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ABSTRACT

The FORTRAN Listing and User's Guide for a Three-Dimensional Linear
Thermal-Elastic Finite-Element Computer Program is presented. The program will
determine three-dimensional displacement and stress distributions for
laminated orthotropic composite materials.

A curved isoparametric element with 24 nodal points and 72 degrees-of—
freedom is used to model the individual layers of a laminate. The nodal
displacements are determined by minimizing the total potential energy of
the system, at the element level, with a conjugate gradient iterative

method.

The program is presently (1974) running on an IBM 370/158 computer at

Virginia Polytechnic Institute and State University.
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NOMENCLATURE

E Total potential cnergy
Ell Modulus of elasticity parallel to the fibers
E22 Modulus of elasticity transverse to the fibers
GlZ’ GIS’ Shear modulus
m,n Cos 0, sin 6 respectively where 6 is the angle between
lamina and global axes
N Number of global degrees of frcedom
u, v, w isplacements of a point in x, y, z directions
X, Y, 2 Global Cartesian coordinates
o Magnitude of the correction vector
2
]2 2
8 |{ri+11 / {ri}
8 Fiber orientation angle
8, r, z Cylindrical coordinates for the global axes
). Eigenvalues
i
~
£, Ny L Local curvilinear coordinates
s Direction cosines for angle between lamina and global
/ 1 axes
, £
Cijkl Stiffness constitutive relation for an anisotropic
material in the local coordinate svstem
C'ijkl Stiffness constitutive relation for an anisotropic
material in the global coordinate system
i3 Strains in constitutive relations for an anisotropic
J material
Vi Poisson's ratio relating normal strain in j-direction
3 due to uniaxial normal stress in i-direction
{b} Force vector
[D] Elasticity matrix
(D] A diagonal matrix
ii
~
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Subscripts:
1, 2,3

x} Y’ z

Global stiffness matrix

Shape functiors

An orthogonal matrix

Direction of correction vector
Residue vector

Coordinate transformation matrix
Solution vector (displacements)

True solution vector (displacements)
Error vector, {e} = {x*} - {x}

Change of variable vector, {£} = [P]T{e}

Local system

Global system

iii
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INTRODUCT 10N

The purpose of this computer program is to perform static, linear,

thermai-clastic analyses of three-dimensional laminated composites.
The basis for the analysis is a curved three-dimensional, isoparametric,
72 degree-of-freedom element with cubic interpolation functions in plan
and a linear interpolation function through-the-thickness. This element
can be used to model each layer of a laminated composite.

The primary deviation from the normal finite-element displacement
formulation is that the global stiffness matrix is not formed. In this
formulation only the unique element stiffness matrices are calculated.
The nodal displaceiients are then determined by minimizing the total
potential energy of the system at the element level with a conjugate
gradient iterative method. The technique of not forming the global
stiffness matrix greatly reduces the storage requiremencs if the number
of unique clements is smail. For example, problems of over 3000 degrees-
of-freedom have been solved in core with less than 35,000 double preci-
sion words, including arrays and code. When the number of unique ele-
ments is greater than four, a direct access data file is used which in-
creases the run time by about 60 percent.

The three nodal displacements (x, y and z) at each node obtained
from the minimization technique are used in conjunction with the inter-
polation (shape) function to give the six stress components at each
node. The stresses are calculated at the nodal points for each element.

The program and input data description that follow are intended

to be used as a reference for a person with some knowledge of this




program. It is not written with sufficient detail to teach a person

}
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ANALYSITS

A. Three-Dimensional Isoparametric Lamina Element

The isoparametric element (Figure 1) used in this program was
coded by Lin (7 ), and is similar to an element described by Ahmad,
et al., (1) which was used to solve isotropic shell and plate prob-
lems. The development of the element stiffness matrix follows what
has now become a standaxd procedure where the elastic properties re-
lated to the reference axes and the derivatives of the shape func-
tion related to the same axes through the Jacobian are used to form
the strain energy density. The strain energy density is then numer-
ically integrated (Gauss 4 x 4 x 2 rule) over the volume of the ele-
ment to form the element stiffness .=trix. Details of determining
the necessary derivatives and forming the Jacobian matrix are given

in the text by Zienkiewicz (10).

1. Interpolation function (shape functicr)

The triside nodes, top and bottom surfaces, are described by
cubic intespolation functions while sections across the thickness
are generated by straight lines. The relationship between the Car-
tesian coordinates (x, y and z) and the local normalized cuwvilinear

coordinates (§, n, ) is given by

. 4T
= =01
X lel + N2x2 o 4 Ny %y, {.l {xi}
y =Ny, + Ny, + + N,y ={N}T{y} (1
1’1 272 T 247 24 i i
3
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where Ni are the isoparametric interpolation functions for the 24

nodal points. Introducing the notation

EO = &Si, ng =nn,, Ly = LT (2)

the form for the interpolation functions bocomes xzor the corner nodes

with g, =+ 1, n, =+1, and £, =+ 1

N, = &5 (14Eg) (1an) (150 [9¢E7 + n%) - 10]. (3)

For nodes along the sides &, + 1 with n, = +-l, . =+ 1
i-—- i -3 °1 -

N, = 35 (1+65) (W9ng) (1+) (1-n2). (4

For nodes along the sides n, =41 with Ei =.i'%: g. =+ 1

N, = 35 (149E0) (1eng) (145g) (1-€7). (5)

The same functions are used to describe the displacement pattern

(u, v, w) over the element in terms of the displacements (ui, Vs wi)

at the nodes, i.e.,

u= 0,1 )
v={NT v} (6)
1 1
w= (N} {w.}
1 1
5




2. Constitutive relation (material properties)

The constitutive relations used for the element are based on
each lamina of the composite which is assumed to behave as an ortho-
gonal anisotropic material. Therefore, the 21 elastic constants for
a general anisotropic material are reduced to nine independent elas-
tic constants which are given below, in matrix form, for the prin-

cipal axes of elastic symmetry (1,2,3).

o Dy Dy Dy O 0 0 €
02 D22 D23 0 0 0 ez
Og = 033 0 0 0 €, (7
T12 Dygy 0 0 Y12
113 Symmetry D55 0 Y13
T23 Deo| | Y23
where
— 1-vy3 Vg . . 1-Vy 3 Vg £ _ 1-v15 Vo1 .
11 F 110 722 F 22° 733 F 33’
p =12t Viz¥n o Vst ViV
12 F 22° 13 F ‘330 Y44~ °12°
Voot VoV : - _
D, = 223 F21 13 Egp Do = Gy Dp = Gyg
and
F=1 v,V

V12Y217V13Y31 V23327V 12%23V317 V21V 13V 32




For an arbitrary orientation of the lamina, as shown in Figure

2, the principal axes (1,2,3) will not coincide with the reference
axes (x, ¥y, z) of the laminate; therefore, a rotational transforma-
tion must be performed. In general, the transformation takes the

following tensor form:
' =
C'i5k1 © 413552kt 1uCrstu (8)
where

1 - .
C ijk1 and Crstu are the components of a fourth order Cartesian

tensor relating stresses and strains. The prime and unprimed
components represent the reference axes and the principal axes,
respectively, and

a is a second order Cartesian tensor of direction cosines

for a rotation about the z-axis.

Since C'.. and C have 81 elements each and would be
ijk rstu

1

represented by fourth order arrays in FORTRAN, it is more convenient

t

/ to perform the transformation in matrix form as shown below.
T
b= [11'[p,] [7] ©)
where
7

i
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m2 n2 0 -2 0 0
n2 m2 0 2m 0 0
0 0 1 0 0 0
[T] = mn - 0 m2-n2 0 0 (10)
0 0 0 0 m -n
0 0 0 0 n m

and

[Dx] and [D1] are the elastic matrices for the reference axes
and principal axes, respectively.

Using references (2 ) and (8 ), it can be shown that the tensor
transformation and the matrix transformation are equivalent for or-
thotropic materials. It should be noted that [T] and [D] are not

Cartesian tensors; therefore, [T]—1 # [T]T.
B. Conjugate Gradient Equation Solver

1. Description of the method

The equation solver used in this program is an adaptation of the
conjugate gradient (CG) method originally presented by Hestenes and
Stiefel (6 ) for linear systems in 1952. In more recent papers Fried
(5) and Fox and Stanton (4 ) make direct reference to finite-element
applications and indicate that the minimization process of the CG
technique is equivalent to minimizing the total potential energy
of the system. The method is an iterative process that will, apart

from roundoff errors, converge to the exact solutinn in no morc than




N iterations, where N is the order of the matrix.

The rate of convergence of the CG method is dependent on the
eigenvalues of the global stiffness matrix ( 9); therefore, it is
probiem dependent, making it difficult to make & genera) comparison
with other techniques. The dependence on the eigenvalues can be

shown by considering the energy E which is to be minimized as
E = 00T [K1{x}-(x)T ) (11)

where [K] is the global stiffness matrix, {b} is the force vector,

and {x} is the displacement vector which is to be selected to mini-

mize the total potential energy. The energy E will be a minimum at

the point
{x} = {x*} (12)
when
» a_E_ = 1 - =
i (K}{x*} -{b} = 0. (13)
» ) At a particular step in the iteration process
{x} = {x*}+{e?} (14)
y
Y
; where the vector {e} is the error in {x}. Putting equation (14)
into equation (il1) jyields
i
L E = 2o {eD K] (e leD- (I )+ (e T (b) (15)
which after some manipulation and use of equation (13) becomes
10
e




E = 2} [K]{e} - Hx} (b). (16)

This can also be written as

B+ 5001 ) = 3e)T K1e) = gk, e0e, = (17)

where S is a hyperellipsoidal surface in variable {e}, with center

at {€} equal {0}. Since [K] is symmetric, there exists an orthogonal

matrix [P] such that

P K1[P] = (D] (18)

wvhere [D] is a diagonal matrix containing the eigenvalues Ai of [K].

Using the change of variable,

(£} = P17 e}, (19)

Equation (17) can be written as
s = 2eX [K){e} = HeY itel = 8 (20)

The surface S described by equation (20) is shown for the
two-dimensional case in Figure 3. The major and minor axes of the
ellipse are proportional to the inverse of the square root of the
eigenvalues of [K]. The vector {p} is normal to the surface of
the ellipse and indicates the direction in which {x} will be cor-
rected. It can be seen that, if Al and Az are similar in magnitude,

the ellipse approaches a circle and {p} will be directed toward the

11
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origin where € and €, are zero. However, if thc magnitudes of Al
and X, are quite different, then {p} will not be in the direction of

the origin and convergence to €, and €, in the neighborhood of zero

1
will be slower.

The CG algorithm given by Hestenes and Stiefel is

{po} = {ro} = {b} - [K}{xo}
| {x, 317
'—-é ai = .-—-—T..-_—-——
{pi} [K]{Pi}
{xi+1} = {xi} + ai{pi}
i= i+l 2y
{ri+1} = {ri} - ai[K]{pi}
2
. _ I{ri+1}i
i
|z, 32
— {pi+1} = {ri+1} + Bi{pi}

where {r} is the residue vector, {p} is a vector representing the
direction in which {x} is corrected, o is a scalar correction of

the magnitude of {x}, and [K] is the global stiffness matrix.

13




The matrix [K] is shown in the algorithm but is not stored as
an assembled global stiffness matrix in the computer. Instead, the
matrix-vector products {Kx} and {Kp} are formed at the element
level wi h {Kx} determined once at the beginning and with {Kp} formed

for each iteration in the process.

2. Convergence Criteria

The equation solver uses two tests for convergence. First the
residue vector must be lesc than unity. The second test is on strain
energy; the change in strain energy normalized with strain energy must
be less than a 'test value' specified by the user. Since this change
in strain energy test is only a rate of convergence test, the final
decision to accept a solution must be left to the user. References
(3) and (5) can be used to estimate the accuracy of a solution for

some classes of problems.

14




DESCRIPTION OF INPUT-OUTPUT DATA

The program consists of three or four FORTRAN job steps: (1) mesh

generator (optional), (2) stiffness matrix formulation, (3) equation

solver,and (4) stress calculations. Any one of the job steps can be run
. as a separate program provided the proper JCL is used. Input data for
step (2) (Stiffness matrix formulation) can be from cards or passed
from step (1) by card images on a sequential disk or tape unit. When
data is passed from step (1) to step (2) by disk or tape, only one data
card is required for step (2) to specify the disk or tape wnit number.
Data is passed from steps (2) to (3) and (3) to (4) by direct access
data files only. One control data card each is required for job steps

(3) and (4). Job step (3) can be restarted to break up jobs with long

run times.
The program will handle four different types (called classes) of
preblem. The types are:
Class 1 - linear elastic with constant material pronerties within
an element
! Class 2 - linear elastic with material properties varying within
an element
Class 3 - linear thermal elastic with constant material properties
within an element
Class 4 - themmal elastic with temperature dependent material
properties
A. Input Data for Step 2 (Stiffness matrix formulation)
1. Input unit card (I5) one card
15




Columns 1-5 wunit number (specifies the unit which the input
data will be read from, e¢.g., unit five will

read data from cards)

2. Heading card1 (10A8) one card

Columns 1-80 information to be printed with output

3. Control parameter card1 (415, F10.2) one card

Columns 1-5 total number of nodal points

6-10 number of different materials
11-15 total number of elements
16-20 number of unique elements

21-30 initial temperature

4, Material data cards1

b A different material must be specified if any of the nine
orthotropic constants, the fiber orientation, or the three
thermal expansion coefficients are changed. Two cards are ne-
cessary for each material if the problem class is 1, 2, or 3.

If the problem is class 4 then the nine elastic orthotropic

constants are expressed as a function temperature. From one to
nine sets of temperature-dependent elastic constants can be speci-
= fied for each material. A linear interpolation is used to deter-
mine material properties between temperature-specified sets of
, elastic constants, and the material properties are assumed to be
constant above the highest specified temperature and below the
lowest specified temperature. The temperature-dependent cards
must be in ascending order of temperatures.
First card (215, F10.2, 3F10.8) one for each material
Columns 1-5 material number (in sequential order)
6-10 number of temperature cards for this material
('"1' for class 1, 2, or 3)
11-20 fiber orientation in degrees

21-30 thermal expansion coefficient, %y

1The word 'card' also implies card images on disk or tape

16
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31-40 thermal expansion coefficient, %y

41-50 thermal expansion coefficient, ars
Subsequent cards (F5.0, 3F10.0, 3F5.2, 3F106.0) (One card for
problem class 1, 2 or 3. And for problem class 4 one card for
each temperature for which material properties are specified.)
Columns 1-5 temperature for material properties

(can be left blank for class 1 and 2 problems)

KSI
KSI

KSI

Cclumns 6-15 modulus of elasticity, Ell’

E22’
E33’

16-25 modulus of elasticity,
26-35 modulus of elasticity,

36-40 Poisson's ratio, V12

13

23
51-60 shear modulus, G12 KST

61-70 shear modulus, G,, KSI
71-80 shear modulus, G SI

41-45 Poisson's ratio, v

46-50 Poisson's ratio, v

13
23 K

Element data cards1 (1615) Two cards for each element. Figure

1 shows the element nodal numbers.
First card
Columns 1-5 element number (sequential)
6-10 global nodal number for element nodal number 1
11-15 global nodal number for element nodal number 2
(Global nodal numbers are put in fields of 5
columns for sequential element nodal numbers up
to element nodal number 15 in columns 76-80.)
Second card
Columns 1-5 global nodal number for element nodal number 16
(Global nodal numbers are put in fields of
5 columns for sequential element nodal numbers
up to element nodal number 24 in columns 41-45.)
46-50 material number

51-55 element type number

1The word 'card' also implies card images on disk or tape

17




(Each unique element is given a type number.

The element types are numbered sequentially from

one to the number of unique elements.)

56-60 class number (to specify type of thermal elastic

problem)

'1' - elastic only, constant material properties
within an element

'2' - elastic only, material properties can
vary within an element

'3' - thermal elastic, material properties
cannot vary with temperature within an
element

'4' - thermal elastic, material properties can
vary with temperature within an element

(Class 1 or 2 elements cannot be mixed with class

3 and 4 elements. Classes 1 and 2 can be mixed

and classes 3 and 4 can be mixed.)

6. Nodal point cards1 (14,14,12, 6F16.6, F10.2) One card for each
nodal point.

Columns 1-4 nodal point number (sequential)
5-8 material
(Only necessary if the material at this node is
different from the material specified for the
element. This nodal material will be ignored
for elements of class 1, 3 or 4.)
9-10 boundary condition ccle

(There are eight possible combinations of force,

F, and displacement, U, boundary conditions for the

X, ¥, and z coordinates at each node.)

1

The word 'card' implies card images on disk or tape

18




v

L F 3 F
X y z
' U F F
X y z
2 U U F
X y 2z
13! U F 3]
X y rd
4! £ U F
X y z
'St F F U
X y z
'6' F U U
P y z
7 U u U
X y z
11-20 x - coordinate (global system)

21-30 y
31-40 z - coordinate (global system;

coordinate (global system)

41..50 x - force or displacement boundary condition
51-60 y - force or displacement boundary condition
61-70 z - force or displacement boundary condition
71-80 final nodal temperature

(can be left blank for class 1 and 2 problems)

B. Card Input for Step 3 (Equation Solver)

Two different equation solvers are available., The first is an
in-core version which is recommended for problems with less than four
unique elements. The second version iterates from direct access disk
and is recommended for problems with five or more unique elements.
Both versions use the same input data.

1. Parameter control card (2I5, 2F10.0, IS5)

Columns 1-5 code number for initial guess of the displace-
ment vector
'1* - The same initial guess for each degree of
freedom. The value of the initial guess
is specified in columns 11-20.
'2' - The initial guesses for the displacement

vector are to be read in from cards in

19




hexadecimal, FORMAT (5z216). The initial
guesses will be multiplied by the number
specified in columns 11-20.

'3' - The initial guesses for the displacement
vector are to be read in from cards in
hexadecimal, FORMAT (5Z16). The initial

guesses in the z-direction only will be

multiplied by the number specified in
columns 11-20,

'4' - The initial guesses for the displacement
vector are read in from a direct access
data file created in a previous job.

6-10 maximum number of iterations for this run
11-20 For code number 1, this field contains the
initial guess.

For code number 2, this field contains a multi-

plication factor for all the degrees of freedom

(use '1,0' if the initial guesses are not to be

modified.)

For code number 3, this field contains a mul-

tiplication factor for the z-direction displacements

only.

For code number 4, this field is not used.

21-30 Convergence criterion factor (use .000001)
31-35 Print-punch control code for displacements

'¢' - No printed or punched output

'1' - Printed output only — no punch

'2'  Punched output only — no %rint

'3' - Both printed and puncher. output

2. Displacement vector cards (5Z16)

The displacement vector deck is put behind the Parameter
control card for code number 2 and 3 only.

20
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Card Input for Step 4

1. Logic control card (IS) one card

Columns 1-5 code to control printed displacements and stresses

'0' - Stresses printed in a rectangular coordinate
system only
. '1' - Stresses printed in a cylindrical coordinate
system only
'2' - Displacements printed in a cylindrical
coordinate system only
'3' - Both displacements and stresses printed in
a cylindrical coordinate system
L '4' - Both displacements and stresses printed

in cylindrical coordinate system plus

stresses in a rectangular coordinate system

=]

Printed Output from Step 2

1. Problem parameters

2. Material properties

3. Local-to-global correlation matrix (element data)
EL NO - Element number

Material number

a.
b. L _ - Lower _
'!/ c. U _ _ - Upper _
{ d. _F _ - Front
[ e. _M_- Middle
b f. B_ - Back
g.
h.

Element type

1
!

Class

—
[
.

4. Nodal point data
a, NODE - Nodal number
b. MATL - Material number
. CODE - Boundary condition code

» 21




X-COORD - x-coordinate in global system
Y-COORD - y-coordinate in global system
Z-COORD - =-coordinate in global system
X-DISPL/LOAD - Value of x boundary condition
Y-DISPL/LOAD -~ Value of y bcoundary condition
Z-DISPL/LOAD - Value of z boundary condition

ot oy O QA

(=1
.

E.  Printed Output frem Step 3

r 1. Convergence parameters
2. Displacements in rectangular coordinates
+ F. Printed Output from Step 4
} 1. Displacements in cylindrical coordinates
2. Stresses in cylindrical coordinates
3. Stresses in rectangular coordinates
»
/
/
4
Y
/
‘ ! 22
g
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STEP 4 - Stress components
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APPENDIX A
FORTRAN Listing of Program
Appendix contains the FORTRAN listing for:
STEP 2 - Stiffness matrix
! STEP 3 - Equatioa solver
(Iteration in-core version)
STEP 3 - Equation solver
(Iteration from disk version)
/
i
p
)

}
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[ %] B =W v
MAIN PROGRAM STEP 2 MN2 10
MN2 20
3 X %228 %% %% T X F X XL SHEE XX E KK XSRS R xR E S MN2 30
* * MN2 40
* STEP 2 PERFURMS FUUR FUNCTIONS * MN2 50
* * MN2 60
* 1.  REAUS MESH AND BOUNDARY CONDITION DATA FROM CARDS OR * N2 70
* CARD IMAGES HN2 €O
* * HN2 90
* 2.  CALCULATES THE UNICQUE ELEMENT STIFFNESS MATRICES * MN2 100
» * MN2 110
* 3.  CALCULATES THERMAL EQUIVALENT LOADS * MN2 120
* * MN2 130
* 4.  WRITES MESH DATA, UNIQUE ELEMENT STIFFNESS MATRICES AND * N2 140
* FORCE AND DISPLACEMENT BUUNDARY COMDITION VECTORS ON A & MN2 150
* DIRECT ACCESS DATA SET * HNZ 160
» * MN2 170
2 % & 2 % % %% & ¥ 5t % 83 % %% % KK E XX X252 E s MN2 1B0
MN2 190
* 3 8 2 F ¥k X £ ¥ X2 8t 23S &5 kS &S FE T EEXEEEMNZ 200
* * MN2 210
* VARIABLE DEFINITIONS AND DIMENSIONS FUR STEP 2 * MN2 220
* * MN2 230
* ALFAL(NMTL) — = ~ THLRMAL EXPANSION COEFFICIENT 11 * HN2 240
* * MN2 250
*# ALFA2(NMTL) = - - THERMAL EXPANSION COEFFICIENT 22 * N2 260
+ * N2 270
* ALFA3(NMTL) ~ ~ = THERMAL EXPANSION COEFFICIENT 33 * MN2 280
* * MNZ 290
* AMBIMP ~ = = - = - INITIAL TEMPERATURE ® HN2 300
* * HN2 310
* DEC(NGNP) - - ~ — DISPLACEMENT BOUNDARY CONDITIONS * MN2 320
» * MN2 330
¢ E(NMTL,9,NTHP) ~ - MATERIAL PRUPERTIES * HN2 340
. (1ST SUBSCRIPT — NUMBER OF MATERIALS) *# N2 350
. (2N9 SUBSCRIPT = NUMBER OF ELASTIC CONSTANTS® MN2 360
* FOR AN ORTHOTROPIC MATERIAL) * MN2 370
* (3RD SUESCRIPT — NUMBER OF TEMPERATURES THAT# MN2 320
* MATERIAL PROPERTIES CAN BE SPECIFIED FOR & MN2 390
» EACH MATERIAL * HN2 400
* * HN2 410
* FUCINGNP) = — = ~ FORCE BUUNDARY CONDITIONS * MN2 420
* . * MN2 430
*+ FIBORT(NMTL) - - - DIRECTION OF PRINCIPAL AXIS FOR EACH * N2 440
* MATERIAL * MN2 450
* 8 MN2 460
* GNMAT(NEL,72) - - RELATES LOCAL AND GLOBAL DEGREES-UF-FREEDOM * MN2 470
* £ HNZ 450
* ICODE(NGNP) - - — BOUNDARY CONDITION CODE (FORCE OR * MN2 490
* DISPLACEMENT) * MN2 500
* * HN2 510




resNENURNUR ¥ | - ————— -

£ * IRD = = = = = = = UNIT NUMBER FUR CARD READER * NN2 520
¢ s * MN2 530
£ % JUDA = = = = = = — UNIT NUMBER FOR DIRECT ACCESS FILE * MN2 540
(S * MN2 550
( % IWRT =~ = == =« = UNLIT NUMBER FOR PRINTER * HN2 560
e * MN2 570
L % IX(NiL,27) = = - — RELATES LOCAL AND GLOBAL NODAL POINTS * MN2 560
co» * MN2 590
i, % LUBCANDBC) = ~ - — INDEX FOR DISPLACEMENT BOUNDARY CONDITIONS # MN2 600
c s * MN2 610
(  # MILND(NGNP) - -~ - MATERIAL AT EACH NODE * MN2 620
(T * MN2 630
¢ % NUBC = = - - = = - NUMBER UF DISPLACEMENT BOUNDARY CONOITIONS # MN2Z 640
Lot * MN2 650
£ & NEL = == -= = = NUMBER OF ELEMENTS * HN2 660
L oo» 4 HNZ 670
C % NGLDF = = = = = - NUMBER UF DEGREES-OF~FRZEDOM (GLUBAL SYSTEM)* MN2 680
L s * HN2 690
L ¢ NONP ~ = = = = = = NUMBER OF NUDAL POINTS (GLOBAL SYSTEH) * MN2 700
L s * N2 710
" % NMIL = - -~~~ - NUMBER OF MATERIALS * MN2 720
Coos * MN2 730
L * NIMP(NMTL) = = = = NUMBER OF MATER1AL PROPERTIES SPECIFIED FOR * MN2 740
C » EACH MATERIAL * M2 750
c s * MN2 760
L % NIYEL - - - = = - NUMBER UF UNIQUE ELEMENTS * MN2 770
coos * MN2 780
T % 5(2628) - - ~ - - tLEMENT STI®FNESS MATRIX STORED AS UNE- * MN2 790
C » DIMENS IUNAL ARRAY * MN2  80C
C * MN2 810
€ & TBCINEL,72) ~ - - THELRMAL EQUIVALENT LOADS FOR EACH LLEMENT & MN2 820
. (MEL CAN BE DIMENSIUNED AS *1' FOR s MN2 330
cooe NON~-THLRMAL PRUBLEMS) * MN2 840
(oo * MN2 850
L % THPEL(NMTL,NTHMP) - TEMPERATURES AT WHICH MATERIAL PROPERTIES % MN2 860
¢ 4 ARL SPECIFIED FOR EACH MATERIAL * MN2 870
c * MN2 880
r % TMPND(NGNP) = —~ - FINAL NOUAL PUINT TEMPERATURES s MN2 £90
1, » * MN2 900
. % UXINGNP) - - = = = MAGNITUDE UF FORCE OR DISPLACEMENT BOUNDARY * MNZ 910
Lo CONDITIUNS IN THE X-DIRECTION * HN2 920
.o * HN2 930
. % UYINGNP) - - = = - MAGNITUDE UF FURCE OR DISPLACEMENT BOUNDARY # MN2 940
o CONDITIUNS IN THE Y-DIRECTION * MN2Z 950
oo * MN2 960
; % UZINGNP) - - ~ - = MAGNITUDE OF FORCE OR DISPLACEMENT BOUNDARY * MN2 970
. CONDITIONS IN THE Z-DIRECTION * NN2 980
. ® MN2 990
* % X(NGNP) = = = - = X-COORGINATE {GLOBAL SYSTEM) = N2 10600
} (. s * MN2 1010
L % Y(NONP) - - ~ - - Y-CUORUINATE (GLOBAL SYSTEM) * HN2 1020
A-3
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c * * MN2 1030
C $ Z(NGNP) = - -~ - ~ Z2-COORDINATE {(GLOBAL SYSTEM) * MN2 1040
¢ = : . & MN2 1050
C X 4 % %k % ¥ ¥ x kK % ¥ %k ¥ Xk ¥ 3 %X Xk ¥ £ X & ¥ % 0§ % % %% & %%k MN2 1060
c MN2 1070

1IMPLICIT REAL*8 (A-H,0-2) MN2 1080
LOGICAL*]1 SW(i2) MN2 1090
INTEGER®2 1X, ICODEy GN#4ATs MTLND, LDBC MN2 1100
COMMON / GENL / XINIT, EPS, AMBTMP, MN2 1110
1 ICLASSy NELs NGHP, NGLDFy NMTL, NTYEL, LIMIT, NM, NDBC MN2 1120
COMMUN /NODELM/ X(1015), Y{(1015), Z(1015), UX(1015), UY(1015), MN2 11390
1 UZ(1015), THPND({1015), FBC{(3045), DBC(3045}, TBC( 1,72}, MN2 1140
2 1CODE{1015)y 1X(144427), GNMAT(144,72)+MTLND{1015),L0BC(1015) MN2 1150
COMMON  /MATL / E{9+9,10), FIBORT(9)y ALFAL(9), MN2 1160
1 ALFA2(9)y ALFA3(9), TMPEL{9+10), NTMP(9) MN2 1170
COMMON /STIFEX/ s{2628) MN2 1180
COMMON / INUX / INEL, IGNP» ILNP,IMTL MN2 1190
COMMUN 7 HEAD /7 HED(10)+ICRDyIRRTIPAGE,LINE MN2 1200
DEFINE FILE 3(55,6500,Us 1DXDA) MN2 1210
VLA = 3 MN2 1220
CALL INPT12 MN2 1230
NGLDF = 3 * NGNP MN2 1240
c MN2 1250
C CHANGE NODAL POINT NUMBERING SYSTEM TO DEGREE-OF~FREEDOM MNZ2 1260
C NUMBERING SYSTEM MNZ 1270
c MN2 1280
DO 14 INEL=].NEL MN2 1290
D0 14 J=1424 ) MN2 1300
GNMAT(INEL 43%4~2) = 3#IX(INELyJ)=2 MN2 1310
GNMAT(INEL,3%9-1) = 3*IX(INEL,J)~1 MN2 1320
14 GNMAT(INEL 3% ) = 3*IX{INELsJ) MN2 1330
C MN2 1340
c ZERO THERMAL LOAD MATRIX MN2 1350
c MN2 1360
IFLIX{1427) oEUe 1 oOR. IX{1927) .EQ, 2) GO 10 5 MN2 1370
DU 15 1=1,NTYEL MN2 1380
00 15 J=1,472 MN2 1390
15 786 (1,d) = (DO MNZ 1400
C MN2 1430
¢ CALCULATE AND STORE UNIQUE STIFFNESS MATRICES MN2 1420
c MN2 1430
5 10XDA = 7 MN2 1440
DO 12 1 =1, NTYEL MN2 1450
DO 20 INEL=1,NEL MN2 1460
IFCIXCINEL,26) LEQ. 1} GO TO 6 HMN2 1470
20 CONTINUE MN2 1480
6 CALL ELSTIF MN2 1490
HRITE(IUDA?IDXDA) (S(J)yd=1420628) MN2 1500
12 CONTINUE MN2 1510
c MN2 1520
c FORM FORCE AND DISPLACEMENT VECTURS FROM BOUNDARY CONDITIUM DATA MN2 1530
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00 1 I=1,NGLOF
0Br{1) = 0.0L0
FBC(1) = (<00
CALL FBCOBC

IF(IX(1,27) JEQ

CUMBINF STATIC AND THERMAL LOADS

e 1 «OR. 1IX{(1427) EQe 2) GO TO 7

00 17 INEL=1,NEL
1X26 = 1X(EINEL,26)

DO 17 1I=1,72

00 46 J=1,12
SHIJ)} = <FALSE.

WRITE(IUDA®L)

17 FBCIGNMAT (INELs1)) = FBL{GNMATU(INEL,1)) + TBCUIX26s1)

WRITE PROBLEM DATA ON DISK TO HBE PAST TO THE NEXT STEP

NELy NGLDF, NDBCy NTYEL, LIMITy NGNPyNMTL,

HED, IPAGE, AMBTIMP
HRITL(IUDA®2) ((NTMP(J)y, FIBORT(J)y ALFAL{J)y ALFA2(J)y ALFA3(2)),MN2
YTMPEL(J9 1)y (E(JsLsl)el=199)e 121,100y J=1,NMIL)
[} ((IX(1.J),J=l,27).1=l,NEL!.
(TMPND(J)y MTLND(J) »J=14NGNP)

HRITE{IUDA'3)
WRITE(IUDA?4)

» SWy NOUCNV,
HWRITC{IUDA®S)

HWRITE(IUDA'S)
sSTup
END

AX(I) -J=1oNGNP Yy (Y(I)od=1oNGNP) 9 (Z(J)yS=19NGNP)
(FECtJ) yJ=1oNOGLDF)
(LDECLJ) »J=1,4NDSC)
(DBC(J) yS=19NGLOF)
e (1X(Jy26)9J=14MEL)}
{(GNMAT{19J)eJ=1972)1=1,NEL)

MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2

MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
MN2
KN2

1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850




SUBROUTINE INPT12 IN2 10
C IN2 20
C * %X %X X % % X %k % %k ¥ %x % & £ ¥k & % % & * % Xk ® F* $ S K E S 28 IN2 30
c * * IN2 40
c * SJUBROUTINE INPT12 READS MESH AND BOUNDARY CONDITION DATA FROM * IN2 50
C % CARDS UR CARD IMAGES AND PRINTS INPUT DATA * IN2 60
C * * IN2 70
C 7  TH1S SUEROUTINE IS CALLED BY - ¥ IN2 80
C * MAIN * IN2 90
C b * IN2 100
c % THIS SUBROUTINE CALLS - * IN2 110
c * TITLE $ IN2 120
c * * IN2 130
Cc % 8 % % 08 % 2 X Kk & &2 & % %k FE X2 X RS E Y EXE R L ®EIN2Z 140
¢ * IN2 150
IMPLICIT REAL*8 (A-Hy0-2) IN2 160
INTEGER*2 11X, ICUDE, GNMAT, MTLND, LOBC IN2 170
COMMUN / GENL / XINIT, EPSy AMBTMP, IN2 180
1 ICLASSy NELy NGNPy NGLDFy, NHTL,y NTYEL, LIMIT, NM, NDSC INZ2 190
COMMUN /NODELM/ X(1015), Y{1015), 2(1015), UX(1015), UY(1015)y 1IN2 200
1 U2(1015}, TMPND(1015), FBC(3C45), DBC(3045), TBCL 1,72)y IN2 210
2 1CODE(1015)y IX(144427) 9 GNMAT(144472)yMTLNO(1015)4,L0BC{2015) IN2 220
COMMON  /MATL / £19:9,10), FIBORT(9)y ALFAL(9), INZ 230
1 ALFA2{9)y ALFA3(9)s TMPEL{9410), NTMP(9) INZ 240
COMMON / HEAD / HED{1GC)oICRDyIWRT4IPAGE.LINE IN2 250
1€ ‘0 FORMAT(1515) IN2 260
1001 FOKMAT(215, F10,2y 3F10.8) IN2 270
1002 FORMAT(FS.04 3F10.0y 3F5.29 3F10.0) INZ2 280
1003 FORMATI 144y I4y 12y 6F10.064 F10.2) IN2 290
1004 FORMAT{10AH) IN2 300
1905 FORMAT( 415, F10.2) IN2 210
2002 FOUKMAT( // '0 MATERIAL NO. F1BER ORT. THERMAL EXPAN. CIN2 320
10€EF. 11 THERMAL EXPAN CUEF. 22 THERMAL EXPANLCOEF. 33°%) IN2 330
2002 FORMAT ('0?%, 4Xy15413XeF5.1910Xe G167y 13Xy GLl6.7y 13Xy Gl6e7 /7 IN2 340
1 0%, 20X, *TEHP Ell E22 E33 NU12 IN2 350
2 NUL3 NuUZ23 G612 G13 G231) IN2 360
2003 FORMAT( 19Xy 4(FT.193X)y 3(FT7e293X)y 3(FTaly3X) ) IN2 370
2G04 FORMAT( °*0 NODE MATL CUDE X=CLUDRD Y-COORD 2~CCORDIN2 380
1 X-DISPL/LOAD  Y~DISPL/LOAUD  Z-DISPL/LOAD TEMPERATURE? ) IN2 390
2005 FORMAT {1X421591393X3613.69 6(2X, G13.6)}) IN2 400
2006 FORMAT( *CGEL NO LF1 LF2 LF3 LF4 UFl UF2 UF3 UF4 LML LM2 IN2 410
1LM3 MG UMl UM2 UM3 UMy LBL 1B2 LB3 (B4 UBL1 UB2 UB3 UIN2 420
284 MT ET C' ) IN2 43C
2007 FORMAT (2Xy I3y 2415y 2134 12 ) IN2 440
2008 FORMAT(*ODATA FOR THIS STEP 1S READ IN ON UNIT?!, I3) IN2 450
2013 FURMAT('OPROBLEM CONSTANTS! / IN2 460
1 ' NUMBER OF NODAL POINTS®, T45, 15/ INZ2 470
2 * NUMBER OF MATERIALS?®, T45¢ 15/ INZ2 460
2 ' NUMBER OF ELEMENTS?, 145y 1"/ iN2 49C
3 ' NUMBER UF TYPES OF ELEMENTS?®, 145 15/ IN2 500
“ ’ AMB. TEMPERATUTES®, T37+E13.7) IN2 510
A-6
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c IN2 520
C READ IN PROBLEM DATA IN2 530
c IN2 540
IPAGF = 1 IN2 550
REAU(5,1000) INDAT IN2 560
READ{INDAT¢1004) HED IN2 570
REAOD(INDAT,1005) NGNP, NMTL, NEL, NTYEL, AMBTHP IN2 580
c . IN2 590
C PRINT PROBLEM DATA IN2 600
C IN2 610
CALL TITLE IN2 620
WRITE(IWRT,2008) INDAT IN2 630
15 WRITE(IWRT,2013) NGNP, NMTL, NELe NTYELy AMBTMP IN2 640
(o IN2 650
C READ IN MATERIAL DATA IN2 660
c IN2 670
D0 10 IMTL=1,NMTL IN2 680
READ{INDAT,1001) MILN, NTMP(IMTL), FIBURT(IMTL), ALFAI(IMTL), IN2 690
1 ALFA2{IMTL)y ALFA3LINTL) IN2 700
NTMPl = NTHP(IMTL) IN2 710
DU 10 1TMP=1,NTMP] IN2 720
10 READ(INDAT,1002) TMPEL{IMTL ITMP )y (E(IMTLyJy2TMP),J=1,9) IN2 730
C IN2 740
C PRINT MATERIJAL DATA IN2 750
C IN2 760
CALL TITLE IN2 770
D0 50 IMTL=],NMTL . IN2 780
IF(LINE + . NIMP{IMTIL) +LT. S50 ) GO TO 1 IN2 T79C
CALL TITLE IN2 800
1 WRITE(IHWRT 42001) IN2 810
LINE = LINE #» 3 IN2 820
WRITE(IWRT,2002) IMIL, FIBORT{IMTL), ALFAL(IMTL)y ALFA2(IMTL), IN2 830
1 ALFA3(IMTIL) IN2 840
LINE = LINE+}) IN2 850
NTMP]1 = NYMP({IMTL) IN2 860
DO 50 1TMP=]1,NTMP] IN2 870
LINE = LINE+]l IN2 880
50 WRITE(IURT,2003) THPEL(IMTL,1TMP)y (E(IMTLJy1TMP) ,J=1,9) IN2 890
C IN2 900
C READ IN ELEMENT DATA IN2 910
C IN2 920
- DO 30 INEL=),NEL IN2 930
3C READ{INDAT ,1000) My (IX(Mgd)sd=1427) IN2 940
c IN2 950
C PRINT ELEMENT DATA IN2 960
C IN2 970
CALL TITLE IN2 980
WRITE(IWRT,2006) IN2 990
DO 70 INEL=1,NEL IN2 1000
} IF(LINE .LT. 45} GO 10 3 IN2 1010
CALL TITLE IN2 1020
A-7
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WRITE(IWRT, 2006) IN2 1030
3 LINE=LINE+1 IN2 1040
70 WRITECIWRT 20070 INELs (IXCINELeJ)yJ=1,27) IN2 1050
\ c IN2 1060
C READ IN NODAL PUINT DATA IN2 1070
c . IN2 1080
DO 40 1GNP=1,NGNP INZ 1090
40 READ(INDAT,1003} M, MTLND{M), ICODE{M), X(M)y Y{H), Z(M), IN2 1100
1 UX (M), UY(M), UZ(M), TMPND(M) . INZ 1110
c IN2 1120
L PRINT NUDAL POINT DATA IN2 1130
c IN2 1140
CALL TITLE IN2 1150
WR1TE(IHRT,2004) IN2 1160
DO 60 IGNP=1,NGNP IN2 1170
IF(LINE .LY. 45) GU YO 2 IN2 1180
CALL TITLE IN2 1190
WRITE(IWRT42004) IN2 :200
2 LINE = LINE+] IN2 1210
WRITE(INRT,2005) 1GNP, MTLND(IGNP), ICODE{IGNP)s X{IGNP), Y(IGNP)INZ 1220
1 e Z(IGNP)y UX(IGNP}y UY(IGNP)y UZ(IGNP), THMPND(IGNP) IN2 1230
60 CONTINUE IN? 1240
RETURN IN2 1250
END IN2 1260
-_
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SUBROUTINE TITLE 112

c 112
C I I B BN B B NE-NE I B B 2 Bk BE I BE BN B B BE NE BE N N BN BN BE Bk R BN BE BE NN B ¥4
¢ * ) » TI2
C * SUBROUTINE TITLE PRINTS THE HEADING ON EACH PRINTED PAGE * 112
c = * 712
C * THIS SUBROUTINE 1S CALLED BY ~ = T12
c ¢ INPTI2 * 112
¢ * T12
¢ 3 %2 % % K £ % %X % %k X% & &2 % %P %% T2 XS X XE % &k % % T2
c . T12
IMPLICIT REAL*8 (A=H,0-2) T12
CUMMON / HEAD / HED(10),1CRD,INRT IPAGELINE T12

100 FORMAT (1H1,'FEM 72-DOF GENERAL HEXAHEDRONS THERMO-ELASTIC, VARYINTIZ2
16 HATERIAL PROPERTIES, OANA®, 9X, 'PAGE®, 13) 712

101 FORMAT (1HO,10A8 ) T12
LIST = 6 112

IHRT = 6 T12

WRITE (LIST,100) IPAGE 112
WRITE (LIST,101) HED 112
IPAGE= IPAGE +1 112

LINE = 0 T12
RETURN 132

END TI2
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SUBROUTINE ELSTIF ES2
€S2

X % & X X % £ Kk % % £ 5 %3 XX XS 2K XS K XX NS S XS E S X EES2
* * ES2
*  SUBRUUTINE ELSTIF CALCULATES THE ELEMENT STIFFINELS MATRICES. * ES2
# ONLY THE UPPER SYMMETRIC PORTION IS FORMED. * ES2
%  EACH MAVRIX 1S STORED AS A ONE-DIMENSIONAL ARRAY. * ES2
* * E£S2
*  THIS SUEBROUTINE IS CALLED BY ~ * ES2
* MAIN * ES2
* * ES2
* THIS SUBROUTINE CALLS - * ES52
* ELAS * ES2
* BMAT * ES2
* SHPFENT * ES2
* * ES2
2 % ¢ % X % A % %R X% X %% X X% X EE XS XX ¥ S XS K ES2
ES2

IMPLICIT REAL*8 (A~H,0-Z) ES2
INTEGER®2 1X, ICODEy GNMATy MTLND,y LDSBC , ES2
COMMON /7 GENL / XINITy £PSy AMBTMP, ES2

1 ICLASSy NELy NGNPy NGLDFy NMTLy NTYELy LIMIT, NM, NDBC ES2
COMMUN /NOUDELM/ X(1015), Y(1015), 2(1015), UX(1015), UY(1025)y ES2

1 UZ{(1015)y TMPND(1015), FBC(3045), DBC(3045), TBC( 1,72}, ES2

2 ICODE(1015)y IX{144427)y GNMAT(144+72)+MTLND(1015),LDBC(1015) ES2

COMMON /MATL / €E(999+10), FIBORT(9)s ALFAL(9), ES2

1 ALFA2(9)y ALFA3(9), TMPLL(9+10), NTMP(9) ES2
COMMON /STIFEX/ St2628) ES2
COMMUN /7 SYIFIN / D(096924)9 XNVCT(24)y ETM(9}, BA(6,T2), ES2

1 C(3924)y XYZI2443)y ALFTMP(6)y XSIKy ETAJSy Z2TAl €S2
COMMON / INDX / INELy IGNPy ILNP,IMTL €S2
DIMENSION  DSHP(6+6)s BTD(72,6), BDB(2628) ES2
DIMENSION H(32) sXSI(L)sETALG) 9 ZTAL2) oW {4 ) ¢ WH(2) . £S2
ES2

FORM ELEMENT STIFFNESS MATRIX BY NUMERICAL INTEGRATION WITH GAUSS QUADES2
~RATURE FORMULARy SIT72XT72) = H#{BT*D*B)*DETS AT EACH G.P.s 4X4X2 RULE ES2
SET GAUSS PT.S FOR GENERAL HEXAHEDRON IN NUH. INT. WITH 4X4X2 RULE ES2
3 ¥4

XSIi4a) = .861136311594065300 ES2
XSI1{3) = .339981043584856D0 Es2
XS1{2) = =x51(3) ES2
XSI(1} = =XSI(4) ES2
ZT1A(2) = .57735026918962600 ES2
ZTA(L) = <ZTAL2) ES2

DD 10 i=1.4 ES2

10 ETA(I) = XSI{I) ES2
ES2

FORM WEIGHING CUEFFICIENTS H{32) AT GAUSS POINT 1374
ES2

H{1)=.34785484513745400 ES2
HI2)=465214515486254600C ES2
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10
20
30
40
50
60
70

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
27¢
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510




WE3) = wW(2) €S2 520

H{4) = W1} ES2 530

WH{1l) = 1.00 £S2 540

Y ¥.(2) = 1.00 ES2 550

00 15 1=1,4 €S2 560

DU 15 J=144 ES2 570

D0 15 K=142 £s2 580

M =K+ 2%(J — 1) + 8*(1 - 1) ES2 590

15 HI{M) = W(I)*WEJI*HW(K) €S2 600

C €S2 610

C FORM NUDAL PT. COORD.S MATRIX XYZ AND C FOR J(3X3) = J{3X24)sXYZ(24X3)ES2 620

c . ES2 630

D0 20 I=1,24 ES2 640

L = IX(INELsI) . ES2 650

XYZ(1,y1) = X{L) ES2 660

XYZ(1,2) = Y(L) : €S2 670

20 XYZ(143) = Z(L) ES2 680

C ES2 690

C  CALCULATE ELASTIC PROPERTIES : ES2 700

c ' ESZ T10

CALL ELAS €S2 720

D0 25 NL=1,2628 ES2 730

25 S(NL) = 0.D0 ES2 740

DO 100 K=1l44 €S2 750

D0 100 J=1,4 ES2 760

00 109 I=1,2 gEs2 110

M =14+ 2%(J~1) + 88(K~1) €S2 780

XSIK = XS1(K) ' ES2 790

ETAJ = ETALJ) ES2 800

ZTAL = ZTAll) ES2 810

C £S2 820

» c FURM B MATRIX ES2 8630

c ) ES2 840

CALL BMAT(14J4KoDETJ) ES2 850

IF(IX(INEL,27) EQ. 1 } GO T0 1 ES2 860

CALL SHPFNT ES2 870

/ 1F{ IX{INEL,27) o.EG. 3 ) GO 10 1 ESZ2 080

/ c ES2 890

C FORM 3-~D ELASTIC MATEKIAL PROPERTIES ARRAY (USED ONLY IF ELASTIC ES2 900

C PROPERTIES VARY WITHIN AN ELELMENT) ES2 910

c €S2 920

00 110 N=1,46 €S2 930

DO 110 L=1s0 €S2 940

DSHP(LN) = 000 ES2 950

00 110 ILNP=1,24 €52 940

110 DSHP{LsN) = DSHPILsN) + DILyNoILNP) * XNYCT(ILNP) ES2 970

G0 70 4 ES2 980

1 00 120 N=1,40 ES2 990

00 120 L=1,46 ES2 1000

120 USHP(LeN) = DIL4Ny 1) ES2 1010

4 CONTINUE ES2 1620
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DO 80 N=1,72 ES2 1030

DO 80 L=1.6 €52 1040
BININGL) = .50 €S2 1050

DU B0 NN=l40 €S2 1060

80 BTD(N,L) = BTO(NsL)} + BA(NN,N)*DSHP{NN,L) €S2 1070
IF{ IXEINEL,27) +EQe 1 «ORe IX{INELy27) .EG. 2) GO TO 5 ES2 1080

C ES2 1090
c CALCULATE THERMAL-EQUIVALENT LOUAD VECTOR FOR EACH ELEMENT (THERMAL ES2 1100
C PROBLEM OUNLY) €S2 1110
C ES2 1120
TMP = 000 ES2 1130

DO 130 ILNP=1,24 €S2 1140

130 TNP = TMP + TMPND{IX{INEL.ILNP})}* XNVCT{ILNP) ES2 1150
TMP = TMP — AMBTMP ES2 1160

IX26 = IX(INEL,+26) ES2 1170

00 140 L=1,72 ES2 1180

D0 140 N=1ls0 ES2 1190

140 TBC(1X264L) = TBC(1X264L) + TMPHALFTMP(N)*BTD{L,N)SH(M)*DETJ ES2 1200

5 NL =0 €S2 1210

C ES2 1220
C FORM TRIPLE MATRIX PRODUCT ES2 1230
c €S2 1240
DO 90 N=1,72 ES2 1250

D0 90 L=Ny T2 ES2 1260

NL = NL+ 1 €sSe 1270
BOB(NL) = 0.DO ES2 1280

00 90 NN=1406 ES2 1290

90 BDLINL) = BUB(NL} + BTU{NsNNI*BA(NN,L) £S2 1300
NL=0 Es2 1310

DO 100 N=1,72 ES2 1320

D0 100 L=N,72 €S2 1330

NL = NL + 1 ' ES2 1340

100 S(NL) = S(NL) + H(M) #* DETJ*BOB(NL) £S2 1350
RETURN ES2 1360

END ES2 1370




SUSROUTINE ELAS

$ & 2% % % & % & 2 & X% % % 2% 5k 3% %% kXt S

SUBROUTINE ELAS, IN CONJSUCTION WITH OMAT, CALCULA/IS THE
ELASTIC MATRIX FOK EACH ELEMENT

THIS SUBKOUTINE 1S CALLID BY -
ELSTIF

TH1S SUBROUTINE CALLS -
DMAT

L 3K 2 BR IR BN B IR SR SE BE W

ERE 2E 20 Bk B JE BE SR B B BN B AR Bk BN Bk R Bk 3k BN BN BN B Nk 2% 2R IR 2% 2R BN A

[z el aNe ool Nl aNoNalaNalel

IMPLICIT REAL*8 (A-H,0-1)
INTEGER*2 1X, 1CODE, GNMAT, MTLND, LODBC
COMMON /7 GENL / XINIT, EPSe AMBTMP,
1 ICLASSy NELy NGNPy NGLOF,y NMTLs NTYEL, LIMIT, NM, NDBC
COMMON  /NOLELM/ X(1015), Y{1015), 2{1015), UX{1015), UY(1015),
1 UZ(1015), TMPND11015), FBC(3045), DBCL3045), TBC( 1y72),
2 ICODE{1015)s IX{144427)¢ GNMAT(244972)4MTLND(1015),LDBC(1015)
COMMON  /MATL / E(9+9,10), FIBORT{9)y ALFAL(9),
1 ALFA2(9)y ALFA3(9}y THPEL(9,10}y NTMP(9)
COMMON /7 INDX / INELy IGNP, ILNP,IMTL
COMBON 7/ STIFIN / D(616,24)y XNVCT{24)y ETHI9)y BA{6,72),
1 Cl3024)y XYZ12443), ALFTHPLG)y XSIKy ETAJs ZTAI
TIFC IX(INEL427) +EQ. 1 <ORe IX{INEL,27) .EQ. 3) GO TO 31
IF( IX{INELL27) oEQe 2 ) GO TU 2
NTHMPL = NIMP{IX(INEL,25))
IF{ NTMPl .tQ. 1 ) 6O YO 31
DO 10 ILNP=1,24
IMTL = MTLNDUIX{INEL,ILNP)}
IFCEMTL «EQ¢ O ) IMTL = IXCINEL25)
IGHT = IX(INELyILNP)
IF(TMPNDUIGNT) oLT. TMPEL(IMIL,1) } GO 30 5
1F( THPNU(IGNT) .GE. THPELL{IMTL,NTMP{INMTL}) )} GO TO o
NIMPMI = NTHP{IHMTL) - 1
00 2C 11=14NTHPM]
IF{ THPND(IGNT).GT« TMPEL{IMTL,IX} <AND. TMPND{IGNT}.LE.
1 TMPEL(IMTL,11+41) } GO TO 4
206 CONTINUE
5 DO 30 1=1,9
30 ETMLI) = E(IMTL+I,3)
GO 10 1
6 D0 40 I=1,9
40 ETH(1) = EC(IMTL,I,NIMP(IMTL))
60 70 1
4 DIFTP1
DIFTP2
RATDIF

THPEL(IMTL,11I41) ~ TMPEL(IMTL,1I)
TMPND(IGNT) ~ THPELIIMIL,I1)
D1FTP2 / DIFTP1
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DO 50 I=1,9

CALL DMAT

CONT INUE

RETURN

IMTL = IX{INEL,25)
ILNP = 1

DO 60 I=1,9

60 ETM{1) = E(IMTL,I,1)

CALL DMAT
RETURN
2 DO 70 1LNP=1,24
IMTL = MTULND(IX(INEL,ILNP))
IF(IMTL +EQ. O ) IMTL = IX(INELy25)
DO 80 I=1,9

80 ETM{I} = E(IMTLs1y1)
70 CALL DMAT

RETURN
END .

S ——————

ETH(I) = EUIMTLI,II) + RATOIF * TECIMTL 11141} ~ E(IMTLeI,21))

EL2
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SUBROUTINE BMAT(I4JyK+DETJY)

* 3 X % K ¥ Xk E XXX SFEREEEEE K LSS XSS SR XS

SUBROUTINE BMAT FORMS THE B MATRIX WHIC! IS USED IN CONJUCTION
HITH THE ELASTIC MATRIX TO FORM THE STIFFNESS MATRIX

THIS SUBROUTINE IS CALLED BY -
ELSTIF

% %K %5 5% 5 XL EEEREEEEEXE ST R XX EBEE X

IMPLICIT REAL*E (A-H,0-Z)

INTEGER#2 IX, 1CUDE, GNMAT, MTLND, LDBC

COMMON / GENL / XINIT, EPSe AMBTMP,

1 ICLASSs NELy NGNPy NGLDFy NMTL, NTYEL. LIMIT, NM, NDBC
CUMMON  /NODELM/ X(1015), Y(1015), 2(1015), UX(1015), UY(1015)},
1 UZ(1015), TMPND(1015)y FBC{3045), DBC(3045), TBC( 1,72},
2 ICODE(1015)y IX(144427)¢ GNMAT(144,72)¢MTLND(1015),LDBC(1015)
COMMON  /MATL / E(9:9910i FIBORT(9)s ALFAL(9]},

1 ALFA2(9)y ALFA3(9)y TMPEL(9,10), NTMP(S)

COMMON 7/ STIFIN / D(6s6924)y XNVCT(24), ETHI9), BA(6,72),

1 C{3+24)s XYZ(2443)y ALFTMP(6}s XS1Ky ETAJy ZTAI

COMMON / 1INDX / INEL, IGNPs ILNP,IMTL

DIMENSION DJ(3+3)s DII(3+3)9XSI{4)y ETACA), ZTA(2)

XS1(K) = XSIK

ETALY) = ETAY

ZTA(1) = ZTAl

ORHM C MATRIX

Cllex) = (1,00 -~ ETA{J))*(1.D0 — ZTA(I))*(10.D0 + 18.00%XSI({K}
1 27.00¢XS1(K)#*2 ~ F,DO*ETA(J)#*2)

C(142) = (100 — ETALI))I*#(1.0C ~ ZTA(X))*{BL.DOSXSI(K)*%2

1 ~18,004XSI(K) - 27.D00)

C(143) = (1.00 —~ ETA{J)I*(1.D00 — ZTA{I))*(27.00 ~ 18,D0*XSI(K)

1 B1.00%XSI(K)*»2)

C(ls4) = (1eD0 = ETALJI)}*(1.00 ~ ZTA(I))*(27.00*%XST(K)*62 +
1 F<UOXETA(J)*92 + 18.D0#XSI{K) ~ 10.D0)

Cll1y5) = (1.00 = RTA(J))*(1.00 + ZTA{I))4(10.D0 + 18.D0#XS1(K} ~
] 27.00%XSI(K)*%2 = G.DO*ETA(J)**2)

Cllyb) = (1.00, - ETA(JI))}*{1.00 + ZTA(I))*(8L.00%XSI(K)*%2

1 -12,D0#XSI(K} - 27,00}

Cl1y7) = {1.00 - ETA(J)}*{1.00 + ZTA{1))*(27.00 ~ 18.D0#XS1(K)

1 81.D0%XSI(K)**2)

Cl1e8) = (100 — ETA(J))*(1.,00 + ZTALI))*(27.D09XSI(K)I#*2 +
9.D0O%ETA(J)*%2 + 1B.DO#XSI(K) ~ 10.D0)}

C(1¢9) = (1.D0-3.DO%ETA(JI}I*(1.00-2TA(I))*(9.DO%ETA(J)*82~9,D0)

C(1410)= {1.0043.00%ETA{J))*(1.D0-2TA{I))*(9.D08ETA(J}*+2~=9.D0)

Clleld)= =C(1,9)

C(1ls12)= ~C(1,410)
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C(1513)= (1.D0~3.D0%*ETA(J) )*(1.D0+ZTA(1))*{9.DOSETA(I)*%2-9,00) BM2 520
Cllel4)= (1.D043.D0%ETALI))*(1.D042TA(Y))*(9.DO*ETA{I)}**2~9,D0) BM2 530

C(1ls15)= -C(1,13) BM2 540
Ctloso)= ~C(l,yL25} BM2 550
Clle17)= (1,00 + ETA({J))*(1.00 — ZTA(1))*(10.00 + 18.,00#XSI1(K) - BM2 560
1 2T700%XSI(K)*%2 ~ 9,004ETA(J)*82) BM2 570
C(1918)= (1.00 + ETA{JI})#(1.D0 — ZTA(I))*{B1.00%XSI{K)ss2 BM2 580
1 ~18.,D08XSI(K) ~ 27.D0} BM2 590
C{1,19)= (1.00 + ETAIJ))*(1.D0 — ZTA(I))*(27.00 ~ 18.DO*XSI(K} - BM2 690
1 - B81.00¢XSI(K)#**2) BM2 610
Cl15,20)= (1.D00 + ETALJY))*(1.00 = ZTA(1))*(27.00%%XSI(K)*%2 + BM2 620
1 9.DOSETA(J)**2 + 18,D08XSI(K} ~ 10,00} BM2 630
C(1le21)= (1.00 + ETA(JS)I}I*(1.00 + ZTA(I})*(10.D0 + 18.D08XSI(K) ~ BM2 640
1 . 2T.00%XS1(K)**2 ~ 9 .DOSETA(J)*%x2) BMZ 650
C(1922)= (1.00 + ETALJ))*(1.00 + ZTA(1))#(B1.DO*XSI(K)##2 BM2 660
1 ~18.00%XSI1(K) - 27.00) BM2 670
Cl1e23)= (1.00 + ETA(SIII*(1.D0 + ZTA(X))*(27.D0 ~ 1B.DO*#XSI(K) -~ BM2 680
1 B1.00%XSI(K)#82) BM2 * 690
Cl1524)= (1.00 ¢+ ETA(JI))*(1.00 + ZTAL{I))*(27.00%XSI(K)*%2 ¢ BM2 700
) S 9.D0%ETA(J)**2 + 18.D0®XSI(K) ~ 10.D0) BMZ T10
Cl{241) = (1.00 = XSI(K}}#(1.00 ~ ZTA{I)}*(10.,00 + 18,DOETA(I) ~ BMZ 720
1 9eD0*XSI{K)s%2 ~ 27,DO*ETA(J)*%2) 8M2 730
€(292) = (1.00 = 3.,00¢XSI{K}}*(1.D0 =ZTA(1))*(9.DO*XSI{(K)¥*2~9,D0)BN2 740
Cl{2y3) = (1.00 + 3.00%XS1(K))*(1.00 ~ZTAL1)}j*{9.00%XSI(K)*32~9,00)BM2 750
C(244) = (1.00 # XSI{K))*(1.00 — ZVA(I)}*(10.D0 + 1B.DO*ETA(J) ~ BM2 760
1 9.00#XSI(K)*x2 — 27,DO0*ETA{J)*%2) BM2 770
Cl2¢5) = (1.00 = XSI{K)}*(1.00 + ZTA(I))*(10.00 + 18.DDSETA(J) - BM2 780
1 QUGEXSI(K)#%2 ~ 27.004ETA(J)s%2) BM2 790
Cl296) = {1.D00 — 3,00%XSI(K))*(1.00 +ZTA(I})*(9.D0*XS1(K)¢%2-9.00)8BM2 800
Cl297) = {1.N0 4 3,00#XSE(K))*(1.00 +2TA(1))*(9.D0%XSI(K)*+2-9,D00)BM2 810
C(248) = (1.00 + XSI(K))#{1.D0 + 2TA(1))%(10.D0 + 18.DO*ETA(J) ~ BM2 820
1 9.DO*XSI{K)s%2 ~ 27,DO*ETA{J)*%2) RM2 830
C(299) = (1.00 ~ XSHK})*(1.00 ~ZTA(I))*({BL.00%ETA(J)*%2 ~ BM2 840
1 18.D0%ETA(J) - 27.00) BM2 850
C(2,10)= (1.00 ~ XSI(K})*(1.00 ~ ZTA(I)}2(27.00 -~ 18.DOSETA(J) ~ 6M2 860 4
1 BL.DOXETA(J)*%2) B2 870
Cl2911)x (1.00 + XSI{K})®(1.00 ~ZTA(I)}*(Bl.DO*ETA{I)$%2 ~ BM2 880
1 18.D0*ETA(J) ~ 27.D0) BM2 290
C(2y12)= (1,00 + XSI(K})#(1.00 — ZTA(1))#(27.00 ~ 1B.D0%ETA(J) -~ BM2 900
1 B1.D0%ETA(J) #%2) . BMZ 910
Cl2¢13)= (1.00 - XS1(K))*(1.00 +ZTA(1))*(B81.DO*ETA(J)**2 ~ BM2 920
1 18.D0%ETA(J} - 27.00) 8M2 930
Cl2414)= (1.00 = XSI(K})*(1.00 + ZTA(1))%(27.00 ~ 18.DO*ETA(J) — BM2 940
1 81.00%ETA(J)*+22) 8M2 950
C(2y15)= (1.00 + XSI{K))#{1.00 +ZTAC(I))*{B1.DO*ETA(J)*52 ~ BM2 960
1 18.DO*ETA(J) -~ 27.D0) BM2 970
C12416)= (1.00 + XSI{K)}*(1.D0 + ZTA(I1})*(27.D0 ~ 18.DO*ETA(J) ~ BH2Z 980
1 81.D0%ETA(J)*#2) BM2 990
C(2917)= (1.00 = XSI(K))#(1.00 — ZTA(1})#(27.D0O%ETA(J)#e2 + BM2 1000
1 9.D0*XSI(K)*#2 + 18,DO*ETA(J) ~ 10.00) BM2 1010
Cl2418)= =C(242) BM2 1020
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C(2419)= =C(2,3) B8M2 1030
Cl2920)= (1.00 + XSI(K))#(1.00 - ZTA{1))*(2T7.DOSETA(J)**2 + BM2 1040
1 9.00#XSI(K)*%2 + 18.D0*ETA(J) - 10.D0) BM2 1050
x Cl2,21)= (1.00 = XSI{K)}#(1,00 + ZTA(I))*(27.DO*ETA{J)#%2 ¢ BMZ 1060
1 9.00#XSI(K)*%2 + 18.D0*ETA(J) - i0.D0) B2 1070
C(2,22)= (1,00 - 3,00%XSI(K))#(1.00 +ZTA(1))*%{9,.D0-9.00¢XSI(K)**2)BM2 1080
Clee23)= (1.00 + 3.,00¢XSI(K)})*(1.D0 +2ZTA(1))%(9.00-9.D0*XSI(K)*#2)BM2 1090
Cl2924)= (1.06 + XSI(K)}#{1.00 + ZTALI})*(2T7,D0%ETA(J)*%2 + BMZ 1100
1 Q. DOsXST(KI**2 + 18.DO*ETA(J) - 10.D0) 8M2 1110
Cl341) = (1,00 = XSI(K))#{1.D00 — ETA(J)}*{10.,00 ~ 9.DOXSI(K)*#2 ,8M2 1120
1 -9.D0%ETA(J)*%2) BM2 1130
C(392) = (1.00 =3,D0#XSI{K))*{1.00 ~ ETA(.J))}*(9.D0$XSI{K)*42~9,00)8M2 1140
C(393) = (1.00 +3.D0¢XSI(K))*{1.00 ~ ETA(J))*(9.00#XS1(¥ 1$%2-9,D0)BM2 1150
C(394) = (1.00 + XSI(K)}*(1.00 - ETA(J))I*(120.D0 — 9.DOXSI{(K)#%2 8M2 1160
1 ~9.DO*ETA(JI)3%2) BM2 1170
DO 26 N=1,4 BM2 1180
26 C(3yN+4) = —C(3,4N) 8M2 1190
C(3,9) = (1,00 =3,D0%ETA(JI})*(1.00 = XSI(K))*(9.DO¢ETA(I)**2-9,00)BM2 1200
C(3510)= (1.00 +3,U0*ETA(J))*(1.U00 ~ XSI(K)}*(9.DO2ETA(JI)®*2-9,001BM2 1210
C(3911)= (1.00 ~3.DO*ETA(JI))*(1.D0 ¢+ XSI{K))*(9,DO*ETA(S)}*#2~9,D0)BM2 1220
C(3512)= (1.D0 +3.D0%ETA(J))}*(1.D0 + XSI(K))*(9.D0*ETA(JI)**2-9,D0)8M2 1230
00 27 N=9,12 BM2 1240
27 C{34N+4) = —C{34N) BM2 1250
C(3,17)= (1.00 = XSL(K))I%(1.00 + ETA(J))I*{10.D0 — 9.D0U*XSI(K)*#2 BM2 1260
1 ~9.D0%ETALJI) *%2) BM2 1270
C(3,18)= (1.00 ~3,.D0#XSI(K)}1*{1.00 + ETA(J))*(9.00XS1(K)*%2-9.D00)8M2 1280
C(3,19)= (1.00 +3.00¢XSI(K))*#(1.00 + ETA(J))*(9.00*#XSI(K)**2~9.D0)BM2 1290
C(3,20)= (1.00 + XSI(K))*(1.D0 + ETA{J))*(10.00 ~ 9.D0*XSI(K)*#2 BM2 1300
1 -9.DOSETA(J) *%2) B8M2 1310
00 28 N=17,20 UMZ 1320
28 C(34N+4) = —=C(3,4N) B8M2 1330
- c BM2 1340
C CALCULATE JACOBIAN MATRIX J(3X3) = C(3X24) * XY2{24X3) AT 32 PT. 8M2 1350
c BM2 1360
D0 30 II=1,3 BM2 1370
00 30 KK=1,3 BM2 1380
/ DJ(11,KK) = 0.DO BM2 1390
/ DO 30 JJ=1,24 BM2 1400
30 DJIIIGKK)Y = DJIITGKK) + C(1I1,Jd) * XYZ{JJIeKK) /64.DO B2 1410
c BM2 1420
C FORM INVERSE J MATRIX DJ1(3X3) FOR CUURDINATE TRANSFORMATION BM2 1430
c B8H2 1440
DEVY = DJU1,1)%(DI12,2)208(3,3) ~ DJ(243)%DJ{342}) BM2 1450
1 +0J(192)2(DJ(243)2DJ(3¢1) = DJ(2,1)%DJ(3,3)) BM2 1460
2 +0J(1,3)%(0J(3,2)%¥DJ( 2,1} = DJ(2,2)#DI(3,2)) 8M2 1470
DJI(1,1) = (DJ1292)#DJ(3,3) — DJI(2,3)%DI(3,2}) /DETY 3M2 1480
0JI(1y2) = (DJ(342)%0J(143) ~ DJ(3,3)3%0J(1,2)) /DETJ BM2 1490
0J1(143) = (DJ{142)%DI(2,3) = DJ(1,3)%D4{242)) /UETY 8M2 1500
DJI{241) = (DJ(2,3)%DJ(3,1) ~ DJ(2,1)%DJ(343)) /0ETY BM2 151¢
0JI(252) = (DJ(3,3)20J(141) ~ DJ(3,1)#DJ(1,3)) /DETJ BM2 1520
DJI(243) = (DJ11,3)%0J(2,1) = DI(1,1)*DS(2,3)) /DETY BM2 1530
j A-17
1
]
g
8 = L




DJI(3,1) = (DJ{2+1)#DI(3,2) — DI(2,2)*%DJ(3,41)) /DETJ BM2 1540
DJI(392) = (DI13,112DJ(142) ~ DJI(3,2)304(1s1)) /DETY BM2 1550
DJI{3,3) = (DJ(1y2)%DJI(242) ~ DI(1+2)%DI(2,1)) /DETY BM2 1560

C FOPY MATRIX B(6X72), WHERE (B) = {(BA) BM2Z 1570
DO 40 N=1,6 BM2 1580
DO 4C L=1,72 BM2 1590

40 BA(N,L}! = 0.00 BM2 1600
Gi: 50 N=1,7C¢3 BM2 1610

L =(N=-1}/3 +1 BM2 1620
BA({1,N}) = (DJI{1,1)3C(1,L)+DJI(2,42)%C(2+L)+DII(143)24C(3,L))/64,D0 BM2 1630
BALGN) = (DJI(292)2C11,L)4DJI(292)%C(24L)4DJT(243)%C(34L))/64.D0 BM2 1640

50 BA(S,N) = (DJI{3,1)2C L1, LY}+DJI(3,2)%C(2,L)4DJ1(3,3)2C(3,L))/64.00 BM2 1650
DO 60 N=247143 BM2 1660
L=(N-2)/3 +1 8HM2 1670
BAI24N) = (DII1291)3C(1,L)+DJII(2+2)%C(2,L)+DII(2,43)%C(3,L))/64.00 BM2 1680
BA{4yN) = (DJI(1,1)3C{1,L)+DIT(1,2)%C(2,L)+0J1(143}%C(3,4L))/64.00 BM2 1690

60 BA(6N) = (DJI(3,1)%CL1,L)4DJI{3+2)%C(2,L)+DJII(3,3)2C{3yL)}/6%.D0 BM2 1700
DO 70 N=3,72,3 BM2 1710
L= (N=-3)1/3 +1 3M2 1720
BA{34N) (DJI(3,1)#CL2,L)+4DJTI(342)%CL2oL)+DJII(3,43)9C(34L))/64,00 BM2 1730

BA(SeN)} = (DJI(1,1)4C(1,L)4DJI(1,2)%C(24L)4DJ1(143)8C(3,L))/64.00 BM2 1740

70 BA(64N) (DJI{2,1)%C {1 L)+DJI(2+2)%CL2+LF4DIT(2,43)%C(34L))/64.00 BM2 1750
RETURN BM2 1760
END 842 1770
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SUBROUTINE SHPFNT SH2
Cc SH2
[ X %k 2 2% 5 8 % &4 %% &8585 % 83 F %X 2 X 2 E S SR & SH
C A * SH2
C *  SUBKOUTINE SHPFNT CALCULATES THE SHAPE FUINCTION VECTOR * SH2
C * * SH2
C *  THIS SUBROUTINE IS CALLED BY -~ * SH2
c * ELSTIF * SH2
[ * # SH2
[ 2 ¥ 2 X % % % % % &k 3 ¥k % k 2 K d X & & ¥ X% S K% % % % 2 % & SH
c SH2
IMPLICIT REAL#*8 {A-H,0-2) SH2
COMMUN /7 STIFIN / Dl&y6924)s XNVCTU(24), ETMI9)y BA(6,T2), SH2
1 C(3424)y XYZ{2443)y ALFTMP{6)s XSIKy ETAJy 2TAL SH2
XP = 1.D0 + XSIK SH2
XM = 1,00 - XS1K SH2
YP = 1.00 + ETAY SH2
YM = 1.00 - ETAY SH2
IP = 1.00 + 2TAl SH2
IM = 1,00 - ZTAl SH2
XP3 = 1,00 + 3.D00%XSIK $H2
XM3 = 1.00 = 3,00*XSIK SH2
YP3 £ 1.D0 + 3.D0*ETAJ SH2
YM3 = 1.00 ~ 3.DO*ETAY SH2
XNVCT(1) = XMeYM*ZM%( G ,DO*{XSIK2$24+ETAJ*%$2) ~ 10.00) /7 64.00 SH2
XNVCT(2) = 9,D0*XM3sYM*ZM* (1.,D0-XSIK*%2} / 64.D0 SH2
XNVCT(3) = XNVCT(2) * XP3 / XM3 SH2
XNVCT(4) = XNVCT(1l) * XP / XM SH2
XNVCTLS) = XNVCTI(L1) *= ZP / 2M SH2
XNVCT(6) = XNVCT(2) * 2P / IM SHR2
XNVCT{T} = XNVCT(3) * 2P / IM SH2
XNVCT(8) = XNVCT(4) * ZP 7/ IM SH2
XNVCT(9) = 9,D0 * XMeYM3ISZIM*( 1,00-ETAJI*#*2) / 64,00 SH2
XNVCT(10) = XNVCTY{( 9} * YP3 / YM3 SH2
XNVCT(11) = XNVCT{ 9) * XP / XM SH2
XNVCT(12) = XNVCY(11) * YP3 / YM3 SH2
XNVCT(13) = XNVCT( 9) #* 2P 7/ IM SH2
XNVCT(14) = XNVCT(13) #» YP3 / YM3 SH2
YNVCT(15) = XNVCT(13) » XP / XM SH2
XNVCT(16) = XNVCT(14) # XP /7 XM SH2
XNVCT(17) = XNVCT( 1) * YP / YM SH2
XNVCT(18) = XNVCT( 2) = YP 7/ YM SH2
XNVCT(19) = XNVCT(18) *» XP3 / XH3 SH2
XNVCT(20) = XNVCT{L17) *= XP / XM SH2
XNVCT(21) = XNVCT(17) % 2P / 2M SH2
XNVCT(22) = XNVCT(18) = ZIP / M SH2
XNVCT{23) = XNVCT(22) # XP3 / XM3 SH2
XNVECT(24) = XNVCT(21) = XP / XM SH2
RETURN SH2
END SH2
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210
220
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SUBROUTINE DMAT DM2 10

c bM2 20
C [P BE N B R SN N N N N B B IR IR BN Bk BE BN N BN BE B B BN IR B BRI IR SR Bk Bk BNV 30
c * * DM2 40
c % SUBROUTINE OMAT CALCULATES THE ELASTIC MATRIX AND PERFORMS A * M2 50
C * ROTATIONAL TRANSFURMATION ON THE ELASTIC MATRIX * DM2 60
C * * DM2 70
c % THIS SUBRUUTINE IS CALLED BY - * DM2 80
c * ELAS * OM2 90
C * . * DM2 100
C 2 X % % K % 2 % % X 2 S X KX XX X E X EEE X KX P EEE R E X DMZ 110
c DM2 120
IMPLICIT REAL*8. {A-Hy0-1) . DM2 130
INTEGER*2 11X, ICUDEs GNMATy MTLND, LDBC [ 140
COMMON /7 GENL / XINIT, EPS, AMBTMP, DM2 150

1 ICLASSy NELs NGNP, NGLUFy NMTL, NTYEL, LIMIT, NMs, NDBC DM2 160
COMMUN  /NODELM/ X(1015), Y{1015}. Z{1015), UX{1015), UY(1C1l5)y OMZ 170

1 UZ(1015), TMPND(1015), FBC(3045)y DBC{3045), TBCL 1,72), oM2 180

2 1CODE{1015)y IX(144927)¢ GNMAT(144472)+MTLND(1015),LDBC(1025) DM2 190
COMMON /MATL / E(949510), FIBORT(9)y ALFAL(9), DM2 200

1 ALFA2(9)y ALFA3{9), TMPEL{9410}, NTMP(9) DM2 210
COMMON 7/ STIFIN /7 D(696924)y XNVCT(24)y ETM{9}, BAL6+72), oM2 220

i C(3,24)y XYZ({24,43)y ALFTMP(6)y XSIKy ETAJSy 2TAl DM2 230
COMMON 7/ INDX / INEL, IGNPy» ILNP,IMTL DM2 240

D IMENSION T{696)9TD(6s6)y TT(6e6)y THPCOFI6)y DTMP(646) 042 250

00 10 I=1s6 DM2 260

DO 10 J=146 DH2 270
T(IyJ) = 0.0D0 DM2 280
D(lyJyeILNP) = OUO DM2 290

10 TO(I,4J) = 0.00 oM2 3CC
XNU21 = ETM(4) * ETM(Z) / ETN(1) pM2 310

XNU31 = ETM{5) * ETM(3) / ETM(1) M2 320

XNU32 = ETM 6) * ETM(3) / E£TM(2) -0M2 330
FACT=1.D0~E 1M(4)%(XNU21+ETMI6) #XNU31)~ETH(5) 3 (XNU31+XNU32#XNU21)~ DM2 340

1 ETM(6)#XNU32 DM2 350
D(ls19ILNP)= ETMIL) * (1.00C — ETM{6) % XNU32) / FACT OMZ2 360
Dile2yJLNP) = ETM(2) * (ETM(4) + ETM(S5) % XNU32) /7 FACT DH2 370
D(Ly3,ILNP) = ETM(3) * (ETM(5) + ETM(4) % ETM(6)}) /7 FACT DM2 380
DI(2914ILNP) = D(14241LNP) bM2 390
D{2¢2,1LNP) = ETM{2) * (1.D0 = ETM(5) * XNU31l) / FACT UM2 400
D(2y3,ILNP) = ETM(3) *={ETM(6) + ETM{5)s XNU21) / FACT 0M2 410

. D{391,ILNP) = DI1,3,ILNP) DM2 420
D(3429ILNP) = D(2,34ILNP} DM2 430
D(3¢3,1LNP) = ETM(3)* {1.D0 ~ EIM({4]} * XNU21} / FACT DM2 440
Di4y4,1LNP) = ETM(T) DM2 450
D{Sy59ILNP) = ETM(3) ) DM2 460
D(6ebelLNP) = ETM(9} DM2 470
ALFTMP(1) = ALFAL(IMTL) DM2 480
ALFTMP(2) = ALFA2(IMTL) 0M2 490
ALFTMP(3) = ALFA3(IMIL) OM2 500

10 60 1=446 oOM2 510
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90

80
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ALFTHP(1) = ODC

IF( DABS(FIBORT(IMTL)) .LT. .5D-14 ) GO TO 50
FIBOR = FIBORT{IMTL) * 3.141592653589793200 / 180.00

11101) = DCUS!FIHOR ) *#2
T(1,2) = DSIN(FIBOR )*x2
T(ay1) = DCOS{FIBOR )} * DSIN(FIBOR )
T(le4) = —2.00 #{{4,l}
T(2,1) = Tl1,2)

T(242) = Ti1,1)

T(2¢4) = =T(1le4)

T(3,3) = 1.00

Tlae2) = ~Tl4,1)

T(4s4) = T(1,1) - Tl1s2)
T{545) = UDCOS(FIBOR )
Tl645) = OSIN(FIBOR )
T{5+6) = ~T(b¢5)

T{646) = T(5,5)

DO 7C I=1,.6

TMPCOF (1) = QULC

DO 70 J=1,6

TMECOF(1) = THMPCOF(1l) + T(1l,J) %= ALFTMPLY)
DO 90 1=146

ALFTMP (1) = TMPCOF(1)

DO 20 I=1+6

DO 20 J=1,6

U0 20 K=1,6

10(1,J) = TO(I,J) ¢ TUI,K)*D(K9Jy ILNP)
DU 80 1=1,46

D0 80 J=1%

TTW,1) = TUI,4)

DO 30 1=1,6

DO 30 J=1,6

DIKP(I,J) = 00O

00 30 K=146

DIMP(I+d) = DTMP(1,J) + TO(I,K) * TT{Ksd)
00 40 I=146

VO 40 J=1,6

D1y JyILNP) = DTHP(I, )

CONT INUE

RETURN

END
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2

1

SUBROUTINE

I I R I B A I B
SUBROUTINE FBLOBC FORMS A FORCE AKD A DISPLACEMENT ARRAY

TH1S SUBROUTINE 1S CALLED BY -~

MAIN

LR I B B IR AR L IR IE A U B BN N 2 BE BN BN BE BN 2N R BN Bk R N N BE AR IR

FBCDBC

IMPLICIT REAL#8 (A~H,0-2)
INTEGER*2 11X, ICODt, GNMAT, MILND, LOBC
COMMON 7/ GENL / XINIT., EPSy AMBTMP,

1CLASSy NELy NGNPy NGLDF, NMTL, NTYEL, LIMIT, NM, NDBC
COMMON  /NOUELM/  X(1015), Y{1015), Z(1015), UX(1015), UY{1015),
UZ(1015), TMPND(1015), FBCI3C45), 0BC(3045), TBC( 1,72),
1CODE(LO15)s 1X%(144427)s GNMAT(144,72),MTLND(1015),LDBC(1015)
FIBORT(9)y ALFAL(9),

CUMMON  /MATL 7/

€£(999410),

ALFA2(91}y ALFA3{9), TMPEL(9,10), NTHP{9)

108C = 0

00 7 1I=14HONP
IF(ICOVE(L) EQ. !
1F(ICODE(I) .EQ. 2)
IF(ICODE(]) .EQ. T7)
FBC(3%1-2) = UX(1)
IFLICODE(]I) +EQ. 4)
IF({ICODE(L1) +EQ. &)
FBC{3*I-1}) = UYI(I)
IF(ICODE(Y) EQ. 3)
IF{ICODF(1) .EV. 5}
FHC(3%1 ) = U2(T)
1F(ICODE(L) «€Q. 0)
IF(ICODE(I) +EQ. 4}
10PC = JUBC + 1
LbBC(INBC) = 3%]1-2
06CI3%1-2) = UX (1)
IF(ICODE(]L) +EG. 1}
IF{ICODE(1) +EU. 3)
10BC = 108C + 1
LOBCIILBC) = 32~}
0BC(3%1-1) = UY (1}
IFL1CO0E(I) LEQ., 2
106C = 1DBC + 1
LDOBC(IDBC) 31
DBC(3*I ) uz (1)
CONT INUE

NOBC = 10BC

RETURN

END

«OR .
GO
GO

60
GO0

GO
GO

60
GO

GU
GO

+OR.

1CODE( 1) EQ. 3)

10
70

10
19

T0
T0

T0
10

10
10

S w

Vi O©& vt w

GO T0 2

ICODE(]) +EQe 4) GO 70 7

A-22

*
*
*
*
*
*
*
*

FB2
FB2
FB2
FB2
FB2
FB2
FB2
FB2
FB2
Fa2
FB2
FB2
FB2
FB2
FB2
FB2
FB2
FB2
FB2
FB2
FB2
FB2
FB2
Fb2
FB2
FB2
FB2
FB2
FB2
FB2
FB82
FB82
FB2
FB2
FB2
FB82
FB2
FB2
K82
FB2
FB2
FBz
FB2
FB82
FB2
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MAIN PROGRAM STEP 3 (ITERATIUW IN CORE VERSIUN)

'EEEEEEEEEEEESEENENEZIE NN IEEENENE R
STEP 3 PERFURMS FIVE FUNCTIONS

1. COMBINES NON-ZERIZ DISPLACEMENT BUUNDARY CONDITIONS WITH
THE FORCE VECTUR .

2. SULVES THE SYSTEM OF LINEAR EQUATIONS BY MINIMIZING THE
TOTAL POTENTIAL ENERGY

3. CALCULATES AND PRINTS THE STRAIN ENERGY AND OTHER
CONYERGENCE PARAMETERS

4 PRINTS THE COORDINATE AND THREE (XyYyLZ) DISPLACEMENTS
AT EACH NODE

S5e WRITES DISPLACEMENTS ON DISK AND/OR CARODS

L - IR R N R R R N BE B BE IR R R R IR
L K B IR K IR BE B BE BE - AR BE 3R B K IR

4 2 % % % £ % X % K% % %% F XX X XK S XXX XS XSS
2 3 % % ¢ %% 2 28 %% S XESEESES TS EEESR
VARIABLE CEFINITIUNS AND DIMENSIONS FOR STEP 3

ACB = = = = = = =~ CHANGE IN STRAIN ENERGY OVER STRAIN ENERGY
8INGLOF) = = » - =~ FORCE VECTUR

BNRM = = = = = = = MAGNITUDE OF THE FURCE VECTOR

DBCIMM) = = = - = NON-ZERO DISPLACENENT BOUNDARY CONDITIONS
DELE = = = = = =~ =~ CHANGE IN STRAIN ENERGY

------ MAGNITUDE OF THE CHANGE IN DISPLACEMENTY
VECTOR

ENGY)l = = = = = - STRAIN ENERGY
FNGYZ = = = = ~ -~ STRAIN ENERGY
EPS = = = = = = =~ ENGRGY CONVERGENCE TEST PARAMETSR

GINGLOF) = — ~ - ~ RESULTING VECTOR FROM KX OR KP MATRIX-
VECTOR PRODUCT

GNMATINEL,72) - - RELATES LOCAL AND GLO3AL DEGREES-UF-FREEDUM

IR REE R REE R E R R R A NN N R
=
m
-
*
<
P
R R R R RN R R R XN

IX26(NEL) - ~ = = ELEMENY TYPE FOR EACH ELEMENT

A-23
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ESC
ESC
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ESC
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»* % %

P ) Baadmea L

]
KEMATINTYEL,2028 )~ MATRIX OF THE UPPER SYMMETRIC PORTION OF THE#

UNIQUE ELEMENT STIFFNESS MATRICES - EACH L4

ELEMENT STIFFNESS MATRIX IS STURED AS A ROW *

IN KEMAT .

*

KOUNT = = = = =~ = TOTAL NUMBER OF ITERATIONS *
*

LLUBCI(NDBC) - - ~ =~ INOEX FOR DISPLACEMENT BOUNDARY CONDITIONS =
*

LLDBC(MM} - = ~ = INDEX NUMBERS FOR NON~ZERQ DISPLACEMENT s
BOUNDARY CONDITIONS *

E

MM = = = = = = = ~ NUMBER OF NON-ZERO DISPLACEMENT BUUNDARY *
CONDITIONS *

*

NORC = = = = = = « NUMBER OF OISPLACEMENT BOUNDARY CONDITIONS =*
: Y
NEL = ~ = = = -~ = NUMBER OF ELEMENTS ®
*

NGLDF ~ = = = =~ =~ NUMBER OF DEGREES~OF-FREEDOM (GLOBAL SYSTEM)*
*

NTYEL = = = ~ = = NUMBER UF UNIQUE ELEMENTS *
'Y

P(NGLDF) ~ = = = ~ CORRECTION VECTOR IN CONJUGATE GRADIENT *
ROUT INE .

]

RINGLOF)} -~ ~ = - =~ RESIDUE VECTOR IN CONJUGATE GRADIENT *
ROUTINE %

]

RNRY = = = = = = ~ MAGNITUDE OF THE RESIDUE VECTOR *
»

UX(NGNP) = = = = = DISPLACEMENTS IN THE X-DIRECTION s
*

UYINGNP) = = = ~ — DISPLACEMENTS IN THE Y-DIRECTION s
. *

UZINGNP) = ~ = = = DISPLACEMENTS IN THE 2-DIRECVIUN *
*

X(NGLUF) = = = = = DISPLACEMENT VECTOR *
]

XCORD(NGNP) = ~ = X-~COURDINATE (GLOBAL SYSTEM) %
»

YCORD(NGNP) = ~ =~ Y=COORDINATE (GLOBAL SYSTEM) *
*

ZCORD(NGNP) = — - Z~COURDINATE (GLOBAL SYSTEM) *
=

2 A X2 A0 A5 KX S F FE B E L EERELE S EEESIE DKL K

¥ % £ % 2 % % % X 54K %% % % Pk KX S E XK K ES KRS XS SR

»

LOGICAL SWITCH INFUORMATION ( ALL SWITCHES INITIALLY o FALSE.} *
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£scC
ESC
ESC
ESC
ESC
ESC
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ESC
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esC
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N




A

————. QD s 2 P

alslzlnlaNaNalaNeNslsNaNalaNaNaloNaRaNaReNaNaNeNaNa Ne e Nl

(s RaleNal

ESC

* SW{l) .TRUE. CONVERGED TO A SOLUTION * ESC
» +FALSE. DID NOT CONVERGE TO A SOLUTION % ESC
4 SET IN CGJRD * ESC
* TESTED IN MAIN * ESC
* . * ESC
* SHW(2) .TRUE, CHANGE IN STRAIN ENERGY/STRAIN ENERGY .LT. EPS* ESC
* «FALSE.  CHANGE IN STRAIN ENERGY/STRAIN ENERGY .GE. EPS® ESC
* SET IN CGJRD * ESC
) TESTED IN CGJRD * ESC
* * ESC
* SW(3) .TRUE. EXCEEDED MAXIMUM NUMBER OF ITERATIONS * ESC
% +FALSE. DID NOT EXCEED MAXIMUM NUMBER OfF ITERAVTIONS ¢ ESC
* ) SET 1IN CGJRD * E£SC
% TESTED IN CGJRD * ESC
* = ESC
* SW(4) JTRUE. MAGNITUDE OF THE RESIDUE VECTOR .LT. 1.00 * ESC
* «FALSE.  MAGN1TUDE OF THE RESIDUE VECTOR GE. 1.00 * ESC
* SET IN CGJRU s ESC
* TESTED IN CGJRU * ESC
. * ESC
* SW(B) .TRUE. INLTIAL DISPLACEMENTS READ FROM D] SK * ESC
* ~FALSE.  INITIAL DISPLACEMENTS READ FROM GAROS * ESC
s SET IN MAIN * ESC
s TESTEL IN CGJRD * ESC
% SH(5)y SW(6), SW(T), SW{9), SW(LO), SWI11l) & SK(12) NOT USED » ESC
» * ESC
X % X X %5 %3 X% % %% 2% %2 3% AL E %S E SR XS DB ESC
€sC

IMPLICIT REAL*8 (A-H,0-Z) ESC
REAL#BKEMAT ESC
LOGICAL*l  SW EsC
INTEGER®*2  GNMAT,LDBC,LLDBC,y 1IX26 ESC
COMMON 7 KEGN /  KEMAT(3,2628)y GHMAT( 64972)41X26( 65) €sC
COMMON 7 CGVECT / GU1575)eX{L575),B(1575)4P{1575),R(1575) £SC
COMMUN /8C/ DBC(200), LLDBC(2CD), LDBC(700)y NDBC ESC
COMMUON /SCALAR/  EPS, ACH, XMKHM, BNRM, RNRM,UELXNR, ESC

1 UELEy ENGY1l, ENGY2, £SC
NGLCF, LIMIT, Ntly KOUNT, ITYEL, ITRLMT, MM ESC

COMMUN 7 HEAD / HED(10)21CRD,LISTIPAGE,LINE ESC
COMMON /SHITCH / SW(12) ESC
ESC

CAUTION: DO NOT DIMENSION UX GREATER THAN 1314 ~ SEE EQUIVALENCE  ESC
STATEMENT BELOW £SC

(314

DIMENSIGN XCORD(525}, YCORD(525), 2CORD(525), ESC

1 UX(525)y UY(525}, UZ(525) (33
EQUIVALENCE (XCORDI1),6(11)y (YCORD(1) ,B€1)), (ZCORD(1}, P{1))ESC
EUUIVALENCE (KEMAT(1y1)oUXEL) )y (KEMATIL, 1315),UY(1)), ESC

1 (R{l)y UZL1)) ESC
100 FORMAT(215,2F10.0, 15 ) ESC
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102 FURMAT(5216) ESC
201 FORMATY (*OMAXIMUM NUMBER OF ITERATIONS FUR THIS RUN IS*' 4 15) ESC
201 FOKMAT(*ODELTA STRAIN ENERGY / SIRAIN ENERGY DID CONVERGE 10 °* escC

1 o El4.7," AFTERY 4, 16, ' ITERATIONS AND ACCURATE T0O?,E14.7) ESC
302 FURAT(® TIM® [N CG SUBRUUTINE IS * , F7.d, ' SECONDS?) ESC
303 FORMAT('ODELTA STRAIN tNERGY / STRAIN ENERGY DID NO1 (UNVERGE TO *ESC

1 v E14.75" AFTER® , 16y * I1TERATIONS BUT ACCURATE TOD'¢E14.7) ESC

[a el a i

(a2l Kal

oo

ace

304 FORMAT('0', Gl4e7, * IS THL INITIAL GUESS FOR ALL DISPLACEMENTS®) ESC
305 FORMAT (*OTHE INITIAL GUESSES FOR DISPLACEMENTS ARE READ FROM CARDESC
1S AND MULTIPLIED BY A FACTUR OF! 4 G14.7) ESC
306 FORHAT (*OTHE INITIAL GUESSES FUR DISPLACEMENTS ARE READ FROM CARDESC
1S AND THE Z-DISPLACEMENTS ARt MULTIPLIED BY A FACTOR OF*y Gl4.7) ESC

307 FURMAT(*OTHE INITIAL GUESSES FUR DISPLACEMENTS ARE READ FROM DISK'ESC
1 ) ESC
308 FORMATI®OSTRAIN ENERGY'y T509 El4.T7 ,* K IN-LBS® / ESC

1 ¢ CHANGE IN STRAIN ENERGY'y TS50y E14.7 o' K IN-LBS® / ESC
2 * MAGNITUDE OF THE RESICUE VECTUR', T50, E14.7 4* K LBS*/ ESC
3 ' MAGNITUDE OF THE FURCE VECTORYy 750y E14.7 +* K LBS*/ ESC
4 ' MAGNITUDE OF THt CHANGE IN DISPLACEMENT VECTOR®+T504E14.7ESC
Se? IN'/® MAGNITUDE OF THE UISPLACEMENT VECTOR'y T50, El4.7s* IN'IESC
2000 FORMAT(*0'yTXs*NODE?,13X,*X-COUORD?* 413X, *Y-COCRD'’y13X, *Z~-COORD®*, ESC

1 9Xy *X-DISPLY'y 13X, *Y-DISPL?,13X,y *Z-DISPL®* / ESC

2 27Xy YINS'y 17Xy PINS?,17Xy C*INS'y 13Xe *INS'y 17X, *INSY, ESC

3 17Xy *INS® / ) ESC

2001 FORMAT(6Xy 15y 3F20.54 3E20.7) ESC

UEFINE FILE 3(55,65C0,UyJIUXDA) L£sc

1UDA = 3 ESC

LIST = 6 ESC

€SC

READ CARD DATA FUR STEP 3 ) ESC

ESC

READ(5,100) INTXMD, ITHLMT, FACTOR, EPS, IDSPL ESC

WRITE(LIST+201) ITRLMT ESC

ESC

READ DATA GENERATED IN STEP 2 ESC

ESC

READ (IUDA'}l) NEL, NGLDF, NDBCy NTYEL, LIMIT, NGNP,NMTL, ESC

1 HEDy IPAGE, AMBTMP ESC

READ (IUDA'4) { B8(J)yJ=14NGLCF) ESC

1 r SHWe NUCNV, (LDBC{JI) »J=1,MNDBC) E£5C

READ (IUDA'S) ( P(J)yJ=1yNGLOF) ESC

1 v (IX26{J)yJ=1yNEL) £sC

READ (IUDA?'6) ((GNMAT{19J)eJd=leT2)91=19NEL) £SC

ESC

READ UNIQUE ELEMENT STIFFNESS MATRICES ESC

ESC

DO 44 1=1,NTYEL (3]0

44 READITUNDA®IDXDA) (KEMAT(14d ) ¢J51,42628) ' ESC

IDXOA = NTYEL+7 ESC

EsC

DETERMINE INITIAL GUESS FOR THE DISPLACEMENT YECTOR ESC
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ESC 2050

GO TO [ 21522423424), INTXMD ESC 2060

VU 50 I=1,NGLDF ESC 2070

X{I) = FACTUR . ESC 2080

WRITE(LIST,304) FACTOR ESC 2090

60 10 2v ESC 2100

READ{54102) {X{J)yJI=1,NGLDF) . ESC 2110

DO 61 1=1,NGLDF £SC 2120

X(I) = FACTOR#X{1) ESC 2130

WRITE(L1ST43G5) FACTOR ESC 2140

G0 TO 29 €SC 2150

READ(54102) (X{J)sJ=14NGLUF) ESC 2160

DO 10 I=1,NGNP ESC 2170

X{3#1) = FACTOR*X(3%]) ESC 2180

HRITE(LIST,306) FACTUR ESC 2190

GO 10 29 . ESC 2200

24 READ (IUDA'IDXDA)SHyMMy (DHC{J),d=14MM), (LLOBC(J) d=1,MM), KOUNT,ESC 2210

1 (XCJ )y I=14NGLUF } ESC 2220

SH{B) = L.TRUE. ESC 2230

SW{3) = .FALSt, ESC 2240

35 1IF({ NUTe. SW{10} ) GO TOU 33 ESC 2250

MM = 0 ESC 2260

33 READ (JUDA*IDXDA) (8(J}yJd=14NGLDF) ESC 2270

WRITE(LIST,307) ESC 2280

GO T0 34 ESC 2290

29 CONTINUE ESC 2300

L ESC 2310

¢ CONVLRT INIT1AL DISPLACEMENT BOUNUARY CONDITIONS 7O FORCE BOUNDARY ESC 2320

N C  CONDITIONS ESC 2330
C ESC 2340

MM = 0 ESC 2350

00 60 I=1,NGLUDF . ESC 2360

IFC DABS(P(I)) .LT. 1.0=14) GO TO 60 ESC 2370

. MM = MM + 1 . ESC 2380
DBCIMM) = P(I1) ESC 2390

LLDBCI(MM) = 1 ESC 2400

60 CUNTINUE . ESC 2410

/ DO 13 I=1,NGLOF ESC 2420

/ 13 6(1) = 5.n0 ESC 2430
DO 15 INEL=14NEL . ESC 2440

l 1TEL = IX26(INEL) ESC 2450
15 CALL GVT(GNMAT, KEMAT, G, P, INLLy ITEL) ESC 2460

00 80 1=1,NGLODF ESC 2470

p 80 B(1) = B(I) - G(I) ESC 2480
D 34 CALL TIMON . ESC 2490
C ESC 2560

; C  MINIMIZE TOTAL POTENTIAL ENERGY ESC 2510
c ESC 2520

CALL CGJRD ESC 2530

CALL TIMECKIITIME) ESC 2540

} SEC = ITIME/LCO. . ESC 2550
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43

HRITE FOKCE AND DISPLACEMENT DATA ON DISK FOR USE IN FUTURE RUNS

31

IF( MM .NE. O ) GO TO 31
SH(1) = .TRUE.

MM = 1

UBC(1}) = 0ODN

IOXDA = NTYLL + 7

ESC
ESC
ESC
ESC
ESC
ESC
ESC
£SC

WRITE(IUDAYJDXDAY SHoMM, (DBC(J) 9d=19MM), (LLDBC(J) 4J=19MM)y KOUNTLESC

1 {X{3),J=14NGLUF)
WRITE(IUDA®*IDXDA) (8(J)yJd=1,NGLOF)

PRINT STRAIN ENERGY AND CONVLRGENCE DATA

20
9

1IF(SH(1)} GO TO 20
WRITE(LIST,303) EPS, KOUNT, ACB

60 10 9

WRITE(LIST,301) EPS, KOUNT, ACB

WRITE(L1ST,302} SEC

WRITE(L1ST+308) ENGYl, UELE, RNRM, BNRM, DELXNR, XNRM
IF(10SPL +E0. O} GO TU 32

PRINT AND/OR PUNCH THE DISPLACEMENT VECTOR

94

30

IF(IDSPL .EC. 2} GO TO 43

READ(IUDA®*3) (XCORD(J) ¢ J=L1oNGNP )y (YCORD{J)9J=1e¢NGNP),
1 (ZCORD{J) ¢ J=1¢NGNP)

CALL TITLE

HRITE(LIST 2500)

D0 30 1=1,NGNP

IF(LINE .LT. 48) GO 70 94

CALL TITLE

WRITE(LIST,2000)

CONTINUE

LINE = LINF + 1

UXil) = X{3sI-2)

UY(1) = X(3%I-1)

Uz{1) = x(3*1}

WRITE(LIST,2001) I, XCORUL{E) , YCOROil), ZCORD(I},
1 UX(I), UY(I)y UZ(])

IF{1DSPL .EQ. 1} GO TO 32

43 WRITE(T74102) (X{1)41=14NGLDF)

32

s1op
END
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SURRQUTINE CGJRD

$ * X % % ¥ ¥ Xk T F S ¥R ¥ X 2 X XXX 22X XS S 5 K
SLoROUTINE IGJ7™D MINIMIZES THE TOTAL POTENTIAL ENERGY BY
CONJUGATE GRADJENT METHUD AND TESTS THE STRAIN ENERGY FOR
CONVERGENT,L
THL1S SUBROUTINE 1S CALLED BY ~

MAIN
TH1S SUBRUUTINE CALLS
Gvl

L I BRI N S 2R BE Nk BE E B BE BN R N 2N B Bk I IR AR B B 2R IR B B U

IMPLICIT REAL®*8  (A-H,0-2)

REAL*BKEMAT

INTEGER®2 GNMAT,LUBC,LLDBC, 1IX26

LOGICAL#] Sw

COMMON /7 KEGN / KEMAT(3,2628)y GNMAT( 64972)41X261 65)

COMMON 7 CGVECT / G(1575)9X{1575),8(1575)4P{1575)4R(1575)

COMMUN /SCALAR/ EPS, ACB,y XNRM, BNRMy, RNRM,DELXNR,

DELEs ENGY1y ENGY2,
2 NGLDF, LIMIT, NEtL, KOUNT, ITYEL, ITRLMT, MM

COMMON /8C/ 0LBC(200), LLOBC(200), LDBC{700}, NOBC

COMMUN /SWITCH / s(12)

ITKNT = ¢

IF(SwW{8) ) GO 10 2

KOUNT = ©

BETA = 0.00

RESTART ITERATIVE PROCESS BY FINDING NEW RESIOUE VECTOR

2
10

70

31
32

20

DU 10 1 = 1,NGLODF

G{I) = 0.UD

0 70 I=1,NUBC

BELDBC(1)) = 0.ULD
x(Losc(1)) = 0.00

DO 31 INFL=1,NEL

ITEL = IX26(INEL)

CALL GVT(GNMAT, KEMAT, Gy Xy INEL, ITEL)
DO 32 I=1,NDBC

GILDLBC(1)) = 0.0DO

RNRM1 = 0,00

00 20 I = ) NGLOF

P{1} = B(1) ~ G(1)

RI} = P(I)

RNRM1 = RNRM1 + R(I) * R(1)
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cGC
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CALCULATE STRAIN ENERGY

IFt NOT. (SH(3)} .OR. SW(4))) GO TO 5
1F (MM .EQ. 0) GO TO 95
LU 9C i=1,MM
90 X{LLDBC(I)) = pBC(Y)
95 ENGY1 = 0.DC
DO 17 I=1+NGLDF
17 6{1) = 0,00
PO 24 INEL=1,NFL
ITEL = IX26(INEL)
34 CALL GVTI(GNMAT, KEMAT, Gy X» INLL,y ITEL)
00 92 I=14NGLUF

92 ENGY1 = ENGYL + X(1) = G(1)
ENGY1 = .5D0 * ENGY1
ENGY2 = ENGY1
FIND ALFA

5 DO 35 1=1.NGLUF
35 6(1) = 0.00
00 33 INZL=1.NEL
ITEL = IX26(INEL)
33 CALL GVT(GNMAT, KEMAT, Gy Py INEL, ITEL}
00 36 I=1,NDBC

36 G(LDBC(I)) = 0.0

PKP = 0.00
DO 30 I = 1,4NGLDF

30 PKY - PRP + P(1)} * G(1)
ALFA = RNRM1 / PKP
IF(SH{3)}) GO TO 25

CORREFCT THE OISPLACEMENT VECTUR

OU 40 1 = 1,NGLUF

40 X(I) = X(1) + ALFA * P(I)
1TKNT = I1TKNT + ]
KOUNT = KOUNT + 1
IF(1IKNT LY. 1TRLMT) GO TO 7
SW{3) = <TRUE.
GO T0 2

7 IF(SH(4)) GO T0 12

IF (RNRM1 .GT, l.) GO 7O 11
SH{4) = LTRUE,
G0 TU 2

11 RNRM2 = O.DC

FIND NtwWw RESIDUE VECTUR AHD NEW P VECTOR

00 5¢ 1 = 14NGLDF
R(1}) = R{1) = ALFA*G(]1)

S

CGC
C6C
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cGC
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c6e
CGC
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CGC
CGC
CcGC
c6C
cGC
cGC
c6C
(GC
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CcGC
cGC
£6C
cGC
CcGC
c6e
CGC
cGC
(6L
(4
cac
CcG6C
cGC
CGC
c6C
cGC
CGC
CGC
cGC
c6C
£6C
C6C
c6C
cGC
Cc6C
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CcG6C
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50 RNRM2Z = RNRM2 + R{I) * R(I)
BETA = RNRM2/RNRM1
DO 60 1 = 14NGLOF

60 P(I) = R(I) + BETA * p(1)
RNKM1 = KNRMZ
60 TO S

FIND CHANGE 1IN STRAIN ENERGY FROM ALFA & KNRM1

12 DELE = 500 * ALFA * RNRM]
ENGY2 = ENGY2 -~ DELE
IF{OFLE/ENGY2 .LT. EPS) GO TO 14
SW{2) = JFALSE.
GO TO 11

14 IF{SW{2}) GO T0 1%
SW{2}) = TRUE.
GO TO 2

15 SWi{l) = .TRUE.

CALCULATE CUNVERGENCE PARAMETERS

25 XNRM = G.0DC
BNRM = 0.D00
DELXNR = 0.00
PO 16 I=14NGLCF
XNRM = XNRM + X(1) *» X(1)}
BNRM = BNRM + bI(I) * B(I)

16 DELXMR = DELXNR + P(1) # P{1)
XNRM = DSURT(XNRM)
BNRM OSQRT(BNRM)
RNRM = DSUKRT(RNRM1)
DELXNR = ALFA * DSOQRT(DELXNR}
IF{ oNOT. SW{2)) OELE = .500 # ALFA * RNRM]
ACB = DELE / ENGYZ2
RETURN
END

n
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SUBROUTINE TITLE TIC 10

c TIC 20
C £ % 3 % 3 %2 % % % Xk % X X % 332 2% %% %% % %% %3 % 2% 322 % TIC 30
C * s TIC 40
C * SUBROUTINE TITLE PRINTS THE HEADING ON LACH PAGE * TIC 50
C * THIS SUBROUTINE 1S CALLED BY -~ * TIC 60
c * MAIN * TIC 70
(o * = TIC 80
[ 5 23 F AR X E k3 E AR SR SRR EEED SRS S TIC 90
c TIC 100
IMPLICIT REAL*8 (A-H,0-Z) TIC 110
COMMON /7 HEAD / HED(1C) ICRDyLIST4IPAGE,LINE TIC 120

100 FORMAT (1H1,*FEM 72-DOF GLNERAL HEXAHEDRONS THERMO-ELASTIC, VARYINTIC 130
16 MATERIAL PROPERTIES, DANA', 9X, 'PAGE®, (3) TIC 140

101 FORMAT (1HG,10A48 } TIC 150
LIST = 6 TIC 160

IHRT = 6 TiC 170
‘WRITE (L1ST,103) IPAGE TIC 180
WRITE (L1ST,101) HED TIC 190
1PAGE= IPAGE +1 TIC 200

LINE = 0 T1C 210
RETURN T1C 220

END TIC 230
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SUBROUTINE GVT(GNMAT,KEMATG+PoINELy 1TEL)
* %k &£ % % & % 5 3 ¥ 4 ¥ % % 2 ¢ $ Kk £ 2 X ¥ &K X X & X X X X K R T X%
* *
*  SUBROUTINE GVT FORMS THE MATRIX-VECTOR PRODUCT KP=G WHERE X *
* REPRESENTS THE NUN-FORMED GLUBAL STIFFNESS MATRIX *
* *
* THIS SUBRUUTINE 1S CALLED BY - *
* MAIN *
* CGJRD *
* *
* NUTE: OVER 90 PERCENT UF THE TIME IN STEP 3 IS SPENT IN THIS =
* SUBROUTINE = IT 1S RECOMMEND THAT TH1S SUBROUTINE BE REWRITTEN *
* IN ASSEMBLY LANGUAGE TO UPTIMI12E THE CODE. *
* *
2 % % 2 X 3 % % %X %k % % ¥ ¥ x ¥ ¥ X K & £ & ¥ ¥ ¥ & $ %X %X ¥ & & & &

REAL#*8 KEMAT, G 4 P

INTLGER#2 GNMAT

DIMENSION ONMAT{ 64,72)y KEMAT(352628)y G{1575), P(1575)

M=0

00 20 I=1,72

K=GNMAT{ INEL, I)
' DO 2G J=1,72

L=GNMAT({ INEL,J}

Mz=M+1

GIKI=GIK)+KIMAT(ITEL MI*P(L)

IF(1.EQ.J) GO TO 2C

GIL)=GIL)+KEMAT(ITEL M)*P(K)
20 CONTINUE

RETURN

END
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MAIN PROGRAM STEP 3 ()ITERATION FROM DISK VERSION)

LR 2F BN BF SR BE R B BE BE SR BE IR B S IR I 3

LR R B BE 2 2R 2N B 2R 2R 2R IR 2R AR B 2R IR K B BE BE BR IR R B R RTa

#‘#*‘tt*#"‘#t‘t“t‘tt“’t‘-‘.“*

STEP 3 PEKFORMS F1lve FUNCTION:

1.

2.

5.

COMBINES NON-ZERO DISPLACEMENT BOUNDARY CONDITIONS WITH
THE FORCE VECTOR

SOLVES T~ SYSTEM OF LINEAR EQUATIONS 8Y MINIMIZING THE
TOTAL PUTENTIAL ENERGY

CALCULATES AND PRINTS THE STRAIN ENERGY AND OTHER
CONVERGENCE PARAMETERS

PRINTS THE COORDINATE AND THREE (XsYs8Z) DISPLACEMENTS
AT EACH NOUE

WRITES DISPLACEMENTS ON UISK AND/OR CARDS

% £ % % & % X X K %% 323 KX XX ¥X % R EEX S XX X XX KX

* £ X2 ¥ & X % X K X % %% %8 5% 38585 5E KX FEE S SRS

VARIABLE DEFINITIONS AND DIMENSIONS FOR STEP 3

ACB = = = = = = ~ CHANGE IN STRAIN ENEBGY OVER STRAIN ENERGY
B{NGLOF) = - = ~ ~ FORCE VECTOR
BNRM = ~ = = = = ~ MAGNITUDE OF THE FORCE VECTOR
DBCiMM) = = = = ~ NON-ZERO DISPLACEMENT BOUNDARY CONDETIONS
DELE = =~ = = = = =~ CHANGE IN STRAIN ENERGY
DELXNR = = = = = =~ MAGNITUDOE OF THE CHANGE IN DISPLACEMENT
VECTOR
ENGYY = = = - = ~ STRAIN ENERGY
ENGY2 - =~ ~ = =~ = STRAIN ENERGY
EPS = = = ~ = = — ENERGY CONVERGENCE TEST PARAMETER
G{NGLDF) - ~ = ~ ~ RESULTING VECTOR FROM XX OR KP MATRIX-
VECTUR PRODUCT
GNMAT(NEL,72) = - RELATES LOCAL AND GLOBAL DEGREES~-OF-FREEOOM
ICRD = = =~ = = = =~ UNIT NUMBER FOR CARD READER
A-34

LR K SR BN R JE JK BR IR JE B NE B JE NE BR B Y

LR R 2K 2R K 2R N R R R F K ORI I IR N BE OF N SR RN RN Y

ESD
ESD
ESD
ESD
ESD
£SD
ESD
€S0
ESD
ESD
£SO
ESD
ESD
ESD
£SO
ESD
£SD
ESD
ESD
ESD
ESD
ESD
ESD
ESD
ESD
£SD
ESD
£SD
ESD
ESD
ESD
ESD
ESD
£50
ESD
ESD
ESD
ESD
ESD
ESD
ESD
€SD
ESD
£SD
€SD
ESD
ESD
ESD
ESD
£SD
ESD

10

20

30

40

50

60

70

80

90
100
110
120
130
14C
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
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*

JUDA = = = = ~ = - UNIT NUMBER FOR DIRECT ACCESS FILE *
*

IX26(NEL) - = = ~ ELEMENT TYPE FOR EAC!' ELEMENT *
*

KEMAT(2628) - — ~ UPPER SYMMETRIC PORYION OF AN ELEMENT *
STIFFNESS MATRIX STURED AS A ONE ODIMENSIONALS®

ARRAY *

*

KOUNT = = = = = - TOTAL NUMBER OF ITERATIONS x
*

LDBC{NDBC) = =~ = —~ INUEX FOR DISPLACEMENT BOUNDARY CONDITIONS *
»

LISYT = = « = =~ = =~ UNIT NUMBER FUR PRINTER *
»

LLOBC (M) ~ — — — TINUEX NUMBERS FOR NON-ZERO DISPLACEMENT *
BOUNDARY CUNDITIONS *

*

M = = = = = ~ = = NUMBER OF NUN~ZERO DISPLACEMENT BOUNDARY *
CONDLTIONS *

*

NDBC ~ = = = = = =~ NUMBER OF DISPLACEMENT BOUNDARY CONDITIONS #
*

NEL ~ = = = = = =~ NUMBER OF ELEMENTS *
=

NOGLOF = = = = = = NUMBER OF UEGREES~OF-~FREEDOM (GLOBAL SYSTEM)*
x

NTYEL - = -~ = = ~ NUMBER OF UNIQUE ELEMENTS *
»

P{NGLDF) - = - = ~ CORRECTION VECTOR IN CONJUGATE GRADIENT *
ROUT INF *

*

R{NGLOF) = = ~ ~ ~ RESIDUL VECTOR IN CONJUGATE GRADIENT *
ROUTINE *

%

RNRM = = = = = = ~ MAGNITUDE OF THE RESIDUE VECTOR *
*

UX{NGNP) = = =~ = =~ DISPLACEMENTS IN THE X-DIRECTION *
*

UY{NGNP) = - ='= ~ DISPLACEMENTS IN THE Y-DIRECTION *
*

UZINGNP) = = = = = DISPLACEMENTS IN THE Z~DIRECTION *
»

X{NGLOF ) -~ = = = -~ DISPLACEMENT VECTOR *
%

XCORD(NGNP) =~ = ~ X~COORDINATE (GLOBAL SYSTEM) *
*

XT(NGNP} = = = = - R=COORDINATE (GLOBAL SYSTEM) *
*

YCORD(NGNP) - ~ = Y-COORDINATE (GLOBAL SYSTEHM) *
*
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ESD
ESD
ESO
ESD
ESD
ESD
ESD
ESD
ESD
ESD
ESD
ESD
ESD
£SO
ESD
ESD
ESD
£SO
ESD
ESD
ESD
£SO
€SO
£SO
ESD
ESD
ESD
ESD
£SO
ESD
ESD
ESD
ESD
£SD
ESD
£SO
ESD
ESD
ESD
ESD
ESD
ESD
ESO
ESD
&S0
ESD
ESD
ESD
ESD
ESD
ESD

520
530
540
550
560
570
580
590
600
610
620
630
&40
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
83¢
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020

N
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YT(NGNP)} = = = - ~ THETA-COORDINAYE (GLOBAL SYSTEM! *
*
ZCORDINGNP) = ~ ~ Z~LOORDINATE (GLOBAL SYSTEM) *
L ]
RN NN E NI NI I I AR I I N B I

* %k £ 3 % X X % % X % £ X $ % X 2 X AKX S EE LSS SRR

»

LUGICAL SWITCH INFORMATION ( ALL SWITCHES INITIALLY .FALSE.) *

SH(1)

SHi2)

SH(3)

SH(4)

SW(8)

SHIS),

£ 3 % % 5 2 X X K % Kk K & % 55 S %R XX S K S b RS LSS

1IMPLICI

+TRUE.
+FALSE.
SET IN
TESTED IN

.TRUE.
JFALSE,
SET IN
TESTED IN

«TRUE.
«FALSE.
SET IN
TFSTED 1IN

«TRUE.
«FALSE.
SET IN
TESTED IN

«TRUE,
«FALSE.
SET IN
TESTED IN
SHi6) s SHW

T REAL=®SB

REAL*BKEMAT
LRGICALS] SHW
INTEGER*#2  GNMAT

CUMMON

/ KEGN /

CONVERGED TUO A SOLUTION

DID NOT CONVERGE TO A SOLUTION
CGJRD

MAIN

L3R 3R 2K R J

CHANGE IN STRAIN ENERGY/STRAIN ENERGY .L7. EPS#
CHANGE IN STRAIN ENERGY/STRAIN ENERGY .GE. EPS*
CGJRD
CGJRD

EXCELDED MAXIMUM NUMBER OF ITERATIONS

010 HOT EXCEED MAXIMUM NUMBER QF 1TERATIONS
CGJRD

CGJRD

MAGNITUDE OF THE RESIDUE VECTOR .LT. 1.00
MAGNITUDL UF THE RESIDUE VECTOR .GE. 1.00
CGJRD
CGJRD

INITIAL DISPLACEMENTS READ FROM DISK
INITIAL DISPLACEMENTS READ FROM CARDS

MAIN

CGJRD

{(7)y SW(9)y SWIL10), SH{L1Ll) & SW{12} NOT USED

L IR 2R IR B BE IR R 3 B IF 3R BE IR 3N IR S 3K A 4

(A~H,0-2)

»LOBCLLDBC, 1IX26
KEMAT( 2628}y GNMAT(120972)41X26(121)

COMMON /7 CGVECT / G(2856)9X(2856),B{2856)4P(2856)4R(2856)

COMMON
COHMMON
1
2
COMMON
COMMON

/8C/ DEC{

/SCALAR/
DELE,

NGLOFy, LIM

200), LLOBC(200), LOBC(TO00), NDRC
EPSy ACB, XNRMy, BNRM, RNRM;DELXNR,
ENGY1, ENGY2,

IT, NLLy KOUNTs ITYELy ITRLMT, MM

7 HEAD / HED(10),ICRDyLIST,IPAGE+LINE

/SH1ICH 7

Svi{i2)
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ESD
ESD
ESD
ESD
ESD
ESD
ESO
ESL
ESD
ESD
ESD
ESD
ESD
£SO
ESD
ESD
ESD
ESD
ESD
ESD
ESD
ESD
ESD
ESD
ESD
£SO
ESD
£SD
ESD
ESD
ESD
€SD
ESD
ESD
ESD
ESD
ESD
£SO
ESD
tso
ESD
ESD
ESO
ESD
ESD
ESD
£SO
FSD
ESOD
£SO

1630
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1240
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440

1450

1460
1470
1480
1490
1500
1510
1520
1530




¢ CAUTINN: 00 NOT DIMENSIUN UX GREATER THAN 1314 ~ SEE EQUIVALENCE ESD

1540

c STATEMENT BLLO¥W ESD 1550
c £SD 1560
A UIMENSION XCORD(952), YCORD{952), ZCORD(952), ESD 1570
1 UXt952), UY(952),y UZ(952) tS0 1580
EQUIVALENLE (XCORD(1),G(1)iy (YCORD(1) ,B(11)y (2CORD(1)s P(1))ESD 1590
EQUIVALENCE (XES2T(1)y UX(1)}) ,(KEMAT{1315), UY(1)) ESD 1600
1 iR{Ll}y UZL1)) ESD 1610
100 FORMAT(215,2F10.0y I5 ) £ESD 1620
102 FOPMAT(5216) . ESD 1630
2C1 FORMA{(?OMAXIMUM NUMBER OF ITERATIONS FOR THIS RUN IS* , 15} ESD 1640
301 FORMAT(*ODELTA STRAIN LNERGY / STRAIN ENERGY DID CONVERGE 10 ! ESD 1650
1 vy Ela.Ty* AFTER® , 16, ¢ ITERATIONS AND ACCURATE T0*,E24.7) ESD 1660
302 FOKMAT(®* TIME IN CG SUBROUTINE IS * 4 F7.2, ' SECONDS?) ESD 1670
303 FURMAT(®GDFLTA STRAIN ENERGY / STRAIN ENERGY DID NOT CONVERGE TO 'ESD 1680
1 s El4.7,% AFTER® , 16, ' ITERATIONS BUT ACCURATEt TO'wEl4.7) ESD 1690
304 FOKMATIY0'y Gl4.7, * 1S THE INITIAL GUESS FOR ALL DISPLACEMENTS®) ESD 1700
305 FOURMAT (*OTHE INITIAL GUESSES FCOR DISPLACEMENTS ARE READ FROM CARDESD 1710
1S AND MULTIPLIED BY A FACTUR OF' 4 Gl4.7) ESD 1720
306 FURMAT ( *OTHE INITIAL GUESSES FOR DISPLACEMENTS ARE READ FROM CARDESD 1730
1S AND THE Z-DISPLACHFMENTS ARt MULTIPLIED BY A FACTOR OF*y Gl4.7) ESD 1740
307 FORMAT('OTHE INITIAL GUESSES FOR DISPLAZEMENTS ARE READ FROM DISK*ESD -i750
1 ) £S0 1760
308 FORMAT(*OSTRAIN ENEKGY'y T50, El4<7 4? X IN~LBS® / ESD 1770
1 * CHANGE IN STRAIN ENERGY®, T50, E14.7 4* K IN-LBS® / €S0 1780
2 ' MAGNITUDE UF THE RESIDUE VECTOR', T5Cy E14.7 o' K LBS®*/ ESD 1790
3 ! MAGNITUDE OF THEL FORCE VECTOR®y T50y E14.7 +»* K LBS*/ E€SD 1800
4 ¢ MAGNITUDE OF 1Ht CHANGE IN DISPLACEMENT VECTOR®yT504E14.7ESD 181C
S5¢ % IN'/? MAGNITUDE OF THE DISPLACEMENT VECTOR?y T50, El4.7¢' IN®)IESD 1820
2000 FOKMAT{?C® ¢ 7Xy 'NODE 913X, *X~CCURD*413X, *Y-COORD®,13X, *2Z-COORD*, ESD 1830
1 9%y *X-DISPL', 13X, 'Y-DISPL?,7.3X, *Z-DISPL' / EZD 1840
2 27Xy TINS'y 17X, 'INS*,1T7X, PINS®y 13Xys *INS*, 17X, C®INS®, £SO 185¢C
N 3 17Xy *INSY /) £SO 1860
2001 FORMAT(6Xy 15y 3F2Ca5y 3E2C.7) £ESD 1870
DEFINE FILE 3(55,6500,Uy1D0XDA) ESD 1880
uta = 3 £SD 1890
/ ICRD = 5 ESD 1900
/ LIST = 6 €50 1910
C ESD 1920
C REAUL CARD DATA FOR STEP 3 . £SD 1930
c ESD 1940
READ(ICRD,100) INTXMU, 1TRLMT, FACTOR, EPS, 1DSPL ESD 1950
C ESD 1960
c READ DATA GENERATED IN STEP 2 £SD 1970
C ESD 1980
READ (1uDA*l) NEL,y NGLUF, NOBCy NTYEL, LIMIT, NGNPyNMTL, ESD 199C
1 HED, IPAGE, AMBTMP ESV 20Gu
READ (1UDA'«) { B1J)sJ=1,NGLDF) ESD 2019
1 v+ SWy NOCNV, (LOBC(J)+J=14NDBC) ESD 2020
READ (IUDA'S) { P{J)J=1,NGLDF) £SD 2020
4 v (IX26(J)yd=1,HEL) ESD 20«0
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(s EaNaNa)

READ (IUDA'SS ({GNMAT(I,J)9J=1,72)yX=1,NEL) ESD
10XUA = NIYEL+7 ESD
CALL TITLE ESD
WRITE(L1IST,201) ITRLMT £SO
ESD

DETERMINE INJTIAL GUESS FUR THE DISPLACEMENT VECTOR £SO
ESD

GO TO { 21422923924)y EINTXMD £SD

21 (0 50 I=1,NGLOF ESD
50 X(I) = FACTOR ESD
WRITE(L1IST304) FACTOR ESD

G0 YO 29 ESD

22 READ(54102) {X(J),J=1,NGLDF) ESD
DO 61 I=1.NGLDF ESD

61 X(1) = FACTOR*X({I) ESD
HRITE(LIST,305) FACTUR ESD
GO 10 29 . ESD

23 READ(S54102) (X{J)9J=14NGLOF) ESD
00 10 I=1,NGNP ESD

10 X{(3%1) = FACTOR=X(3*}) ESD
HRITE(LIST306) FACTUR ESD

GO 70 29 £S0

24 READ (1UDA®*IDXDA)SH,MMy (DBC(J)yJ=1yMM)y (LLDBC(J)}yJ=1,MM)y KOUNT,ESD
1 (X{J)¢JI=14NGLLF) ESD
SH{B8) = .TRUE. ESD
SHI3) = JFALSE. ESD

35 IF{ .NOT. SHW(10) ) GO TO 33 ESD
MM = C E€SD

33 READ (JUDA'IDXDA) (B{J)9J=1,NGLOF) ESD
HRITE(LISY+307) ESD
GO0 10 34 €SD
29 CONTINUE ESD
ESD

CONVERT INITIAL DISPLACEMENT BOUNDARY CONDITIONS TO FORCE BOUNDARY ESD
CONDITIONS £SO
£SD

MM = 0 ESD
00 60 I=1,NGLODF £SO
1F( DABLIP(1)) +LT. 1.D~14) GO TO 60 ESD
M= MH 4+ 1 €SD
pBC{MH) = P(1) £SD
LLDBC(MM) = [ £SO

60 CONTINUE ESD
00 13 I=1,NGLOF ESD

13 6(1) = G.00 £SO
00 15 IHEL=),NEL ESD
LOE = IX26(INEL) + &6 ESD
READ(3'LOE) KEMAT ESD

15 CALL GVT (GNMAT, KEMAT, G, P, INEL) ESD
UL 80 I=14NGLOF . ESO

80 B8(1) = Bl1) - G(I) EsD

2050
2060
2070
2080
2090
2100
2110
2120
213¢C
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2259
2260
2270
2280
290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2630
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550

T ——




e s ey ot

[aNaNal

[aEaKal

[aXaNel

[a ¥ aXal

34 CALL TIMON ESD 2560
ESD 2570

MINIMIZE TOTAL POTENTIAL ENERGY ESD 2580
ESD 2590

CALL CGJRD ESD 2600
CALL TIMECK(ITIME) ESD 2610
SEC = ITIME/100. ESD 2620
ESD 2630

WRITE FORCE AND DISPLACEMENT DATA ON DISK FOR USE IN FUTURE RUNS £SO 2640
ESD 2650

IF{ MM .NE. 0 ) GO TO 31 ESD 2660
SWIl0) = .TRUE. ESD 2670
MM = 1 £SD 2680
oscl1l) = coo ESD 2690

21 1DXDA = NTYEL + 7 ESD 2700
WRITE(IUDA*IDXDA)SHoMM s (DECUJ)9J=14MM) s (LLDBC(J) sJ=14MM)}, KOUNT,ESD 2710

1 {(X(J) 9 J=14NGLDF? ESD 2720
WRITE(IUBATIDXDA) (B(J)yJ=1,NGLDF) ESD 2730
ESD 2740

PRINT STRAIN ENERGY AND CONVERGENCE DATA ESD 2750
£:SD 2760

IF{SH(1}) GU TO 20 £SD 2770
WRITE(LIST+303) EPuy KOUNT, ACB ESD 2780
GO 10 9 ESD 2790
20 WRITE(LIST,301} EPS, KOUNT, ACB £SO 2800
9 WRITEILIST,302) SEC ESD 2810
WRITE(LIST,308) ENGYl, DELE, RNRM, 8NRM, JDELXNR; XNRM ESD 2820
IFLIDSPL EU. C) GO TU 32 ESD 2830
IF{IDSPL .EQ. 2) GO TO 43 ESD 2840
£SO 2850

PRINT AND/OR PUNCH THE DISPLACEMENT VECTOR ESD 2860
ESL 2870

READ{IUDA'3)(XCORD{J) 3 J=1,NGNP )y (YCORD(J)9J=1,NGNP) 4 ESD 2680

1 (2ZCORDIJY » J=19NGNP) ESD 2890
CALL TITLE ESD 2900
HRITE(LIST1,2000) £SD 2910
00 30 I=1,NGNP ESD 2920
IF(LINE «LT. 48) GO YU 94 £SD 2930
CALL TITLE ESO 2940
WRITE(L1ST,2000) ESD 2950
94 CONTINUE ' ESD 2960
LINE = LINE + 1 ESD 2970
UX(T)} = X{3#1-2) ESO 2980
uY{l) = X{3%]1-1) ESD 2992
Uz(1) = Xx(3%1) £SD 3000

30 WRITELL1ST,2001) 1, XCURD(1) 4 YCORD{I1)y ZCORD(1), ESD 3010
1 UX(T)y UYCI)e U2(]) ESD 3020
IFLIDSPL .fU. 1) GU 10 32 ESD 3030

43 WRITE(T7,102) (X(1)y1=1,HGLOF) £50 3040
32 Stop ESD 3050
END £SD 3060
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c *
cC =»
C *
cC
cC =*
cC =
C *
[
C =
cC =
t =
cC
C #
c
c
c
¢t R
C
2
10
70
21
32
20

SUBROUTINE CGJRD

% % ¥ F % ¥ kK % £ % 3 %X X £ & % X X 2 X X 3 % X 7 E 5% %S %%
SUBRUUTINE CLJRU MINIMIZES THE TOTAL POTSNTIAL ENERGY BY THE
CUNJUGATE GRADIENT METHUD AND TESTS THE STRAIN ENERGY FOR
CONVERGENCE
THIS SUBKOUTINE IS CALLED BY ~

MAIN
TH1S SUBROUTINE CALLS
GV1
%2 % % % % & ¥ 5 &£ ¥ %X % X $ ¥k X ¥ £ % %X % £ & % ¥ ¢ %X ¥ x ¥ $ %
“IMPLICIT REAL#B  (A-H,0-7)

REAL#BKEMAT .

INTEGER*2  GNMAT,LDBC,LLOBC, "1X26 ’

LOGICAL®L  SW

COMMON / KEGN /7  KEMAT( 2628}y GNMAT{120,72),1X26(121)

COMMON 7 CGVECT / 6(2856)4X{2856),B(2856) 4P (2856) 4R (2856}

LOMMUN /SCALAR/  EPS, ACBy XNRM, BNRM, RNRM,DELXNR,

1 UELEs ENGY1l, ENGY2,

z NGLUF, LIMIT, NEL, KOUNT, ITYEL, ITRLMT, MM

COMMUN /BC/ DRC(200), LLDBC{2C0), LDBC(700), NUBC

COMMON 7SWITCH / SH(12)

ITKNT = 0

1F(SW(B) ) GO TO 2

KOURT = ¢

BETA = 0.D0

ESTART ITERATIVE PROCESS BY FINDING NEW RESIDUE VECTOR

00 10 I = 1yNGLUF

Gi{l) = 0.00

DO 70 I=1,NUBC

B{LOBC(1)) = 0,00

x{woee(l)) = 0.00

00 31 INEL=1,NEL

LOE = IX26(INEL) + &6
READ{(3'LQE) KEHAT ’
CALL GVT(GNHAT, KEMAT, G, X, INEL)
00 32 1=1,NUBC

6(LDBC(I)) = 0.00

RNRH} = C.DO

DO 20 1 = 1,NGLDF

P{1) = 8(1) - G(I)

R{1) = P(I}

RNRM1 = RNRM1 + R({1) * R(1)
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(GD
CGD
€GO
€GO
cGD
CGD
CGD
CGD
CGD
CGD
cGD
CGD
cGD
CcGD
cGh
cob
CGD
cGD
CGD
G0
cGD
GO
cGD
cGD
CGD
CGD
cGD
cGD
CGD
cGD
CGD
CGD
cGD
cGD
cGD
CcGO
CGD
CGD
cGD
CGD
cGD
CGD
LGD
CGD
cGD
CcGh
€60
CGD
CcGO
G0
CGO

10

20

30

40

50

60

70

80

90
100
110
120
130
140
150
lo0
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
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¢ CGD 520
C  CALCULATE STRAIN ENERGY © CGD 530
c C6D 540
IF( JNOT. {SH(3) .OR. SW(4})) GU TO S CGD 550
IF (MM .EC. () GO TO 95 CGD 560
DU 90 a=1oMM CGD 570
90 X{LLDBC(I)) = DBC(I) CGD 580
95 ENGY1 = £.0C G0 590
DO 17 1=1,NGLOF CGD 600
17 6(1) = 0,00 6o 610
D0 34 INEL=1,NEL CGD 620
LOE = IX26(INEL) + 6 €60 630
READ(3'LGE) KEMAT CGD 640
34 LALL GVT{GNM’T, KEMAT, Gy X, INEL) CGD 650
D0 92 1=1,NGLDF CGD 660
92 ENGYL = ENGYL + X{1) ¥ G(I) CGD 670
. ENGYL = ,50C * ENGYL CGD 680
. ENGY2 = ENGY1 CGD 690
c €GO 700
C  FIND ALFA CGD 710
¢ CGD 720
5 bU 35 I=1,NGLDF CGD 730
35 6(1) = 0.00 CGL 740
DO 33 INEL=1,NEL CGD 750
LQE = IX26(INEL) + & CGD 760
READ(3FLUE) KEMAT €60 770
33 CALL GVT(GNMAT, KEMAT, Gy Py INEL) CGD 780
00 36 1=1,NDBC CGD 790
36 G(LDAC(I)) = 0.D) CGD 800
PKP = .00 : 6D 810
00 30 1 = 1,NGLUF CGD 820
30 PKP = PKP + PLI) » G(1) CGD 830
ALFA = RNRM1 / PKP CGD 840
IF(SH(3}) GO TO 25 CGD 850
c CGD 860
C  CORRECT THE DISPLACEMENT VLCTOR CGD 870

c CGD 880 r
00 40 I = 1,NGLUF CGD 890
40 X(11 = X{1) + ALFA * P(I) CGD $00
ITKNT = ITKNT + 1 6D 910
KOUNT = KOUNT + 1 6D 920
IF(ITKND oLT. ITRLMT) GO TO 7 CGD 930
SWI3) = .TRUE. CGD 940
GU T0 2 CGD 950
7 IF(SHI4)) GO TO 12 CGD 960
IF (RNRM1 .GT- J:) 6O TO 11 CGD 970
; SWi4) = JTRUE. CGD 980
GO 10 2 6D 990
11 RNRHZ = 0.0C CGD 1000
c . 6D 1010
C  FIND NEW RESICUE VECTOR AND NEW P VECTOR CGD 1020
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C
D0 50 1 = 1,NGLOF
) RUI) = RUI) ~ ALFASG(I)
SC DNRP. = RNRM2 + RII) * R{1)
BETA = RNRMZ2/RNRM1
DO 60 I = 1,NGLDF
60 P(1) = R(I1) « BETA = p(1)
RNRM1 = RNRM2
GO 10 5
C
C RIND CHANGE IN STRAIN ENERGY FROM ALFA & RNRM1
[
12 DELE = +5D0 * ALFA * RNRM1
ENLY2 = ENGY2 - DELE
IF(UELE/ENGY2 LT« EPS) GO TO 14
'+ SH(2) = «FALSE.
.GO 10 11
b 14 IF(SW(2)) GO TO 15
SHi{c) = TRUE,
GU JO 2
C
[ CALCULATE CONVERGENCE PARAMETERS
C
25 XNRM = C.DC
BNRM = G.DC
DELXI = 0,00
DO 16 I=1,NGLDF
XNRH = XNRM + X(I}) * X(I)
BNRM = BNRM + 8(1) * B(1)
16 UELXNR = DELXNR + P(1) = p{])}
b XNRM = DSORT{XNRNM])
BNRM = UDSQRT(BNRM)
RNRM = USQRT(RNRM1)
DELXNR = ALFA * DSQRT{UELXNR)
/ IF({ NOT. SW(2)) DELE = .5D00 * ALFA * RNRM1
, ACF = DELE / ENGYZ
RE TURN
END

D Wik

- —
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cGD
cGD
CcGL
cGD
cGD
CGD
CGD
cGD
cGb
cGb
c6D
CGD
CGD
c6d
CGD
CGD
cGh
(dc)
6D
CGD
C6D
C6D
cGd
cGD
cGD
CcGD
C6o
CGD
c6o
c6D
cGD
CGD
CcGo
c6D
c6D
CcGD
c6hD
Cc6D
CGD

1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410




SUEROUTINE TITLE TiI0 10

4 TID 20

. [ X K K & & % & % ¥ X% X % % % % %k % % % k% &3 P K & 2% s ¥ e TID 30
n ¢ * 71D 40
C & SUBROUTINE TITLE PRINTS THE HEADING ON EACH PAGE s+ TID 50

C * THIS SUBRUUTINE 1S CALLED BY - * TID 60

C = MAIN *+ 1ID 70

C = + TID 80

C 2 &£ 2 %2 % % % k£ % k X % £t % £ 3 ¥ % % % Kk ¥ % 5 & % % 5 % % % 5 % % TID 90

¢ TID 100

IMPLICIT REAL#8 (A-Hy0-2) TI0 110

CUMMUN /7 HEAD / HED(10)s1CRByLIST,IPAGE,LINE 1I0 120

100 FURMAT {1H1,%FEM 72-DOF GENERAL HEXAHEDRONS THERMU-ELASTIC, VARYINTID 130

16 MATERIAL PROPERTIES, DANA', 9X, 'PAGE', 13) TID 140

101 FORMAT (1HO,10A8 ) 110 150

) LIST = 6 11D 160
JAWRT = 6 Tib 170

} WRITE (L1ST4103) 1PAGE ) TID 180
WRITE (LIST,101) HED 110 190

IPAGE= 1PAGE +1 110 200

LINE = 0 ' 110 210

RETURN » TID 220

END . TID 23C
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SUBROUTINE GYT{GNMAT,KEMAT 4G4P ¢ INEL)

2 3 % ¥ ¥ X & % ¥k X %X ¥ % 5 % X X X X &322 X X % 5 E XK S XX
SUPRJUTINE GVT SORMS THE MATRIX-VECTOR PRODUCT KP=G WHERE K
REPRESENTS THE NON-FORMEU GLOBAL STIFENESS MATRIX
THIS SUBROUTINE 1S CALLED BY -

MAIN
CGJRD

NOTE: OVER 90 PERCENT OF THE TIME IN STEP 3 IS SPENT IN THIS
SUBROUTINE — IT 1S RECOMMEND THAT THIS SUBROUTINE BE REWRITTEN
IN ASSEMBLY LANGUAGE TO OPTIMIZE THE CODE.

LAE R BE 2R 2R BE SR R IR BR SR IR IR

2 * 3 %2 % £ X X X % %k % ¥ F X2 E XXX EE S X EE EE K XD

CONAOONOONMOOOO

+REAL?*8 KEMATy G » P
INTEGER*2 GNMAT
DIMENSION GNMAT(120472), KEMAT(2628), G{2856), P(2856)
M=C
DO 2C 1=1,72
K=GNMATUINEL, 1)

L0 20 J=1,72

L=GNMAT(INEL,J)

M=Me+1

GEK)I=GIK)+KEMAT(M)SP(L)

1F(I1.EQ.J4) GO TO 2¢

G(L)=G(L)+KEMAT(M)*P(K)
20 CONTINUE

RETURN

END

A-44

*
*
*
*
*
*
*
*
»
*
*
»
»
 J

GVD
GvD
GVD
GVD
GvD
GVD
GVD
GVD
GVD
Gve
GvD
GVD
GVD
GVD
GvL
GvVD
GYD
GYD
GYD
GVD
GVD
GYD
GvD
GvD
GVD
GY0
GVD
GVD
6vD
GVD
GVD
GVD

10
20
30
40
50
60
70
80

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
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MAIN PRUGRAM STEP 4

L R R R K IR BE B S 2K IR 3

“Q‘b‘.OQOQQ'C“&.{*G*G{‘.D*Ql'“*'*’*l
.

* & % % X & % X % X

% & 5 % % %2 X %2 % 2 %2 % %Y &% B2 & ¥ X X2

STET 4 PERFURMS THREE FUNCTIONS

1. READ PROBLEM DATA AND DISPLACEMENTS FROM DISK

2. CALCULATES SIX STRESS CUMPONENTS AT EACH NODE FOR EACH
ELEMENT IN RECTANGULAR CR CYLINDRICAL COORDINATES

3. PRINTS STRESSES AND/OR CYLINORICAL DISPLACEMENTS

5 % X 3 % % % % & % ¥k X ¥ &k X 2 % & ¥ % % 52 & %% %X ¥ %X X £

£ & % % % %3 % K %

¥ % 3 %2 % £ ¥ &£ K % X XK ¥ XX X & K X%

VARIABLE DEFINITICONS AND OUIMENSIONS FOR STEP 4

ALFAL(NNTL) ~ ~ -~
ALFA2{NMTL) -~ = -
ALFA3(NHTL) -~ - -~
AMBTMP - =~ = = = =

DlOsb) =~ = = = = =

E(NMTLy Qs NTHP)

ETM(Y) = = = = = =

FIBORT(NMTIL) ~

IWOA = = = = = = =

IX(NEL,27) ~ -

THLRMAL EXPANSION COEFFICIENT 11
THIRMAL EXPANSION COLFFICIENT 22
THERMAL EXPANSION COEFFICIENT 33
INITIAL TEMPERATURE

ELASTIC MAIRIX

MATERIAL PRUPERTIES

NIME LHOEPENDENT ORTHOTROPIC MATERIAL
CUNSTANTS

OIRECTION UF PRINCIPAL AX1S FOR FACH
MATERIAL

UNIT MUMBER FOR CARD READER

COOE TO SPICIFY STRESSES IN RECTANGULAR OR
CYLINORICAL COORDINATES .

UNIT NUMBER FOR DIRECT ACCES. FILE
RELATES LUCAL AND GLUBAL NOUA) PUOINTS
UNIT NUMBER FOR PRINTER

MATERIAL A1 BACH NODE

NUMBLR OF ELEMENTS
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L 2K 2B R 3R BE BE 3R NN N Y

LR 20 AL 20 Jb B 2R JE B K IR B 2R K B K IR I IR IR 3K NE IR SNENR N U NN SR Ry

MN4.

MNG
MN4
MN4
MN&
MN4
MN4
MN4
MN4
MN&4
MN4
MN4
MN4
HN4
MN4
MN4
MN4
¥N4
MN4
MN4
MN4
MN4
MN4
MN&
MN4%
MNS
MN4
MN4
MN4
MN4
MN4
MN4
MN4
MNo
MN&4
MN4
MN4
MN4
MN4
MN4
MN4
MN4
MN4
MNG
MN4
MN4
MNe
MN4
MN4
MN4
MN4

10

20

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
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C

;’ = P g ———
* NGLOF -~ -~ - = = =~ NUMBER UF DEGREES-OF~FREEDOM (GLUBAL SYSTEM)#* MN4 520
* * MN4 530
¥ NMTL = = = = = ~ =~ NUMBER OF MATERIALS * MN4 540
* * MN4 550
* NWAP(M JTL) =~ ~ ~ ~ NUMBER OF MATERIAL PROPERTIES SPECIFIED FOR * MN4 560
* EACH ELEME' * MN4 570
* * MN4 580
* TMPELI{NMTL(NTMP) — TEMPERATURFS AT-WHICH MATERIAL PROPERTIES * MNG 590
* ARE SPECIFIED FOR EACH MATERIAL * MN4 600
* * MN4 610
$  THPND(NGNP) ~ ~ — FINAL NOODAL POINT TEMPERATURES * MN4 620
* * MN4 630
* U(NGLNF)} = - = = - DISPLACEMENT VECTOR * MN4 640
* * MN4 650
* UX(NGNP) = = = ~ = X~ODIRECTION DISPLACEMENTS * MN4 660
* * MN4 670
* UY(NGNP} ~ = = ~ - Y-UIRLCTION DISPLACEMENTS * MN4 680
* * MN4 690
* UZ(NGNP) =~ ~ = ~ = 7-DIRECTION DISPLACEMENTS * MN4 700
* * MN4 T10
% XINGNP) = = = ~ = X—COCROINATE (GLOBAL SYSTEM) * MN4 720
* * MN4 730
* Y(NGNP) = = = = - Y-COURDINATE (GLOBAL SYSTEM) * MN4 740
* * MN4 750
* Z(NGNP) — = =~ = =~ Z-COORDINATL (GLOBAL SYSTEM) * MN4 760
’ * MN4 770
2 K X ¥ X ¥ % kK ¥ X X & % % ¥ X ¥ &k k¥ & % % % ¥ P % k% % %% x MNGg 780
MN& 790
INPLICIT REAL*E (A-H,0~-Z) MN4 BOO
LOGICAL*1 SH{12) MN4 810
INTEGER®2 IXe MTLND, LLDEC(200) MN4 820
COMMUN / GENLS / NEL, NGLOF, NGNP, NMTL, INEL, ILNP, IGNP, IMTL MN4 830
COMMON /HATL 7/ L(999+¢10)9D(696)y FIBORT(9)y ALFAL(9), MN4 840
1 ALFA2(9)y ALFA3(9) ,AMBTNP +ETM(9)y TMPEL(9+10}, NIMP(9) MN4 850
COMMON / NODAL / X(10C15), Y(1015), Z(1015), UX{1015),UY(1015), MN4 860
1 UZ(1015)s TMPND({101%)y U(3045), ALFTHP(6), XT(1015), YT(1015), MN4 8TO
2 ISTRSy 1X1144427)s MTLNUL!ICLS) MN4 880
COMMON / HEAD / HED(1C)+ICRD,LIST+IPAGE LINE MN4 890
160 FORMAT(15) MN4 900
2000 FORMAT(20%,7X,*HODE?,13X,*R=COURD* 411Xy *THETA-COORD*,11X, MN4 910
1 *2-COURD®, 8X, *RAD-DISPLYy 12X, *TANG-DISPL®, 11X, *Z-DISPL®* / MN4 920
2 2T%y *INS', 15X, 'DIGRFESYy 15X, YINS®, 13Xy *INS?, 17X, MN4 930
3 'DEGREES?y 14X, *INS' /} MN4 G40
2601 FORMAT{6Xy 159 3F20.5, 3E20.7) MN4 950
DIMENSION pectzon) MN4 960
DEFINE FILE 3(55,6500,Uy10XDA) MN4 970
LIST = 6 MN4G 980
ICRD = 5 MN4 990
1UDA = 3 MN4 1000
MMN4 1010
READ STRESS TYPt CODE HMN4 1020
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C MN4 1030

REAUCICRD,1C)) ISIRS MN4 1040

C MNG 1050
C  READ DATA GENERATED IN STEP 2 - PRUBLEM DATA MN4 1060
C MN4 1070
REAU (LuDA'Y) MLy NGLOUF, NDBCy NTYEL, LIMIT, NGNP¢NMTL, MN4 1080

1 HEDy IPAGE, AMBTMP MN& 1090

READ (1UDA®2) ((NTMP(J),y FIBORT{J)y ALFAL(J)y ALFA2{J}s ALFA3(J))4MNG 1100

1 (THPEL(J91)y (E(J9Lol)yl=149)y 1=1,10), J=14NMTL) MNG 1110

2 2 CCIXCE3J)9d=142T)91214NEL), MN4 1120

3 {TMPND(J )y MTLNO(J) 9J=1 yNGNP) HN4 1130

READ (IUDA®3) (X({J)9J=14NGNP )y (Y(J)sI=19NGNP)4(Z{J)»J=1,NGNP) HMN4 1140

C MN4 1150
C  READ DATA GENERATED IN STEP 3 — DISPLACEMENTS MN4 1160
C MN4 1170
IDXDA = NIYEL+7 MN4 1180

READ {IUDA*IDXDA)SW MMy (DBC(J)+J=1yMM), (LLDBC(J),J=14MM)}, KOUNT,MN4 1190

1 (UGJ) 9d=14NGLDF ) MN4 129G
1F(1STRS .EQ. 0) GO TO 12 MNG 1210

c MN4 1220
C  TRANSFORM X AND Y RECTANGULAR COUKDINATES TO R AND THETA MN4 1230
C  CYLINDRICAL COORDINATES MN4 1240
d MN4 1250
DO 3 I=1,NGNP HMN4 1260

XT{I1) = DSCRTIX(I)*X{1) + Y{1)esY(]) ) MN4 1270

3 YT(I) = 120.00 * DATANZ2{Y{I}, X(1) ) / 3,1415926535897900 MN4 1280
IF(ISTRS LEW. 1) GC TO 12 MN4 1290

c MN4 1300
C  PRINT UISPLACFMENTS IN CYLINDRICAL COORDINATES MN4 1310
C MN4 1320
CALL TITLE MN4 1330
HRITE(L1ST,2000) MN4 1340

U0 30 I=1,NGNP HMN4 1350
IF{LINE .LT. 48} GO T0 94 MN4 13060

CALL TITLE ° MN4 1370
WRITE(LIST,2000) #NG 1380

94 CONT INUE MN4 1390
LINE = LINt + } . MN4 1400

UXUI) = UI3*1-2) * DCOSI3.14159265358979D0 * YT(1) / 180.00} HN4 1410

1 + U(3*1-1) » DSIN(3.14159265358979U0 % YT(1) /7 180.00) HNG 14290
UY(I) ==U(32]-2) » DSIN(3.14159265358979D0 * YT(1) 7/ 1€0.00) MNG 1430

1 4+ U(331-1) * DCUS(3.1415926535897900 * YT(1) /7 180.00) MN4 1440
Uz(1) = U(3sl) MNG 1450

30 WRITE(LIST,2001) I, XTI}y YT(I}, 2€1), UX{I}, UY(1)s UZ(I} MNG 1460
1F(ISTRS .tQ. 2) GO TU 9 MN4 1470

¢ HMN4 1480
C CALCULATE STKFSSFS MN4 1490
c MN4 1500
12 CALL STRESS MN4 1510

9 STUR MN4 1520

END MNG 1530
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SUEROUTINE TIVLE T14 10

C ¥ £ * 5% % X X % & X 2 ¥ X 4 3K FEE S E L TP F X k% X XTI 20
N : * T14 30
C * SUBROUTINE TITLE PRINTS THE HEADING ON EACH PAGE * Tl4 40
(A * T4 50
C % THIS SUBROUTINE 1S CALLED BY - * JI4 60
c = STRESS * TI14 70
C * * T14 80
C % % X % 3 5% % Xk %2 2% % K S K K K E x & E %2 % xs 2 xS Ty 90
C T14 100
IKPLICIT REAL®*8 (A-H,0-Z) T14 110
COMMON / HEAD / HED(10)yICRDoLIST9IPAGE,LINE TI4 120

100 FORMAT (1H1,*FEM 72-DOF GENERAL HEXAHEDRONS THERMO-ELASTIC, VARYINTI4 130
16 MATERIAL PROPERTIES, DANA®y 9X, SPAGE?, 13) TI4 140

101 FORMAT (1HO,10A8 )} Ti4 150
WRITE (LIST,100) IPAGE : Ti4 160
JHRITE (LISY,101) HED T14 170
“IPAGE= 1PAGE <1 114 180

LINE = 0 Ti4 190
RETURN Tl4 200

END ’ Y14 210
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SUBRUUTINE STRESS ST4 10

C ST4 20
C Xk & % % k K XK & XK 5% % F £ ¥ 2% K& X X3 X & XX %X %X X X * STH 30
C * * ST4 40
C *  SUBROUTINE STRESS CALCULATES AND PRINTS THE SIX STRESS * ST4 50
c *  (UMPUNENTS AT SACY NODE FOR EACH ELEMENT * ST4 60
C * * STS 70
L * TH1S SUBROUTINE 1S CALLED BY - * ST4 80
C * MAIN * ST4 90
c * * ST4 100
c * THIS SUBROUTINE CALLS - * ST4 110
C * TITLE ’ * ST4 120
C * ELASTR * ST4 130
C * * ST4 140
C L N B S B U I B I B B B BE N Bk BE A BE BF F IR I 2R SE IR IE IE 2 BN I B IS R N11]
C ST4 160
IMPLICIT REAL*E {A-H,0~Z) ST4 170
<INTEGER*2 IXy MTLND sT4 180
COMMON / GENLS / NLL, NGLUF, NGNP, NMTL, INEL, ILNP, IGNP, IMIL ST4 190
CUOMMON /MATL 7 E{9+9410),D(696)s FIBURT(9), ALFAL(9), $T4 200

1 ALFA2{9)y ALFA3(9),AMBTMP 1£TM(9), TMPEL(9,10), NTMP{9) ST4 210
COHMMON /7 NODAL /7 ¥{1C15), Y{1C15}y Z(1015), UX(1015),UY(1C15), ST4 220

1 Uz{1015}, THMPND(101S)y U(3045), ALFTMP{6), XT(1015), YT(1015), ST4 230

2 ISTRSy IX{1l4%¢27)y MTLND(1015) . ST4 +240
COMMUN /7 HEAD / HED(10)41CRDyLISTIPAGE,LINE ST4 250
UIMENSION XYZ(26443)y C(3924)y DJU393)y DII(343)y BA(6,T2), ST4, 260

1 BOB(72472)y SIGI6)y UELITZ)y SIGSAVL6424)y T(343), $74 270

2 SIGRTH(343)y SIGXY(3,3) ST4 280

2000 FORMAT (1HO 99Xy 6HEL eNU« 36X 9 4HNUDE y 9% 9 BHX-STRE $S 96X 9 BHY-STRES S, 5T4 290
16Xy BHZI-STRISSy6Xys SHXY=STRESS y5X9y9HXZ~STRESS 45X y9HYZ~STRESS/ ST4 300

2 37Xy 'KSI?y 10Xy 'KSI1?, 12X, *KSI®y 11Xy 'KSI*, 11X, *KSI®, ST4 310

3 11Xs *KSI' ) §T4 320

. 2001 FORMAT (15X+11194X460U14.45) ST4 330
2002 FORMAT (1HO49X915411154X9601445) ST4 340
2003 FORMAT('C EL<NO. NODE R=STRESS THETA-STRESST4 350
1s L~STRESS RTHETA~STRESS RZ~STRESS THETAZ~STRESS® / ST4 360

2 374y 'KS1%y 10X, °'KSI1', 12X, *KSI*, 11X, *KSI', 11X, °*KS1?y ST4 370

/ 3 11Xy 'KSI* ) ST4 380
/ 2004 FORMAT (15X911144X460144%) ST4 390
2005 FURMAT (1HOy9Xy15,111¢4X96014.5) ST4 400
C ST4 410
C SOLVE FOR STRESSES SIG(6) AT EACH NODAL POINTS OF EACH ELEMENT ST4 420
C ST4 430
CALL TITLE ST4 440
IF(ISTRS .EQe O .OR. ISTRS LEQ. 4} GO 7O 31 5T4 450
WRITE(LLIST,2003) ST4 460

G0 TO 32 ST4 470

31 HRITF (L1ST7,42070) ST4 480

32 CONTINUE $T4 490

D0 300 INEL=14NEL ST4 500

c ST4 510
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PLACL PROPER NODAL DISPLACLMENTS IN U FROM A ST4 520
. S14 530
D0 121 1=1,24 ST4 540
VEL (32]1-2) = U(3*]IX(INEL,1)=2]) ST4 550
UEL (3%1-1) = U\3IX(UINELs1)=) ) ST4 560
121 UEL (3%] ) = U{(3*IX(INEL,1) ) sSf4 570
(& ST4 580
C FORM NODAL PT. COGRDS. MATRIX XYZ FOR J(3X3) = C{3X24)8XYZ(24X3) $T4 590
c ST4 600
DO 140 1=1,24 ST4 610
L = IX(INEL,1} ST4 620
XYZ{Is1) = X(L) ST4 630
XYZ{1,2) = Y(L) ST4 640
140 XY2(1,3) = Z(L) ST4 650
C ST4 660
C CALCULATE BA = D*By 24 SETS OF {6XT2) FOR EACH NODE OF THE ELEMENT ST4 670
C ST4 680
‘D0 200 ILNP=1,24 ST4 690
DO 150 1=1,6 ST4 700
150 S1G(1) = e.UO STa 1710
GO TO {1y 2y 3y 49 59 &y Ty 8y 99 10, 11, 12, S14 720
1 139149155,16417418,519,20, 21y 224 234 24), ILNP ST4 730
1 XS1l= ~1.00 ST4 740
ETAA= =1.00 ST4 750
2TAA= ~1.D0 ST4 760
GO TO 25 ST4 770
2 X$11= ~1.00/3.00 ST4 780
GO 70 25 ST4 790
3 X$11= 1.00/3.0C ST4 800
GO 10 25 5714 810
4 XSlli= 1.0C ST4 820
GU TO 25 ST4 830
S IZTAA= 1.00 ST4 840
X$11l= ~1.0C ST4 850
GO0 10 25 } ST4 860
6 XS1l= ~1.0C0/3.00 ST4 870
GO TU 25 ST4 880
T XS11= 1.L9/73.00 ST4 890
G0 TO 2% ST4 900
8 XS1ll= 1.D0 ST4 910
G0 TO 2% ST4 920
Y 2TAA=s ~1.00 574 930
XSll= -1.00C ST4 940
ETAA= ~1.,00/3.00 ST4 950
GO TOU 25 ST4 960
10 ETAA= 1.,00/3,00 ST4 970
60 10 25 5T4 980
11 XS1I= 1.00 ST4 990
ETAAz ~1.00/3.00 ST4 1000
GU TO0 25 £74 1010
12 €TAA=  1.00/3.00 ST4 1020
A-50
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GO 10
13 ZTAA=
xXS1]=
ETAA=
GO Tu
14 ETAA=
GO TO
15 xSll=
ETAA=
60 10
16 £1AA=
60 10
17 ETAA=
ITAA=
XSll=
GO0 10
18 xS1l=
GO YO
19 «S1l=
[ U (]
20 x511=
60 10
21 71AA=
XSliz—
G0 TU
22 XS1l=
6Gu 10
23 XxS1i=
GO TU
26 XS1i=
25 CONTIN

FURM C M

Cll,y1) =(1.L0-ETAA)#(]1.00-2TAA}*(10.00+18.,00%XSI]~-27.D00*XSI[%%2 —~
9.LO*CTAARB2)
={1.00-ETAA)}*(1.D0~2TAA)*({81.00%XS51]1*+2~18,0L0*XS11-27.00)
S(1.02-ETAA)#(1.D(-ZTAA}*(27.00-16.0L0*XS]11-81.D0¢XSI]*s2)
S{1U0=ETAA)S(1.00-ZTAA}*(27,008XS1]I#2249.D08ETAASS2+
184,00#Xx511-1¢.0C)
={1.00-tTAA)#{1.D0+2TAA)*(10.D0+410.00%XS11-27.D0#XS11%82~
9.00%ETAAN*2)
S{1eDU-ETAA)*{1.D0+Z2TAA)*(B1.004XS]1]##2-18.0C¥XS11-27.D0)
Cl1,7) =(1.00-kTAA)*{1.00+42TAA)#(27.,00-18,00%XS1I-41.00%XS11#%2)
“{1.00-ETAA)*{1.00+4ZTAAI*#{27,.D0¢XSI]1%22+49.,D0%ETAASS2+
18.00#%X511-10.00)
=(1.00-3,00*FTAA)2(1.00-2TAA}#(9.D0%ETAL$22-9,00)
Cl1,10)=(1.00+3.00%kTAA)*(1,00-ZTAA}*(F.00%ETAA®22-9 .07}

1
C(1,2)
Cll,2)
Clly4)

1
€(1,5)

H
Cliyo)

c(1,8)
1
€{1,9)

(1,11

25
1.0C
-1.D0
-1.006/3.00
25
1.00/3.00
25
1.0C
~-1.00/3.00
25
1.00/5.00
25
1.00
~1.DC
~1.00
25
~1.00/3.00
25
1.00/73.0¢C
25
1.00
25
1.00
1.00
25
-1.00/3.0C
25
1.00/3.00
25
1.00
UL

ATRIX

i==C(1+9)

Clt,22)=~C(1,10?

Ci1413)=2(1.00=2.002TAA)*{1.D0+ZTAA)*(9.DC"ETAAS¢2~9,00)
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S14
ST4
ST4
ST4
$T4
ST4
ST4
ST4
ST4
ST4
S14
ST14
ST4
ST4
ST4
STa4
ST4
S14
$T4
ST4
sT4
ST4
ST4
ST4
ST4
STa
ST4
ST4
ST4
S14
54
ST4
ST4
ST4
<14
ST4
$T4
ST4
S14
ST4
ST4
STa
ST4
ST14
ST4
ST4
ST4
ST4
ST4
ST4
STa

1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
i290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
15C0
3510
1520
1530
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1

1
1

1
1

1

C(1514)=(1.0043.D0%ETAA)*(1.0042TAA)#(9.DO*ETAA**2-9,0D0)

C(1415)=-C(1,13)

Cllylo)=—C(1,14)

Cl1y17)=(1.CO+ETAA)*(]1.00-2TAA)*{10.00+18.00%XS11~27.D0%XS1]1%%2~
9.DO*ETAAS#2)

Cl1418)=(1.004ETAA)I®(1.00-2TAA)+#(B1.00#XS1]+$2-16.D0*XSI1-27.D0)

Cl1419)=(1.00+LTAA)*(]1.00-2TAA}*{27.00~18.D0%XSII~81.00*XS11%%2)

Cl1920)=(1 LO+ETAAIR(1.00-2TAA)# {27054 XSII#%249,002ETAA*S2+
18.00#XS11-10.00)

Cl1421)=(1.00+ETAA)*(]1.0C+ZTAAI*{10.D0418.00%XS11-27.D00*XSII#%*2~
F.00%ETAAX22)

Cl1,22V=(1.004ETAA)I*(1.004ZTAA)*(B1.DO*XS]1I#%2-18.002XS[I~27.00}

Cl1423)=(1.00+ETAA)*(1.D0+4ZTAA}*(27.00-18.00¢XS11~81.D0*XS11#*2)

Cl{3926)=(1.004ETAA)IN(1.00+4ZTAA)*(27,00*XSII#%24F . DO*ETAASS2
18.002XS11-10.093)

C{2y1) =2(1.00-XS11}2(1.00-2TAA}#(10.00+58.DC%ETAA-9.DO*XS1I*%2~
27.D04ETAA*#2)

Ti2+2) =(1.00-3.00%XSI11}2(1.,00-2TAA)*(9.D03XSI1*%2-9,00)}

ClZy3) =(21.0043.0C%XS13)4(1.,00-2TAA)*(9.D0*XS11%n2-9,D0)

C(244) ={1.004XSI1)*{1.0C-2TAA)}*{10.00+18.D0%ETAA-9.D03XSI1*s2~
2T.D0%ETAA*»2)

Cl2y5) =(1.00-XSI1)4(1.D0+4ZTAA)*(10.D00+18.0D0%ETAA~TF.DOSXSIIn»2~

1 27.00%ETAA®*2Z)

1

)
1

1

C(246) ={1.00~3.00%XS11)2(1.00+4ZTAA}%(9.DO*XS1]¥*2-9,00)

C(297) =2(1.0043.00#XS11)#(1.0C4Z1AA)*{9.D0*XS11%#2-9,0C)

C(248) =(1.,00+X811)#(2.00+42TAA)IA(10.00¢18.00%ETAA-9,D0%XS]1s%2
2T D0%ETAAR*2)

C(2+¢9)=(1.00~XS11)*(1.D0-2TAA}*(8]1.00%ETAA®*2—-18 ,0C*ETAA~2T.D0)

Cl?2+1C)=(1.00-X511)#(1.00-2TAA}*{27.00-18,CO*ETAA-B] . DOYETAASSZ)

Cl2e11)=(1.00¢XSIT)*(1.0G-ZTAA)*(B1.DO%ETAAYX2-18,.0%ETAA~2T7.D0)

Cl2412)=(1.004X511)2(1,00-2TAA)®{27.00-18.0C*ETAA-B].DO%ETAAS2)

Cl2913)=(1.00-XSI1)*11.D0+ZTAAIA{EL.DOPETAA®#2~18.L0*ETAA-2TDO)

Cl2914)=(1.00-XSI1)2{1.004,TAA)S(27.00-16.D0*ETAA~B" ,D0%ETAA®32)

Cl2¢15)=(1.004XS11)9().00+2TAA)*(BL1.0C*ETLA®#2-1H,U0*ETAA-2, +DN)

Cilel6)={1.D004XSI1)%(1.D0+¢ZTAA)*(27.00-18.00%ETAA-B]L .DO*ETAAYSZ)

Cl2:17)=01.00-XSII)I2(1.0U~2TAA)I# (27 . D0OSETAA#S249,D0XS 1082+
18.00*ETAA~10.00)

Cl(2s18)==C(2,42)

Ct2,19)=—C(2,3)

ST4
STa
ST4
ST4
$T4
ST4
§T4
ST4
ST4
ST4
ST4
S14
ST4
ST4
T4
ST4
ST4
ST4
ST4
ST4
ST4
$T4
ST4
ST4
ST4
S14
574
S14
ST4
ST4
S14
S$T4
ST4
ST4
ST4
Sta
5T4
ST4
$T4

Clz,20)=201.00+4XS11)3(1.00-2TAA)*{(2T7.002ETAAX*Z+9,008XS11%%.418,.00%5T4

ETAA-10.00)
Clee21)=(2a00-X511)2(1.0Ce2TAA)SI2T7 . DOSETAASS249,D0XS119320
18.L0¢LTAA-10,10)
Cl2322)=11.00-3.,002X511)2!1.0042ZTAA)*{9,00~-9.D0*XS]1I*#2)
C(2:23)=(1.D043.002xSI1)3(2.U042TAA)*(9,00~-9.0C%XS11%27)
C(2+24)=(1.U00¢XSI1)*(1.0042TAAY*{ZT.D0%ETAASSE2+49,DO*XSI]n424+
18, DC?ETAA-]1O,. 10}
Cl391) =(1LI-ASITI*{1.00-ETAAI®(IG.00=9.DU*XS11%%7-.9 DOXETAAXSD)
Cl2,2) =(1.00-3.00¥XS11)2¢{1.00~" '1¢(<,DO#XS[]*%2~9,00C)
C(353) =(]1.0043.00Ce¥S11)*(200-17 144 D0BXSI1*%2-9,00)
Cl3,6) ={1.00+XS11)2(1.D0~-CTAA (=9.D0®USI 14229 ,D0ETAARS2)

A-52
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DO 26 N=1y4 ST4 2050
C(24N+4) = ~C{3,N) ST4 2060
C(399) =(1.00-3.00%ETAA)2({1.00~XSI1)8{9,DO*ETAA%%2-9,D0) ST4 2070
Cl3510)=(1.0%42.0C#ETAA)*{1.D0-XSI1)*(9,D0%ETAA»*2-9.C0) $T4 2080
Cl.,11" 11.,00-3.D0%ETAA)*(1.D0¢XS11)*(9.D0¢ETAA*#2-9.00) S14 2090
C(3412)=(1.0043.,00%ETARA)*(1.004A511)%{9.D0% TAA*%2-9,.DC) ST4 2100
D0 27 N=9,12 ST4 211¢C
C({34N+4) = ~C(34N) S14 2120
Cl3,17)=01.D0-XSII)#(1.004ETAA)*#(10.00-9.D0*XS1]**2-9,D0*ETAA®*2]) ST4 2130
C(3,18)={(1.00-~3,00%XS11)*(1.00+LTAA}%*(9.D0%XS1]#%2-9,00) ST4 2140
C(3419)=(1.0043,D0%XS11)*(1.00+ETAA}#{9.D0*XS1)**2-9,00) ST4 2150
Cl3,20)=(1.U04XSII)*{]1.00+FTAA)*(10.00-9.00#XS11%#%2-9,D0%ETAA*%2) ST4 2160
DD 28 N=17,20 ST4 2170
28 C(3)Ne4) = —CI3,4N]} ST4 2180
DO 30 11=1,3 ST4 2190
00 30 KK=1,3 S14 2200
DJUIL4KK) = 0.00 ST4 221¢
DO 30 Jui=1,24 ST4 2220
30 DJIITWKK) = DJCIISKKY 4 C{I1,0J) #* XYZ{JJ4KK) / 64.00 S14 2230
f. ST4 2240
. FORM INVERSE J MATRIX DJIt3x3) ST4 2250
% ST14 2260
ot1J = D111 %(DI(L92)3DJ(343) ~ DJ(243)%DJ(3,+2)) ST4 2270
1 +0J(142)%(0J(2,2)2DJ(341) =~ DJ(2,1)%DJ(3,3)) ST4 2280
2 +DJ1,3)3(DI(3,2)#DJ(2¢1) — DI{,2)%DJ(3,1)) $ST4 2290
DII(Ls1) = (DI(2,2)2DU0(3,3) - DJI(2,3)%0J(342)) /DETJ S74 2300
DJI(L1y2) = (DJ(3,2)200(1,3) - DJ(3,3)9DJ(2,2}) /DEVJ $T4 2310
DJIlL143) = (0J(1,2)20J(2,43) = US(1,3'%0J(2+2)) /DETY ST4 2320
DJI(Z41) = (DJ(293)905(341) ~ DI(241)20J(3,43°; FUETY ST4 2330
0J1(242) = (DJL3,3)500(1,1) ~ DJ{(3,1)*DJ(1,43)) /OETY SYT4 2340
0J1(2,3) = (DJ(1,3)%0J(2,42) - DI(1,1)%D3(2,3)) /DETJ ST4 2350
DJI(3,1) = (OJU2,23%0L(3,2) = DJI(2,2)%0J(341)} /DTS ST4 2360
00 40 I=1y40 : T4 2370
t ST4 2380
v FORM MAIRIX B(6X72}, WHERE (B) = (tA} ST4 2396
. S14 2400
DIIL3,3) = {DIX,1)20U(2,2) ~ DJI(2,2)20J(2,1)) JOUETY ST4 2410
DJI(3+2) = (BJL3,1120J(192) = DI(3,2)*D4(1,1)} /DEVY 5T4 2420
DO 40 L=1,72 ST4 2430
40 BAll,L) = 0.00 ST4 2440
DO 5C N=1970,3 S14 2450
L=(¥~-11/73+1 ST4 2460
BA(LeN) = (DJICL,1)2CHL,L)4DII(1,2)0C(24L)4DJ1C1,3)2C(3,L)}/64.D0 ST4 2470
BALGN) = {0JL1201)%C14L340J1{242)%C(24L)4DSI1243)2C(34L))/64.00 ST4 2480
50 BAISN) = (DJ1(3+1)°C 2o L)+DIT(392)2C(2,L)4DI1(343)1%C(3,L21)/64.00 ST4 2490
DO 60 N=2,71,3 ST4 2500
L =(N-21/3 +1 ST4 2510
BA(ZyN) = (DJIL2+1)2C(1,L)+DJT{292)%C{2,L)+0J1(2+3)9C(3,L))/64.00 ST4 2520
BA(4yN] = (UJT(2e1)3C(14L)+DJII142}2C(2,L)40J1(1,4312C(3,L))/65%.D0 ST4 2530
60 BALGMN) = (DIT(2:1)9C (2,1 )+DJ1E2,2,4%C(2,L)+0J1(3,328C(3,L))/64.00 ST4 2540
DO 70 N=3,72,2 ST 2550




—

L=1(N~3)/3+1 S14 2560
BA(3,N) = (DJI(391)1%C{14L)+DII(3+2)8C(24..0¢0J1(3+3)8C(3,L))/64.00 ST4 2570

BA(SN) = (DSI(1o113C{1oL)+DII(102)%C(2oL)4DII(1,3)%C(3,L)1/64.00 ST4 2580

70 BAL6,N) = (DJ1(2,1)9CI1,L)+0J1(2,2}%C(2,L)4DJ1(2,3)1#C{3,L))/64.00 ST4 2590

c ] ST4 2600
C  FIND ELASTIC MATRIX AND FORM TRiFLE MATRIX PRJIDUCT ST4 2610
¢ . . ST4 2620
IF(ILNP «EQe 1 +OR.IX(INLL,27) <EQ. 2 +ORe IX(INELs27) .EQ. &)  ST4 2630

1 CALL ELASTR ST4 2640

DY 80 N=1,6 ST4 2650

D0 80 L=1,72 ST4 2660
BOB(NsL) = 0.D0 ST4 2670

U0 B0 NN=1,6 ‘ ST4 2680

80 BOBIN,L) = BDB(N,L) + CONJNNI#BA(NNSL) ST4 2690

VO 96 1z1,6 $14 2700

DO 90 J=1,72 ST4 2710

90 SIG(I)=S1G(1) + BOB(IsJ)+UEL(J) ST4 2720

1 - ST4 2730
¢ INCLUUE THERMAL AFFECTS _ ST4 2740
C ST4 2750
THP = THPNDIIX(INEL,ILNP) ) - AMBTMP ST4 2760

00 92 1=1,6 , ST4 2770

DO 92 J=1,6 ) ST4 2780

92 SIGI1) = S1G(i} — DII,J)*ALFTHP(J) % THP ST4 2790
1FL1STRS <EQ. 1 .OR. ISTRS .EQ. 3) GO TO 96 ST4 2800

C  PRINT STRESSES IN RECTANGULAR COURDINATES ST4 2810
IF (LINE.LT.48) GO TO 94 ST4 2820

CALL TITLE ST4 2830

WRITE (LIST,2€00) 514 2040

94 CONT INUE ST4 2850
IF( ILNP .EQ. 1 ) o0 10 95 , ST4 2880

WRITE (L157,2001) IXCINEL, ILNP), (SIG(Isy1=1,6) ST4 2870

1F (ISTRS .£Q, 0) GO 10 100 ST4 2880
1F(ISTRS +EQ. &) GO 10 96 ST4 2890

95 WKITE(LIST 20023 INELs IX(INEL s 1LNP) 4(SIG(I] 1=1,6) ST4 2900

1F (ISTRS .EQ. D) GU TO 100 ST4 2910

L $T4 2920
L TRANSFORM STRESSES 7O CYUINDRICAL COURDINATES ST4 2930
. $14 2940
96 SIGXY(1,1) = SIG(1) ST4 2950
S16XY(192} = SI1G(4)/2.00 $T4 29350
SIGXY(1+3) = S16(51/2.D0 ST4 2970
SIGXY(2s1) = SI1G(4)/2.00 ST4 2980
S16XY(292) = SIG(2) ST4 2990
S1GXY(2,3) = S1G(6)/2.00 S14 3000
SIGXY(3,1) '= SIG{5)/2.00 ST4 3010

] S1GXY(3,2) = SIG(6)/2.00 ST4 3020
SIGXY(393) = SIG(3) ST4 3030

THEDA = 3.1415926535897900  YT(IX{INEL,ILNP}) / 180.D0 $T4 3040

] 54C T(Is1) = DCOS(THEDA) S14 3050
1(1,2) = DSIN(THEDA) . S14 3060




T(1,3) = 0.00
T(2,1) = =T{1,2)
T(2,2) = Tl 1)
T{2+3) = 0.D00
T(3.1) = 0.00
T(342) = Q.00
DO 537 11=1,3
T43,3) = 1.0L0

DO £37 Ju=1,3

537 SIGRTH(ii,JJ}) = 0.0C

DO 538 11=1,3

CO 538 JJ=14+3

DO 538 KK=1,2

00U 538 LL=1,2

IF{ DABS(T(II4KK)} LT, 1.0-16 ) T(1I4KK) = 0.D0

538 SIGRTH{II4JJ) = SIGRTH(IL14JJ) + T{I1eKK)I*T(JJIeLL )I*SIGXY(KK,LL)

SIG(1) = SIGRTH(1,1)
SIG(2) = SIGRTH(Z,2)
SIG(3) = SIGRIHI3,3)
SIG(A) = SLIGRTH(1,2)%2.00
SIG(S) < SIGRTH{1,3)42.00
SILl6) = SIGRTH(243)%2.06

PRINT STRESSES IN CYLINODRICAL COOURDINATES

IFLISTRS .NE. 4} GO TO 539
DU 98 151G=146
98 SIGSAV(ISIG,ILNP) = SIGIISIG)
IF{ILNP LT. 24) GO TU 100
WRITE(LIST,2003)
WAITE(LIST2005) INEL, IX(INFL,1)y (SIGSAV(Ie1),I=1,46)
WRITE(LL1ST,2204) (IX{INELsJI) 5 (SLGSAVII 1 J)sI=140),40=2424)
LINE = LINE + 24
539 IF (LINE.LT.48) GO TO 97
CALL TITLE
WRITE (L1S1,2003)
97 CONTINUE
IF( 1P Ltue 1 ) GO 10 99
WRITE (LIST,2004) IX(INEL,ILNP)}, (SIGI1)},I=1,4b)
G0 70 100
99 HRITE(LIST 420050 INELy IXUINEL,ILNP),(S51G(1),121,6)
100 CONTINUE
LI"E =LINE + 1

D 200 CONTINUL
300 CUNT INUE
RE TUKN
; END
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SUBROUTINE ELASTR ELS
ELS

¥ % % % X & X % % 3 X X A %% XX X XX XXX 2 F X E X XK X LY
* ELS

SUBRNUTINE ELASTR,; IN CONJUNCTION WITH DMATST, CALCULATES THE * EL4
ELASTIC MATRIX FuR EACH ELEMEMT * EL4
* EL4

THIS SUBROUTINE 1S CALLED BY -~ * EL4
STRESS * EL4

* ELS

THIS SUBROUTINE CALLS =~ * EL4
DOMATST * ELY

* EL4

£ £ % %2 % £ ¥ x 3 40 % 2 4 % 3 % 2 ¥ XS E K X X % 82 S S X% % (L4
ELS

IMPLICIT KEAL#*E (A-H,0-2) EL4
JNTFGER#2 IXy, MILND tLa4
COMMUN /7 GENLS /7 NElL, NGLOF, NGNP, NMTL, INEL, ILNP, IGNP, IMTL EL4
COMMUN /MATL / E{999910)4Dl0by6)y FIBORT(9)y ALFAL{9), EL4
LLFA2(9)y ALFA3L9) o AMETMP 1ETM(9) sy THMPEL(9,10)y NTMP(9) EL4
COMMON /7 NOBAL /7 Xx{1¢15),y Y(1015}s Z(1015)s UX(1015),UY{1015}), EL4
UZ(1015)s TMPNDILC1S), U(3G45)y ALFTMP(6)y XT(1015), YT{1015), EL4S
ISTRS, IX(144,27), MTILND(1015) EL4

IF{ IX(UINEL,27) oEQ. 1 JOR. IX(INEL,27) .EQ. 3} GO TO 31 EL4
TFU IXCINEL,27) JEwe 2 ) GO TO 2 s EL4
NTMPY = NTHPIIX{INEL,25)}) EL4
IF( NIMPL .EV. 1 ) GO TO 31 EL4
INTL = MTILNUDEIX(ONEL,TLNP)) ELS
IFLIMIL ot0. U0 ) IMIL = IX{INEL,25) EL4
IGNT = IX(INEL,ILNP) EL4
IF(TMPNDCIGNT) LT, TMPEL{IMTL.1l) ) GO TO b EL4
IF( TMPNO(IGNT) .GE. THMPEL(IMTL.NTMP{IMTL)) ) GO TU 6 EL4
NTMPML = NTMP{IMTL) -~ 1 EL4
DO 20 I1=1,NTHPM] ELS
1F{ TMPMDUIGNT).GT. TMPEL{IMTL,1I) oAND. TMPNO(IGNT).LE, ELS
TMPEL(IMTL,I1+1} ) GO TO 4 ELS

COUNT INUE ELS
WRITE(6,60C]) EL4
FORMAT( * EKROR 1° ) EL%
00 30 I=1,9 EL4
ETM{I) = E{INTL.I,1) EL4
60 TU 1 EL4
DO 43 1=1,9 EL4
ETM{I) = E(IMTL,I1,NTMP(INTL)) EL4
G0 70 1 EL4
OIFIPL = THPEL(IMIL,I1+1} - THPEL{IMIL,II) EL4
DIFTP2 = TMPND(IGNT) = THPEL(IMTL,I1I) ELS
RATDIF = DIFIP2 / DIFTPL ELS
DU 50 1=149 EL4
CTMIL) = E{IMTL,1,11) + RATOIF # (E(IMTL,1,11+1) — EC(IMTL.I411)) EL4
60 10 1 EL4




IMTL = IX(INEL.25)

00 60 1=1,9

ETMII) = E(IMTL.1,1)

60 TO 1

IMTL = MILND(IX(INEL,ILNP))
IFCadMTL JEQ. 0 5 JTL = IX(INEL25)
DO B0 I=1,9

ETMII) = E(IMTL+141)

CALL DMATST

RETURN

END

A-57
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SUBROUTINE DMATST . DH4 10

L DM4 20

C 24 8 % 2 K KK KK S KK XS S BA RS SN E AR DHY 30

C * * DM4 40

’ C *  SUBROUTINE DMATST CALCULATES THE ELASTIC MATRIX AND PERFORMS A * DM4 50

C 2 ROLATIONAL T2ANTFORMATION ON THE ELASTIC MATRIX * DM4 60

[ * * DM4 70

[ *  THIS SUBROUTINE IS CALLED BY -~ * DM4 80

C * ELASTR * DM4 90

c * * DM4 100

C 2 2 % %X & X ¥ 5 2 K £ % £ % % %X KK & 5 % K E KX K XX K K2t X DM 110

C DM4 120

IMPLICIT REAL#*8 (A-H,0-1) DM4 130

INTEGER®2 IXy MTLND DM4 140

COMMUN 7/ GENLS /7 NELs NGLUFy NONPy NMTL4s INELe ILNP, IGNP, IMTL DM4 150

COMMUN /MATL / E{9+991Q),D1646}y FIBORT(9}, ALFAL1({9), DM4 160

1 ALFA2(9), ALFA3{9) ,ANMEBTMP 2'ETM(9), TMPEL(9,10), NTHMP(9) DM4 170

» ‘COMMUN 7/ NODAL 7/  X{1015), Y(1015), 2(1015), UX(1015}),UY(1015), UM4 180
L 1 UzZ(1015), TMPNU(101>), U(3045}, ALFTMP(6), XT(1015), YT(101l5), LH4 1%0
2 1STRSy 1X(144,27), MTIND(1015) DM4 200

DIMENSION Ti6:6)9T0(696)y TT{6+6)y TMPCOF(6)y DTMP(646) oMe 210

DO 1C I=ly6 DMe 220

U0 10 Jd=1,6 OM4 230

T(1,J) = 0.U0 DM4 240

0(1,J} = ocDC UM4e 250

10 10(1,J) = 9.00 M4 260

XNU21 = ETM(4) * ETM(2) /7 ETM(1) OM4 270

XNU3L = ETM(S) *» ETM(3) / ETM(1) D44 280

XNU3Z = ETM(6) * LIM(3) / ETM(2) DM4 290

FALT=1.00-tTM(4) % (XNU21+LTM{6)3XNU3L)-ETH(5)8 (XNU31+XNU32¢XNU21)}~ OM4 300

1 ETM (o) #XNU32 OM4 310

Ui1,1]} = ETM{1) » (1.D0 — tTM(6) * XNU32} / FACT DM4 320

. 0(1,2) = ETM(2) * (ETHM{4) + ETH(S) * XNU32) 7/ FACTY OM4 330
0(1y3) = ETM(3) * (tTM(5) + ETM(4) * ETM(L)) / FALT DM4 340

D(2,1) = Ui1,2) DM4 350

D(2,2) = ETM(2) #» (1.00 = ETM(S5) * XNU3Ll) / FACT DH4 360

0(2,3) = ETM{3) S (ETM(6) + ETM(5)% XNU21) / FACT DM4 370

o Ul4,1) = D(1,3) DM4 380

! D{3,2) = 0(2,3) OM4 390
0(3,3) = ETM(3)* (L.UC - ETM(4) = XNU21) / FACY UM4 400

l Ul4a,4) = ETM(T) DM4 410
l DUS5,%) = ETM(R) DM4 420G
; D(646) = ETM(9) DM4 430
ALFTMP (1) = ALFAL(INTL) UM4 440

V ALFTMP(2) = ALFAZ(INTL) DM4 450
ALFTMP (3] = ALFA3(IMIL) DM4 460

) DO 60 l=4,6 DM4 4170
60 ALFTMP({1) = QDO OM4 480

IF{ DABS(FIBORT(IMIL)) LT, .5D-=14 ) GO TO 50 DM4 490

} FIPOR = FIBUOKTLIRTL) ¢ 3.14159265358979320C / 180C.00 DM4 500
T(1s1) = DLGI(FIBUR %22 DM4 510




T(142) = DSIN(FIBOR )=%#2
Tl4yl) = ODCOS(FIBOR ) * DSIN(FIBOR )
T(l94) = =2.0C *T(4,1)
T{2,1) = T(1,2)
(2.2 - Tl 1)
T{2+4) = =T(ly4)
T(3,3) = 1.00
Tl4s2) = =1{4,1)
Tlash) = T(1lel) = T(1,2)
T(5+5) = DCOS(FIBUR )
T(695) = DSIN(FIBUR )
T(5¢6) = ~Tl645)
T(6:6) = T(5,5)
00 70 1=1,406
THPCOF{1) = 006
00 7C J=1,6

70 TMPCOF(1) = THMPCOFI(1) « T(I,J) * ALFTHP(J)
N0 9C 1=1,46

9C ALFTMP(I) = TMPLOF(1)
D0 20 121,46
D0 20 J=1,6
DO 20 K=1,6

00 80 I=1,6
DO 8C J=146
80 TTUJ, I} = TUIyJ)
00 30 I=1,.0
00 30 J=1'()
OTHMP(1,J) = VDO
DO 30 K=1,06
30 DIMP(14d) = DTMPII,J) + TO(L,K) * TT{K,J)
00 40 I=1l.6
00 40 J=1.0
40 0t1,4) = DIMP(1,J)
50 CONTINUE
RETURN
END
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APPENDIX B

Input/Output Units and Sample JCL

A. Introduction

One disk unit is required for job steps 2, 3 and 4. This unit is

This file is used to pass data from step 2 to step 3 and from st., 3
to step 4. It is also used in the iterative loop in step 3.

A sequential disk or tape unit can be used to pass data from a
mesh generator {step 1) to step 2. This sequential unit should be
blocked for card images.

The sample JCL given in this Appendix is for the IBM 360/370

operating system.

a uir.ct access file with a minimum logical record length of 21024 bytes.
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JCL to run four job steps

JOB URIGIN FRUM LOCAL DEVICE=RD! . 2CC.

//RL2257S1 J0B FOB03,DANA,MSGLEVEL=]

/*MAIN REGION=(2009292+2304248)9TIME=(142430+4) 4L INES=4
1 /87:P1 EXFC FORTGCG

//FURTSYSIN DD *

/¥

/7/GO.FTCIFO01 DD OSN=LDATATEM,UNIT=SYSDA,

7/ SPACE=(TRKy(591)yRLSE),

// DISP={NEW,PASS,DELETL ),

7/ CCR=(RECFM=FB,LRECL=80,tLKSIZE=8Q0)

//G0.SYSIN DD *

/%

//STEP2 EXEC FORTGCG

//FORTSYSLIN DD USN=GLLOADSET,DISP=(NEW,PASS),

/7 UNLT=SY$SQ,SPACE=(80,(200,15C)RLSE),DCB=BLKSIZE=BO
//FORTLSYSIN DD »

//7GOFTCIFO0) DD DSN=GDATATEMyUNIT=3YSDA,

/7/ D1ISP=(ULD,DELETE)

//GOFTC3r001 DD DOSN=GEKEMTREC,UNIT=8YSDA,

s/ DISP=(NEWyPASSyDELLETE ),

7/ SPACE=(260005{1549)4RLSE),

7/ DCB=(RECFM=FT,LRECL=26000,BLKS1ZE=26000y BUFNO=1)
//G0.SYSLIN OD *

/¥

//STEP3 EXEC FORTGLG

//7FORTLSYSIN DO *

/*

//GOFTO3FOCL DU  OSN=LKEMTREC4UN1T= SYSDA,

7/ DISP={0OLDsPAS,4DELETE),

// SPACE={26000,(15991+RLSE )y

// DCA=(RECFM=FT,LRECL=26000,8LKS1ZE=26000,BUFNO=1)
//GO0.SYSIN DD =*

/%

//7STEP4 EXEC FORTGCG

! //FORT.SYSLIN DD OSN=GLUADSET,DISP=(NEW,PASS]),

// UNIT=S5YSSQ,SPACE=(80,(200415C)4RLSE) 4DCB=BLKSIZE=80
//FORT.SYSIN DD *

} /%
//G0.FT03FC0Y DD DSM=LKEMTHREC  UNIT=SYSDA,

7/ SPACE=1{26000,4(1599)RLSE),

7/ ODISP={0OLUSDELFTECELETE)

/’/ ULB=(RECFM=FT yLRECL=26000,BLK ;1ZE=26000,BUFNU=1)
//7GD.SYSIN DD *

/*

7/
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JCL to run steps 1 and 2

JO# (*RIG'N FROM LLCAL DEVICE=RL1 v20C.
/701225717 JUB FNBO3.DANAMOSGLEVEL=]
/¥MALN REGION=(42034292)sTIME={1s1s5)sL 1INl b=

// EXEC PGM=1tFBR14
/7/7DD1 DD ULISP=(OLLyLELETE) yDIN=JONDLAFGROZ,UNLT=5YSDA,VOL=SFR=UISERPR
/%

//7STEPY EXEC FORTWLCG

//7FORTLSYSIN D %

//7GO0LFTOL1FQNL DD ODSN=EDATATEM,UNIT=SYSDA,

7/ SPACE={TRK (5491 )sRLSE),

/7 D1SP={NEW,PASS,UELLIE),

// UCB=(RECFM=FBy LRECL=80,LKSIZL=L20)

//7G0.SYSIN DD *

/¥

7/75TEP2 EXEC FUORTGCG

//FORT.SYSLIN 0D LSN=GLOADSE FoLISP=(1EWsPALS ),y

/7 UNIT=SYSSQsSPACE=(80,(200915C) g RLLE) yDCE=RLKSIZL=ES

//FURTLSYSIN OUD =»

/7/7GO.FTOIF001 0D UDSN=GUATATEMLUNIT=LYSUA,

// DILP=(OLDLNLLEIE)

/77G0OLFTO3F L DL DSN=JUNDAF O3 UNIT=SYSUDAVUL=SER=USERPK,

7/ DISP=(MEW,PASS,DELLTIE),

// SPACL={26000,(15,3)4RLSE) )

/77 CLB=(RELCFM=FTH LRECL=26UCC,BLKSIZL=260CCyLUFNDO=T)

/7/760.5YSIN DD *
7%
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JCL to run step 3 ) >
JOB NRIGIN FRUM LOCAL DEVICE=RD1 v20C.

//81225713 SG3 FC803 ¢yDANAZMSGLEVEL=] p
/7EMAIN REGION=230,TIME=304LINES=4 {

//STEP3 EXEC FURTGCG ;
//FORT,SYSIN DD *

/% !
//7GOFTO3FCI1 DD DSN=JOND.AFOBO3,UNIT=SYSDA,VOL=SER=USERPK, :
//  DISP=(OLD,KEEP,KEEP), .

//  SPACE={26000,(15,3),RLSE),

//  DCB=(RECFM=FT,LRECL=26000,BLKS1ZE=26000yBUFNO=1)

} 7/GO.SYSIN UD #*
S /%
77

JCL to run 'step 4

JUB ORIGIN FROM LOCAL DFVICE=RD1 +20C.

/781225716 JO% FC803,DANA,MSGLEVEL=]

/7/7STEP4 EXEC FORTGLG

//FORT.SYSLIN 0OD OSN=&LOADSET4DISP={NEW,PASS),

// UNIT=SYSSU4SPACE=(80,(2004150)yRLSE)DCB=BLKSIZE=80
//FORT.SYSIN DD *

/* .
] //GO.FTC3FOCL DD OSN=JUND.AFO8G3,UNIT=SYSDA,VOL=SER=USERPK,
/7/ DISP={ULDOsKEEP,KEEP),

// SPACE=(260004(15,3)4RLSE),

r7/ SPACE=(26000y(15,3),RLSE),

44 DCB=(RECFM=FT,LRECL=26000,BLKS12E=26000,BUFNO=1)
//G0.5YSIN DD *

/%

// :
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APPENDIX C

Rectangular Plate Mesh Generator

A. Introduction

This mesh generator will yield element, nodal, materjal, and
temperature distribution data necessary to idealize a rectangular
s~1id laminate subjected to plate bending loads or axial extension in
the x, y or z-directions. Force and displacement boundary conditions
for each node are generated by specifying the boundary condition codes
and values at a point, along a line or on a plane. From one to six elements
can be specified in the x- or y-directions and from one to ten elements

Py

can be specified in the z-direction. Figure C-1 shows a typical mesh.
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FIGURE C-1: Mesh for Rectangular Plate
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B.

Input Data

1.

Heading Card (10A8)
Columns 1-80 information to be printed with output

Qutput unit card (16I5)
Columns 1-5 wunit number (specifies the unit for passing data

to the next job step, e.g. unit seven if data is

to be punched on cards)

Control parametexs cards two cards
First card (215, F10.2)
Columns 1-5 type of thermal-elastic problem (called classes)

'1' - elastic only, constant material properties
within an element
'2' - elastic only, material nroperties can vary

within an element

*3' - thermal elastic, material properties cannot

vary with temperature within an element
'4" - thermal elastic, material properties can
vary with temperature within an element
(Class 1 or 2 elements cannot be mixed with Class
3 or 4 elements. Classes 1 and 2 can be mixed
and classes 3 and 4 can be mixed.)

6-10 type of temperature distribution

'0' - constant temperature

'1' - one dimensional variation, x-direction
'2' - one dimensional variation, y-direction
'3' - one dimensional variation, z-direction
'4' - two dimensional variation, x-y plane
'5' - two dimensional variation, x-z plane
'6' - two dimensional variation, y-z plane

'7' - three dimensional variation (not used)

11-20 initial temperature

C-3




Second card (I10, 2F10.5) blank card if class 1 or 2.
Columns 1-10 maximum number of iterations for finding tempera-
ture distribution
11-20 initial guess for temperature distribution

21-30 accuracy of temperature distribution

Plate and mesh dimensions card (3(I5, F10.0)) one card

Columns 1-5 number of elements in the x-direction ('1' to '6')
6-15 x-dimension of plate, a
16-20 number of elements in the y-direction ('l' to '6')
21-30 y-dimension of plate, b
31-35 number of elements in the z-directicn ('1' to '6')

36-45 z-dimension of plate, t

Material change data cards (161I5)

Columns 1-5 number of materials
5-10 number of material changes
11-15 material number
16-20 element number at which the material changed

(Use as many sets of material number and element

number as required to describe at which element
a material is changed. The elements are numbered,
on the plate, first in the y-direction, then the

x-direction and then in the z-direction.)

Material data cards two cards
First caxl (215, 7F10.0) one for cach material

Columns 1-5 material number (in sequential order)

6-190 number of material cards

('1' for class 1, 2 or 3)

11-20 fiber orientation in degrees

21-30 thermal expansion coefficient, 5

31-40 thermal expansion coefficient, %9

41-50 themmal expansion coefficient, Cqq
Subsequent cards (F5.0, 3F10.0, 3F5.2, 3F10.0) (One card for
problem class 1, 2 or 3. And for problem class 4, one
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card for each temperature for which material properties are
specified.)
Columns 1-5 temperature for material properties

(can be left blank for class 1 and 2 problems)

6-15 modulus of elasticity, Ell’ KSI
16-25 modulus of elasticity, E KSI

22’
KSI

26-35 modulus of elasticity, 533,

36-40 Poisson's ratio, 27
13
46-50 Poisson's ratio, Vo3
51-60 shear modulus, 612 KSI

61-70 shear modulus, G13 KST

71-80 shear modulus, 623 KSI

41-45 Poisson's ratio, v

7. Element change data cards (161I5)
Columns 1-5 number of unique elements

6-~10 number of element changes
11-15 element type number
16-20 element number at which the element type changes

(Use as many sets of element type and element

number as required to describe at which element

numb2r an element type is changed.)

8. 2z-direction load coefficients (8F10.0) one card (leave blank
if no loads in the z-direction)
The load in the z-direction is evaluated from the following

expression.

_ 2 2
P = C1 + sz + C3y + C4x + Csy + C6xy

s XY Poso WY WX LTy
+C%““AM““B]+%Fm2J&m2J

Where:
Columns 1-10 Cl’ constant coefficient

11-20 C oefficient for linear variation in the

2’ ©
x-direction
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21-30 C3, coefficient for linear variation in the y-

direction

31-40 C,, coefficient for quadratic variation in the x-
direction

41-50 Cs, coefficient for quadratic variation in the y-
direction

! 51-60 C6’ coefficient for product variation in x and y
directions

1 61-70 C7, coefficient for full sine function in x and y
directions

71-80 C8’ coefficient for half sine function in x and y

directions

’ 9. Temperature boundary conditions (8F10.0) one card

(Leave blank for class 1 ox 2)

(x, y, 2) = (0, 0, 0)
(x, Yy, z2) = (a, 0, 0)
(x, Y, z) = (0, b, 0)

Columns 1-10 temperature at corner 0
0
b
(x, y, z2) = (a, b, 0)
0
0
b
b

11-20 temperature at corner
21-30 temperature at corner

31-40 temperature at corner
» 1)
» t)
» t)
» t)

(x, Y, 2) = (a,
(x, y, z2) = (0,
(x, ¥y, 2) = (a,

1
2
3
4

41-50 temperature at corner 5 (x, y, z) = (0,
51-60 temperature at corner 6
61-70 temperature at corner 7
8

71-80 temperature at corner

! 10. Material properties at nodes

} First Card (415, 3F10.0) blank card for class 1, 3 or 4
3 Columns 1-5 number of material property cards

V Second Card (415, 3F10.0) no cards for class i, 3 or 4

| Columns 1-5 material number

6-10 index coordinate, x-direction
} 11-15 index coordinate, y-direction

16-20 index coordinate, z-direction

11, Force/displacemeat boundary conditions (415, 3F10.0)
Columns 1-5§5 boundary condition code

C-6
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6-10
11-15
16-20
21-30
31-40

index coordinate, x-direction
index coordinate, v-direction
index coordinate, z-direction
magnitude of x-direction boundary condition
magnitude of y-direction boundary condition

magnitude of z-direction boundary condition

Cc-7
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1000
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MAIN PROGRAM STEP 1A

5 % %k % £ % % % % £ %5 ¥ ¥ * X ¥ k& X K E XK 22 EEE S

TH1S MESH GENERATOR IDEALIZES A RECTANGULAR LAMINATED PLATE

N E N EE R E R R E R E E R E RN I I I

IMPLICIT REAL#*8 (A~H,0-1)
INTEGER*2 IXs 1CODE, IDPIXXy MTLND

MGP
MGP
* MGP
* MGP
* MGP
* MGP
* MGP
MGP
MGP
MGP

COM!.ON /GENMAT/ X(1€66)+Y(1066)9Z(1066)UX{106~)4UY(1066),UZ(1066)MGP

1 ¢+ TMPND(1066)y BCTMP (8],

MGP

2 ALFAL{10)9ALFA2(10)4ALFA3(10) 4FIBORT(20)4E(20,9910),TMPEL{10910),HGP

2 NTMP(10)4IX{144427)4ICCDE(1066),10PIX1(19,19+11)yMTLND(1066} MGP

CGMMON 7/ GINLY / TMPINT, EPSTMP, AX, BY, CZ, THELLX,THELLYELLZMGP

1 NELy NGNP, NGLOU¥, NMTL, NTYEL, LMTMP, NELXs NELY, NELZ,

2 v ITYTD, NELX31, NELY3l, NELZ]

‘COMMUN /7 HEAD /, HED{10)4+1CRDy IWRTIPAGE,LINE
FORMAT{ 1615)

FORMAT(2]15, F10.2y 3F10.8)

FORMAT(F5.09 3F10.0y 3F5.2y 3F10.0)

FORMAT( 14y 14y 124 6F10.04 F10.2)

FORMAT( 10A8)

FORMAT{ 415, F10.2)

FORMAT(I1G, 2F10.5)

ICRD = 5
IPAGE = 1
INRT = 6

READ(541004) HED

READ(5,1000) NTUT

RLAD(5,1001) ICLASSy 1TYTD, AMBTMP

READ(5,1011) LHTHP, THPINT, EPSTHP

ENERATE MESH AND BOUNDARY CONDITIONS

CALL MSHGEN
CALL BCGEN

DO 20 I=1,NGNP

TMEND(1) = AMBTHP

1F ( ICLASS JLE. 2 ) GU TO 1
CALL TMPDST

CONTINUE

CALL DISPLY i
CALL MODF

HRITE MESH DATA UN UNIT NTUT

HRITE(NTUT»1004) HED
WRITE(NTUT,1005) NGNPy NMTL, NEL, NYYEL, AMBTMP
D0 10 IMTL=1,NMTL

ICLASSMGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MG
HGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP

WRITE(NTUT41001) IMTL, NTMP(IMIL)s FIBORT(IMTL), ALFAL{IHTL), MGP
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ALFA2( IMTL), ALFA3(IMTL)
NTMPL = NTMP(IMTL)
DU 10 1TMP=1,NTHP1
WRITE(NTUT,1002)
DO 30 INEL=1,NtL
WRITE(NTUT,1000) INEL, (IX(INEL,J)ysJ=1,27)
DO 40  M=1,NGNP
WRITE(NTUT,1003) M, MTLND{M), ICOGE(M), X(M)y Y(M}, Z(M),

UX(M)y UY(M)s UZ(M), TMPND(H)

IF( NTUT .NE. 7)  REWIND NTUT
siop
END

TMPEL(IMIL,1TMP )y (E(IMTL,J51TMP),J=1,49)

MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP
MGP

520
530
540
550
560
570
580
590
600
610
620
630

vy
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SULROUTINE HSHGEN MSP
C MSP
N C %% % &% & 3 %% X4 %% 2 % % % %% % & &4 % %% %92 % %% % % % % MSP
c = s MSP
C %  SUBROUTINE MSHGEN GENERATES THE MESH AND NUMBERS NODES AND * MSP
C * ELEMENTS * MSP
A c * * MSP
C ®* % % % 8 % % % % % £ % % &% % &% K% &% &5 % %% 9% 5% % %% & MSP
< MsP
IMPLICIT REAL*8 (A-H,0-2) MsP
INTEGER*2 IXy ICODE, 1ULPIX1s MTLND MSP
COMMON /GENMAT/ X{1066),Y(1066),2{1066),UX{1066),UY(1066),UZ(1066)MSP
1 9+ THMPND(l066)s BCTMP(8), MSP
2 ALFAL{10) 4ALFAZ(10),ALFA3(10)FIBORT{10)sE(10494910)+TMPEL(10,10),MSP
) 3 NTMP(LO)¢1X(144427),ICUDE(L1066),I0PIX1(19419:11)sMTLND(1066) MSP
4 COMMON /7 GENL1 /7 TIMPINT, EPSTIMP, AX, bYy CZy THELLXsTHFLLY ELLZ,MSP
! 1 NELy NGNP, HNGLDF, NMIL, NTYEL, LMTMP, NELX, NELY, NEL2, ICLASSMSP
2 s ITYTD, NELN31, MT V31, NELZL MSP
COMMON 7 CORD / RUNXy RUNY, RUNZ, IRUNX, IRUNY, 1RUNZ, IST MSP
CUMMON /DATDL1S/ XCROD(1Y), YCRD{19}, ZCRD(11) MSP
COMMON /7 HEAD /7 HED(10),ICRDyINRT;1PAGE,LINE MSP
DIMENSION IMATLL10), IXMLCH(1C)y ITYEL(10)s IXELCH{10) MSP
DIMENSION INEWX(16), 1IRECX(8), IPSSX(8) MSP
DIMENSIUN INEWZ1(12), IRECZ(12}, 1PSSY(4), IRECY(4)y, MSP
1 INEW23(8), IPSSXZ(4), IRECXZ2(4) MSP
DIMENSIUN ISG1(3)y 1S6G2(3)s ISG3(3), ISG4{3) . Msp
DIMENSION LNCRD(12), 1STCDX{12), ISTCDY(12) MSP
DATA INEWX/ 243949697 98511912915916918919520022423424 / MSP
DATA JRECX/ 19514991Cy13,14917421 / MSP
DATA IPSSX/ 4985119124159169204924 / MSP
- ., DATA INEWZY / 5,657, %; 13y 14y 15, 16y 214 22y 23y 24 / MSP
OATA IRECZ / 1y 29 34 4y 99 104 1ls 124 17y 18y 194 20 / MSP
DATA IPSSY / 21y 224 234 24 / MSP
DATA IRECY / 59 649 74 8 / MSP
DATA INEWZI3 /7 649 Ty by 159 16y 224 23y 24 / MSP
/ DATA IP5SX2 / 8y 15y 164 24 / MSP
! DATA IRECLXZ / S5y 13y 14y 21 / MSP
DATA ISGly ISG2, 1463, 1SG4 /831979 T9l98y49195¢34242/ MSP
l DATA LNCRD /5y 6y 74 8y 13, 14y 15, 26y 21, 22y 234 24 / HSP
DATA ISTCDX /0, 1y 13 ly =35 0y 3, Oy =3y 1y 1y 1 / Msp
4 DATA ISTCOY / Os Oy Oy Oy 19 1y =19 14 1y Oy Oy O / MsSP
¥ JUO FORMAT( 161%) usp
Y 121 FORMAT( 3(I5 5 F10.0)) KSP
\ 204 FORMAT(YOPLATE DIMENSIOUNS®, T40, *X =%y F9.,3, * Y =% FG.3y MSP
) 1 . =" F9.3 ) HSP
2G5 FORMAT(? NUMBER OF ELEMENT?, T40, XN =t, I3, ¢ YN =%y 13, MSP
1 . N =% 13} MSP
} 2006 FORMAY{'OMATERIAL I1YPt AND MATERIAL CHANGES® 7/ MSP
1 710y *MATERIAL TYPE CHANGE AT ELEMENT® ) Hsp
306 FORMATU(]18X, 12, 22X, 14) MSP
| 307 FOPMAT (POELEMENT TYPE AND FLEMENY CHANGES* / MSP
C-10
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1 T10, YELEMENT TYPE CHANGE AT ELEMENT® ) MSP 520
1001 FORMAT{215, 7F10.0) MSP 530
\ 1002 FORMAT(FS.0y 3F10,Cy 3F5.C, 3F1C.0) MSP 540
READ(ICRD,121) NELXy AX, NELY, BY, NELZ, CZ MSP 550
READ(ICRD,100)  NMTL, NMLCHy C(IMATL{J) o IXMLCHOJ)yJ=1 NMLCH) MSP 560
D0 71 IMTL=1,NMTL MSP 570
READ(ICRD 41001) MTLN, NTMP{IMIL}, FIBORT(IMTL)}, ALFAL(IMTL), MSP 580
1 ALFA2(IMTL), ALFA3(IMTL) MSP 590
NTMPI = NTHPLIMTL) MSP 600
DO 71 ITMP=1,NTHP1 MSP 610
71 READ(ICRD 51002)  THPELIIMTL,ITMP}y (ECIKTLsJeITHP),J=1,9) MSP 620
READ(ICRD,100} NTYEL, NELCH, (1T/%L(J),IXELCH(J)sJ=1,NELCH) MSP 630
CALL TITLE HSP 640
WRITE(INRTy204) AXe BY, C2 MSP 650
WRITE{IWRT,205) NELXy, NELY, NELZ MSP 660
WRITE ( IWRT 4206) MSP 670
HRITE(IWRT9306) (IMATL{J), IXMLCH{J}, J=1¢NMLCH) MSP 680
“WRITE{ IWRY ,307) MSP 690
HRITE(IHRT,306) (ITYEL(J)y IXELCH{J) »J=1,NELCH) MSP 700
INEL = 0 MSP 710
DO & IELY=1,NELY HSP 720
INEL = INEL+41 NSP 730
1ELY1= IELY-) . H3P 740
DO 1 J=1,24 rSP 750
IGNP = J+16+1ELY1 MSP  T60
1 IXCINEL,d) = IGNP MSP 770
JIF{NELX +EQ. 1 ) GO TU 6 MSP 780
DO 5 IELX=2,NELX MSP 790
IGNPL = IGNP NSP  BOO
D0 3 1ELY=1,NELY HSP 810
. INEL = INEL + 1 : MSP 820
IMNY = INEL-NELY MSP 830
DO 2 J=1,8 MSP 840
2 IX(INELsIRECX(J)) = IX{IMNY41PSSX{J)) MSP 850
3 COMTINUE MSP 860 ,
/ INEL = INEL~- NELY MSP 870
p ‘ DO 5 IFLY=1,NELY MSP 880
INEL = INEL+1 MSP 890
1ELY1= IELY-1 MSP 960
00 &4 J=1,16 MSP 910
1GNP = I1GNPL+J+JORIELYL MSP 920
4 4 IX{INEL,INEWX(J)) = IGNP MSP 930
) 5 CONTINUE MSP 940
6 CONTINUE HSP 950
; IFINLLZ «EQe 1 ) GO TO 59 . MSP 960
LD 22 IFLZ = 2,NELZ HSP 970
INCL = INEL#1 MSP 980
IMNZ = INEL-HELXXNELY MSP 990
) DO 7 J=1.12 HSP 1000
7 IX(INEL,IRECZ(J)) = IX{IMNZ,INEWZL{id)) MSP 1010
b0 8 J=1,12 HSP 1020
Cc-11
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IGNP = IGNP+}

IX(INELy INEHZ1(Y))
GO TO 66

IF{NELY .EQ. 1)

= IGNP

DO 12 1ELY =24NELY

INEL INEL+1

IMNZ = INEL-NELX*NELY

00 9 J=1,12
IX{INEL, IRECZ(J))
DO 10 J=144
IX(INEL, IRECY(J7)
DO 11 J=5,12
IGNP = 1GNP+l

IXCINELy INEWZL{J))

CONTINUE
CONTINUE
IF(NELX EC. 1)

= IX{IMNZyINEWZIUJ))
= IX{INEL=1,1PSSY (J))

= IGNP

60 TO 22

D0 21 IELX =2,NELX

JINEL = INEL+1
= INEL-NELX*NELY

IMNZ
DO 13 J=1s12
IXUINELy IRECZ(Y))
IMNX = INEL-NELY
DO 14 J=1y4

IX(INELy IRECXZ(J))

DO 15 J=1,6
IGNP = IGNP+]

IX(INELy INEWZ3{J))
GO 70 21

IF(NELY .tQ. 1)

= IX(IMN2,INEWZ1(S))

= IX{IMNX,IPSSXZ(J})

= IGNP

DO 20 1ELY = 2,NELY

INEL INEL+1
IMNZ
IMNX INEL-NELY
DD 16 J=1,12

IX{INELy IRECZ(J))

D0 17 J=1,4

INEL-NELX#NELY

= IX(IMNZ,INEWZ1(S))

IX{INEL, IRECXZ(J)) = IX{IMNXyIPSSXZ(J))

U0 18 J=294
IX(INEL, IRECY(J))
DO 19 J=4,8
1GNP = IGNP+1

IX{INELy INEWZ3(J))

CUNT INUE

CONT INUE

CONT INUE

NEL = INEL
IXELCH(NELCH+1)
17MLCH{NHLCH*1)
1 =20

J=20

DU 23 INEL=1,NEL

= IX{INEL-1,1PSSY (J))

= 1GNP

IF(INEL «tEQe IXMLCH(I+1)} I=1+1

c-12

MSP
MSP
MSP
MSP
MSP
MSP
MSP
MSP
MSP
MsSP
MspP
MSP
HsP
MSP
Msp
MSP
MsP
MsSp
“sp
Msp
MsP
ASP
MsP
Hsp
MSP
MSP
MSP
Msp
MSP
MsP
MSP
MSP
MsP
MSP
Hsp
MSP
Msp
MSP
Mse
R3P
L
HSF
MSP
MSP
MSP
Mmsep
Msp
Msp
Msp
MSP
MSP

1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
D40
1450
1460
147¢
1480
1490
1500
1516
1520
1530




23

24

25
26

27

28

IFUINEL oEQe IXELCH{J+1)}
IX(INELs25) = IMATL{1)
IX(INELy26) = 1TYELLD)
IX(INELy27) = ICLASS
CONTINUE

ELLX = AX/NELX

ELLY = BY/NELY

ELLZ = CZ/NELZ
THELLX = ELLX/3.
THELLY = ELLY/3.
IRUNX = 1

NELX31 = NELX*3+1
NELY31l = NELY*3+1
NELZ1 = NELZ+1
1RUNY = I

IRUNZ = 1

RUNX = QDO

RUNY = 000

RUNZ = ELLZ

IGNP = 1

IST = 4

DO 24 I=14NELX51
00 24 J=1,RELYIL
DO 24 K=1,NELZ1

10PIX1(I4J4K} = O
XCRD{1) = 0.0
YCRD{1} = .0
ICPD(1) = 0.0

DO 25 I=2,NELX31

XCRD{1) = XCRO(I-1) + THELLX
DU 26 1=24NtLY31

YCRO(I) = YCRD(1-1) + THELLY
DO 27 I=14NELL

ZCRD{I+1) = ZCRD(1) + ELLZ
D0 28 IELY=]4NELY

D0 28 J=1,3

CALL COURD(IGNP)

1GNP = IGNP + 1SG1(J)

IRUNY = 1RUNY+1

RUNY = RUNY + THELLY

CALL COORD(IGNP)

V0 30 I=1s2

IRUNX = IRUNX+1

RUNX = RUNX + THELLX

1GNP 1+1
IRUNY = 1
RUNY = 0DC

DO 29 IELY=14NELY
CALL CUORD(IGNP)
IGNP = 1GNP + 16
IRUNY = IRUNY+3

JeJ+l

Hsp
Msp
MsSp
MSP
Msp
MSP
MSP
MSP
MSP
MSP
MSP
MSP
MSP
Mse
MSP
KSp
MSP
MSP
MSP
MSP
MSP
MSP
MSP
MsP
MSP
MSP
MSP
MSP
MSP
MSP
Mse
MSP
MSP
HMSP
MSP
MSP
MSP
MSP
MSP
Msp
Msp
MsP
MSP
MSP
MSP
MSP
MsP
MSP
MSP
MSP
MSP

1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1860
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1950
19490
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
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29
30

31

32
33

RUNY = RUNY + ELLY
CALL COORD(IGNP)
CONT INUE

IRINX = JRUNX+1
RUNX = RUNX + THELLX
IGNP = 4

IRUNY = 1]

RUNY = 0DO

DO 31 IELY=1,NELY

00 31 J=1,3

CALL CODRD(IGNP)

IGNP = IGNP + 1SG2(J)
TIRUNY = IRUNY+1

RUNY = RUNY + THELLY
CALL COURD(IGNP)

IGNP = IGNP + 1

1ST = 3

IFINELX +EQ. 1 } GO TO 61
D0 35 IELX=2,NELX
IGNPL = IGNP+ 3

DO 33 I=1,2

IRUNX = IRUNX+1

RUNX = RUNX + THELLX
IGNP = IGNPL + 1
IRUNY = 1

RUNY = 0DO

DO 32 IELY=],NELY

CALL COCORD(IGNP)

IGNP = IGNP + 10

TRUNY = IRUNY+3

RUNY = RUNY + ELLY
CALL CUORD(IGNP)

COUNT INUE

IRUNX = JRUNX+1

RUNX = RUNX + THELLX ’
IGNP = IGNPL + 3

IRUNY = 1

RUNY = CDO

00 24 IELY=1,4NLLY

00 34 J=1,3
10PLX1{IRUNXy IRUNY,1} = IGNP
10P1IX) (1RUNXy IRUNY 42) = IGNP +1SG4(J)
X(IGNP ) = RUNX.
X(IGNP+15G41(J)) = RUNX
Y{IGNP )} = RUNY
Y{IGNP+1SG44J)) = RUNY
ZLIGNP ) = 000
Z{IGNP+156G41J)) = RUNZ
IGNP = 1GNP + 15G3(J)
IRUNY = IRUNY+1

34 RUNY = RUNY + THELLY
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MSP
Msp
MSP
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MSP
MSp
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Msep
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200
2060
2070
2080
2090
2100
2110
2120
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2140
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2160
2170
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2200
2210
2220
2230
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2260
2270
2280
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2300
2310
2220
2330
2340
2350
2360
2370
2380
2390
2460
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2420
2430
2440
2450
2460
2470
2480
2490
2590
2510
2520
2530
2540
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35 CALL CO RD{IGNP) MSP 2560
61 CONTINUF : MSP 2570
INEL = NiULXSNELY MSP 2580
IF(NELZ .LYe 2) GO TO 37 ’ MSP 2590
00 36 IELZ=2,NELZ NSP 26007
IRUNX = 1 MSP 2610
IRUNZ = IELZ+1 MSP 2620
00 36 IELX=1,NELX MSP 2630
IRUNX = JRUNX + 3 MSP 2640
IRUNY = ] MSP 2650
DO 36 IELY=1,NELY MSP 2660
IRUNX = IRUNX~3 MSP 2670
INEL = INEL + 1 * MSP 2680
IMNZ = INEL-NELY*NELX MSP 2690
DD 36 J=isl2 MSP 2700
L = LNCRD(J) MSP 271
XOIXCINEL,L)Y) = XCIXCIMNZ,L)) MSP 2720
SYUIZUINELL)) = YOIXCIMNZLY) . MSP 2730
ZUIXCINEL,L)) = IELZ*ELLZ MSP 2740
IRUNX = IRUNX + ISTCOX(J) MSP 2750
TRUNY = JRUNY + ISTCOY(J} MSP 2760
36 IDPIX1(IRUNXy IRUNY,JRUNZ) = IX{INEL,L) MSP 2770
37 NELZ1 = NELZ+1 MSP 2780
NGNP =(IGNP + 3 ) = NELZ}1/2 MSP 2790
D0 38 121,NGNP MSP 2800
38 MTLND(I) = O MSP 2810
NGLOF = 3*NGNP MSP 2820
RETURN MSP 28230
END . MSP 2840




SUBROUTINE  COORD{IGNP) . cGP 10
cor 20

¥ X X X &k K % 45 X % %X %x % % xR J Kk X & k% £Xx %X K% X% %k 3 % % COP 30
* * COP 40
* SUBRUUTINE COOKD CALCULATES THE X,YE&Z~COORDINATES FOR EACH NODZ* COP 50
* * COP 60
% & 9 % 3 % X &5 X K ¥ ¥ 8% K%K S ES K R EE XTI FE S ECOP 70
cOP 80

IMPLICIT REAL*8 (A-H,0-Z) cCoP 90
INTEGER*2 1X, ICOUE, IDPIXl, MTLND coP 100
COMMON /GENMAT/ X(1066),Y(10066),Z11066)UX{1066),UY(1066),UZ(1066)COP 110

1 o, THMPND(1C66), BCTMP(8), coP 120
2 ALFAL(10},ALFA2(10),ALFA3({10)4FIBURT(10}J+E(1049,10)4TMPEL(10,10}),COP 130
3 NTMP(10)o1IX$144427)¢ICODE(LO6L)9IDPIX1I(19419911),MTLND(1066) CUP 140
COMMON 7 CORD / RUNX, RUNY, RUNZ, 1RUNXs IRUNY: IRUNZ,; IST coP 150
10PIX1(IRUNX, IRUNY 1) =1GNP coP 160
TUPIX1{IRUNXy IRUNY2) =IGNP+1ST coP 170
SX(IGNP ) = RUNX ’ CoP 180
X{1GNP+I ST )=RUNX coP 190
Y{IGNP ) = RUNY CoP 200
Y{1GNP+1ST)=RUNY coP 210
2(IGNP ) = 0DO coP 220
Z(IGNP+1ST)=RUNZ GP 230
RETURN COP 240
END coP 250




v

| —

bt S e ®

r < - "m—-—-:

e P e - - . . - PO

SUBROUTINE BCGEN BCP
c, BCP
C %% % % &£ 3% 2 525 €« % % & % %% £X %% %52 ¢ %% 5% Xx%% % ¢ % 2 BCP
C * * BCP
C * SUBROUTINE BCGEN GENERATES FURCE AND DISPLACEMENT BOUNDARY * BCP
c * CONDITION CODES * BCP
¢ = * BCP
C LA 25 B BN BN BN B IE L F N S NE B N BF N NE N NE NE B B N B B N B B BE NE N B Tt
C sCcep
IMPLICIT REAL®8 (A~H,0-2) ’ BCP
INTEGER#2 IXs ICODE, IDPIX1ls MILND BCP
COMMON /GENMAT/Z Xt1066),Y(1066),Z{1066)sUX(2066),UY(1066),UZ11066)18CP
1 4 TMPNO(1C66), BCTMP(B),y BCcP
2 ALFAY{10),ALFA2{10)+ALFA3(10)FIBORT(10),£(10,9,10C),TMPEL{10,10),BCP
3 NTHP{10)}1X(144427),1CODE(2066)+1DPYIX1(19,+19,11),MTLNO(1066) BCP
COMMUON /7 GENLY /7 TMPINTY, EPSTMPy AX,y BY, CZ, THELLX,THELLY,ELLZ,BCP
1 NELy NGNPy, NGLDF, NMTL, NTYEL, LMTMP, NELX, NELY, NELZ, ICLASSBCP
2 » ITYTOy NELX31, NELY31l, NEL2] 8ce
COMMON /7 HEAD /7 HED(10),ICRDyINRT,IPAGE s LINE 8CcP
DIMENSION ZLCOEF(8) BCP
DIMENSION LORLVT(1242)y PBAR(24)y VLDHAT(T8)y P(1066)y RELVT(T78) BCP
DATA LORLVT /7 1929394917418919020499,10411,12, ' sCp
1 5069 T18921922923924513414415,16 7/ BCP
DATA RELVT / 412601 -482,401 “21'2109 286115' 2864-0 ‘35"60, BCP
1 ~149449 21160y 482449 ~2421ey —=354bey =1494.4y BsCP
2 1296Cec =16204¢ =2421ey =354bey 648049 ~810s9 =1494.9 90T72.y BCP
3 22684,9 226849 S6T7e¢ BCe
4 129609 =482449 —1494e9y =BLl0sy 64800y ~3546,9 226849567+, 8ce
5 9072 .y 22684y 8cep
6 41260y 2116e1 =149449 —3540ey 28640y —354be9 ~149449 -4824.4 BCP
7 ~2421,e BCP
8 412669 ~%4B24sy =242)49 28644y =242)ey ~4B244¢ =1494ey -3546.4 BCP
9 1296049 —1620e9 —2421e9 226809 907249 56Te9 22684y Bscep
A 1296069 ~48244¢9y 5674922684y 2268ey 9077y BCP
B8 41266y ~1494ey =35464y ~2421ey —48244y BCP
C 129600’ -1b200, 6‘0800' -810.' 12960" -BIO.' 668000 BCP
()} 12960.9 -1620.9y 12960+ 7/ BCP
102 FURMAT{8F10.0} BcP
103 FORMAT({415 , 3F10,0) BCcP
208 FORMAT{*OLOADING® / ¢ CONSTANT COEFFICIENT'yT40, F13.3) BCP
209 FORMAT(® LINEAR IN X', T40, F13.3, 'X*) BCP
210 FCRMAT{® LINEAR IN Y', T40, F13.3, %Y?) sce
211 FORMAT{* SQUARE IN X%, T40, F13.3y *'X2X?) 8CcP
212 FORMAT(® SQUARE IN Y*, T40, F13.3, SYaY") sce
213 FORMAT(* CROUSS TERM *, T40y F13.3, 'XsY?) BCP
214 FORMAT(®* FULL SINE ', TA40y F13,.3, 8CcpP
1 SSIN(PHI*X/A) * SIN(PHIayY/R)? ) BCcP
215 FORMAT(®* HALF SINE ', T404 F13.3, BCP
1 SSIN(PHI*X/2%A ) *SIN(PHI*Y/228) 0 ) sce
216 FORMAT(®NDISPLACEMENT BOUNDARY CONDITIONS® / BCP
1 * ICUUE X ~1INDEX y~1NDEX Z~INDEX X~MAGNITUDE Y-MAGNBCP
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10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
216
220

‘230

240
250
260
276
280
290
300
310
320
330
340
350
360
370
360
390
400
410
420
430
440
450
460
470
480
490
500,
510
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+ 2ITUDE  2-MAGNITUDE® ) . BCP 520
217 FUKMAT(159713:12,7239125733512574196G11439T559G1139T69,G11.3) BCP 530
218 FORMAT(®OMATERIAL PROPERIES AT NODES® / BCP 540
1 ) 1 ' MTLND X-~INDEX Y-INDEX Z~INDEX ) BCP 550
DU 75 1=1,78 BCP 560
75 VLDMAT(I) = RELVT(I) BCP 570
REAG({ICRD,102) ZLCUEF BCP 580
READ(ICRD,102) BCTHP 8CP 590
READ(ICRD, 103} NMTLCD BCP 600
WRITE{IHRT,208) ZLCOEF(1} . BCP 610
WRITE{INRY;209) ZLCOEF(2) BCP 620
WRITE{INRT,210) ZLCOEF(3) BCP 630
HRITE(INRT,211) ILCOEF(4) BCP 640
WRITE(INRT,212) ZLCOEF(S5) BCP 650
HRITE{ INRT,213) ZLCUER(5) 8CP 660
WRITE{INRT,214) ZLCOEF(T) ECP 670
HRITE(INRT,4215) ZLCOEF(8) BCP 680
v =2 8CP 690
DO 42 1=1,NGNP BCP 700
ICODE(X) = O 8CP T10
UX(1; = 000 8CP 720
UY(l) = 000 1 BCP 730
uz(1) = 0DO BCH 740
42 P(1) = 00O BCP 750
NMNN1 = NEL-NELYSNELX+1 BCP 760
DO 45 INEL=NMNN1,NEL BCP 770
00 43 I=1,12 BCP 780
L = LORLVT(I,lU) BCLP 790
T T = XOIX(UINEL,L)) BCP €00
S = YOIX(INEL,L)) BCP 410
. 43 PBAR(I) = ZLCUEF(1) + ZLCOEF(2)*T + ZLCOEF{3)%$ BCP 820
- 1 + ZLCOEF(4)*T*T + 2ZLCUOEF(5)#S%S + ZLCCEF{6)#TaS BCP 830
2 »2LCOEF(7)#DSIN(3.14159%T/7A%) *DSIN(3.1415985/BY) BCP 840
3 + ZLCOEF(B) *DSIN(3.14159%T/(2%AX)) *DSIN(3.14159%S/(2%BY)) BCP 850
M=o BCP 860
DO 44 1z1,12 BCP 870
,/ K = IX{INEL,LDRLVT(I,LU)) : 8CP 880
N DO 44 J=1,12 BCP 890
L = IX(INELsLORLVI{JsLUY) BCP Y00
| M=HMe+l RCP 910
P(K) = P(K) + VLDOMAT(M) * PBAR(J) * BCP 920
3 IF(] JEU. J) GO 10 4¢ BCP 930
: P(L) = P(L)} + VLOMAT(M) * PBAR(I) BCP 940
v 44 CONTINUE BCP 950
45 COMTINUE ’ BCP 960
[ ELLY = BY/NELY BCP 970
ELLX = AX/NELX BCP 980
AB = ELLX¥ELLY BCP 990
} DU 46 IGNP=1y, NGNP 8CP 1000
46 UZUIGNP)= AB *P{IGNP) / 100B90. BCP 1010
IF(NMTLCD .6Q. O } GU TO 41 BCP 1020
c-18
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78
19

80

CALL TITLE

WRITE(IHWRT 4218)

CO 40 IMTLCE=1,NMTLLD

READ(ICRD,103) MCODE, IXC,y 1YC, 12C
WRITE{IWRT,217) MCODE, IXCs 1YL, I2C
IF(IXC .NE. O ) GO YO 78

IX0 = 1

IXF = 3&NELX+1

GO TO 79

I1X0 = IXC

IXF = 1xC

IF{IYC «.NE, O )} GO 7O 80

1Yo = 1

IYF = 3%*NELY+1l

GO TO 81

1Y0 = IYC

1YF = 1YC

81 1F(12C .NE. 0 ) GO TO 82

82
83

8o
40
41

47

48

49

50
51

120 = 1

12F = NELZ+1

GO TC 83

120 = I12C

12F = 12C

CONT INUE

DO B6 1=1X041XF

DO 86 J=IYO,IYF

DU 86 K=1210,12F
IF{IDPIX1(1sJ4K)} LEU. C )} GU TO 86
MTLND(IOPIX1{14J9K)}} = MCODE
CONTINUE

COMTINUE

CALL TITLE

WRITE(IWRT4216)

READ(ICRU9203+END=58)LCODEs»I1XC9IYC+12C+DBCX+0BCYDBCZ
LCODEs IXCy 1YC, 12Cy 0BCX, DBCY, 0BCZ

HWRITE{IWRT,217)
IF(IXC «NE. 0 ) (O T0 48
I1X0 =1

IXF = 3*NELX+1

GO TU 49

IX0 = IXC

IXF = IXC

IF{1YC .NE, O ) 6O T0 S0
1Yo = 1

1YF = 3&NELY+)

GO TO 51

1Y0 = IYC

IYF = 1YC

1IFt12C NE. O } GO TO 52
120 = 1

12ZF = NELZ+}

GO 10 53
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BCcP
ace
BCe
BCP
BCP
ace
BCcep
BCcP
BCP
BCP
8CP
BCP
sce
8CP
Bcep
9 4
8Ccp
BCP
ace
BCP
acp
8CcP
BCP
BCP
ace
BCP
8cp
BCP
BCP
BCP
acp
BCP
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sce
BCce
BCP
BCP
BCP
ace
scep
BCce
BCP
BCP
8CcP
ace
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BCP
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BCP
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1040
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1060
1070
1080
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1100
1110
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1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
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1450
1460
1470
1480
1490
1500
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1520
1530
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52
' 53

A 4

L A

58

— X

e

120 = 12C
12f = 12¢C
CONT IRUE

DO 56 I=IX0,1XF

DO 56 J=1YU,1YF

D0 56 K=120412F

IFCIDPIX1(14Jd9K) WLf}e ¢ ) GO TO 56
ICCDE(IDPIX1II,JsK)) = LCODE

IF(LCOUE .EU. 0) 0 TU 56

IF{LCOVE +tQ. 4 +UR, LCODE <EU. 6) GO T, 54
1F(LCODF .€Q. 5} GO TU 55

UX(IDPIX1(14Js%)) = DBCX

JTF(LCODE «EQ. 1) GO TO 56

1F(LCODE +tQ. 3} GO 10 55

UY(IDPEIX1(EsJsK)} = DBCY

IF(LCUDE 4EQ. 2 +OUR. LCUDE «LQ. 4) GO TO 56
UZ{I0PIX1{14J4K}} = DBCZ

CONT INUE

G0 10 47

RETURN

END
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B8CP
8CP
BCP
8CP
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8cP
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1540
1550
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1620
1630
1640
1650
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SGcROUTINE  DISPLY ol 10
D1P 20
ntttttttttttttt*‘ttt##tt‘a#t*tt‘ttolp 30
. ’ . * DIP 40
» SURROUTINE DISPLY DISPLAYS THI: MESH s DIP 50
* ® DIP 60
3 & % % %X % X % X Kk 55 ¥ X B2 X K E T EFE F XXX KX TS X x DIP 70
OIP 80
IMPLICIT RE” 8 (A-H,0-2) plP 90
DOUBLE PRE( .1IN NUMBI(6) 0IP 100
INTEGER*2 31Xy ICOUDE, IDP1X1, MTLND OIP 110
INTEGER®*2  IDPL1{19) oiP 120
CNMMON /GEMMAT/ X(1066),Y(10661,Z(1066),UX( 1066} ,UY(1066),UZ(.266)DIP 130
1 + THPND(1066), BCTMP(8), DIP 140
2 ALFAL(20)+ALFA2(10),ALFA3(10) “URT(10)9E(10:9410),TMPELL10510),DIP 150
3 NIMP(10)¢2IX(144,27),1CODL.1C- -, 10PIX1{19419,11),MTLND(2066) DIP 160
COMMON / GENL1 / TMPINT, EPSTMP, AX, BY, Cl, THELLXyTHELLY,ELLZ,DIP 170
r NEL, NGNP, NGLDF, NMTL, NTYEL, LMTMP, NELX, MELY, NELZ, ICLASSDIP 180
2 9 1TYTDy NELX31, NELY3l, NELZ2) pD1P 190
CUMMON /DATDIS/ XCRD{19), YCRO(19), ZCRD{1l1) OIP 200
CUMMON / HEAD / HEDL10),I1C WRT+IPAGE o LINE DIP 210
DIMENSI0N VERTLN{19), EL * .16} . DIP 220
DATA VERTLN / 6H Iy 6H ie 611 Iy 6B 1, 6H {, DIP 239
1 6H lv 6H Iy 6H 1y 6H 1y 6H fe DIP 240
2 6H e 6M le 6H {e 6H 1y 6H iy DIP 250
3 6H ]y 6H le 6H 1y 64 | / DIP 260
DATA ELEMT / THELEMENT, THELEMENT, THELEMENT, THELEHENT, oIpP 270
1 THELEMENT, THELEMLNT 7/ DIP 280
DATA NUMB / THNUMBERS  THNUMBERSy THNUMBERS » THNUMBER S y THNUMBERS | DIP 290
THNUMBRERS / DIP 300
199 SORMAT{'0 I-~COCRD =* , E1l4.7) ot 310
200 FORMAT(?0%, 14Xy 19F6.2) DiP 320
201 FORMAT(12Xy19A6) DiP 330
202 FORMAT(Flle2y ' == %, 19(14y%-="}) OIP 340
203 FORMAT{12Xy Aby 6{12Xs A6)) DIP 350
204 FURMAT(Flle2y ' == % 14, 6{4X¢ATy17)) OlF 360
205 FORMAT{17Xy %%y 6(5Xs ATy  Ab)) o1P 370
206 FORMATIF11.2,% ~= ', 14, 18(16)) OIP 380
INRT = & DIP 390
M=¢ DIP 400
DO 38 1=1,NELX 1P 410
D0 38 L=14NELY DIP 420
M=M+} DIP 430
38 1DPIX1(38] ,2%L-1, 1 ) + M DIP 440
IFINCLZ .LT. 2) GO TO 40 DIP 450
00 39 IELZ=24NELZ DIP 460
D0 39 I=14NLLX DIP 470
00 39 L=14NELY ODIP 480
M =M+ DIP 490
IDPIX1(3*] 43%L-1,1IELZ) = M o1 500
39 1UPIXL(3%1-1,30L-1,1ELZ) = IDPIX1(3%] ,38L~1,1ELZ~1) DIP 510
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IR § I —

40 DO 41 I=1,NELX

41

11

12

10
13

45

1

1

DO 41 L=)4NELY
M=H+ 1

P~ e — gy

IDPIX1{(3%)~1,3%L-1,NELZ+1)=IDP1X1(3%1 ,38L-1,NELZ

NELX31

IELZ = 0

NELX6 = NELX
1S¥l = 0

1€LZ = 1ELZ+]
CALL TITLE
HRITE(IHRT,199)

IF(NELX6 GT. 6 )

= NELX*3+1
NELY3] = NELY%3+1

2CRDUIELZ)

GO 10 8

NELX36 = 3%NELX6+1

NELX16= NELX6el

NELX26 = 2#NELX6+1

NELX62= 2*NLLX6

NELX60 = MELX6

GO 70 12
NELX36 = 19
NELX16 = 7
NELX26 = 13
NELX62 = 12
NELX6D = 6
IF{1SW]l «EQ. 0)

GU TU 13

N1 = 3x(NELX6+6)+1

00 10 1=19,N1

XCRD(I-18) = XCRD(I)

DO 10 J=14NELLY31

10PIX1(1~18,J,1€ELZ) = JOPIXI(IeJpI€ELZ)

1Sl = ]

HRITE(IHRT +200)
WRITE{IWRT,4201)
HRITE(INRT201)

WRITE(IWRT,202) YCRO(NELY31)

DU 35 I=l.MELY

(XCRDU(J}yI=1oNELX26)
(VERTLN(J)sJ=1,NELX3b)
(VERTLN{J)J=1,NELX36}

NELY3] = 3%{NELY-1)

HRITE(IHRT+223)
WR1TE(IWRT,203)
M=

{VERTLN(J) ¢ J:x1,NELX16)
(VERTLN(J )4 J:21,NELX16)

DO 45 L=14NELX36,43

M = Hel

10PL1(M) = IDPIXL(L,NELY3I+3, 1€LZ)
YCRD(NELY3143) 5 (IDPLI{J)WELEMTII) ¢J=14NELX60)},0IP

HRITE(1WRT 204}

10PL1INELX60O+1)

WRITE(IWRT 205}
WRITE(IWRT 203}

HRITE{IWRT4206) YCRDINELY3152) 4 (IDPIXL{JyNELY3Xe2,1ELZ),

(NUMB(J)y VERTLN(J)J=1,NELX6D)
(VERTILN(J)»Jd=1,NELX1S)

J=1,NELX3S)

HRITE(IWRY,203)
HRITE(IWRT 4203}

(VERTIN(J)yJI=1yNELXLE)
(VERTLN(J}9J=14NELXLS)

v (IDPIXE(J4NELY31,IELZ)J=1sNELX36)

o1P
oIpP
oIp
oIp
oIP
o1p
plp
oip
o1e
DIP
plp
oI1p
oIP
1P
o1p
o1P
D1pP
oip
olp
oIp
o1pP
o1P
olp
oIP
pIP
()14
D1p
oip
o1p
1P
DIP
D1P
rip
039
Dle
DIP
DIP
oip
o1p
DlpP
D1P
olp
oi1pP

oipP
o1pP
D1P
DIP
oip
oIP
D1p

520
530
540
550
5460
570
5€0
590
600
610
620
630
640
650
660
670
680
690
700
710
T20
730
T40
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
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35 WRITE(IWRT 9202} YCROINELY3141) s (1IDPIXI(J9NELY3I41,IELZ)YyJ=1)NELX36)DIP 1030

NELX6 = NELX6~0 0IP 1040

1F(NELX6 oLT. 1) GU TO 7 D1P 1050

GO TV 9 0IP 1060

7 IF(1ELZ .LE. NELZ ) 6O T0-11 . 01pP 1070

RETURN DIP 1080

END 01P 1090
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C
.
L
C
C
C
C

L 2R 2R 3 BE 2

SUBROUTINE TITLE

IMPLICIT REAL*8 (A-H,U-Z)

COMMON / HEAD /

HEO(10) 9 1CRD ¢ IWRT ¢ IPAGE 4 LINE

SUBROUTINE T1TLE PRINTS THE HeADING ON EACH PAGE

FE A2 2% % 3 F X 52 22 X E 2K SR Sk kX X %X &S 2 5%

*
*
*

LI I S N N N N N S O 2 2 B BE B BN R B Bk BE BF BE N BE R BE BE Bk B N BE N J

T1P
TipP
TIP
TiP
Tip
T1P
TIP
TIP
T1P
TIP

100 FORMAY (1H1,'FEM T72-DUF GENERAL HEXAHEDRONS THERMO-ELASTIC, VARYINTIP
16 MATERIAL PROPERTIES, DANA'y 9X,
101 FORHAT (1HO0,10A8 )
WRITE (IWRT,100) 1PAGE
HRITE (IWRT41C1) HED

1PAGE= IPAGE +1

LING =
RETURN
END

0

PAGE"y 13}
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TIP
TIP
T1P
TIP
riep
T1P
TIP
T1P

10
20
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40
50
60
70
80
90
100
110
120
130
140
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160
170
18C
190
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C
C
C
L

LR 2R R 25 R

2C0 FORMAT('O

206 FURMAT('0 TEMPERATURE

10 NICMIX

SUBKOUTINE TMPDST

SUBROUT INE TMPODST SOLVES FOR UNE-DIMENSIONAL TEMPERATURE

DISTRIBUTIONS

* % 6 % % & & %2 X 2 3 &

IMPLICIT REAL*8 (A-H,0-2)
INTEGER*2Z IXy, ICUDE, ID

1 , TMPNDI1066), BCTMP(8)

3 NTMP(10)4IX(14442T7)2ICODE(1066)4JOPIX1I{19¢19+11)MTLND{1066)

1 NELs NGNPy HGLDFy NMT
2 v 1TYTU, NELX31, NELY3
COMMUN / HEAD / HLULLLO),
COMMON / TMPRTR/ TEMPL(

1 E15.7y ' DEGREES CENT.

201 FCEMAT('C THE TEMPERATURE

1 " TO%y E15.7y * IN THE

202 FURMAT('O THRE TLMPERATURE

1 ' TO'y E15.7y ' IN THE

203 FORMAT('0 THE TEMPERATURE

1 ' T0'y E15.7¢ * IN THE

1 '0 TEMPEPATURE BCl = ¢

i *  TEMPERATURE 8C2 = ?

1 '  TEMPERATURE 8C3 = !

1 ¢ TEMPERATURE R(4 =
205 FORMAT('0 TEMPERATURE UIS
0 TEMPLRATURE BCl = °*

* TEMPERATURE H8C2 = ¢

1
1
1 ' TFMPERATURE BCS
1 *  TEMPERATURE LC6

=

1 *G TEMPERATURE BCl
1 ' TEMPERATURE 8C2
1 ! TEMPEFKATURE BCS
1 '  TEMPFRATURE BC?

nuwnow

IF (ITYTD JHE. O ) GO
HRITE(IWRT,200) BCTMP(1)

DU 2C I=1,NONP

20 THEND(Z) = RCTMP(])

Gu T0 9
NELX31 - 1

207 FURMAT('C 3~D TEMPfRATURE D1STRIBUTION SUBRUUTINE NOT COMPLETE?)

204 FURMAT(*O {tMPERATURL (ISTRIBUTION VARIES IN THE X-Y PLANE ONLY*/

TMP

T™P

* % % 3 & & & 3 %k % 5 3 3 k% 3% & % 5% % % & %2 xR P2 2 & 2 IMP
s TMP

s THP

* TMP

* IMP

2 % % & % 2 % 3 Kk & & % X % Xk % % % % THpP
THP

TMP

P1X1ly MILND T™MP
COMMUN /GENHAT/Z X({1C66)5Y(1066),211066),UX{1066),UY11066),UZ11066)TMP
' TMP

2 ALFAL{10)4ALFA2(20)4ALFA3(10) sFIBORT(10)},E(10,9,10),TMPEL(10,10),TMP
THP

COMMON /7 GENLL / .TMPINT, EPSTMP, AX, BY, CZ,y THELLX,THELLY,ELLZ,TMP
Ly NTYEL, LMTMPy NELX, MELY, NELZy ICLASSTMP
1y NELZ2] THP
ICRDy IWRT g IPAGE o LINE ™P
19)y TEMP2(19419)y TEMP3(19,19,11) TMP
THE TEMPERATURE UISTKIBUTIUN 1S CONSTANT AT, TMP
LI | TMP
DISTRIBUTION VARIES FROM® , El5.7¢ ™P
X-DIRECTION ONLY* ) TMP
DISTRIBUTION VARIES FROM® , E15.7, THP
Y-DIRECTION ONLY?' ) TMP
DISTRIBUTION VARIES FROM!' , E15.7, THP
2-DIRECTION ONLYT ) ™P
TMP

y ELS.T/ TMP

y E15.7/ 1MP

y E15.7/ ™P

¢ E15.7) THP
TRIBUTION VARIES IN THE X~Z PLANE ONLY*/ TMP

s E15.77 TMP

v E15.7/ THP

v E15.7/ TMP

sy E15.7) TH™P
ISTRIBUTIUN VARIES IN THE Y-=2 PLANE ONLY?/ TMP
y E15.77 P

y E15.7/ THP

y E15.77 ™P

¢y E15.7) THP
TMP

10 10 TMP
™P

TMP

TMP

TMP

T™P

Mp

NICMTY = NELY3L - 1
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o o, a4

21

31

22

GO TO (19 29 3¢ 49 5¢ 69 T)y 1TYID
TMPINC = (BCTMP(2) - UCTMP(1) ) /7 NICMTX
WRITE(IWRT,201) BCTMP(1l), BCTHMP(2}

DO 21 1=1,NICMTX

TEMPR(I) = BCTMP(1) + TMPINC*(1-1)
TEMP1(NELX31) = BLTIMP(Z)

DO 31 I=1,NLLX3]

00 31 J=1,NELY3]

DO 31 K=1,NLLZ21

TEMP3(1,J4K) = TEMPI(1)

GO TO 8

TMPINC = (BCTMPL3) = BC MP(1) )} / NICMTY
HRITE{IWRT,202) BLIKPI1l), BCTHMP(3)

D0 22 J=1,NICMTY

TEMPLI(J) = LCTMP{1) + IMPINCx({J~1)
TEMPLINELY31) = BCTMP(L}

00 32 1=1,NELLX31

D0 32 J=1,NELY31

32

23

33

34

DO 32 K=1,NtL21

TEMP3(1,J4K) = TENPL(J)

60 T0 8

THPINC = (BCTMP{5) — BCTHP(1) ) / NELZ
WRITE(1WRT,203) BCTMP(1), BCTMP(5)

00 23 K=1yNLLZ

TEMPI(K) = PCTMP{1) + TMPINC#*#({K-1)
TEMPLI{NELZ+1) = BCTMP(S)

RO 33 I=1,NLLX31

00 33 J=1,NELY3L

00 33 K=1,NtL21

TENP3 (199K} = TEMPL(K)

GO0 TU 8

WRITE(IWRT+204) BCTMP(1), BCTMP{2), BCTMP(3), BCTMP(4)
BC1 =BCTHP (1)

BC2 =BCTMP(2)

6C3 =BCTIMP(3)

BC4 =BCTMP(4)

CALL TWOL( THELLX, THELLY, NELX31, NELY3l, B8Cl, BC2, HC3, BC4)

D0 34 I=1,NtLX31

DU 34 J=1,NECLY3L

D0 34 K=14NELZ1

TEMP3(T9JsK) = TEMP2(1,J)

G0 70 8

WRITE({IWRT,205) BCTMP(1), BCTMP(2]}, BCTMP(L)}, BCTMP(6)
8C1 =BCLTMP(1)

B8C2 =BCTMP(2)

BC3 =BCTMP(5)

BC4 =BCTMP (&)

CALL THUD( THELLX, ELLZ, NELX31, NELZ1 , BCl, BC2, BC3, BC4)

DO 35 I=14NELX3]1
DG 35 J=J.NELY3L
DU 35 K=1,NELZ21
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THP
TMP
T™P
™P
TMP
TMP
T™P
TP
HP
™P
T™P
T™™P
IMP
THP
THP
™P
THP
THP
TMP
THP
THP
TMP
TMP
™P
THP
THP
TMP
THP
THP
THP
THP
TMP
THP
THMP
™P
THP
TMP
TMP
TP
TP
THP
1MP
THP
TP
THP
THP
THP
T™P
T™P
THP
™pP

529
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
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35 TEMP3(1,eJyK) = TEEP2{" WK)
60 TO 8
6 HRITE(IWRT,206) BCTMFUL), BCTMP(3), BCTMP(5), BCTHP(T)
8C1 =BCTMP(1)
8C2 =BCTMP(3}
BC3 =BCTMP(Y)
BC4 =BCTMPIT)
CALL TWOD( THELLY,
D0 36 I=1,NELX31
DU 35 J=1,NELY31
00 36 K=1,NELZ1
36 TEMPM1,J4K) = TEMP2(J4K)
G0 TU 8
7 WRITE(IWRT,207)
£ DO 40 I=1,NELX31
k 00 40 J=1,NELY3]
.b0 40 K=1,NLLZI1
4 IF{IDPIXL(L4dyK) .EQ. O} GO TO 40
TMPNDIIOPIXI(19d1K)) = TEMP3(1¢JsK).
40 CONTIHUE *
9 RETURN
EMD

ELLZ, NELY31l, NELZ1 4 BCl, BC2,y BC3, BC4)

X T e—

~—

T™P
T™P
THP
TMP
TMP
THP
TMP
THP
TP
™P
THP
THP
THP
TMP
T™MP
TMP
THP
THP
T™P
THP
TMP
T™HP

1030
1040
1050
1060
1070
1080
1090
1106
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
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SUBROUTINE TWOG(H1, H2, NPTSl, NPTS2, BCls BC2, BC3, BC4} TP
c T™P
¥ C ‘tt#*.’##*#*t‘tt##**#“*‘#"t#‘t“THP
¢ x : * THP
€ * "SUBROUTINE TWOD SOLVES FOR THOU~DIMENSIONAL TEMPERATURE * TWP
C * DISTRUBUTIONS , * TWP
cC = * THP
[ t#t*#t*tt*#t'#K'#t‘*#t*"t#tt‘t##tt]’w?
c T™P
IMPLICIT REAL*8 (A—H,0-Z) TWp
COMMON / GINLI / TMPINT, EPSTHP, AXy BYy CZy THELLXsTHELLY,ELLZ,THP
1 NEL, NGNP, NGLOF, NMTLs NTYEL, LMTHP, NELX, NELY, NELZ, ICLASSTHP
2 o 1TYTD, NELX31, NELY31l, NELZ1 T™HP
COMMON / HEAD / HED(10),I1CRD, INRT 4 IPAGE o LYNE WP
b COMMUN 7/ TMPRTR/  TEMP1(19)+ TEMP2(19,19), TEMP3{19,19,11) THP
1000 FORMAT( °0 TEMPERATURE DISTRIBUTION CONVERGED T0%y E15.7, ™P
{ 1 ¢ IN*, IS5, * [ITERATIONS® ) THP
1001 ‘FORMAT( *0 TEMPERATURE DISTRIBUTION DIO NOT CONVERGE TO',E15.7,  TWP
1 ' IN'y 15, ' ITERATIONS® ) TWP
NICMTL = NPTS1 = 1 WP
NICMT2 = NPTS2 - 1 WP
DO 10 1=1,NPTS1 ™P
DO 10 J=1,NPTS2 T™P
10 TEMP2(I,J) = TMPINT P
THPINC = (BC2 - BC1) / NICHT} THP
00 11 1=2,NICMT1 WP
L 11 TEMP2(I41) = BC1 + THMPINC*(1-1) WP
TMPINC = (BC4 - BC3) / NICMT1 THP
DO 12 I=1,NICHMT] ™P
12 TEMPZ(I,NPTS52) = BC3 + TMPINC*(I-1) THP
- TMPINC = (HC3 = BCL) / NICMT2 WP
DO 13 J=1,NICMT2 THP
13 TFMP2(1,3) = BC1 + TMPINC*(J-1) THP
THMPINC = {8C4 - BC2) / NICHTZ WP
DO 14 J=1,NICHMT2 THP
/ 14 TEMP2(NPTS1.J) = BC2 + TMPINCA(J~1) THP
e TEMP2(NPTS1,NPTS2) = BC4 TWP
NOCVT = O THP
; KOUNT= © WP
H1SQ = H1*H1  ° THP
H2S0 = H2#*H2 WP
¢ DEM = 2,00 * {1.00/H1SG + 1.,D0/H25Q) THP
v 1 1F{ KOUNT .GT. LMTHP) GD 10 2 WP
ERRMAX = 0.DO THP
; KOUNT = KOUNT + 1 TP
VO 20 1=2,NICHT] THP
DO 20 J=2,NICMT2 T™P
b OLDIMP = TEMP2(I¢J) WP
TEMP211,J) = {(TEMP2(I-1,J) 4 TEMP2(I+1,J4)) 7/ H1SQ THP
1 + (TEMP2(1,J-1% + TEMP2(1,J+1) ) / H25Q ) / DEM THP
{ ERR = DABS{ OLDTMP — TLMP2(1,J) ) WP
' c-28
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IF{ ERR  .uLT. ERRMAX ) ERRMAX = ERR
20 CONTINUE

IF{ ZRRMAX .Gl. EPSTMP ) GO TO 1

WRITE(IWRT,1000} ERRMAX, KOUNI

RETURN
2 HRITE(IWRT,1001) EPSTHPy KOUNT
NOCVT = 1}
RETURN
END
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Iy C
c *
L *
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C L]
C

SUBROUTINE MODLF

R RN NN A I N RN I I
L 3
SUBROUTINE MUDF 0OCS NITHING ~— THIS SUBROUTINE CAN BE USED TO »

MUDIFY ANY INFORMATION THAT HAS BEEN GENERATED *
.

L B B N N I 2 2R O B N AR B Bk BRI BN 2N 2R 2R BE BN 2N Bk B IR B BN R 2N J

IMPLICIT REAL*8B (A-H,0-2)
INTEGER®2 IXy ICUDEs IDPIX1s MTLND

MopP
MoP
MoP
Mop
MoP
MOP
MOP
Mee
MOP
MOP
MOP

COMMON /GENMAT/ X(1066)4Y11066)+Z(1066),UX(1066),UY(1066),UZ{1066)MOP

L : TMPND(1066), BLIMP(B), MOP
& 2 ALFAL110),ALFA2(10),ALFA3(10) FIBORT(10)+E{10,9,10),THPEL{10,10),MOP
3 NTMP(10j41X(144,27),ICODE(1066),1DPIX1(19419,11),MILND(L066) HOP
{ COMMUN 7/ GFNLY / TMPINT, EPSTMP, AX, BYy CZ, THELLXsTHELLY,ELLZ,MOP
1 NEL, NGNP, NGLUF, NMTL, NTYEL, LMTMP, NELX, NELY, NELZ, ICLASSMOP
2 4 I1IYI0y NELX31l, NELY31l, NELZ1 MOP
COMMUN / HEAD / HED(10},1CRDy INRT,IPAGE,LINE MOP
WRITE(INRT,200) Mop
200 FORMAT(// *0 DATA GENERATION STEP HAS NOT BEEN HODIFIED? ) MOP
RETURN MOP
END MUP
L3
/
4
y
Y
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APPENDIX D

Hole in Rectangular Plate Mesh Generator

A. Introduction

This mesh generator will yield element, nodal, and material data
necessary to idealize a laminated composite pierced with a hole and
subjected to axial and thermal loads. The shape of the hole can be
circular, square or diamond. Loads are applied as a result of a uniform
axial displacement in the x-direction at x = *a. The thermal effects
are restricted to a constant temperature change. The mesh is restricted
to the shape shown in Figme D-1 where a, b, t, ¢, e and R can be varied.
The number of elements through-the-thickness is also a variable.
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FIGURE D-1: Mesh for Rectangular Plate with a Hole
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B. Input Data

1.

‘ 3.
|
ﬁ
%
}.
A
Y
»

Heading card (10A8)

Columns 1-80 information to be printed with output

Output unit card (I5) one card

Columns 1-5 wunit number for pissing data to next job stép

Control and problem parameter card ([ivu, 2F10.0) one card

Columns 1-10 type of thermal-elastic problem
11-20 initial temperature

21-30 final temperatures

Plate and mesh dimensions cards two cards
First card (3 G10.0, I5)

Columns 1-10 a-dimension, inches

11-20 b-dimension, inches

21-30 t/2-dimension, inches

30-35 number of elements through the half thickness
Second card (3G10.1)
Columns 1-10 c-dimension, inches

11-20 e-dimension, inches

21-30 R-dimension, inches

Load and hole parameters (315, F10.0) one card
Columns 1-5 '0' if hole open, 'l' if hole filled
6-10 '1' if circular hole
'2' if square hole
'3' if diamond hole
11-15 blank
16-26 magnitude of displacement, inches

Material change data cards (16IS)

Columns 1-5 number of materials

5-10 number of material changes
11-15 material number
16-20 element number at which the material changed

(Use as many sets of material number and element
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number as required to describe at which element
a material is changed. The elements are numbered,

on the plate, as shown in Figure D-1.)

7. Material data cards two cards
First card (2I5, F10.2, 3F10.8) one for each material

Columns 1-5 material number (in sequential order)

6-10 number of material cards
('1' for class 1, 2 or 3)

11-20 fiber orientation in degrees

21-30 thermal expansion coefficient, 011

31-40 thermal expansion coefficient, 022

41-50 thermal expansion coefficient, %3
L Subsequent cards (F5.0, 3F10.0, 3F5.2, 3F10.0) (One card for

problem class 1, 2 or 3. And for problem class 4, one card for
} each temperature for which material properties are specified.)
Columns 1-5 temperature for material properties

(can be left blank for class 1 and 2 problems)

KSI
KS1

KSI '

6-15 modulus of elasticity, Ell’

F'22’
E33’

16-25 modulus of elasticity,
26-35 modulus of elasticity,
36-40 Poisson's ratio, Vv

. 12

41-45 Poisson's ratio, Vi3

46-50 Poisson's ratio, Y,z
12° KSI
13 KSI

237 KSI

8. Element change data cards (1615)

Columns 1-5 number of unique elements

, 51-60 shear modulus, G
61-70 shear modulus, G
71-80 shear modulus, G

6-10 number of element changes
i 11-15 element type number
16-20 element number at which the element type changes

(Use as many scts of element type and element

number as required to describe at which clement

number an element type is changed.)
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C MAIN PROGRAM STEP 18 MGH

o MGH

C ¥ 8 3 % & % % %% % & 2 % & R P E % F S X % X 3 S S % % ¢ MGH

. . + * MGH
I C * THIS MESH GENLRATOR IUEALIZES A RLCTANGULAP LAMINATED PLATE * MGH
( * WITH A HOLE, LDADED 1IN UNIFORM EXTENSION IN THE X-DIRECTION * MGH

cC  » * MGH

L T & 8 % % X ¥ X ¥ % % ¥ 2 % ¥ % %% 2 Xk &% % % 5 & F s % s &S5 MGH

{ c MGH
IMPLICIT REAL*8 {(A-HyN-Z} MGH

INTEGER*2  IX, I(CODE, IDPIX1l, MILND MGH

COMMOUN /GZMMAT/Z X(1015)5Y12015),2(1015)4UX{1015),UY(1015),UZ(1015)MGH

1 » TMPND{1015), BCTMP, . MGH

2 ALFAL(1C)+ALFA2(10)4ALFA3(10)+FIBORT(10)4+E(10,9410)4TMPEL(10y10)¢MGH
3 NTMP(19}+1X{144,27)41CUDE{1015)},10P1X1(29419,11),MTLND(2015) MGH

COMMON 7/ GENLLl / TMPINT, EPSTHP, AXy BYy C2Zy THELLX THELLY,ELLZ MGH
1 NEL, NOMP, NGLOUF, NMTL, NTYEL, LMTMP, NELX, NELY, NELZ, ICLASSHGH

—gr—

P4 » 1TYTD, NELX31, NELY3}, NELZI] MGH
COMMON / HEAD / HED(]JO),ICRD, INRT s IPAGELINE MGH
1020 FORMAT( 1615) MGH
1C0) FORMAT(215, F10.2y 3F10.8) MGH
1002 FORMAT(F5.0, 3F10.0, 3F5.,2, 3F10.,0) MGH
1003 FOKMAT( 14y 14y 12y 6F10.0y F10.2) MGH
1074 FOKMAT{ 10AH) MGH
1205 FOKMAT( 415y F10.2) MGH
1011 FOKMAT (110, 2F10.5} MGH
ICRU = 5 MGH
1PAGE = } MGH
| Y IWKT = 6 MGH
REAN(541C04) HED MGH
READ(5,1000} NTUT MGH
READ(S5,1C11) ICLASSy AMRTMP, BCTMP MGH
. c MGH
C GEMERATL MUSH AND BOUNDARY CUNDJITIGNS MGH
C MGH
CALL DATGEN MGH
/ 00 20 1=1,NGNP MGH
/ 20 TMPND(L) = BCTMP MGH
CALL MOLF MGH
L C MGH
C WRITL MESH DATA ON UNIT NTUT MGH
C MGH
p WRITE(NTUT,1004) HED HGH
u WRITE(NTUT+1005) NONPy NMTL, NELy NTYEL, AMBTMP MGH
DO 10 IMTL=1,NMTL MGH
‘ ARITE(NTUT,1001) IMTL, NTMP(INTL), FIBORT(IMTL), ALFAL(ZMTL), MGH
1 ALFA2(IMTL)y ALFA3(IMTL) MGH
NTMPL = NIMPLIMTL) MGH
DO 10 1TMP=1,NTMP] MGH
} 10 HRITE(NTUT,1¢02) TMPEL(IMTL,1THP )y (E(IMTLyJ,1TMP) ,J=1,9) MGH
DO 30 1NEL=1,NEL MGH
D-S
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310
320
330
340
350
360
370
8o
390
400
410
420
430
440
450
460
470
480
490
500
510
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DO 40

30 WRITE(NTUT,1000)

M=],NGNP

INEL »

My

MTILND (M),

(IXCINEL 9 J) 9d=12T)

ICOVE{M)y X(M)y Y(M)y Z(M),

1

40 HRITEINTUT,1003)

UX(M)y UY(M)y UZ(M), THPHND (M)

\ L0
END

‘ .

T ——

s
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MGH
MGH
MGH
MGH
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530
540
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560
570
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SUBRUUTINE UATGEN DAH 10
C DAH 20
C ¥ & X % &£ 3 3 5 % £ % &2 ¥ x & £ % % % % 5 % & % % &£ % X 3 % & &£ 3 3 0AH 30
\ L - * DAM 40
¢ &  SUBROUTINE DATGEN GENERATES THt MESH, ~UMBERS THE NLDES AND * DAH 50
[ % ELEMENTS, AND SPECIFIES BOUNDUARY CONDITION CODES FOR EACH NODE #* DAH 60
4 * * DAH 70
(& X € % % % 2 2 X % &£ %2 X % % ¥ ¥ ¢ % 2 ¢ 5 X & X & % % % % % % 2 % % DAH 80
’ c DAH 90
IMPLICIT REAL*8 {(A-H,0-2) DAH 100
INTEGER®*2 IXy, ICODEy IDP1IX1s MTLND DAH 110
LOMMUON /GENMATZ X(115),Y(10153,2{1015),UX(1015),0Y(1015),UZ(1015)0AH 120
1 » TMPND{1C15), BCTMP, DAH 130
2 ALFAL(10) 4ALFA2{10)4ALFA3(10) +FIBURT(1IC)4E(10,9,10),TMPEL(10410),DAH 140
3 NIMP(103,41X(144427),1CODE{IOLS),IDPIX1(29,19,11),MTLND(1015) DAH 150
COMMON 7/ GENLY / TMPINT, EPSTMP, AX, BYy CZy THELLX,THELLY.ELLZ,DAH 160
1 NELy, NGNPy NGLDF, NMTL, NTYLL, LMTMP, NELX, NELY, NELZ, ICLASSDAH 170
L V4 s 1TYTU, NELX31l, NELY3l, NELZL . DAH 180
COMMUN / HEAD 7/ HED{10)4ICRDyIWRT IPAGE«LINE DAH 190
DIMENSIUN DAH 200
1 IXFLCH{145), IXMLCH(145)y IMATL(145)y ITYEL(145) OAH 210
DIMENSIUN IXDT1(24)s IXDT2(24), 1XDT3(24)y IXDT4(24),y 1XDT5(24) DAH 220
DIMENSION 1XOT6(24), IXOTT7(24), 1XDT8(24), IXDT9(24), IXDT10(24) DAH 230
DIMENSION OT1L124) 2 IXDT12(24) + IXDT13(24) oI1XDT14(24),1X0T1%5024) CAH 240
CIMENSION  IXDT16(24) 4 1XUT17(24),1XDT18(24),1X0T19(24),IXDT20(24) DAH 250
DIMENS JUN I1XDTP1{24), 1XDTP2(24)y IXOTP3(24), IXDTIP4(24) DAH 260
DIMENSION IPLNPL(10), 1PLNP2(10), IPLNP3(10), IPLNP4(10) DAH 270
DIMENSION JDX1{10}, 10x2(10}, I0X3{10), IDX4(10) DAH 280
DIMENSION XLNDSQ(4) DAH 290
DATA IXDT1/1y 14y 18, 22y 137, 150, 1549 158y 24 3, 23, 24, 138, DAH 300
1 139, 199, 160y 44 15, 19, 25, 140, 151,y 155, 161 / DAH 310
- DATA 1XDT2/ Ty 6¢r 5y 4y 1439 1424 141y 140, By 94 159 199 lé4é, DAH 320
1 145, 151, 1555 10,y 164 20y 259 146y 1524 1564 161 / DAH 330
DATA IXDT3/ 1Cy 164 20, 25, 146, 152, 1564 161, 11y 12, 26, 27, DAH 340
1 1474 148y 162y 1634 139 17s 21y 284 149y 1534 157 164 / DAH 350
DATA IXDT4/ 22, 29y 32, 35, 150y 1654 168y 171, 234 244 36, 37, DAH 360
/ 1 159, 160, 172, 173, 25, 30y 33y 38, 161y 166y 169, 174 / DAH 370
4 DATA 1XD15/ 25, 30, 33, 38, lol, 166r 169y 174y 26y 27, 39, 40, DAH 380
' 1 1624 1636 175y 170 284 31y 34y 41y 164y 167y 170y 177 7 DAH 390
} DATA IXDT6/ 56, 52, 48, 42, 192, 188, 184, 178, 57, 58, 43, 44, DAH 400
1 193, 194, 179, 180, 59, 53y 49, 45, 195, 189, 185, 181 / DAH 410
DATA 1XDT7/ 4%y 46, 474 Ty 181, 182y 183, 143, 49, 53, B¢ Y, DAH 420
3 1 185, 189, l44, 145, 59, 544 50, 10, 195, 190, 186, 14b / DAH 430
u DATA IXD18/ 59, 544 504 10, 195, 190, 186y 146, 60, 61, 11, 12, DAH 440
1 196y 197 147, 14B, 624 559 51y 134 1984 191y 187, 149 / DAH 450
‘ DATA IXDTY/ 69, 66, 63, 564 20%, 202, 199, 192, 70y 71y 57, 58, DAH 460
1 206y 207y 193, 1944 724 0Ts 64y 59, 208, 203, 200, 195 / DAH 470
DATAIXD110/ 72, 67, 64, 59, 20F,; 203, 200, 195, 73, T4y 60, 61, DAH 480
1 209, 219, 196, 197, 75, 0By 6%y 62,y 211, 204, 201, 198 / DAH 490
b DATA IXDI11/ 96y 91, 88y, T8y 232y 227, 2244 2145 95 949 TTy 76y OAH 500
1 231y 230, 213, 212, Sb6b¢ 524 48y 42, 192, 188y 184, 178 / DAH 510
D-7
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DATA 1XDT1r27 96+ 92+ B89y B84, 232y 228, 225, 220, 9}, 88, 83, 82,

1 22T, 224y 219y 218, 78, 79, 80y 81, 214, 215, 216,y 217 /

DATA IXDT13/ 99y 93, 93y 879 235, 229y 22649 2234 98, 97y B6, 85,
: 1 234y 233, 222: 221y 96, 92¢ B9y 84, 232, 228y 225, 220 /

DAVA IXT)4/ 1064 102, 100, 96, 242, 238, 236, 232, 135, 104, 95,

1 $49 241y 2404 231y 230y 69y b6y 635 564 205, 202, 199, 192 /

DATA IXUT15/ 109, 183, 101y 99y 245, 239, 237, 235, 108y 107, 98,

1 91y 244y 243y 234, 233, 1064y 102, 100, 96, 242, 238, 236y 232 /

DATA IXDY16/ 112, 115, 118, 123, 248, 251y 254, 259, 1l1ll, 110,

DATA IXDT17/ 844 116y 119 123, 220, 252, 255, 259y 83, 82y 118,
1 115y 21%, 218y 2549 251y 81,y 114, 113, 112, 217y 250¢ 249 248/
OATA IXDTI8/ 8Ty 1i7s 120+ 1264 2234 2534 2564 2629 869 85, 125,

DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH

1 122, 121, 247, 246y 258y 257, 1y l4, 18y 224 137, 150y 1544 158/DAH

DAH
OAH
DAH

1 124y 2200y 221+ 261y 260+ B4y 1l6e 119, 123, 220, 2524 2554 259 /0AH
DATA IXDT19/7 123, 127, 129, 133, 259y 263+ 265y 269+ 122y 1219132,DAH

1 131, 253, 257, 268, 267y 22, 29, 32, 35, 158, 165, 168, 171 / DAH

ﬂ DATA IXDT20/ 1264, 128, 130, 136y 262y 26449 2664 2Tzy 125, 1244135,0AH
! 1 134, 261, 260,y 271y, 2704y 123, 127, 129, 133, 259, 263y 265, 269/DAH
DATA IXDTPl / C4090451,04090513790¢092¢3+0904138,139, DAH

1 Ts015504914391624514140240 / DAH

DATA IXOTP2 /7 4240409041 78909090943944909404179,180,0,0, DAH

1 454469479 79181,1829183,4143 / DAH

DATA IXDTIP3 7/ T78,79980:8152149215;216921T7+779764090,213,212+0,0, DAH

1 4240904091784 040,0 / DAH

DATA IXDTP4 / 81,y11491135112,217425092499248904091114110,0,C¢247y DAH

1 24640909041904C999237 / DAH

DATA IDX1 / 19214395969 799910413414 / OAH

DATA TRX2 /7 243044637485 11912915,16 / DAH

DATA IDX3 / 11412915116418919920922923924 / DAH

CATA IDX4 / 9417413414+17918919421,22,23 / DAR

OATA IPLNPL / 354459124134 144746416415 / OAH

- DATA IPLNP2 / 142934104119124796416415 / DAH
DATA 1PLNP3 / 948¢9189179192¢391Ce11,412 / DAH

DATA IPLNPG / 948,108417434475912913514 / DAH

DATA XL0S¢ / 1.00, 3,00, 3.00, 1,00 / DAH

100 FORMAT(1615) DAH

/ 102 FORMAT( 3Gliu.0,15) DAH

! 103 FORMAT(3610.1) DAH
104 FORMAT{315, G10.0) DAH

202 FORMAT{'OLENGTH OF STRI1P? 2T7504G24.7 /7 DAH

1 *OHIDTH OF STRIP? 2750462447 / DAH

2 SOTHICKNESS UF STRIP? 21T950+9G24.7 / DAH

3 *ONUMBER OF ELEMENTS THICK?! 2150,G2447 / DAH

V 4 *OLENGTH OF INSER1! 2750,624.7 / DAH
5 'OWIDTH OF INSERT?® 2175046247 / DAH

| 6 "OMAXIMUM WIDTH OF HOLE® 1750462447 ) OAH
293 FORMAT('CUNIFOKM DISPLACEMENT 1IN INCHES OF ? 150y G24.7) DAH

204 FURMAT(*QUNIFORM LUAD N KIPS UF v 4750, G24.7} DAH

) 205 FORMAT(®CHOLE IS FILLED?) DAH
206 FUORMAT{'CMATIERIAL TYPE AND MATERIAL CHANGES®* / DAH

1 T10, SMATERJAL TYPL CHANGE ‘AT ELEMENT' ) DAH
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520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
T40
750
160
170
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020




207 FORMAT(*OCIRCULAR HOLE® ) DAY
208 FURMAT{*OSQUARE HOLE* ) DAH
209 FORMAT(*ODIAMOND HOLE® } DAH
307 FORMAT('CELEMENT TYPE AND ELEMENT CHANGES® / DAH
1 T10, ELEMENT TYPE CHANGE AT ELEMENT' ) DAH
306 FORMAT(18Xy 124 22Xy 14} DAH
1001 FORMAT{215, F10.2, 3F10.81} DAH
1002 FORMAT(F5.,0, 3F10.0y 3F5.2, 3F10.0) DAH
READ(ICRDy102) XLNTH, YLNTHe ZLNTHs NELZ DAH
READ(ICRD,103) XINSRTy YINSRT, RAODHL DAH
READ(ICRDy104) 1FLHLy ITYHL» LDMD, DSPLD DAH
CALL YITLE DAH
XLNTHZ = 2.00 * XLNTH DAH
YLNTH2 = 2.D2 * YLNTH DAH
ZUNTHZ = 2.D0 * ZLNTH DAH
XINST2 = 2.00 * XINSRT DAH
YINSTZ = 2.00 * YINSRT DAH
"RADHL2 = 2.D0 * RADHL DAH
WRITE({INRT,202) XLNTH2)YUNTH24ZLNTH2NELZy XINST2y YINST2, RADHL2DAH
IF(IFLHL .EQe 1) WRITE(IWRT 4205) DAH
GO TO (91, 92y 93 }s» I1TYHL DAH
91 HRITE(IWRT,207) DAH
G0 TO 94 DAH
92 HRITE{1WRT,208) DAH
GO TO 94 DAH
93 WRITE(IWRT,209) OAH
94 IF(LDMD .EQ. 1) GO TO 95 DAH
WRITE(1WRT203) OSPLD DAH
GO 10 96 * DAH
95 WRITE(IWRT4204) DSPLD DAH
96 CUNTINUE DAH
READ{ICRUD,160) NMTLy NMLCHy {IMATL(J}pIXMLCH(J)oJ=1oNMLCH) DAH
DO 71 IMTL=1,NMTL DAH-
READ(ICRD 41901) MILN, NTMP(IMTL)y, FIBORT(IMTL}, ALFAL(IMTL), DAH
1 ALFA2(IMTL Gy ALFA3(INTL) DAH
NTHPL1 = NTHP(IMTL) DAH
00 71 ITMP=1,NTMP] DAH
71 READ(ICRD 51002} TMPLL(IMTLyITMP )y (E(IMTLyJyITMP) 4J=149) DAH
READ({ICRD,100) NTYEL s NELCH, (ITYEL(J)}4ZXELCH(J)¢J=1,NELCH) DAH
CALL TITLEL DAH
HRITE(IHRT 206} DAH
WRITE{IWRT$3006) (IMATL(J)y IXMLCH{J)y J=1oNMLCH) OAH
1 =0 DAH
97 CALL TITLE DAH
WRITE(IWRT(307) DAH
98 1 = le1 DAH
IF(1 .GV, NELCH) GO 70 99 DAH
HRITE(IHRT 4306) ITYEL{1)y IXELCH(I) DAH
LINE = LINE 1 DAH
IF(LINE .LT. 48) GO 70 98 DAH
60 T0 97 DAH
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1030
1040
1059
1060
1070
1060
1090
1160
1110
1120
1130
1140
1150
1160
1170
1180
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1220
1230
1240
1250
1260
1270
1280
1290
1300
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1330
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1350
1360
1370
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1390
1400
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99 CONT1NUE
ZELTHS =

ZLNTH/NELZ
NGNP =136%(NELZ+1)
HEL =20#*NELZ

NELZ1 = NELZ + 1
D0 46 J=1,424
IX{1,d) = IXDTL(J)
I1X(2,d) = 1XDT2(J)
1X{3,4) = IXDT3(J)
1X(49d) = IXDT4(J)
IX(5,J) = IXDT5(J)
1%(64d) = IXOTo(J)
IX(T4d) = 1XDT7(J)
1X{89J) = IXDT6(J)
1X(9,d) = IXDT9(J)
IX(10,4) = IXDT10(J)
JIX{E1,d) = IXDT11(J)
IXU12,4) = IX0T12¢J)
12(13,J) = IXDT13(J)
IX{14yd) = 1XDT14(J)
1X(155J) = IXDT15(J)
IX(164J) = IXDT16(J)
IX(175J) = IXD¥17(J)
1X(184J) = 1X0T18(J)
IX(19,J) = IXDT19J)
46 1%(20,J) = 1XDT20(J)
IFINELZ .EQ. 1 ) GO TO
DO 48 1ELZ=2,NELZ
DO 48 121,20
M =136¢(1ELZ-1)
L =1+20%(1ELZ~1)
DU 48 J=1424
48 IX(LyJ) = IX(1,d) + M
47 CONTINUE
IF(IFLHL .tQ. 0} GO TU

DO 78 IELZ=1,4NELZ
1ELZM]L = 1ELZ-1

L = 136 * ItLZIM]
00 83 1=1,24

IX{NEL+1,1)
IX{NEL43,1)

1X0TP1(1
I1X07P3(1

= )
IX{NEL+4241) = 1XDTP2(1)
= )
= )

83 IXINEL+4,+1) = IXDTP4(1
L= 9 » JELZIML
00 84 I=1,10
IX{NEL+1,10X1(1)) =
IX(NEL#+2,10X2(1)) =

IX(NEL+3,10X3(1))
B84 IX{NEL+4,10X4(1))

78 NEL = NEL + 4
NGNP = NCNP + 9%{NEL2+1)

NGNP
NGNP
NGNP
NGNP

4

7

e+
ol ol ol o

7

5

IPLNPL(1)
IPLNP2(1)
IPLNP3(I)
IPLNP4(])

+ e+
rreer-

DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
OAH
DAH
DAH
DAH
DAM
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH

DAH .

DAH
DAH
DAH
DAH
DAH
DAH
DAH

1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
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CONT INUE
IXELCH(NELCH+l) = O
IXMULCH{NMLCH+1) = ©
1 =0

J =0

DO 23 INEL=1,KEL
IFUINEL EG. IXMLCH(141}) I=141
IF(INEL LEQ. IXELCH(J+1)) J=del
IX(INELs25) = IMATL(I)
IX(INEL,26) = ITYEL(J)

23 CONTINUE
DO 33 I=1,NEL

33 IX(1427) = ICLASS
00 35 I=1,NGNP

35 MTLND(I) = 0
X(1) = RADHL
D0 49 1=7,13

49°X(1) = 0,00

X(14) = (XINSRT-RADHL)/3.00+RADHL

X(16) = XINSRT / 3.00
X(17) = X(16)

X(18) = 2.00 & (XINSRT~RADHL)}/3.DO+RADHL

X(20) = 2.00 *X{16)
x(21r = X(20)
DO 50 1=22,28

S0 X(1) = XINSRY

X(29) = (XLNTH=-XINSRT) 7 3.00 + XINSRT
X{30) = X(29)
X(31) = Xt29)
X(32) = 2.00%(XLNTH=XINSRT) / 3.D0 + XINSRT
X(33) = X(32)
X(34) = X{32)

DO 51 1=35441
51 X(I) = XLNTH

Y{i) = 0.0O

Y {7)=RADHL

yis) = {YINSRT~RADHL }/3 .DO+RADHL
Y(9) = 2.00% {YINSRT-RADHL)}/3.D0+RADHL
Y{10) = YINSRT

Y(12) = 2,00 * (YLNTH-YINSRT}/3.00 + YINSRT
Y(13) = YLNTH

Y(14}) = 0.D0

Y{i1) = (YLNTH-YINSRT)/3.00 + YINSRT
Y{16) = YINSRT

Y(17) = YLNTH

Y{18) = 0.00

¥(20) = YINSRY

Y{21) = YLNTH

Y{22) = 0,00

Y(23) = YINSRT /7 3.00

Yy (24) = YINSRT / 3.09 * 2,00

DAH
DAH
OAH

. DAH

DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
OAH
DAH
UAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
D&H
DAH
DAH
OAH
OAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
DAH
UAH
DAH
DAH
DAH
DAH

2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2230
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
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52

86

8¢
79

= g ——
Y(25) = YINSRT
Y(26) = Y(11)
¥(27) = Y{12)
Y{28) = YLNTH
Y{29) = (.DO
Y{30) = YINSRT
Y(31) = YLNTH
Y{32) = 0.00
Y(33) = YINSRT
Y(34) = YLNTH

00 52 1=35,41

Y{I) = Y(1-13)

IFLIFLHL JEQ. O) GO 70 79
NGHPL =136*{NELZ+1)

NELL =20¢NELZ

DO 60 1ELZ=1,NELZ1

M = NGNP1 4 (IELZ~1)%9

X{M+1)=-2.DO0%RADHL/3.D00

X{H+2) = ~RADHL/3.DC
X{M+3) = 0,00

X(M+4) = =X{M+2)

X(M45) = ~X{(M+1)

X{M+6) = 0,00

X(M+7) = 0.00

X(#+8) = G.00

X{M+9) = 0.00Q

D0 A6 1I=1,5

Yi{M+1) = 0,00

V(M#6) = X{Me5)

Y(M+T) = X{M+4)

Y{M+8) = X({M+2)

Y{H+9) = X{(M+1)

00 80 1I=<1,9

2(1+K) ={IELZ-1) * ZELTHS

CONT INUE
GO TU (14293} ITYHL

SXTHPI = 3.141592613569300 / 12.00

X{2) = RADHL * DCUS{1.L0%*SXTHPI)
X{3) = RADHL » DCODS{2.DO*SXTHe1)
X(4) = RADHL * DCOS(3.D0%SXTHP1)
X{%) = RADHL * DrOS(4.00%SXTHPI)
X{6) = RADHL * DCOS(5.D0#SXTHPI)
Xt15}) =

1 + RAUHL#DCOS(3.D0%SXTHPI)
x{i9) =

1 4+ RADHL*DCOS(3,D0%SXTHPI)
Y{2) = RADHL*DSIN(1.D0*SXTHP1)
Y(3) = RADHL*DSIN(Z.D0*SXTHP1)
Y{4) = RADHL*DSIN(3.,00%SXTHP1)
Y(5) = RADHLADSIN{4.D0#SXTHPI1)
Y{6) = RADHL*DSIN(5.D0*SXTHPI1)

({ XINSRT=RAUHL*DCOS(3.00%SXTHP1))/3.00
2.00%( XINSRY~RADHL?0COS{3.00*SXTHP1)1/3,.D0
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2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
27130
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
2020
3030
3040
3050
3060
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Y{1s) = (YINSRT~RADHL*DOSIN(3,00%SXTHPI)) / 3.00

1 + RAUHL * DSIN(3.00%SXTHPI)

1

Y({19i = 2.00%(YINSRT-RADHL*DSIN(3.D0%SXTHPI)) / 3.D0

4+ RADHL * DSIN(3.DO*SXTHPL)
60 10 7
D0 ¥7 1=244
X(1) = RADHL

87 Y(1+2)*= RAUHL
X(5) = 2.00 * RADHL/3.00
Xlo) = RADHL/3.00
Y{z) = X(6)
Y(3) = X(5)
X(15) = X(14)
X{19) = x{1b)
u Y{15) = Y{(8)
Y(19) = Y(9)
60 TO 7
b 3 X(2) = 5.00 * RADHL/6.00
X{3) = 2.D0 * RADHL/3.DD
Xt4) = KADHL/2.00
Xt5) = x{(3) 7/ 2.00
Xt6) = x(5) / 2.00
DO 88 I=246
88 Y(1) = X{(8~1)
X(15) = (X(14) + X(161}/2.00
X(19) = (X$18) + X{(20))/2.00
Y(15) = (Y{ 8) + Y{23))/2.1L0
Y{19) = (Yt 9) + Y(26))/2.00
7 CUNTINUE
DO 601 1I=1,y6
. X{4lel) = =X(1)
601 Yl4lel) = Y{(I}
00 602 I1=14441
X(3441} = ~X(1)
602 Y(3441) = Y(I)
/ 00 603 122,13
/ X{749+41) = ~X(1)
603 Y(T7441) = -Y(I)
00 604 1215,17
X{7341) = ~X{1}
5G4 Y{7341) = ~Y{1)
DO 605 1=19,21
p X(72¢1) = ~x(1}
6U5 Y(72+41) = ~¥(1)
DO 606 123,28
X{T1+41) = =X(1) *
606 Y(7141) = ~Y(1)}
X{100) = =X{30)
} X(151) = —X(31)
X(102) = -x(33)
X{103) = =X(34)
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3110
3120
3130
3140
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3170
3180
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3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3o
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3520
3430
3440
3450
3460
3470
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3500
3510
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3530
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607

608

609

53

54

55
58

57

Qo
Y(100) = ~Y{30}
Y(101) = -Y{(31)
“ 1102 = ~Y(33)
Y{103) = -Y(34)

DO 607 1=36441
X(68+41) = =-Xx(1)
Y(6841) = ~¥(1)}
‘D0 608 1=246
x(108+]) = Xx{I)
Y(108+1) =-Y(1)

DO 609 1=884109
Xt27+41) ==X{1}
Y(2741) = Y(1)

DO 53 1=14136

Z{1) = 0,DC

DO 54 1ELZ=1,NELZ
XL = IELZ * ZELTHS
U0 54 1=1,136

L = JELZ » 136 + 1

Z{L) = XL
Y{L) = v(I)
x{L) = X{(I1)

00 55 1=14NGNP
1CUDE(1? = O
Ux{11=0.00
uY(11=0.00
UzZ(1}=0.00

00 58 I=i,136
1CODE(]) =5

L = 136¥%(NELZ+])
00 57 1=1,9
ICODE(I+L) = 5

1F(LOMD +.EQ. 1} GO T0 60

D0 56 1236441

ICODE(] } =3
ICODE(]+34) = 3
1CODE(I+68) = 3
1CODE(1+95) = 3

uxtl ) = LSPLOD
UX{I495) = DSPLD
UX(1+468) =-0USPLD
UX(1+34) =~DSPLDL -
00U 56 IELZ=1,NELZ
L = 136 * 1tLZ
ICODE(]+L }
1COUDE(1+L+34)
1CADE(I+L+68)
ICODE(I+L+9%)
UX(I+L ) = DSPLD
UX(I+L+95) = 9SPLD
UX(I+4L434) ==-D5PLD
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DAH
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3590
3600
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3620
3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840 -
ass50
3860
3870
3880
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3900
3910
3920
3930
3940
3950
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3980
39990
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4010
4020
4030
4040
4050
4060
4070
4080




56 UX(1+L+68) =—DSPLD
ICODE(35) = 7

‘ I7ODEIA9) = 7

[3 UX(35) = DSPLD

UX(69) =-DSPLD

DO 63 LELZ=1,NELZ
L = 136%1ELZ
1CODE(354L) = 1
ICODE(69+L) = 1
UX(35+L) = OSPLD

63 UX(69+L) =-DSPLD
GO TO 9

60 CONTINUE
IFINELZ .EQ. 1)
DO 64 1ELZ=2,NELZ
M =136%(1ELZ~1)
DO 72 1=35,38

GO TU 65

72 UX(14M) = XLDSQ{1-34) * YINSRT*ZELTHS * DSPLD/8.D0

D0 73 1=38,41

73 UX(I+4M) = UX{1+M) + (XLDSL(1-3T) * {YLNTH-YINSRT)#ZELTHS

1 sDSPLO/8B.DO !
64 CONTINUE
65 DO &6 1=35,38

uxiI) = XLDSO{I-34) & YINSRT$ZELTHS % DSPLD/16.00

M =1+4136*NELZ
66 UX(M)
DO 74 1=38,41
M =14136*NELZ

z X.05Q{I1-34) * YINSRTZELTHS * DSPLD/16.D0

UX(M) = UX(M) 4+ (XLDSO(I~37) # (YLNTH-YINSRT)}®ZELTHS
1 *DSPLD/16.00)
74 UX{1) = UX(I) +  (XLDSU(1-37) #* (YLNTH-YINSRT)#ZELTHS

~ 1 #DSPLD/ 16.00)
NELZP1 = NELZ+1
DO 81 1=36441
U0 81 1ELZ=1,NELZP]
M= 136 % (IELZI-1) + 1
,/ UXIM436) = —UX{I)
UX(M+68) = —UX{I)
81 UX(M495) = UX(I)
DO 82 I=1,NELZP1
M = 136%(1-1)
UX(M435) = 2.00 * UX{M+35)
82 UX(M+469) = ~UX(M+35)
1CUDE(35)
1CUDE{69)
1CODE(13)
1CODE(8T)
9 RETURN
END
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SUBROUTINE TITLE

s ol alaNaNeNel
LR JETER B 3

IMPLICIT REAL#3 (A-H40-2)

COMMON / HEAD /7 HED(10),ICRDy1WRT¢1IPAGE,LINE

X &£ % £ X% X% 2K %% %% S KXS S SES XS XS

SUBROUTINE TITLE PRINTS THE HEADING ON EACH PAGE

'R EENIENIEI NI I I LN I R I R A L

*
*
*
*
*

TIH
TIH
TiH
TIH
TiH
TIH
TIH
TIH
TIH
TIH

100 FURMAT (1H1,'FEM 72-DOF GENERAL HEXAHEDRONS THERMO-ELASTIC, VARYINTIH

16 MATERIAL PROPFRTIES, DANA', 9X,
101 FORMAT (1H0,10A8 )

WRITE (I1HWRT,120) 1PAGE

WRITE (IWRT+101) HED

IPAGE= IPAGE 41

LINE = 0

RETURN

END

'PAGE?®y 13}

TIH
TIH
TIH
TIH
TIH
TIH
TIH
TIH

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
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”
SUBROUT INE MODS MUH
C MOH
C X £ 2 5 & % X 2 ¥ 5 B & & % A K ¥ A X & Kk U A £ ¥ 8t % 5 & B &K ¥ # MUH
r * + MOH
C *  SUBROUTINE HOUF DUES KRUTHING -- THIS SUBROUTINF FAN BE USEL TO ¢ MDH
C *  MUUIFY ANY INFURMATION THAT HAS BEEN GENEQATED © MOH
C * = MiH
C ok X % K £ K x X X & K ¥ T 5 P % ¥ K £ % 3 & XL x & s &% R T X % MUH
C MOH
TMPLICIT RCAL®R (A=-b,0~!) MMH
INTEGER®2 [Xy ICUDE, 1DPIX1,y MTLND MOH

COMAUN /GENMAT/ X(10LS5),Y(L1015),2(1015),UX{10L15),UY(1015),U72(1015)M0OH

I » TMPNU(LIOLED)y HCTMP,

MUH

2 ALFALCLO) ALFAZCL0) yALFA3(L0) 4FIBURTOIU)4E(1U,5,203,TMPELEL0,10},40H
3 NTMPLL10)»1X{145,27)4 ICCOELiO01S5), IRPIX1(29,19411)yMILNDI3OLS) MYH

CUMMON /7 GENL] 7 TMPINT, EPSTMP, AX,

BY,y, CZy THELLX,THELLY,ELLZ)MUM

1 NEL» NONP, NGLOF, BMTL, NTYEL, LMIMP, NLLX, NELY, NELZ, ICLASSMOH
2 o FTYTD, NELX31y NELY3L1l, NELZL MUH
COPACN / HEAD / HED(LO) o ICRD, IWRT ,IPAGE,LINt MOH
RETURN MUH
END MUOH




