GO TO 200
Q0 190 WRITE(&: 3000 N~ - -
91 IsTOP=1 ,
92 T U TIFGISTOPWONE.OY GO TO 210 00 T
93 c " * % MODIFY FOR SLOPINS BOUNDARY CONDITIONS
__"__9'4_'_—____Z!IiOmDD"230_K'.—:1';'4 T T Cmm T e
95 M=IX (N, K} , L
T4 T T T TTTIF(CODE(MY LGELVO.0) RO TG 2307 T T T
97 CC=-CODE (M)
o2 DX=COS (Co)
7 DY=SIN(CC) o o o
100 L=2xK=-1
101  DEN=P(L)*DX+P (L+1}#DY i
102 P(L+{7=P(L+1)»DX=P (LY#DY
103 ~ P(LIY=DEN
105 IF(J.EQ.L)Y GO TO 220 S B
106 DEN=S (L, J) *DX+S (L+1, J) *DY
107 s+, =S (L+1L, D #DX=5(L, JiwDY e _
ive TS, J)=DEN
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_REAL TIME FORTRAN VER.ECO PAGE _3

DATE 83 _08 23

N. Numano « O. Abe

— 125—

109 S{dLe)=S0R. o e
110 S(J,LI=5(L,J)
JA1l o DEN=S{L,J+1)#DX+S{L+1,J+1)*DY L ~
112 S{L+1,J+1)=S(L+1, J+1}*DX~S (L, J+1)+DY
B 113 S(L,J+1}=LEN
118 SJ+1L LAY =81L+1,J+1)
115 SJ+1,LI=S¢tL.J+1) _“ o e
116 220 CONTINUE
117 DEN=S (L,L}#DX#DX+2. 0$S(L+1 L) #DX+DY+S(L+1,L+1}#DY*DY e
TU118 T T T TS L, LF 1) DX ADY R (S (L1, L41) =S (L, L)) +S (L+1, L) * (DX#DX=DYHDY)
192 SL+1,L+1)=5 (L, L) *DY*DY-2, 0%S{L+1, L) #DXADY+S(L+1.L+1 ) #DX*DX
120 S(L.Ly=DEN
121 } S(L+1,L)=SLL+1) B . .
122 230 CONTINUE
123 ¢ o ox = & ADD STIFFNESS AND FORCE VECTORS
124 DO 240 1=1.4
o125 240 LMD =2xIX (N, I)—2 e
126 DO 280 i=1.4
127 DD 250 K=1,2 - R
128 II=LM(I}+K~KSHIFT
129 IF(II) 250,250,270 o o
130 T 270 KK=2%]+K-2 S :
131 B(ITI=B(I1)+P (KK} . o ;
T 32 TR 250 J=1.4 !
133 - DO 250 L=1,2 o o o
134 T T II=LM (D +L-TI-KSHIFT+1 |
135 CLL=Zedel-2 ) s
134 IF{JJ) 250,250,260
137 240 A(II, 111 =A(J3, I1)+S(KK,LL)
138 250 CONTINUGE
139 210 CONTINUE _ o
140 IF(ISTUOR,.NE. D) GO TO 290
141 © = %  ADD CONCENTRATED FORCES, MODIFY FOR DISPL B. €.
142 DQ 350 N=NL, NM
143 K=2¢N-KEHIFT-1 _
144 CC=CODE (N)
145 _IF{CC,ER.0.0) GO TO 340 o N o
144 "TIF(CC.ER, 1.0.0R.CC.EQ.11.0) CALL MODIFY (K,UX (2+%N=1) . NE, MBAND)
147  IF(CC.LT.0.0.0R.CCLER.10.0) CALL MODIFY(K+1,UX{2%N),NEB,MBAND)
143 IF(CC.EG. 11.0) CALL MODIFY (K+1,UX (2N}, NB, MEAND)
149 340 B(K)=B(K) +UX(2%N-1)
150 BIK+1 Y =R (K+1) +UX (2N
151 350 CONTINUE o _ o )
152 € Ve * # %  REDUCE BLOCK OF EQUATIONS
153 DO 370 N=i,ND . )
154 IF(A(L-N).ER.0.D) GO TO 370
155 BUO=RNI/A(L:NY e _
154 DO 240 L=2, MBAND
157 IF(AL,NY .EQ,.0,0) GO TO 340 B
158 CC=A{L,N} /A{1:N}
159 I=N+L~-1 - .
140 J=0
el b0 380 K=L.MBAND _ .
142 J=Je1
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163 280 AT, D =AT, 1) -COxAIK.NY
144 B(I}=B(I)—A(L,N)*B{N)
<1465 AlL.NY=CC o ) _ ~
166 360 CONTINUE
147 370 CONTINUE o
487 T390 IF(NM.ER.NUMNP} B0 TO 400
149 IF(ISTOP.NE.O) GO TO &
176 ¢ * # WRITE BLOCK DF REDUCED EQUATIONS ON DISK
171 WRITE(I1) (B(J), (A(I,J),I=1,MBAND),J=1,ND) _
172 € * * * SHIFT BLOCK OF EQUATIONS UP FOR NEXT BLOCK
_ 173 DO 4310 N=1.ND L -
174 MM=ND+N
175 B (N) =B (MM}
17& B(MM}=0.0
177 D3 410 M=1,MBAND
178 A M. N =AM, MM
_. A% 410 AMeMME=0.0 e e e e U
180 GO TO &
181 400 IF(ISTOP.NE.O) GO TO 999 )
182 IF(IJK.NE, 0) GO TO 405
183 ENDFILE 11 .
1284 CALL F:ABST (2440, IER)
185 L BACKEPACE 1Y e e
184 440 CONTINUE
187 1JK=1 - o
188 ¢ * * * *  BACK SUBSTITUTION
189 405 NU=ND#NUMBLK+1
190 415 DO 43Q M=1,ND
191 N=ND-M+i .. -
192 CC=B (N}
193 D0 420 K=2,MBAND )
174 L=N+K-}
195 420 CC=CC—-A (K, N)*B(L)
194 B(N)=CC
177 . NN AN e
198 B INMY=CC
199 NU=NU-1
200 ATO UX (NU) =CC
i 201 _ NUMBLK=NUMBLK-1 ‘ B
202 IF (NUMBLK,LE.Q) GO TO S00
203 BACKSPACE 1% ~ e
204 READ(I 1) (B, (AT, )Y, I=1,MBAND}, J=1. NI}
205 BACKSPACE 11
204 G0 TO 415
207 © * #  WRITE DISPLACEMENTS OF ELASTICITY NDDES
) 202 SO0 WRITE (4. 2000) '
207 € % % &  BOUNDARY ANGLE TRANSFORMATION
U210 7 "Iy 510 N=1, NLIMNP
211 IFC(XCN) .LT.0.0) GO TO Sio
212 CC=-COOE (N)
213 IF(CE.LE.G.O) BO TO S20
214 DX=COS(CC)
215 _ DY=SINGECY ) ) o e
T T 21 DEN=LX { 2#N—11*DX-UX (2#N) *DY
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217 _UXA{2%N) =UX (2%N-1) wDY+UX (2#N) #DX - B
218 T UX (2#%N-1)=DEN
219 . 520 WRITE(6:2001) N, X (N}, Y(NY, UX (24N=~1}, X (2%N} o L
220 510 CONTINUE
228 £ * % COMPUTE AND QUTPUT_ELASTICITY ELEMENT STRESSES .
T 22z MFRINT=0
223 DO 400 N=i,NUMEL e
224 MT=IABS(IX (N, 5))
223 c o * » FORM STRESS STRAIN RELATIONSHIP _ B
22¢ CALL MODULT (N, I.J.K,L)
227 €. =* * CALCLMLATION OF STRAINS AT CENTER NODAL _POINT o
228 IF(K Eff.L) GO TO &10
230 NH-4 )
231 Uk=F (UX (2% ]- 1)+UK(2*J-1)+UX(2mh 1I+UX (2% —1) )}
232 WK=For (UX (201 ) +X (247) +UX (24K) +LX (2%L) )
CRFI XE=F (X (D) +X (DX Xy e
224 T UYK=FRIY (D +Y I +Y (KI AT ELYY
235 BO TC 420
23& &1I0 XK=X(K)
237 YK=Y (K)
238 F=1.0
_239 __NmM=1_ U
240 K=2#K 7
241 _ UK=UX(K-1} -
242 WK=UX (K}
243 420 CONTINUE . o
244 DO 630 NN=1.4
2545 4630 EPS(NN}=0.0_
244 DD &40 NN=1, AM
257 - M=NN+1 B _ .
z4g IF(NN.EG.4) M=t
249 _ I=IX(M:NN) o - B L o
250 S J=IX NS M)
251 AJ=X(J)=X(I} _ o
252 Ak=XK-X(1)
253 _AT=AJ-AK I
254 Bd=Y {J)=¥Y (1)
255 BR=YK-Y(D) S
294 BT=BJ-EK
257 ___DT=AJd#BK-AK*BJ _
298 DT=F/DT
259 I=2%] _
240 J=2%J
261 EPS(1)=EPS (1) +DT+ (BT#UX (I-1) +BK#UX (J~1) -BJI*UK) -
262 EPS(3)=EPS(3)+DT# (—=AT*UX (I} —AKUX (J) +BI=WK)
263 __EPS(A)=EFS (A} +DT#* (—ATHUX (I-1}+BT+UX (1) —AK+UX (J=1) +BE+UX (J) + o
z2&8 AU =B WK )
2865 &40 CONTINUE )
2464 c * * * CALCULATION OF STREZZES
267 D0 700 L=1.4
263 SIBL)=0.0 :
267 B 700 LL=1.4 o ] o e
270 TFOO SIG(L)=SIG(LY+CIL, LLY+#EPS (LL)
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CALCULATE PRINCIPAL STRESSES AND STRAINS

IF (EPS(4).ER.0.0.AND.DX.ER. 0.0} GO TO 200

ANGL=2. 0+ATANZ [Y (J) =Y {13, X(Jy =X (1))

_STRESSES PARALLEL TO LINE J-K

£10 WRITE(&,2003) N, XK. YK, (SIG(I),1=1,8),MT, (EPS(1},I=1,8)

2000 FORMAT (1H1,2X, *NP*, 11X, " X17 s 11X, 7 X3, 10X, *U1’ . 10X, *U3* /)

»5X»

2HX1.&¥, 2HX3, 4%, SH1-STRESS, 4%, 8HZ-STRESS,

#4X, SH3-2TRESS, 23X . PH13-STRESS, 2X, 10HMAX-STRESS, 2X,

#{OHMIN=STRESS, 2X . SHANGLE, 3X, 9HIK-STRESS /10X, eHMATERTAL,

*7X, 8H1-STRAIN, 4X, SH2-STRAIN, 4X, ZH3~STRAIN. 3X, 9H1 3-STRAIN,
“%2X» 10HMAX-STRAIN, 2X, 1OHMIN-STRAIN, 2X, SHANGLE » 4X, 8HIK~SHEAR)
2003 FORMAT (1H0, 14,2F3,2, 1F6E12.3,F7.2, IFE12.3/115,6X, IP6E12, 3.

2004 FORMAT (//5X, ' COMPUTATIONS COMPLETED' )

T 3400 FORMAT (33X, T ZERD OR NEBATIVE AREA, ELEMENT=',14)

3001 FORMAT(10X,*MATERIAL TYFE NQT SFECIFIED FUR ELEMENT#’;I4) L

27y © % *
27z DD=(EPS{1}+EPS(3))#0.5
273 DX=EPS (1} -EPS(3)
274 DR=SART (DX#»#+2+EPS (4) #¥2) #0. 5
275 EPS(S)=DD+DR
276 EFS (&) =DD-DR
277
zZ7¢ EPS(7)=PII+ATANZ (EFS(4),DX)
279 CC=(SIG(1)+SIB(3) 0.5
280 CX=0.5%(SIG(1)-SIG(3)}
_ 281 CR_=SART(CX#HCX+SIG(4)#k2)
zez T ETE(S) =CC+CR
283 S1G(4)=CC-CR o
284 SIG(7)Y=PII*ATANZ (SIG(4) ,CX)
- 283 € % *
286 I=IX (N.2)
287 J=IX (N, 3)
2eg
289 CSA=COS (ANBL)
290 SNA=SIN (ANGL}
291 SI1G(2)=3-CX*CSA-SIG (4) «SNA+CC
292 EPS(8) =CX+SNA-S1G (4) *CSA
293 __IF{MPRINT.G7.0) GO TO 810
294 MPRINT=1&
295 WRITE (&, 2002)
296
297 400 MPRINT=MPRINT-1
298 T 800 CONTINUE
299 _WRITE(&,2004)
300 WRITE (&, 4000)
301 HWRITE (&, 4000}
202
303 2001 FORMAT(IS,2F13.2,1FZE12.4)
304 2002 FORMAT (1H1.5H ELM
305
304
207 o
308
30w
sio THF7.2,1PE12. 5}
31 X » * C
Fi2
- 313
314 4000 FORMAT (1H1)
315 999 STOR B
314 END
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1  SUBROUTINE LOCATE (NPP, ISTOP, ACEL1, ACELS, NB, MBAND}
2 " DIMENSION IBC(5Q),JBC(50),PN(S0),PT(50),XC(2), IN(2) . XTYPE(25),
3 #NAME (40) , ANG (1) _ L .
i COMMON A (54, 108) , B(103)
- COMMIN/NPELD/E (7, 10} s RO(10) , CODE (600} , X (400) , ¥ (600) ,
& TRUK(1200) 5 TX (500, 5, ANGLE (S00) s NUMNF, NUMEL , NOMPC
7 EQUIVALENCE (IBC.A(1,1)), (JBC,AL1:5) ), (PN AL 7)), 5
2 *(PT,A1:9)), (ANG,ACI,11))
g DATA FI/0.017453/,MAXNP/ 600/ » MAXEL/S00/ o
10 c * #* # READ AND PRINT CONTROL INFORMATION
R __READN7, 1000) NAME o o o o
12 TUWRITE (&, 200GT NAME
13 READ(7,1001) NUMNP, NUMEL» NUMMAT, NUMFC. NPF, ACEL 1, ACEL3
14 IF(NFE.EQ.1) GO TO 7
15 IF(NFF.ER.2) GO TO 9
16 WRITE (46,2014}
A7 1STOP=1 e
ig G0 TO 12
19 7 WRITE (6,2001) e
20 GO TO 12 j
21 9 WRITE (6,2002) S o o
22 T 12 IF (NUMNPLLE.MAXNP) GO TO &
23 WRITE(4,3000) MAXNP o _ o
26" ISTOP=1 t
25 & IF(NUMEL.LE.MAXEL) GO TO 8 R
26 WRITE (&,3001) MAXEL
27 ISTOP=L_ o
28 RETURN ;
- z9 8 CONTINUE
30T T WRITE (4, 2003) NUMNP; NUMEL . NUMMAT, NURPC, ACELT, ACELS ;
31 c * * * % READ AND PRINT MATERIAL FROPERTIES R
32 WRITE (&,2004) ‘ :
3T DD 20 M=1,NUMMAT N o
34 READ (7, 1002) MT,RO(MT), XTYPE f
35 WRITE (&, 2005) MT,XTYFE e o
36 READ (7, 1003) (E(X, MTI,J51,7) 7
37 WRITE(4,2006) (E(J.MT),J=1,7) RO (MT)
3 c > " e » MODIFY FOR PLANE STRESS IN LOCAL CODRDINATES
39 ) IF (NFP.NE. 2} GD TD 20 e
40 IF(E(4,MT).EQ.C.0) GO TO 20
41 EA=1,0/E(4.MT) o
42 E(L MTI=E (1. MT) ~EA# (E (2, MT) wor2)
a3 E (3, MT) =E (3. MT) —EA+E (2, MT) #E(S, MT)
a4 E (6, MTI=E (5, MT)—EA+(E (S, MT) *x2)
45 E(2,MT)=0.0
a5 E(4.MT)1=0.0
87 EMS,MTI=0.0 _ .
42 WRITE (4, 2009)
23 WRITE (6, 2004) (E(J»MT)»J=1,7),RO(MT)
S0 20 CONTINUE
51 c * ok » READ AND PRINT NODAL DATA
52 N=0
53 WRITE(A,2007F i
s4 DD 95 L=1.NUMNP’
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SS  IF(L-N) 70,8S5,55 o i
56 55 READ(7,1004) N,CODE(N) » X (N}, Y(N) »UX (2%N=1), UX (2%N) » ANG (N)
57 CODE (N) =ABS (CODE (N} } .
58 DV=X (N}
59 DU=Y (N} . . e
&0 IF(L-N) &0,8%,100
&1 60 DI=N-L+1
62 DX=(X(N}~X (L-1))/DZ
63 _ DY=(Y(N)-Y(L=-1})/DZ .
b4 70 CODE(L)=0.0
S __IF(CODE (N).EQ.CODE(L-1)) CODE(L)=CODE(L-3) _ __ R
&6 TTIF(ANG (N) L ER.ANG(L-1)) ANG(L)=ANG(L-1)
67 UX (2#.~1)=0,0
68 UX (2%L) =0, 0
&9 X{(L)=X(L-1)+DX .
70 Y (L)=Y (L~1)+DY
7L e85 WRITE(&,2008) L,CODECL),X(L),Y (L) UX(2%L~1),UX(24L) ANGALY
72 IF (ANG (L) NE.0.0) CODE (LY=—ANG(L)Y*P1
73 9S CONTINUE o o
74 80 TO 110
75 100 WRITE(4,3002) N 7 o o
76 " T1sTOP=1
e 77110 CONTINUE e
7677 ¢C T T W R * READ AND PRINT ELEMENT PROFERTIES
. 79 e e N=° . - - - - —— e = - _— . [P — ——
80 WRITE (6,2010Q)
Bl 130 READ(7,100%) M, (IX(M, 1), 1=1,5), ANGLE (M) N
82 140 N=N+1
__ 83 IF(M.LE.N) GO TO 160 I
€4 TX(N, 1T=1X(N-1, 1) +1
as C IXAN.2)=IXAN=1,2)+1 .
86 IX (N, 3} =1X (N-1,3)+1
L B7 IX(N A =IN(N-1,4) 1 ) . .
es IX{(N,S)=IX(N=-1,5)
a9 _ANGLE (N> =ANGLE (N-1)
90 140 WRITE (420113 N, (IX{N; T3, 121755, ANLE (N)
91 IF (M-N) 185,180, 140 o .
92 190 IF (NUMEL-N) 385,190,130
83 185 WRITE(&,3003) N e
94 TISTOP=1
95 190 CONTINUE .
96 T C " * W T % READ AND PRINT PRESSURE BOUNDARY CONDITIONS
97  IF(NUMPC.E9.0) GO TO 310 )
93 WRITE {4,2012)
$9 [0 300 L=1,NUMFC o ]
100 READ(7,1004) IBC(L),JRC(L) ,PNIL) ,PT L) '
_ 101 300 WRITE(6,2013) IBC(L),JBCLILPN(LLPTLY
107 310 CONTINUE
103 ¢ * * DETERMINE BANDWIDTH AND COMFUTE SURFACE INTESRALS
104 ND=2NB
105 M=o o
106 DO 340 N=1,NUMEL
107 ANBLE(N)=PI®ANBLE(NY
102 DO 340 I1=1.4
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109

. 111

112 "~

1132

115

110

1147

116

1i7
118
119
120
121
122

133
137

144
147
142
147
150
151
132
153
154
155
1546
157
152
15%
140
1561

iz T

IF(NUMPC.LE.O)_ GO _TO 240

J=I+1
IF (1.EQ.4) J=1

TK=IXINS T
L=IX(N.J)

DATE 283 08 23

DO ZF0 rMM=1, NUMPC -

L IFI(K.NE. IBC(MM) ,OR.L.NE,JRC(MM))_ GO TO 230
1BC (MM) =0
XC£1)=CODE (K)

XC(2)=CODE (L)
INC(1Y=K

IN(Z) =l
BX=X (L) -X (K}

DY=Y{(L)=-Y{K)
FX=20. 5% {(FT (MM) +DX=-PN (MM} DY)
FY=0.5+#{PT (MM} *DY+FPN {(MM) #DX)
_DQ 225 K=1,2
L=IN(K)
. CEXCK) e
IF(C.GE.0.0) G0 TO 205
UX (2L =1) =UX (2+L=-1) +FX+COS(C) -FYXSIN(C)
B0 TO 225
205 IF(C.E@.1.0.0R.C.ER.11.0) GO TD 210

UX(2%L~1 7 =UX {24~ ) +FX
210 IF(C.E@.10.0.OR.C.EQ.11.0) GO TO 225
UX (2L ) =UX (2%L) +FY
225 CONTINUE
230 CONTINUE
240 DO 325 J=1,4

K=TABS (IX(N; IV -TX (N, J))
325 IF(K.GT.MB) MB=K
340 CONTINUE

IF (NUMPC.EQ.0) GO TO 355

T DO 3507 MM=1,NUMPC
_IF(IRC(MM) .EGLO) GD TD_ 350

T WRITE (4.3004) MM
I8TOP=1
250 CONMTINUE
I35 MBANL=2Z+MB+2 o
WRITE(4.2015) MBAND
IF(MBAND.LE.ND) GO TO J&60
WRITE (4, 300%) MBAND
] 13TOP=1
340 RETURN
1000 FORMAT (40A2)
1001 FORMAT(S1IS, 2F10,Q0)
1002 FORMAT(IS.F10.0.2582)
1003 FORMAT (7E10.4)
1004 FORMAT(IS-FS.0.SF10. O
1005 FORMAT(AIS.F10,Q)
10046 FORMAT (215, 2F10.0}
2000 FORMATL1H1, 5%, 40A2)
2001 FORMAT (1HO. 20X, *FLANE STRAIN FPROELEM’)
2002 FORMAT (1HO, 20X, "PLANE STRESS PROBLEM’)
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163 2003 FORMAT (1HO, 4X, *NUMBER OF NODAL POINTS———————-—— *o 14/
164 #5X, * NUMBER OF ELEMENTS~=r——————————— ', 14/
165 *5X, ' NUMBER OF DIFFERENT MATERIALS---',14/ o }
166 #5X, *NUMBER OF PRES/SHEAR CONDITIONS-?.I14/
167  #5X, " X1 ACCELERATION--- *.1FE12.4/
168 *SX,* X3 ACCELERATION- "L1PE12.47)
169 2004 FORMAT (1H1.20X, "MATERIAL DATA’) e
170 2005 FORMAT (1HO, 2%, 12, 10X, 25A2)
171 2006 FORMAT(7X,’Cli=", 1FE1D.2,2X, "C12=",E10.2,2X, " C13=",E10.2,2X,
172 *!C22=",E10,2/7X, C23=" ,E10.2,2X, " C33=",£10.2, 2X,’C44=",
17z ¥E10.2,2X, " DENSITY=" ,E10.2)
174 2007 FORMAT {1H1,3X, "NODE PNT*,8X; CODE’,4X,’ X1-COORD’ . 4X,
175 %? X3-COORD’" , 2X, ' X1-LD OR DISP’,2X,*X3-LD OR DISP*,9%.'ANGLE’/)
17¢ 2008 FORMAT(112,F12.0,2F12.4, 1P3E15.4)
177 2007 FORMAT{30X.’FPLANE STRESS REDUCTION OF MATR. COEF,’)
178 2010 FORMAT(1H1,SX, "ELEMENT’ ,5X."17,5%, *J%, 5X: K* . 5X. 'L+ 5X,
. 179 #*'MATERIAL . 7X, "ANGLE /)
180 2011 FORMAT(113.414,113,1PE12.4)
181 2012 FORMAT (1H1, 10X, PRESSURE AND/OR SHEAR BOUNDARY CONDITIONS®/ -~
182 *4X, " 17,4%, 237, 7X, *PRESSURE’ , 10X. " SHEAR®)
183 2013 FORMAT (219, 2F15.3) _
154 2014 FORMAT{10X,”NPP NOT SPECIFIED CORRECTLY')
. 185 2015 FORMAT(//SX, "BANDWIDTH-~~—=———————————m—m——==ty 18y
186 3000 FORMAT (1HO. 10X, NUMBER OF NODES EXCEEDS'.IS)
187 3001 FORMAT(1HO, 10X, NUMBER OF ELEMENTS EXCEEDS'.IS) .
188 2002 FORMAT (1HO, 10X, NODAL FOINT DATA ERROR N=*,IS)
189 3003 FORMAT (1HO. 10X, *ELEMENT DATA ERROR N=',15) L
150 3004 FORMAT (1HO, 10X, " FRESSURE BOUNDARY CONDITION ERROR N=',15)
191 3005 FORMAT (1HO. 10X, ' BANDWIDTH EXCEEDED MBAND=’, I5)
192 END
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i

SUBROUTINE TRISTF(I1.JJsKK,NPP, ISTOP,COMM, AML,.AM3)

M2y =3

DIMENSION F(&,107,H(&,10),DD(3,3),LM(3).Di&,46), XI(3)
COMMON/QADTRI/ XXX (3)»YYY(5)-C{4,4).S(10,10).P(10)
"DATA D/34%0.0/

LM({1)=17

LM{3) =KK
Cli=XXX(II}
Cl2=XXX{JJ}

10 TC13=X XX (KK)
A g21sYYY(ID) L _ _
12 C22=YYY (JJ}
13 C23=YYY (KK}
14 COMM=C12%{C23-C21 1 +C1 1% (C22-C23) +C13+ (C21-C22)
15 - IF (COMM.LE. 0. 0. 0R. ISTOP. NE.O) RETURN o
1& C * * " * * * FORM INTEGRAL GT#CHG
17 F(1,4)=(C11+C12) /2.0 S
e T T T U F UL s = Ci2+Ci3) /2.0 T
19 CFU1.67=(C13+C11) /2.0 B o .
20 F(2,4)=(C21+C22) /2.0
21 F(2,5)=(C224C23) /2.0 ) _ o
22 F(2,8)=(C23+C21) /2.0
23 60 TO(30,10),NPP o
24 i0 Do 20 1=3,4
25 20 Fi3, 1)=1.0 ~ S B ) . .
26 GO TO 40
27 .30 DO 33 I=4.,6 — - e e s e
28 35 F(3. 1¥=F (1,1}
__________ 29 40 DO 50 1=1,3 o
30 TTEOTXI(N =00
3t D 100 I=4,& o . _ .
32 XTI =XI(1)1+F (3, 1)
- O XI(2)=XI(2)+F (3, I)%F (1.1} -
34 XI(3)=XI(E)+F (3, DD+F (2,1}
35 100 CONTINUE - o
35 oo 108 I=1.10
37 Do 1o J=1.4 o e
33 H{J, 1)=0.0
&Y 102 FtJ. 11=0.0 - —n
40 D{(2Z, Y =XI(1)%C(1,3) %COMM/&.0
a1t DUE.S)=XI( G A RO/
52 D(S,8Y=X1(1)#C{4, 4y =COMM/ &, O
43 CD(5,6)=XI (1) 3C (35 4)COMM/ 6.0
44 D(&, 83 =XT (11*C (3, I +C0MM/ 6.0
45 D(3,8)=X1 (1) #C (3, 4) *COMM/ 4. O
44 D2, 2)=XI(1)#C (1, 1) #COMM/ &, O
. Y A _ D2, FBy=XI(1)#C (1, 4)sCOMM/6.0 -
43 D(2,5)=XI (1)#C (1, 4)6C0OMM/&. O
47 D{3,3)=XI(1)*C(4,4) *COMM/&. O .
50 D110 I=2,4
51 DO 110 J=1.1
52 110 B{I.J)=D(3.1}
-~ - * " # FORM COEF-DISPL TRANSFORMATION MATRIX .
54 DD (17 1) =(C12%C23-C13#C22) /COMH
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DD(1.2)=(C13#C21-C11%C23) /C0MM

56 DD (1,3)=(C11%C22-C12+C21) /COMM
57 DD{(2.1)=(C22-C23) /COMM
58 DD (2,2) =(C23-C21) /COMM
S DD, ®)=(C2i-Czz)/COMM
40 DD (3, 1) =(C13-C12) /COMM
61 DD (2. 2)=(C11-C13) /COMM
b2 DO (3,3} =(C12~-Ci1) /COMM
63 DO 120 I=1,3 o
&4 J=2#M{1) -1
65 H(1,3)=DD(1, 1) R
&6 H(2,JY2DD(2, )
67 H(3,3>=DD(3, I}
&8 H(4,J+1)=DD{1, I)
69 H(S,J+1)=DD(2, I)
70 120 H(&,J+1)=DD(3, 1)
7L € w % x % FORM ELEMENT STIFFNESS MATRIX HT#D#H__
72 DO 130 J=1,1
73 DO 130 K=1,& }
74 IF(H(K,J).EQ.0.0) GO TD 130
75 DO 125 I=1,4 .
76 125 F (I, ) =F (I, J)+D (I, K)*H (K, I
T 130 CONTINUE
78 DO 140 151,10
79 DD 140 K=1,6 o
80 IF(H(K, 1) .EQ.0.0) GO TO 140
81 DO 135 J=1,10 o
8z 135 S(I,J)=8(I,J3)+H(K, I)*F (K, J}
83 140 CONTINUE - e
T8 e T * % FORM BODY FORCE VECTOR
8s CF(1,1)=AM1#X] (1) *COMM/&, 0 o
86 F (2, 1)=AM1#X] (2)+C0OMM/&, 0
a7 F (3, 1) =AN1+X] (3)*COMM/6. 0
88 TR (4, 1Y =AM3HXT (1) 4COMM/&. O
€9 F(S: 1) =AM3#XI (2) %COMM/ 6.0 S
F0 Fl&, 1Y =AM YT {3)COMM/ L. 0 o
91 DD 160 I=1,10
92 DY 160 K=1,4 ’
93 140 P(I) =P (I)+H(Ks 1) #F (K5 1) N
g4 T CTURETURN C
75 END_
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. REAL TIME FORTRAN VER.EQO PAGE 1 _ __DATE 83 08 _23

1 SUEROUTINE MODULI(N.1.J,K-L) o e
2 COMMON/NFELD/E (7,10} ,RO{10) . CODE (£00} , X (600} , Y {6003 ,
.3 #UX (1200}, IX(S00, 5} . ANGLE (500} , NUMNP , NUMEL . NUMPC )
L'} COMMON/GADTRIZXXX (S) . YYY (5),C(4,43,S5(10,10),P(L1Q)
LS e o® % ™ = INITIALIZATION
& D10 1=1,4
7 .., .bo 10 J=1.4 . - e o
g 10 ClI.=0.0
] _ I=IX(N:1) ) o
10 7 TTI=IX(N.2) o -
R X _ R=IX(N.3Y —
12 L=TX (N )
1z . MT=IABS(IX(N.S5)) i
14 Cit=E(1,MT)
15 Cl12=E(2,MT)
14 C13=E (3. MT}
AT CRR=EAA MY e e
19 C23=E (S5, MT)
19 ~ C33=E(6.MT) _
20 C44=E(7,MT)
2t c * * * #* ROTATE TO GLOBAL STIFFNESSES
22 CS=CO3 (ANGLE (N))
23 SN=SIN(ANGLE (N} ) o
7 S o 5 ST T -
25 ~ EN2Z=SN#x2 ) o o
2& CS4=CS2#*2
27 C SNA=GN2#%#2 _ o L
28 T " DEN=2, 0% (C13+2. 0HL 44 ) wCE2HEN2 L
29 B(1,1)=C11.054+C334SN4+DEN !
30 C (3,3} =C33+CS4+C T 1 wSNS+DEN [
31 ) £(1,3)=Ci3* (CSA+SNE) +(C11+CI3~4, O#CE4) #CSHSEN2 - i
32 DEN= (01342, 0%C44) » (CS2-EN2)Y i
AT C(1.8)=(C11#CS2-CIFHEN2-DEN) #CS+SN o U
34 C(3.4)=({C11#SNZ-CIZ+CER+DEN) #CS+EN
33 C(4,4)=CA4% (CS2-5N2) s+ (C11-2. 0#C1F+C33) #CS24SN2
34 C(2.2i=cz2 |
37 L1, 2)=C12a0STeC2BSN2. s
38 (2, 3) =C2F4L52+01 2+5N2 ;
39 C{ZyA)={C12-C2F)kCSHSN o T
40 Ct2,1)=Cc(1,%2) ’ {
AL EGEL)=C(R j
42 C(4,2Y=C(Z,4) ;
43 €3, 2)=C(2,3) & _ ) ‘ B
44 C(4,1)=C(1.4) :
45 4,3 =0(3. 4)
44 RETURN
AT END e
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REAL TIME FORTRAN VER.EQQ PABE 1  DATE 83 08 23

1 SUBROUT INE MODIFY (N, X, NB. MBAND} o

2 COMMON A(S4, 108) , B (108}
-3 ND2=43NS ) .

4 DO 250 M=2, MBAND

S K=N-M+1 e i

3 IF(KILETG) GO TO 240

7 _ BK)SB(KY A (M. K)wX }
8 A(M,K)=0.0

9 240 K=N+M-1 o

10 IF (K.GT.ND2) GO TO 250

i1 B (K2 =B (K) ~A (M N) #X __ ..

iz ATM,NI=0.0

i3 250 CONTINUE .
14 AC1,N)=0,0

15 BIN)=0,0

16 RETURN

17 END

. (Manuscript -p—repared September 1983, Manuscript received February 13, 1984 )
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681.3
AvEa—4—-n95LLOPE

AN A= Iy EEEE I B

EZB SRR v 8 — BT

WHRMBPT NICET ARER, AREZEEAVEAT 0SS L (LOPE. ZOKHK
BEMERRANE >HEAOTHIBEEKRT S ) DEAIRE-T, LVEBIMLC
ENTES, A70 77 L0EBOHRNSRE, “RTHEEMBTEYD, £ TRMBOE
REAE, BUHEORECHR~NONE, HHEMERESHLEET I LHTES, Sbig,
A70S5 LT AT ) XLREER( A7 vy 2 i) OB, RiZZEEREEORD,
WEEERE S V- 7HE, 2AEOEEIORN, BMEEUSOBTKLERTE S &7
QIS LRI ARANERZ, UDFAL—FEO=AETHLN, hiEERLZLIED
MIRDOEREEFERET LI EETESL, A0 /5 LR —BHORYEEBRSAEL it H Y
ADEFEEHOTED, ABHEBECHEEIBEEROAS BV I Y a7 — YA F 4
EROCTHBC LA TS0, ChoohBRE b)) v 7 25E0FRITL-T
REBENTWS, b5, vty 7 ROSES N0 % B ITEES K —BNIzEM
LoolERiERE T2 ik, ZEEFROHWELDBL TV, 25 LABEEEkok
B, K775 AREITHEHERER 2 vy -HEZIFROA VI LTI v 2 —F — VA
TLTHBT A EAMEELLYD, FTEFRTBAT I ABEURIEEE DRFASH
T3, KHEEZRER7 07540 2 DB, A7 —= FOiEEE, B0
TVa vDEEEEET D00 0hORIELIBHEL 1.

» MAIBFEEMEENTABARRBERNCHIETHRA, 72U H -2 vs+HTARETHE
TARTER - SEAFNER, « SEUHRFRE
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