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ABS'rRACT

The FORTRAN Listing and User's Guide for a Three-Dimcnsional Line'tr

Thermal-Elastic Finite-Element Computer Program is presented. The program will

determine three-dimensionl 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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NOMENCILATIIRE

E. Total potential energy

Ell Modulus of elasticity parallel to the fibers

E 22 Modulus of elasticity transverse to the fibers

G12 , G13, G23  Shear modulus

m,n Cos 0, sin 0 respectively where 0 is the angle between
lamina and global axes

N Number of global degrees of freedom

u, v, w Displacements of a point in x, y, z directions

x, y, z Global Cartesian coordinates

a Magnitude of the correction vector

1 2 12P I /I{ri}

0 Fiber orientation angle

0, r, z Cylindrical coordinates for the global axes

Eigenvalues

, n, ; Local curvilinear coordinates

a.. Direction cosines for angle between lamina and global
axes

/

Cijkl Stiffness constitutive relation for an anisotropicmaterial in the local coordinate svston

C' ijkl Stiffness constitutive relation for an anisotropic
material in the global coordinate system

E ij Strains in constitutive relations for an anisotropic
1) material

V.. Poisson's ratio relating normal strain in j-direction
13 due to uniaxial normal stress in i-direction

{b) Force vector

[D] Elasticity matrix

IN] A diagonal matrix
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[K J Global stiffness matrix

(N} Shape functions

[P] An orthogonal matrix

{p} Direction of correction vector

(r} Residue vector

[T] Coordinate transformation matrix
{x} Solution vector (displacements)

{x* True solution vector (displacements)

(c} Error vector, (c = (x*i - (x

{W) Change of variable vector, { = [P]T(c)

Subscripts:

1, 2, 3 Local system

x, y, z Global system
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IN'I RODUCT ION

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

thermal-elastic 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 displacerents 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 elements is small. 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

.. j'



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

to use the program.
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A VNALYS IS

A. Three-Dimensional Isoparametric Lamina Element

The isoparaietric 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 standard 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 i.s 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 functiur')

The triside nodes, top and bottom surfaces, are described by

cubic interpolation functions while sections across the thickness

are generated by straight lines. The relationship between te Car-

tesian coordinates (x, y and z) and the local normalized curvilinear

coordinates ( , n, C) is given by

x = N1 X1 + N2x2 + ... + N2 4X2 , = {:IT{xi}

y = N 1y + N2 Y2 + ... N2 4 Y2 4 = {Ni}T{y i }  (1)

3
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z = N1Z1 + N2z2 + + N24Z24 {Ni}{zi

where N. are the isoparametric interpolation functions for the 24

nodal points. Introducing the notation

0 = Ui' o = n'i' 0 = i (2)

the form for the interpolation functions becomrs ior the corner nodes

with 1= + , ni = 1 1, and Ei = + 1
1__

N = (l+)(l+)(l+) [9(0 2 + r 2) - 10]. (3)

For nodes along the sides i + 1 with i  +, i = + 1
i 3' i

N. 9_6 (I+0) (1+9n) (l+%0) (1-T2 ) (4)

1
For nodes along the sides ji = + 1 with i= +- ' i = 1

N. = 9 (1+9E0) (1+nO) (1+Y0)(1- 2) (5)
i. 64 0

The same functions are used to describe the displacement pattern

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

at the nodes, i.e.,

u= {Ni } T {ui}

v= {N.} T{v.} (6)i 3.

1 1

w {N.}T {w5



2. Constitutive relation (material properties)

The constitutive relations used for the element are based on

each lamina of the conposite 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).

aI  D1 D1 2  D13  0 0 0 E1l

a2  D22 D23 0 0 0 2

a 3  D33 0 0 0 S 3  (7)

T 12  D44 0 0 Y12

T 13 Symmetry D55  0 Y13

S23 D66  Y23

i , w here

w l-V23 V32 1-v13 V31 -V12 V 21
D 11 F E11' D22 F E22' D33

=  F E33'

D V12
+ V13 V32 E D V 13 + VI12 2 3 F D G12 F 22' 13 F 33' 44 2'

D = 23+ V 1 1

D+ V 21 13 E33, D55 = G1 3, D66 = G23

and

F 1v 12 V 21-V 13 31- 23 32-v 12 23v31 21v13v32"

6



For an arbitrary orientation of the lamina, a:, 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' ijkl = air ajsa ktalu Crstu (8)

where

C'ijkl 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
mm

for a rotation about the z-axis.

Since C'ijkl and Crstu have 81 elements each and would be

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

/ to perform the transformation in matrix form as shown below.

[Dx1 = [T]T [D1 ] [T] (9)

where

7



4~)

ti)

w2-4
0

20
-~

*r4

4~Z

r')
0

*rl

0

N

0

.0

I,

w

Ii
N

8

---- /



2 2
mn n 0 -2mn 0 0

2 2
n m 0 2mn 0 0

0 0 1 0 0 0
2 2

[T]= m -mn 0 m 2-n 0 0 (10)

0 0 0 0 In -n

L0 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 [TI] and [D] are not

Cartesian tensors; therefore, [T] -I J [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 equii alent to minimizing the total potential energy

of the system. The method is an iterative process that will, apart

from roundoff e rrors, converge to the exact solution in no more than

9



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

problem dependent, making it difficult to make a general comparison

with other techniques. The dependence on the eigenvalues can be

shown by considering the energy E which is to be minimized as

E = I{x}T [K]{x}-{xlTfb} (11)
2

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

and {xI 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

- [K]{x*} -{b} = 0. (13)

At a particular step in the iteration process

fx} = fxl+(tK, (14)

where the vector {C} is the error in {x. Putting equation (14)

into equation (11) yields

E = !({x*}+{}) T[K] ({x*}+{e})-({x*+{e}) T{b} (15)

which after some manipulation and use of equation (13) becomes

10



E = {C}T [K){e} - 2l{x*}T b. (16)
2 2

This can also be written as

+fx1{b} _{}T [K]{EJ} =-_ k e =c S (17)
22 2 2 jj

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

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

matrix [P] such that

(PIT [K][P] = [DJ

where [DJ is a diagonal matrix containing the eigenvalues Xi of [K].

Using the change of variable,

{} = [P]T{ }. (19)

Equation (17) can be written as

S =1 T[K]{e} = f{E}T!DJ{E} = 12Ji (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 X1 and X2 are similar in magnitude,

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

11
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origin where E 1 and c2 are zero. However, if thc magnitudes of X1

and XI2 are quite different, then {p} will not be in the direction of

the origin and convergence to e and c in the neighborhood of zeroon er en e 1 £2 ne g bo h od z r

will be slower.

The CG algorithm given by Hestenes and Stiefel is

{po I {ro } = {b) - [K]{x o}PO 0 0

I{ri}l2
. {pi}T[K]{pi}

fx.+I }  = fx.}+c {}

i = i+l+ (2)

{ri+l} = {r i ai[K]{p i

2
{r}+ I

1 2, .' 'fril

{Pi+l }  (r {r + 8 i

where {r) is the residue vector, {p} is a vector representing the

direction in which {x} is corrected, a is a scalar correction of

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

13
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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 wj 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 less than unity. The second test is on strain

energy; the change in strain energy normalized wilth 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
I/
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DESCRIPTION OF INIMtT-OITImIT DATA

The program consists of three or four IOR'RAN 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 unit 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

problem. The types are:

Class 1 - linear elastic with constant material properties 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 - thermal elastic with temperature dependent material

properties

A. Input Data for Step 2 (Stiffness matrix formulation)

1. Input unit card (15) one card

15



Columns 1-5 unit number (specifies the unit which the input

data will be read from, e.g., unit five will

read data from cards)

2. Heading card 1 (lOA8) one card

Columns 1-80 information to be printed with output

3. Control parameter card (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 cards
1

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.

Pirst' 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, a11

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

16



31-40 thermal expansion coefficient, 122

41-50 thermal expansion coefficient, a...

Subsequent cards (F5.0, 3FlO.0, 3F5.2, 3FC.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)

Columns 6-15 modulus of elasticity, Ell, KSI

16-25 modulus of elasticity, E22, KSI

26-35 modulus of elasticity, E33, KSI

36-40 Poisson's ratio, v12

41-45 Poisson's ratio, v13

46-50 Poisson's ratio, v23

51-60 shear modulus, G12 KSI

61-70 shear modulus, G13 KSI

71-80 shear modulus, G23 KST

5. Element data cards (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-SO material number

51-55 element type number

IThe word 'card' also implies card images on disk or tape

17
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(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

va ry 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 cards (14,14,12, 6F10.6, 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 cee

(There are eight possible combinations of force,

F, and displacement, U, boundary conditions for the

x, y, and z coordinates at each node.)

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

18



'0' F F F
x y z

'1' U F F
x y z

'2' U U F
x y z

'3' U F U
x y z

'4' F U F
x y z

'5' F F Ux y z
'6' F U U

x y z
'7' U U U

x y z
11-20 x - coordinate (global system)

21-30 y - coordinate (global system)

31-40 z - 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 (215, 2F10.0, IS)

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
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hexadecimal, IFOI8IAT (5Z16). 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, FOR.AT (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

'0' - No printed or punched output

'I' - Printed output only - no punch

'2' Punched output only - no -,rint

'3' - Both printed and punched 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



C. Card Input for Step 4

1. Logic control card (IS) one card

Columns 1-S code to control printed displacements and stresses

'0' - Stresses printed in a rectangular coordinate

system only

'I' - 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

'4' - Both displacements and stresses printed

in cylindrical coordinate system plus

stresses in a rectangular coordinate system

D. Printed Output from Step 2

1. Problem parameters

2. Material properties

3. Local-to-global correlation matrix (element data)

a. EL NO - Element number

b. L - Lower

c. U - Upper

d. F - Front

e. M - Middle

f. B - Back

g. MT - Material number

h. ET - Element type

i. C - Class

4. Nodal point data

a. NODE - Nodal number

b. MATL - Material number

c. CODE - Boundary condition code

21
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d C D - d e g system

d. X-COORD - x-coordinate in global system

e. Y-COORD - y-coordinate in global system

f. Z-COORD - :-coordinate in global system

g. X-DISPL/LOAD - Value of x boundary condition

h. Y-DISPL/LOAD - Value of y boundary condition

i. Z-DISPL/LOAD - Value of z boundary condition

E. Printed Output from Step 3

1. Convergence parameters

2. Displacements in rectangular coordinates

F. Printed Output from Step 4

1. Displacements in cylindrical coordinates

2. Stre3ses in cylindrical coordinates

3. Stresse1 in rectangular coordinates

22
/
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APPENDIX A

FORTRAN Listing of Program

Appendix contains the FORTRAN listing for:

STEP 2 - Stiffness matrix

STEP 3 - Equation solver
(Iteration in-core version)

STEP 3 - Equation solver
(Iteration from disk version)

STEP 4 - Stress components

A-

/
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C MAIN PROGRAM STEP 2 MN2 10
C MN2 20
C *************$********************MMZ 30
C * *MN2 40
C * STEP 2 PERFORMS FOUR FUNCTIONS * MN2 50
C * *MN2 60
C * 1. READS MESH AND BOUNDARY CONDITION DATA FROM CARDS OR * MN2 70
C * CARD IMAGES MN2 eO
C * MN2 90
C * 2. CALCULATES iHE UNIQUE ELEMENT STIFFNESS MATRICES * MN2 100
C * * MN2 110
C * 3. CALCULATES THERMAL EQUIVALENT LOADS * MN2 120
C * * MN2 130
C * 4. WRITES MESH DATA, UNIQUE ELEMENT STIFFNESS MATRICES AND * MN2 140
C * FORCE AND DISPLACEMENT BOUNDARY CONDITION VECTORS ON A * MN2 150
C * DIRECT ACCESS DATA SET * MN2 160
C * * MN2 170
C A* ** * * * ***** *** ***** ** *******MN2 180
C MN2 190
C ** ** * * * ** **Z*** ****************MN2 200
C * * MN2 210
C * VARIABLE DEFINITIONS AND DIMENSIONS FOR STEP 2 * MN2 220
C * * MN2 230
C * ALFA1(NMTL) - - - THLRMAL EXPANSION COEFFICIENT 11 * MN2 240
C * * MN2 250
C * ALFA2{NMTL) - - - THERMAL EXPANSION COEFFICIENT 22 * MN2 260
C * * MN2 270
C * ALFA3(NMTL) - - - THERMAL EXPANSIN COEFFICIENT 33 * MN2 280
C * * MN2 290
C * AMBTMP INITIAL TEMPERATURE * MN2 300
C * * MN2 310
C * OBC(NGNP) DISPLACEMENT BOUNDARY CONDITIONS * MN2 320
C * # MN2 330

C * E(NMTL,9,NTMP) - - MATERIAL PROPERTIES * MN2 340
C * (1ST SUBSCRIPT - NUMBER OF MATERIALS) * ON2 350
C * (2ND SUBSCRIPT - NUMBER OF ELASTIC CONSTANTS* MN2 360
L * FOR AN ORTHOTROPIC MATERIAL) * MN2 370
C * (3kD SUBSCRIPT - NUMBER OF TEMPERAIURES THAT* MN2 3aO
C * MATERIAL PROPERTIES CAN BE SPECIFIED FOR * MN2 390
C * EACH MATERIAL * MN2 400
C * * MN2 410
C * FBC{NGNP) .... FORCE BOUNDARY CONDITIONS * MN2 420
C * * MN2 430
C * FIBORT(NMTL) - - - DIRECTION OF PRINCIPAL AXIS FOR EACH * MN2 440
C * MATERIAL * MN2 450
C 0 * MN2 460
C * GNMAT(NEL9721 - - RELATES LOCAL AND GLOBAL DEGREES-OF-FREEDOM * MN2 470

( ** MIN2 480
C * ICODE(NGNP) - - - BOUNDARY CONDITION CODE (FORCE OR * MN2 490
C * DISPLACEMENI) * MN2 500
C * * MN2 510
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t * O- ------ UNIT NUMBER FUR CARD READER * MN2 520
C * * MN2 530

* IUDA ------- UNIT NUMBER FOR DIRECT ACCESS FILE * MN2 540
L * * MN2 550

* IWRT- -UNIT NUMBER FOR PRiNTER * MN2 560
C * MN2 570
. * IX(NI:Lt27) - - - - RELATES LOCAL AND GLOBAL NODAL POINTS * MN2 580
C * * MN2 590

* LUBC4NDBC) - - - - INDEX FOR DISPLACEMENT BOUNDARY CONDITIONS * MN2 600
C * MN2 610
(. * MLNU(NGNP) - - - MATERIAL AT EACH NODE * MN2 620

L * MN2 630
* NtbC -------- NUMBER OF DISPLACEMENT BOUNDARY CONDITIONS * MN2 640

L * * MN2 650
C * NIL ....... NUMBER OF ELEMENTS * MN2 660
f * * MN2 670

C * NGLDF ------ NUMBER OF DEGREES-OF-FREEDOM (GLOBAL SYSTEM)* MN2 680
C * * MN2 690

; * NGNP ------- NUMBER OF NODAL POINTS (GLOBAL SYSTLM) * MN2 700
C, * * 14HN2 710

, NMIL ------- NUMBER OF MATERIALS * MN2 720
r * MN2 730

* NTMP(NMTL) ... NUMBER OF MATERIAL PROPERTIES SPECIFIED FOR * MN2 740

C * EACH MATERIAL * MN2 750
C * * MN2 760
C * NTYEL ------ NUMBER OF UNIQUE ELEMENTS * MN2 770

* * MN2 730

S(2628) ----- ELLMENT STIrFNESS MATRIX STORED AS ONE- * MN2 790
C * DIMENSIONAL ARRAY * MN2 800
C * * MN2 810
C * IiC(NEL,72) - - - THLRMAL EQUIVALENT LOADS FOR EACH ELEMENT * MN2 020
. * (NEL CAN BE DIMENSIONED AS 6* FOR * MN2 030

* NON-THLRMAL PROBLEMS) * MN2 840
* * MN2 850

L * TMPEL(NMTLNTMP) - TEMPERATURES AT WHICH MATERIAL. PROPERTIES * MN2 860
* ARE SPECIFIED FOR EACH MATERIAL * MN2 870

C * * MN2 880
r * TMPND(NGNP) - - - FINAL NODAL POINT TEMPERATURES * MN2 e90

* * MN2 900

* UX(NGNP) ----- MAGNITUDE OF FORCE OR DISPLACEMENT BOUNDARY * MN? 910
* CONDITIONS IN THE X-DIRECTION * MN2 920
* * HN2 930

. * UY(NGNPI ----- MA(-NITUDE OF FURCE OR DISPLACEMENT BOUNDARY * MN? 940
* * CONOITIONS IN THE Y-DIRECTION * MN? 950
, * * MN? 960

,. * UZ(NGNP) ----- MA(NITUDE Ov FORCE OR DISPLACEMENT BOUNDARY * MN2 970
* CONDITIONS IN THE Z-DIRECTION * MN2 980
* MN2 990

* X(NGNPJ--- - -- X-COORDINATE (GLOSAL SYSTEM) tNH? 1000
I. * * MN? 1010
C Y(NGNP) -Y-CUORUINATE (GLOBAL SYSTEM) * MN2 1020
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C ** MN2 1030
C *Z(NGNP)-------Z-COURDINATE IGLOBAL SYSTEM) * MN? 1040
C t* MN? 1050
C .*s ************ * MN? 1060
C MN? 1070

IMPLICIT REAL*8 lA-HO-Z) MN2 1080
LOGICAL*1 SW(12) MN? 1090
INIEGER*2 IX, ICODf, GNMAT, MTLND, LDBC MN2 1100
COMMON / GENL / XINIT, EPS, AMBTMP, MN2 1110
1 ICLASS, NELt NGt4P, NGLDF, NMTL, NTYEL, LIMIT, NM, NDBC MN? 1120
COMMON /NODELM/ X(1015)9 Y(1015), Z(1015)9 UX(10lS), UY(1015), MN? 1130
1 UZ(1015), TMPND(1015), FBC(3045), 06C13045)t T3C( 1,72), MN? 1140
2 ICODE(10I5)9 IX(144,27), GNMAT(144,?2),MTLNDiIO15b#LOBC(1015) MN? 1150
COMMON /MATL / E19,9t10), FIBORT(9)f ALFAIi91, MN? 1160
1 ALFA2i9), ALFA3(9), TMPELE9,10)t NTMP(9) MN? 1170
COMMON /SIIFEX/ S(26281 MN? 1180
COMMON / INDiX / INEL, IGNPP ILNPIMTL MN? 1190
COMMON / HEAD / HED(iO)tXCROIWRTIPAGEtLINE MN? 1200
OFFINE FILE 3(55,65OU,IDXDA) MN? 1210
IUJLA = 3 MN? 1220
CALL INPT1? MN? 1230
NGLDF =3 * NGNP MN? 1240

C MN? 1250
C CHANGE NODAL POINT NUMBERING SYSTEM TO DEGREE-OF-FREEDOM MN? 1260
C NUMBrRING SYSTEM MN? 1270
C M? 1280

DO 14 INEL=19NEL MN? 1290
DO 14 J1,t24 MN? 1300
GNt4ATCINEL,3*J-2) =3*IXCINEL,J)-2 MN? 1310
GNMAI (INEL,3*J-1) = 3*IX(INELJ)-l MN? 1320

14 GNMAT(INEl.,3*J ) 3*IXCINELtJ) MN2 1330
*C MN? 1340

C ZERO THERMAL LOAD MATRIX MN? 1350
C MN2 1360

IF ClXii,??) .EQ. 1 *OR. Ix1i,??) .EQ, 2) GO 70 5 MN? 1370
D0 15 11,vNTYEL MN? 1380
DO 15 J=1972 MN? 1390

/15 TOC(19JI = (000 MN2 1400
C MN? 1410
C CALCULATE AND STORE UNIQUE STIFFNESS MATRICES MN? 1420
C MN? 1430

5 IODA =7 MN? 1440
DO 12 1 =INTYEL MN? 1450
DO 20 INEL=INEL MN? 1460
IFiIX(INELt26) .EQ. I) Go TO 6 MN? 1470

20 CONTINUE MN? 1480
6 CALL ELST1F MN? 1490

WRITE(IUDA'IDXUA) (S(J)tJ=I,2b28) MN? 1500
12 CONT INUE MN? 1510

C MN? 1520
C FORM FORCE AND DISPLACEMENT VECTORS FROM BOUNDARY CONDITION DATA MN? 1530
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C MN? 1540
00 1 I=lNGLOF MN? 1550
08riI) O.UO MN2 1560

1 FBC(I) V .O MN? 1570
CALL FBCDOC MN? 1580

C MN? 1590
C COMBINE STATIC AND THERMAL LOADS MN? 1600
L. MN2 1610

IF(IX(1,271 *EQ. 1 .OR. IX(1,271 .EQ. 2) GO TO 7 MN? 1620
DO 17 INEL=INEL MN? 1630
IX26 = X(INEL,?6) MN? 1640
0O 17 1=1,7? MN? 1650

1? FBC(GNMAT(INELXJ2 FBL(GNMAT(INEL,11) + TBC(1X26,I) MN? 1660
7 DO 46 J=1112 MN? 1670

46 SW(J) =.FALSE. MN? 1680
C MN? 1690
C WRITE PROBLEM DATA ON DISK TO BE PAST TO THE NEXT STEP MN? 1700
c MN? 1710

WRITI(IUDA61) NEL, NGLDFt NDBCp NTYEL, LIMIT, NGNP,NMTL, MN? 1720
1 HED7 IPAGE, AMBTMP MN? 1730
WRITLfIUDA12) (CNTMP(J), FIBORT(J) ALFA1(JI, ALFA(J), ALFA3(Jfl,MN2 1740
1 ',TMPEL(JI), f(JL,I,L=1,9), 1=1,10), J1,vNM7L) MN? 1750

2 t((IXfIJ)yJz1,?7)t1=INkL), MN? 1760
3 (7MPND(J), MTLNO(J)PJ=1,NGNP) MN? 1770
WRITE(IUDA'3) fIX(J)-J=1,NGNP)* (Y(J),tJ=1,NGNP),(Z(J),J=1,NGNPI MN? 1780
WRITE(IUA04 (FbC(JihJ=INGLDF) MN2 1790
1 , SW, NOC.NV, (LDCIJ),J1,qNOBC) MN? 1800
WRIllCIUDA*5) (D8C(J),J=1,NGL0F) MN? 1810

1 t (IX(J,26)vJ=,NEL) MN? 1820
WRIIEIItJDA'b) f(GNMA7ItIJ)rJ=Iv72)9Ir1,NEL) MN? 1830
STOP MN? 1840
END MN? 1850
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SUBROUTINE INPTI2 IN2 10
C IN2 20
C * * * *** * * * * * ** IN2 30
C * *IN2 40
C * SUBIOUTINE INPTl2 READS MESH AND BOUNDARY CONDITION DATA FROM * IN2 50
C * CARDS OR CARD IMAGES AND PRINTS INPUT DATA * 1N2 60
C * *IN2 70
C * THIS SUBROUTINE IS CALLED BY - *IN2 so
C * MAIN * IN2 90
C * IN2 100
C * THIS SUBROUTINE CALLS - * IN2 110
C * TITLE * IN2 120
C * IN2 130
C * N2 140
C • IN2 150

IMPLICIT REAL*8 (A-;9-Z) IN2 160
INTEGER*2 IX, ICUDE, GNMATi MILND, LOBC IN2 170
COMMON / GENL / XINIT, EPSt AMBTMPv IN2 180
I ICLASS, NEL, NGNP, NGLDFv NHTL, NTYELt LIMIT# NM, NDBC IN2 190
COMMON /NUDELM/ X(1015J9 Y(1015), Z(1015)9 UX(1015), UY(1015), IN2 200
1 UZ(1015 TMPND(1015), FBC13045), DBC(3045), TBC( 1972)9 IN2 210
2 ICODE(1015), IX(144,27), GNMAT(144,72),MTLNO(1015,)LOBC(1015) IN2 220
COMMON /MATL / E(9*9,1O)t FIBORT(9), ALFAI(91, IN2 230

1 ALFA2(9)t ALFA3(9)t TMPEL(910)7 NTMP(9) IN2 240
COMMON / HEAD / HED(1G),ICRDIWRT*IPAGELINE IN2 250

1l'O FORMAT(1615) IN2 260
1001 FORMAT(2I5 F1O.2, 3Fl0.8) IN2 270
1002 FORMAT(F5.0, 3F10.0, 3F5.2# 3FI0.O0 IN2 280
1003 FORMAT( 14, 14, 12, bFlO.6, FlO.2) IN2 290
1004 FORMATI1OAW) IN2 300
1005 FORMAT( 415t F10.2) IN2 310
2001 FORMAT( // '0 MATERIAL NO. FIBER OART. THERMAL EXPAN. CIN2 320

IOEF. 11 THERMAL EXPAN CUEF. 22 THERMAL EXPAN.COEF. 33t) IN2 330
2002 FORMAT ('0' 4XI5,v3XtF5.IIOX, G16.7t 13Xt G16.7t 13X, G16.7 / IN2 340

1 '0', 20X,'EMP Eli E22 E33 NU12 IN2 350
2 NUI3 NU23 G12 G13 G23') IN2 360

2003 FORMAT( 19X, 4(F7.1,3X), 3(F7.2,3X)t 3(F7.*13X) ) IN2 370
2004 FORMAT( '0 NUDE MATL CODE X-CUORD Y-COORD Z-COORDIN2 380

1 X-DISPL/LOAD Y-DISPL/LOAO Z-OISPL/LOAD TEMPERATURE' IN2 390
2005 FORMAT (1Xt2I5,13,3XiG13.69 6(2Xt G13.6)) IN2 400
2006 FORMATI '(EL NO LFI LF2 LF3 LF4 UPI UF2 UF3 UF4 LMI LM2 IN2 410

ILM3 LM4 UM1 UM2 UH3 UM4 LB1 L82 LB3 LB4 UBI UB2 UB3 UIN2 420
284 MT ET C' ) IN2 430

2007 FORMAT (2X* 13t 2415, 213t 12 IN2 440
2COP FORMAT('ODAIA FOR THIS STEP IS READ IN ON UNIT', 13) IN2 450
2013 FURMAT('OPROBLEM CONSTANTS' / IN2 460

1 ' NUMBER OF NODAL POINTS', T45t 15/ IN2 470
2 ' NUMBER OF MATERIALS', 745t 15/ IN2 480
2 ' NUMBER OfF ELEMENTS', T45, I*V 1N2 49C
3 ' NUMBER UP TYPES OF ELEMENTS', 145t 15/ IN2 500

9 AMB. IEMPERAIUrEt, T37E13.7) IN2 510
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C INZ 520
C READ IN PROBLEM DATA INZ 530

C 1H 540
C IPAGF = I1HZ 550

REAvj15,1000) INDAT 1HZ 560
READ(INDATt1004) HEV 1N2 570
REAO(INUATY1005) NGNP, NMTL, NkL, NTYEL, AMBTMP INZ 580

C IN2 590
C PRINT PROBLEM DATA INZ 600
C INZ 610

CALL TITLE IN2 620
WR1TE(IWRTt20083 INDAT 1N2 630

15 WRITE(1WRT,2O131 NGNP9 NMTLt NEL, NTYEL, AM87MP 1N2 640
C IN2 650
C READ IN MATERIAL DATA 1HZ 660
C 1HZ 670

0U 10 IMTL=I,NMTL IN2 680
READ(INDAT,1001) MTLN, NTMP(IMTL), FIBURT(IMTL), ALFA1(IM7L), 1HZ 690
1 ALFAZ(IMTLJ, ALFA3(IMTL) IN2 700
NTMP1 = NIMP(IMTL) 1HZ 710
Do 10 ITMP=1,NTMPI INZ 720

10 READ(1NDAT,1002) TMPEL(IMTLITMP)i (E(IMTLtJ,!7MP)vJ1I,9) IN2 730
C IN2 740
C PRINT MATERIAL DATA IN2 750
C 1HZ 760

CALL TITLE INZ 770
Do 50 1M7L=IHMu'L 1HZ 780
IFIIE *.NIMP(IM7L) .LT. 50 ) GO T0.1 1HZ 790
CALL TITLE 1HZ 800

1 WRITE(IWRI,?O013 1HZ 510
LINE =LINE .+ 3 INZ 820
WRITE(IWRT,2002) IMIL, FIB'JRTIIMTL), ALFAI(IMTLI, ALFAZIIMIL)t 1HZ 830
I ALFA3(IMTL) 1HZ 840
LINE = LINE.1 1HZ 850
NTMP1 NTMP(IMTL) 1HZ 860
Do 50 ITMPI1,NTMPI 1HZ 870
LINE = LINE+1 1HZ 880

50 WRITE(IIIRT92003) TMPkL(IMTL#ITMP3, (E(IMTLgJtIIMP3,J=1,9) 1HZ 890
C 1HZ 900
C READ IN ELEMENT DATA 1HZ 910
C 1HZ 920

SDo 30 ItELhNEL INZ 930
30 READ(INDAI 91000) Mt (IX(MtJ3,J=1,Z7) 1HZ 940

c. 1HZ 950
C PRINT ELEMENT DATA 1HZ 960
L INZ 970

CALL TITLE 1HZ 980
WRITEC IWRT,2006) 1HZ 990
Do 70 INEL=1,NEL 1HZ 1000
IF(LINE .LT. 453 GO TO 3 1HZ 1010
CALL TITLE 1HZ 1020
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WRITE(IWRT, 2006) INZ 1030

3 LINE=LINE+1 IN2 1040
70 WRITE(IWRT,20071 INEL, (IMXINELJhJ=19271 IN2 1050

C P42 1060
C READ IN NODAL POINT DATA 1N2 1070

C IN2 1080

DO 40 IGNP=1,NGNP INZ 1090
4V READ(INUAT,1003) M, MTLND(H), ICODECH)t X(MI, VIM), Z(M), P42 1100

1 UX(t4)q UVIM), UZ(M2, THPNDIM) . N2 1110

C IN2 1120
L. PRINT NODAL POINT DATA 1N2 1130

C 1N2 1140

CALL TITLE IN2 1150
WRITE(IWRT,2004) IN2 1160
DO 60 IGNP=1,NGNP IN? 1170

IF(LINE .11. 45) GO TO 2 INZ 1180
CALL TITLE INZ 1190
WRITE(IWR1,20041 IN2 1200

2 LINE = LINE.1 IN2 1210
WRITE(IWRT,2005) I&NPt MTLNU(IGJP)i ICODE(IGNPJ, X(IGNP), Y(IGNP)INZ 1220

1 9 Z(IGNP)* UX(IGNPI, UY(IGNP)t UZ(IGNP), TMPND(IGNPJ 1N2 1230

60 CONTINUE IN? 1240
RETURN IN2 1250
END IN2 1260
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SUBROUTINE TITLE T12 10
C T12 20
C ************ *** * ************** ** * 12 30
C * *T12 40
C * SUBROUTINE TITLE PRINTS THE HEADING ON EACH PRINTED PAGE * 712 50
C * TI2 60
C * THIS SUBROUTINE IS CALLED BY - * T12 70
C * INPTI2 * T12 80
C * 712 90
C ** ********** **** *************** ***f*2 100
C T12 110

IMPLICIT REAL*8 (A-HO-Z) T12 120
COMMON / HEAD / HLJ(10),ICRDIWRT*IPAGELINE T12 130

100 FORMAT (1iti1tFEM 72-DOF GENERAL HEXAHEDRONS THERMO-ELASIIC, VARYINTI2 140
IG MATERIAL PROPERTIES, OANAl, 9X, 'PAGEt, 13) T12 150

101 FORMAT (IHOI0A8 T 12 160
LIST = 6 T12 170
IWRT = 6 T12 180
WRITE ILIST,00) IPAGE T12 190
WRITE (LIST,1O1) HED T12 200
IPAGE= IPAGE +1 T12 210
LINE = 0 T12 220
RETURN T12 230
END T12 240
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SUBROUTINE ELSTIF ES2 10
C ES? 20

C ** * * * *E* * * * * * * * * * * S2 30
C * ES2 40

C SUBROUTINE ELSTIF CALCULATES THE ELEMENT SlIFFNE4; MATRICES. *ES? 50
C *ONLY THE DPOER SYMMETRIC PORTION IS FORMED. *ES? 60
C *EACH MAVRIX IS STORED AS A ONE-DIMENSIONAL ARRAY. *ES2 70
C * ES2 80
C *THIS SUPROUTINE IS CALLED BY - ESZ 90
C *MAIN *ES2 100

C ES? 110
C *THIS SUBROUTINE CALLS- ES2 120
C F LAS *ES2 130
C * MAT *ES? 140
C *SHPFNT ES2 150
C **ES? 160
C * * * * ** *** * ** * * * ** ES2 170
C ES2 180

IMPLICIT REAL*8 IA-HO-Z) ES2 190
INTEGER*Z IX# ICODE, GNMAT, M7LNO, LDSE - ES? 200
COMMON / GENL / XINIT, EPS, AMBTMP, ES2 210
1 ICLASS, NEL, NGNP, NGLDF, NMTLt NTYELt LIMIT, NM, ND6C ES? 220
COMMON /NODELM/ X(101519 Y(1015)9 Z(1015), UX(10lS)t UY(1015)9 ES2 230

1 UZ(1015)9 TMPND(1015)v FBC(3045), OBC(30452, TBC( 1,72)9 ES2 240
2 ICODE(10152, IX(144,?7), GNMAT(144,7Zh*MTLND(1015JLOBC(1015) ES? 250
COMMON /MATL / E(9,9tl0), FXBORT(9)9 ALFA1(9), ES? 260

1 ALFA2(9), ALFA3(9)t TMPLL(9t102, NTMP(9) ES2 27C
COMMON /STIFEX/ S(26281 ES? 280
COMMON / SlIFIN / D(b6624), XNVCT(24)i ETM(919 BA(b,72)t ES2 290

1 C(3,24), XYZ(24,3), ALF-TMP(b)t XSIK, ETAJ, VAY ES2 300
COMMON / iNOX / INEL, IGNP, ILNP,1MTL ES? 310
DIMENSION DSHP(6,62, BTD(72,6), BD8(2628) ES2 320
DIMENSION H(32),XSI(4),ETA(4),ZTA(2),W(4),WW(2I ES2 330

C ES2 340
C FORM ELEMENT STIFFN[-SS MATRIX BY NUMERICAL INTEGRATION WITH GAUSS QUADES? 350
C -RATURE FORMULAR, S172X7Z) = H*(BT*D*B)*DETJ AT EACH G.Po, 4X4X2 RULE ES2 360
C SET GAUSS PT.S FOR GENERAL HEXAHEDRON IN NUA. INT. WITH 4X4X2 RULE ES? 370
C ES2 380

XSIIA) = .86113631159405300 ES? 390
XSIM3 = .33998104358485600 ES? 400
XSI12) = -XSI (32 ES? 410
XSI(1) = -XSI (42 ES? 420
Z7A(2) =.57735026918962600 ES? 430
Z7A(I) = -Z7A(2) ES? 440
00 10 1=1,4 ES? 450

10 ETAII1) = XSI(I) ES? 460
C ES? 470
C FORM WEIGHING COEFFICIENTS H1(32) AT GAUSS POINT ES? 480

CES? 490
W( Lh.347'54045 13745400 ES? 500
W( 2=.6521451548625460C ES? 510
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W(3) = W(2) ES2 520

W(4) = Wi1) ES2 530
WWI() = 1.D0 ES2 540

V..(2) = 1.00 ES2 550

00 15 1=1,4 ES2 560

D 15 J=1,4 ES2 570

00 15 K=1,2 ES2 580

H = K + 2*(J - 1) 8*(1 - 1) ES2 590

iS H(M) = W(I)*W(J)*WW(K) ES2 600

C ES2 610

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

C ES2 630

DO 20 1=1,24 ES2 640

L = IX(INEL#I) ES2 650

XYZ(I,1) = X(L) ES2 660

XYZ(Ip2) = Y(L) ES2 670

20 XYZ(113) = Z(L) ES2 680

C ES2 690

C CALCULATE ELASTIC PROPERTIES ES2 700

C ES? 710

CALL ELAS ES2 720

00 25 NL=I,?628 ES2 730

25 S(NL) c O.DO ES2 740

DO 100 K=1,4 ES2 750

DO 100 J=1,4 ES2 760

00 100 I=1,z ES2 1"0
M = 1 + 2*fJ - 1) * 8*(K - 1) ES2 780

XSIK = XSI(K) ES2 790

ETAJ = E7A(J) ES2 800
ZTAI = VAl) ES2 810

C ES2 820

C FURM B MATRIX ES2 830

C ES2 840

CALL BMAT(ItJfKtDETJ) ES2 850

IF(IXIINEL,27) .EQ. I ) GO 70 I ES2 860

CALL SHPFNT ES2 870

IF( IX(INEL,27) .EQ. 3 ) GO TO I ES2 080

C ES2 890

C FORM 3-V ELASTIC MATEIAL PROPERIES ARRAY (USED ONLY IF ELASTIC ES2 900

C PROPERTIES VARY WITHIN AN ELELMENT) ES2 910

C ES2 920

00 110 N=1tb ES2 930

DO 110 L=196 ES2 940

USHP(LtN) = 00 ES2 950

00 110 ILNP=124 ES2 960

110 DSHP(L,N) = DSHPILNI + D(LNtILNP) * XNVCT(ILNP) ES2 970

GO 70 4 ES2 980

1 DO 120 N=1,b ES2 990

00 120 L=I,6 ES2 1000

12C USHP(LN) = D(LNtl) ES2 1010

4 CONTIKUE ES2 1020
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00 80 N=1972 ES2 1030
DO 80 L=1*6 ES2 1040
B1f,(NtI.) = n.DO ES2 1050
O 80 NN=ltb ES2 1060

80 BTD(NL) = STO(NIL) + BA(NNlN)*DSHP(NN,L) ES2 1070
IF( IXtINEL,27) .EQ. 1 .OR. IX(INELP273 .EQ. 2) GU TO 5 ES2 1080

C ES2 1090
C CALCULATE THERMAL-EQUIVALENT LOAD VECTOR FOR EACH ELEMENT (THERMAL ES2 1100
C PROBLEM ONLY) ES2 1110
C ES2 1120

TMP = ODO ES2 1130
DO 130 ILNP=1,24 ES2 1140

130 TMP = TMP + TMPND(IX(INELtILNP))* XNVCT(ILNP) ES2 1150
TMP = TMP - AMBTMP ES2 1160
1X26 = IX(INEL,26) ES2 1170
DO 140 L=1,72 ES2 1180
DO 140 N=1tb ES2 1190

140 TBC(IX26,L) = TBC(IX26,L) + TMP*ALFTMP(N)*BTO(LN)*H(MI*DETJ ES2 1200
5 NL = 0 ES2 1210

C ES2 1220
C FORM TRIPLE MATRIX PRODUCT ES2 1230
C ES2 1240

DO 90 N:1t72 ES2 1250
00 90 L=N,72 ES2 1260
NL = NL+ 1 ES2 1270
BDO(NL) = O.DO ES2 1280
DO 90 NN=1,6 ES2 1290

90 BDb(NL) = BUB(NL) + BT~iNvNN)*UA(NNL) ES2 1300
NL=O ES2 1310
00 100 N=1972 ES2 1320
00 100 L=N,72 ES2 1330
NL = NL + I ES2 1340

100 S(NL) = S(NL) + H(M) D DETJ*BDB(NL) ES2 1350
RETURN ES2 1360
END ES2 1370

/
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SUBROUTINE ELAS EL2 10
C EL2 20
C ** * * * ** * *s * * * * * * * * EL2 30
C * EL2 40
C * SUBROUTINE ELAS, IN COWjUCTION WITH OMATI CALCULA.5S THE * ELZ 50
C * ELASTIC MATRIX FOR EACH ELEMENT * EL2 60
C * *EL2 70
C * THIS SUBkOUTINE IS CALLSO BY * *EL2 80
C t ELSTIF * ELZ 90
C ** EL2 100
L THIS SUBROUTINE CALLS -* EL2 110
C *OMAT * EL2 120
C. * EL2 130
C ********************************** EL2 140

C EL2 150
IMPLICIT R[AL*8 (A-HO-Z) EL2 160
INTEGER*2 lX, ICOOE, GNMAT, M7LNO, LOBC EL2 170
COMMON / (;ENL / XINIT, EPS, AM87MPv EL2 180
1 ICLASS, NEL, tJGNPt NGLOF, NMTL, NTYEL, LIMIT, NM, NDBC EL2 190
COMMON /NOIJELM/ X(1015)i Y11015)# Z110151, UX(10151, UY(IO15), EL2 200
1 UZ(I015), TMPNDf 1015), FBC(3045)t OBC(30451, TBC( 1972)9 EL2 210
2 ICOUEOI05), IX1144927), GNMAT(144972),MTLND(1015),LDBC(1015) EL2 220
COMMON /MATL / E(9t9,10)t FlBORT19), ALFAIM9, EL2 230

1 ALFA2(9)9 ALFA3191, TMPEL(9,10), NTMP(9) EL2 240
COMMON /INOX / INEL, IGNP, ILNP,1MTL EL2 250
COMMON /STIFIN / D(6,6,241, XNVCT124), E7M(91, BA(6,7Z), EL2 260

1 C(3924)9 XYZ(2493)t ALFTMP(b), XSIK, ETAJ, ZTAI EL2 270
IF( IX(LNEL,27) .EQ. 1 *OR. IX(INEL127) *EQ. 3) GO TO 31 EL2 280
IF( IXIINEL,27) .EQ. 2 ) GO TO 2 EL2 290
NTMP1 = NIMPtIXEINEL125)) EL2 300
IF( NTMP1 ELQ. 1 ) GO TO 31 EL2 310
00 10 ILNP=1924 EL2 320
IM7L cMTLND(IX(INELvILNP)) EL2 330
IFlIMTL .EQ* 0 ) IMTL = lX(INELP25) EL2 340
IGIJT cIX(INEL,ILNP) EL2 350
IFITMPND(IGNT) .LT. 7MPEL(I-*iLtI) ) GO TO 5 EL2 360
IF( TMPNU(IGET) .GE. TMPEL(ZflTL#NTMPI1MTL)) )GO TO 6 ELZ 370
NTMPMI =NTRP(IHTL) - I EL2 380
DO 2C 11=1#NTMPMI EL2 390
IF( TMPND(IGNT).GT. TMPEL(IMTL,II) .AND. 7MPND(IGNII.LE. LL2 400

1 TMPEL(IMTLtll*1) ) GO TO 4 ELZ 410
20 CONTINUE EL2 420
5 D0 30 1=1,9 EL2 430

30 ETH(I) =E(IMTL,I,1) EL2 440
GO TO 1 EL2 450

6 DO 40~ 1=1,9 EL2 460
40 ETM(I) =E(IMTLvINIMP(IMTLI) EL2 470

GO TO I EL2 4ob
4 DIFTP1 = TMPEL(IMTL911.1) - TMPEL(IMTLV1I) EL2 490

DIFTP2 = TMPNO(IGNT) - TMPEL(IMIL#11) EL2 500
RATOIF = OIFTP2 / OIFTP1 EL2 510
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DO 0 11,9EL2 520

50 5 TM1=1(IT99 IX RAIDIF l EtlMTL.,IIll) -E(IMTL,1)) EL2 530

I CAMl DMAT 
EL2 540

10 CONTINUE 
ELZ 550

RETURN 
EL2 560

31 INTL IX(INEL,25) 
EL2 570

ILNP =I 
EL2 580

DO 60 1=1,9 
EL2 590

6C EM1) =E(IMTLtI1Il 
EL2 600

CALL CHAT 
EL2 610

RETURN 
ELZ 620

2 DO 70 ILNP1,T24 
EL2 630

INTL =MTLND(IX(INELiLNPJ) 
EL2 640

IF(IM7L .EQ. 0 ) IMTL IX(INEL9251 
EL2 650

DO 80 1=1,9 
EL2 660

80 ETMl) =E(IITLtItlJ 
EL2 670

70 CALL DMAT 
EL2 680

RETURN 
EL2 690

END 
EL2 700
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SUBROUTINE SMATtI ,J,K*OETJ) 8142 10
C 8142 20
C * * ** * ** ** *. * ** * * * ** ** * * ** * * * ** * * * * B2 30
C * *812 40
C * SUBROUTINE BMAT FORMS THE B MATRIX WHIC!; IS USED IN CnNJUCTION * 8142 50
C * WITH THE ELASTIC MA7RIX TO FORM 7HE STIFFNESS MATRIX * 8142 60
C * *812 70
L. THIS SUBROUTINE IS CALLED BY * *812 80
C *ELSTIF *8142 90
C ** 8M2 100
C *** * * * * ** * * ** * * * ** * * 1 2 110
C 8142 120

IMPLICIT REAL*8 (A-HjO-Zl 8142 130
1N7EGER*2 IX, ICUUEi GNMAT, MTLND, LDBC 8142 140
COMMON / GENL / XINIT9 EPS# AMBTMP9 8142 150
1 ICLASS, NEL, NGNP, NGLOF, NMTL, NTYEL# LIMIT, NM, NDBC 8142 160
COMMON /NODELM/ X(1015), Y(1015), 1(1015), UX(1015), UY(10151# 8142 170
1 UZ(1015), TMPNO(1015), FBC(3045)1 DSC(3045)t TBC( 1,721, 8142 160
2 ICODEIIOIS), IX(144,27)t GNMAT(144,72),MTLND(1015),LOBC(1015) 8142 190
COMMON /MA7L / E(9091019 FIBORTf9), ALFAI(9), 8142 200
I ALFA2(9), ALFA3(9), TMPEL(9,10), NTMP(9) 8142 210
COMMON / STIFIN / D(bb,24), XNVCT(241, ETM(9), BA(6t72)v 8142 220
1 C(3t241, XYL(24,3), ALFT14P(6), XS1K, ETAJl ZTAI 8142 230
COMMON / INDX / INEL, IGNP, ILNP,I14TL 8142 240
DIMENSION DJ(3,3), OJI(3,3),XSI(41# ETA(4), ZTA(2) 8142 250
XSI(K) = XSIK 8142 260
ETA(J) = EJAJ 8142 270
ZTA(l) =Z7AI 8142 280

C 8142 290
C FORM C MATRIX 8142 300
C 8142 310

C(lpl) = (1.00 - ETA(J))*(i.DO - ZTA(I))*(10.DO * 18.00*XSI(K) - 812 320
1 27.00*XSI(K)**2 - 9.DO*ETA(Jl**2) 8142 330
C(1,2) =(1.00 - ETAIJ))*(1.00 - ZTA(11)*(S1.DO*XSI(K)**2 8142 340

1 -18.DO*XSI(K) - 27.00) 8142 350
C(1,3) = (1.00 - ETA(JJJ'(1.00 - ZTA(l))*(27.DO - 18.D0*XSI(KJ - 812 36'0
1 gl.DO*XSI(K)**21 8142 370
C(It,' = 11.00 - ETA(J))*(1.DO - ZTA(I3)*(27.D0*XSI(K)**2 * 812 380
19.00*ETA(J)**2 * 18.0O*XSIIK) - 10.00) 8142 390

C(1,5) =(1.00 - ETA(J))*(1.D0 + ZTAII))*(10.DD + 18.DO*XSI(K) - 812 400
1 27.DD*XSI(K)**2 - 9.DO*ETA(J)**2) 8142 410
C(1161 (1.00, - ETA(J)1*11.00 + ZTA(1))*(8l.U0*XSI(IK)**2 8142 420
1 -le.DO*XSI(K) - 27.00) 8142 430
C(1,7) (1.00 - E7A(J))*(1.DO + ZTA(IJJ*(27.D0 - 18.D0*XSI(K) - 812 440
1 O1.DO*XSI(K)**2) 8142 450
C(1,8) =(1.00 - E7A(J3)*(1.D0 + ZTA(l))*(27.DO*XSI(KI**2 * 812 460
1 9.DD*ETA(J)**2 +18.00*XSI(K) - 10.00) 8142 470
C(1,9) = (1.D0-3.DOSETA(J))(I.Vo-ZTA(i))*9.DO*ETA(J)*.2-9.00) 8142 480
Ct1,10)= (l.0*3.DO*ETA(Jfl*(I.DO-ZTAII))*19.DO*ETA(J)**2-9.D0) 8142 490
C(I,11)= -C(199) 8142 500
C(1,12)= -C(1,10) 8142 510
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C(1113l= (1 D0-3.DO*ETA(J))*(1.00+ZTA(1))*(9.D0*ETAIJ)**2-9.00) BH2 520
C(1#14)= (I.DO+3.00*ETAIJ))*(1.DOZTA(IJ)*(9.DO*ETA(J)**2-9.D0) 8HZ 530
C(1915)= -C(1,13) BHZ 540
C(1,il63 -C(19141 6HZ 550
C(1917)= (1.00 + ETA(Jj*(.00 - ZTA(1))*(iO.O + 18.00*XSI(K) - 6H2 560
1 27.00*XSIIK)**2 - 9.00*ETAIJ)**2) 8.42 570
Cfl,1S)= (1.00 + hTA(J))*( 1.00 - ZTA(I))*(81.D0*XSI(K)**2 BHZ 580
1 -18.DO*XSI(K) - 27.00) 8HZ 590
C(l,19J= (1.00 + ETA(JI)*(1.D0 - ZTA(Ifl*(27.UD - 18.00*XSI(K) - 8HZ 690i
1 B1.DO*XSI(K)**2) BHZ 610
C(1920)= (1.00 + EIA(J))*( 1.00 - ZTA(I))*(27.00*XSI(K)**2 + 8HZ 620
1 9.00*ETA(JJ**2 + 18.00*XSZ(K) - 10.00) 6HZ 630
CIL,211= (1.00 + ETA(J))*11.00 + ZTA(I))*(10.00 + 18.DO#XSI(K) - SM2 640
1 27.DO*XSI(KI**2 - 9.DO*ETA(J2**2) 6HZ 650
CUP2,2)= (1.00 + ETA(J))*( 1.00 + ZTA(I)4(81.00*XSI(d,(**2 8HZ 660
1 -18.00*XSI(K) - 27.00) BM2 670
L(1,23)= (1.00 + ETAtJ))*(1.00 + ZTA(!)j*(Z7.00 - 18.00*XSX(K) - SHZ 680
1 B1.O*XSI(K)**21 0HZ 690
Ci1,24)= (1.00 + ETAWMI*(.00 + ZTA(I))*(27.00*XSI(K)**2 * 8H 700
1 1 9*00*ETA(J)**2 + 18.00*XSI(K) - 10.00) BHZ 710
C1Z,1) = (1.00 - XSI(Kll*( 1.00 - ZTAi1))*I10.00 + 18.D04ETA(J) - 8942 720
1 9*D0*XSI(K)**2 - 27.DO*ETA(J)**21 8HZ 730
C(2t2) =(1.00 - 3.00*XSI(Kfl*(1.D0 -Z7A(Ifl*(9.00*XS1(K)*-9.00)8HZ 740
C(2t3) = (1.00 + 3.00*XSI(K))*(1.00 -ZTA(I))*(9.00*XSI(K)*-9.00)8H2 750
C(2t4) = (1.00 + XSI(K))*( 1.00 - ZTA(I))*(10.00 4 18.00*E7A(J) - 6HZ 760
1 9.D0*XSI(K)**2 - 2?.00*ETAIJ)**2) 8HZ 770
C(295) = (1.00 - XSI(K))*(1.00 + ZTAM1M*10.00 + 18.OETA(JI - 8HZ 780
1 9.L00*XSI(K)**2 - 27.D0*ETAIJ)**21 6HZ 790
C(216l = (1.00 - 3.DO*XSI(KIR*(1.00 *Z7A(1fl*(9.00*XSI(K)**2-9.00)8HZ 800
C1297) = 11.fC, + 3.00*XSI(K)i*(1.00 *ZTA(I))*(9.00*XSI(K)**2-9.00)BMZ 810
C(2,8) = (1.00 + XS1(KJ)*(1.00 + ZTA(l))*(10.00 + 18.00*ETA(J) - 8HZ 820
1 9.00*XSI(K)**2 - 27.DO*ETA(J)**21 RHZ 830
C(Z,93 = (1.00 - XSI(K))*(1.D0 -ZTA(1)J*tS1.00*ETA(J)**Z - 8HZ 840
1 18.00*ETA(JI - 27.00) 6HZ 850
C(2,10)= (1.00 - XSI(K))*(1.00 - ZTA(J))'I(27.00 - 18.D0*ETA(J) - SHZ 860
1 U1.00*ETA(J)**ZI 8HZ 870
((2, 111) (1.00 + X311K))*11.00 -ZTAI1))*(81*00*ETAIJ)**2 - 8HZ 880
1 18.D0*ETA(J) - 27.00) 6HZ M9
C(Z,1Z)z (1.00 * XSI(KJI4(1.DO - ZTA(1)1*127.00 - 18.D0*FiTA(JJ - BHZ 900

1 81.00*ETA(JJ**21 BHZ 910
C(2t13)= (1.00 - XSI(K))*( 1.00 *ZTA(l))*(81.D0*EiA(J)**2 - BMZ 920
1 18.D0*ETA(J) - 27.00) 8HZ 930
C(2,14)= (1.00 - XSI(Kfl*(1.DO * ZTA(I))*(27.D0 - 18.00*ETA(J) - 8HZ 940

1 8 1.0-F.TA (J) **Zi 8HZ 950
C(2,15)= (1.00 + XSI(K))'(1.00 +ZTA(1))*(81.00*ETA(J)**Z - 6H 960
1 18.00*ETA(J) - 27.00) OH? 970
C92916)= (1.00 * XSI(K))*(l.D0 + ZTA(I))*127.D0 - 18.D0*ETA(J) - 6HZ 980

1 B1.00*ETAIJ)+**Z BHZ 990
C(2t17)= (1.00 - XSIIK))*(1.D0 - ZTA(I))*(27.D0*ETA(J)**2 + 6HZ 0OOO
1 9.00*XSI(K)**2 + 18.DD*ETA(J) -10.00) 13HZ 1010
C(2918)= -C(292) 6HZ 1020
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C (29,19)= -C(293) DM2 1030
C (21,20) (1.00 + XSI(K))*(1.DO -ZTA(l))*427.OQETA(J)**2 + DM2 1040

1 9.D0*XSI(K)**2 + 18.DD*ETA(J) - 10.00, DM2 1050
Z:(2,1l I (1.10 - XSIIK.JJ*( 1.00+ ZTA(IIJ*(27.D0*E7A(J)**2 + M2 1060

1 9.D0*XSI(K)**2 +18.OcJ*ETA(J) - 10.003 DM2 11070
C(2922)= (1.00 - 3.00*XSI(K))*(].O *ZTA(I3)*(9.D0-9.D0*XSI(KI**2)BM2 1080
C(d923)= (1.00 + 3.DO*XSI(Kfl*(1.0O *ZTA(Ifl*19.00-9.0O*XSI(KJ**2)BM2 1090
C(29241= (1.00 + XSI(KI)*(l.DO + Z7A(I)127.D0*ETA(J)**2 + BM2 1100
1 Q.(0Q*XSI(KJ**2 +18.DO*ETA(J) - 10.00) DM2 1110
C(3,l) =(1.00 - XSI(KI)*(1.C)0 - ETA(Jll*(10.DO - 9.D0*XSI(K)**2 #8HZ 1120
1 -9.DO*ETA(JI**21 DM2 1130
C(3921 1.00 -3.DO*XSIIKI)*( 1.00 - ETA(JJ)*(9.D0*XSIIK)*A2-9.0018MZ 1140
C(3*3) = (1.00 +3.D0*XSI(K))*(1.00 - ETA(J))*(9.0O*XSItKI**2-9.D0)BM2 1150
C(3,4) =(1.00 + XSI(K))*(1.D0 - ETA(J)l*(l0.D0 - 9.00*XSIIK)**Z DM2 1160
1 -9.D0*ETA(J)**?) DM2 1170
00 26 N=1,4 DM2 1180

26 C(3,N44) = -C(3,N) DM2 1190
C(399) = (1.00 -3.00*ETA(J)3*( 1.00 - XSI(K))*(9.00*ETA(JI**2-9.D0)DMZ 1200
C(3910)= (1.00 *3.UO*E7A(J))*(1.LJ0 - XSI(K)3*(9.D0*ETA(JJ'*2-9.OJMZ 1210
C(3911)= (1.00 -3.D0*ETA(J))*(1.DO + XSI(KI)*(9.D0*ETA(J)**2-9.D0JBMZ 1220
C(3912)= (1.00 +3.Dfl*ETA(J))*(1.DO +. XSI(KJ)*(9.O0*ETA(J)**2-9.00)BM2 1230
00 27 N=9,12 DM2 1240

27 C(3,N+41 r -C(30N) DM2 1250
C(3,17)= (1.00 - XSI(K))*( 1.00 + ETA(J))I.00 - 9.DO*XSI(KI**2 DM2 1260
1 -9.DO*ETA(J)**2) DM2 1270
C(3,1D)= 1.00 -3.DO*XSI(K)1*(1.00 + ETA(J))*(9.00*XSI(KI**2-9.003DM2 1280
C(3919)= (1.00 +3.D0*XSI(K))*(1.00 * ETA(J))*(9.00*XSI(K)**2-9-D0)8M2 1290
C13920)= (1.00 + XSIIK))*( 1.00 + ETA(J)*(1.00 - 9.00*XSI(K)**2 DM2 1300
1 -9.D0*ETA(J)**2) DM2 1310
00 28 N=17920 UMZ 1320

28 C(39N*4) c-C(39N) DM2 1330
C DM2 1340
C CALCULATE JACOBIAN MATRIX J13X3) =C(3X24) * XYZ(24X31 AT 32 PT. 8HZ 1350
C DM2 1360

D0 30 11=103 HM2 1370
00 30 KKz1,3 BM2 1380
Oj(1IKKR = 0.00 DM2 1390
00 30 JJi1924 BM2 1400

30 Dj(11,KK) =DJ(1IKK) +C(1I,JJ) * XYZ(JJ,KK) /64.00 DM2 1410
C DM2 1420
C FORM INVERSE J MATRIX DJ1(3X3) FOR COORDINATE TRANSFORMATION BM42 1430
C 8HZ 1440

DE7J = J(1,1)*(DJ12,2)*0J(3,3) - DJ(2v33*DJ(3,2J) BM2 1450
1 *OJ(1,2)*(OJ(2,3)*DJ(3911 - DJ(21*DJ(3t3)) DM2 1460
2 +DJ(l13)*(UJ(3i2)*DJ(2tlJ - DJ(2923*DJ13923) DM2 1470
DJI(1911) (DJ(2,2)*DJ(3,3) - DJ(293)*DJ(3,2)) /0ETJ 3M2 1480
OJl(lt2J (DJ13,2)*DJ(193) - OJ(3,33*DJ(1,2)) /DETJ DM2 1490
UJI(lt3) = (DJ(lt2)*0J(2,3) - LUJ(1,3)*D.I(2,2)) /OEIJ DM2 150
OJI(291) =(OJ(2,3l*DJ(3qI) - DJ(2,13*DJ(3,31) /OE7J DM2 1510.
DJI(2,2) = (DJ(3#31*DJ(1,13 - DJ(3,1)*DJ(1931) /OETJ DM2 1520
nJI(2t3) (CJ(1933SUJ(2,l) - 0J(l,1)*DJ(2t3)) .'ODETJ BM2 1530
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DJ113?11 (OJ(2#1)*DJ(3,2) - DJ(2,2)*DJ(3,1)3 /DE1J 8HZ 1540
DJI(3,2) =(DJ(3,13*DJ(1,2) - DJ(3,23*DJ(1,1i) /OETJ 8HZ 1550
DJI(393) IDJ(191)*UJ(2,2) - DJ(1,2)*DJ(2,1)) /DETJ 6HZ 1560

C FOP'4 MATRIX I(6X72), WHERE 1B) = BA) DM2 1570
00 40 N=1,6 DM2 1580
DO 4C 1=1,72 BHZ 1590

40 BA(Nt!.) 0.00 DM2 1600
(50 N=1,7Ct3 BMZ 1610

L =(N -1)/3 + 1 BM2 1620
BA(1 ,N) (DJI( 1, )*C( 1,LJ*DJI(1,2)*C(2,L)e0JI(1,3)*C(3,L) 3/64.00 BM2 1630
BA149N) (DJI(Z,13*C( 1LJ+DJI (2,2)*C(Z,LI4DJI(2t3)*C(3,L)1/64.DO DM2 1640

50 BA(5,N) (DJI(391)*C(1,L).OJI(3,2)*CIZL)+OJI(3,3)*C(3,L)1/64.DO BM2 1650
D0 60 N=2,7193 DM2 1660
L ( N -2)/3 + 1 BHZ 1670
BA(2tNI (0JI12,1 3*C( 1,L),DJI(2,23*C(ZL)+DJI(2,3)*C(3,LR 3/64.00 DM2 1680
DA(4,N) (0J1(1,1)*C( 1,L)+DJI (1,Z)*C(2,L).OJI(1,3)*C(3,LJI/6>4.D0 DM2 1690

60 BA(6tN) (DJI(3,1)*C(1,L)4DJI(3,Z3*C(2,L3,DJI(3,3)*C13,L))/64.DO BM2 1700
DO 70 N=3972,3 DM2 1710
L =(N -3)/3 + 1 BM2 1720
SA(3vN3 IU(JI(3,1)*C( 1,L).DJI(3,Z)*C(2,L),DJX(393)*C(3,LJ)/64.00 BHZ 1730
BA(5,N) =(0JI(1,1)gC(lL)+DJI(1,2)*C(2,L)4DJI(1,3)*C(3,L)1/64.00 DM2 1740

70 BA(6fN) =(0J1(2,1)*C(ItL)+DJ1(2,2)*C(2,LI+0JI(2,3)*C(3,L))/6/t.D0 DM2 1750
RETURN DM2 1760
ENI) DM2 1770
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SUBROUTINE SHPFNT SH2 10
C SHZ 20

C * SHZ 40
C *SUBROUTINE SHPFNT CALCULATES THE SHAPE FUNCTION VEC7OR * SHZ 50
C * *SH2 60
C *THIS SUBROUTINE IS CALLED BY * *SH2 70
C *ELS71F * SHZ 80
C * *SHZ 90
C **s***** ************************* SH2 100
C SH2 110

IMPLICIT REAL*8 fA41,0-Z) SH2 120
COMMON /S71FIN / 0(6,6t24), XNVCT(Z4), ETM19), BA(6,72), 5H2 130
I C(3924)9 XYZ(24,3)9 ALFTMPI6)l XSIKv ETAJ, ZTAI SH2 140

XP = 1.D0 + XSIK SH2 150
XM = 1.1)0 - XS1K 5H2 160
YP = 1.00 + ETAJ SH2 170
YM = 1.00 ETAJ SH2 180
ZP =1.00 ZTAI 5H2 190
ZM = 1.00 -ZTAI SH2 200
XP3 = 1.00 + 3.00*XSI( SH2 210
XM3 =1.00 - 3.00*XSIK SH2 220
YP3 1 .00 + 3.UO*ETAJ 5H2 230
YM3 1 .00 - 3.DQ*LJAJ SH2 240
XNVCT(1) =XM*YM*ZM*(9.DO*(XSIK**2,ETAJ**2) - 10.00) /64.00 SHZ 250
XNVCT12) 9.00*XM3*YM*ZM* (1.D0-XSIK**2) / 64.00 SH2 260
XNVCT(3) =XNVCT(2) * XP3 / XN3 5H2 270
XNVCT(4) =XNVCT(1) * XP / XM 5HZ 280
XNVC7(5) =XNVC7(l) * ZP / ZN SH2 290
XNVCT(6) =XNVCT(2) * ZP / ZM SH2 300
XNVC717) = XNVCT(3) * ZP / ZM 5HZ 310
XNVCT(8) =XNVCT(4) * ZP / ZN SH? 320
XNVC7(9) x 9.00 * XM*YM3*ZN*I 1.00-ETAJ**2) /64.00 SH2 330
XNVCT( 10) =XNVCT( 9) * YP3 / YN3 SH2 340
XNVCT(11) c XNVCT( 9) * XP / XM SHZ 350
XNVCT(IZ) = XNVCT 111) * YP3 / YM3 SH2 360
XNVCT(13) = XNVCT( 9) * ZP / ZN SH2 370
XNVCT(141 = XNVCT( 13) * YP3 / YM3 SH2 380
XNVCT(15) =XNVCT(13) * XP / XN SHZ 390
XNVCT(16) =XNVCT(141 * XP / XM SH2 400
XNVCT(17) =XINVCT( 1) * VP / YN 5)42 410
XNVCT(18) = X-NVCT( 2) * VP / YM SH2 420
XNVCT( 19) rXf4VCT(18) * XP3 / XK3 SH2 430
XNVCT(20) = XNVCT(17) * XP / XN SHZ 440
XNVCTC21) =XNVCTC17) * ZP / ZN 5)42 450
XNVCT(22) =XNVCT(18) * ZP / ZN SH2 460
XNVCT(23) = XNVCT(22) # XP3 / XM3 5)42 470
XNVCT(24) =XNVCT(21) * XP / XN SH2 At8O
RETURN 5)42 490
END) SH2 500
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SUBROUTINE DMAT DM2 10
C DM2 20
C *O~** ~ ** * ** * * * * * *** M2 30
C * *0H 40
C * SUBROUTINE OMAT CALCULATES THh ELASTIC MATRIX AND PERFORMS A * DM2 50
C * ROTATIONAL TRANSFCJRMAIDON ON THE ELASTIC MATRIX * DM2 60
C * *DM2 70
C *THIS SUBROUTINE IS CALLED BY * 'DM2 80
C *ELAS *'DM2 90
C ** DM2 100
C * * * *** ** * * * ** * * ** * * * * **DMZ 110
C DM2 120

IMPLICIT REAL*B. (A-HD-ZI DM2 130
INTEGER*2 IX, ICODE, GNMAT, MYLND, LOBC Of 140
COMMON / GENL / XINIT, EPS, AMBTMP, DM2 150
1 ICLASS, NEL# NGNP, NGLDF, NMTL, NTYELt LIMIT, NM, NDBC DM2 160
COMMON /NODELM/ X(1015), Y(10151. Zt1015), UX(1015), UY(IC5), DM2 170
1 UZ(lOIS), TMPND(10151, FBC(3045)t DBC(30451, TBCt 1,72), DM2 180
2 1CODE(1015)9 !X(144,27J, GNMAT(144,721,MTLND(1015)bLDBC(1015) DM2 190
COMMON /MATL / E(9,9#10)9 FIBORT(91, ALFA1(9), OHZ 200

1 ALFAZ(9), ALFA3(9), TMPFEL19910)* NTMP(9) DMZ 210
COMMON / STIFIN / D16,6,24), XNVCT(24)t ETM(9), BA(6,72), DM2 220
1 C(3,24), XYZ(24,3), ALFTMP(6)9 XSIK, ETAJ, ZTAI DM2 230
COMMON / INDX / NEL, IGNP, ILNP,IMTL DM2 240
DIMENSION 7(6,63,TD(6,619 7T(6,619 TMPCOF(6), DTMP(6,6) DM2 250
DO 10 1=1,6 DM2 260
DO 10 J=1,6 DM2 270
T(I,.)) = 0.00 DM2 280
D(1,j,ILNP) 000V DM2 290

10 TDt!,J) = 0.00 DM2 300
XNUZ1 = ETM(4) * ETM(2) / LTM(1) DM2 310
XNU31 =ETM45) * EIH(3) / ETM(I) DM2 320
XNU32Z EIM 6) * ETM(3) / hTM(2) ~DM2 330
FACT=1.DO-EIM(4)*(XNUt21*ETM(6)*XNU3I)-ETM(5)*(XNU31+XNU32*XNU21)- DM2 340
1 ETM(6)*XNU32 DM2 350
0(1,1,ILNP)= ETH(l) ( 1.00 - E7M(6) * XNU321 / FACT DM2 360
0II,2oILNP) ETME2) * ETM(4) + E7M(5) * XNU32) /FACT DM2 370
D(l,3,ILNP) rETM(3) *(ETH(5) + ETMM4 * ETM(6)) /FACT DM2 380
D12919ILNP) r D(1,2,ILNP) DM2 390
DE292tlLNP) =ETH(2) * (1.00 ETH(5) * XNU311 / FACT DM2 400
D(2939ILNP) = ETM(3) *(ETM(61 + ETM(5)* XNU21) / FACT DM2 410
D(3,1,ILNP) = DI1,3tlLNP) DM2 420
0(392,?LNP) = D(21p39ILNP) DM2 430
D(3t3vlLNP) =ETH 13)' (1.D0 kLMW4 * XNU21) /FACT DM2 440
0(494tILNP) = ETM(7) DM2 450
D'.5,5tILNP) ETM(8) DM2 460
0(6,69ILNP) =ETM(9) DM2 470
ALF:TMPI1) = ALFA1(IMTL) DM2 480
ALFTMP(2) r ALFA2(IMTL) DM2 490
ALFTMPE3) cALFA3(IMIL) DM2 500
110 60 1=496 DM2 510
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60 ALFTMPII) ODC DM2 520
IF( DAbS(FI['0R1(IMTL)) .LT. .5D-14 I GO TO 50 DM2 530
FIBOR FIBORTCIMTL) * 3.1415926535897932D0 180.DO DM2 540

iiii DC.US!r1F1OR )**2 DM2 550
7(1,2) DSIN(FIBOR )**2 DM2 560
T(4,l) = COSIFIBOR ) * DSIN(FIBOR 3DM2 570
T(194) -2.DQ *1(4,1) DM2 580
T1711) T (1,2) DM2 590
T(2,2) T(1,1) DM2 600
T(2,4) =-1(1#4) DM2 610
T(3,3) = .00 DM2 620
7(4,2) -714#1) DM2 630
T(4,4) = (1,1) - M912) DM2 640
7(5,5) OCDS(FIBOR ) DM2 650
T(6,5) =DSIN(FIBOR ) DM2 660
T1(5,6) -T(6r5) DM2 670
T(6#6) T (5,53 DM2 680
DO 70 1=1,6 DM2 690
TMPCOF(1 000U DM2 700
DO 70 J=1,6 DM2 710

70 IMFCOFM = TMPCOFM1 + T(,Ji) *ALFTMP(J) M2 720
00 90 1=1,6 DM2 730

90 ALFTMP(1 = TMPCOF(I) M 740
DO 20 1=1,6 DM2 750
DO 20 J=1,6 DM2 760
00 20 K=1,6 DM2 770

20 10(19J) = TD(1,J) + T(I,K)*D(KjILNP) DM2 780
DO 80 1=19b DM2 790
00 80 J~zt6 DM2 800

80 TT(J,13 = I(IJJ DM2 810
DO 30 1=1,6 DM2 820
60 30 J=1,6 DM2 830
DTIMP(I,J) =ODD DM2 840
00 30 K=1,6 DM2 850

30 07MP(I,J) = DTMP(19J) + ID(I,K) *TTIKtJ) DM2 860
00 40 1=1,6 DM2 870
00 40 J.-1,6 DM2 880

40 1D(1,JILNP) O TMP(I,J) DM2 890
50 COCUTI1NUE DM2 900

RE TURN DM2 910
ENO) DM2 920
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SUBRWUTINF F8CDBC FB2 10
C F62 20
C **5 5 5 5 5 55 5 * * * . * ** * 5P2 30
C * FBZ 40
C *SUBROUTINE PiSLObC FORMS A FORCE AND A DIIPLACEMENT ARRAY # F82 s0
C * SF82 60
C *THIS SUBROUTINE IS CALLED BY - * F82 70
C *MAIN *SF82 80
C * SF62 90
C *s * * 5 * 5 * * * * * * * * * * F02 100
C FBZ 110

IMPLICIT REAL*8 fA'-HO-l3 F82 120
INTEGER*2 IX, ICOUL, GNMAT, MILNO, LOBC F82 130
COMMON / GENL / XINIT, EPS, AMBTMPt F82 140
1 ICLASS, NEL, NGNP, NGLDr-, NMTLt NTYEL, LIMIT, NM, NDBC FB2 150
COMMON /NUUELM/ X(1015)9 Y(1015), Z(1015)9 UX(1015), UY(1015), F82 160
1 UZ(1015), TMPND(1015)p FBC(3C45)t 08C(30453, TBC( 1,72), P82 170
2 ICODE(1015)9 IX(144,27), GNMAT(144,72),MTLNO(1O15btLDBC(1015) P82 180
COMMON /MATL / E(9,9110), FIBORT(9), ALFA19), P82 190
1 ALFA2(9), ALPA3(9), 7MPEL1991O3 NTMPI9J F82 200
IDBC =0 P82 210
DO 7 I=1,NGNP P82 220
IF(ICOVE(I) .EQ. L *OR. ICODEII) .EQ. 3) GO TO 2 F02 230
IF(ICODE(I) .EQ. 2) GO 70 3 P82 240
IF(ICOOE(1) .EQ. 7) GO TO 4 PB2 250
FBC(3*1-2) UXCI) P82 260
IF(ICODE(I) .EQ. 4) GO 70 3 F82 270
I(IXCODE CI) -EQ- 6) GO TO 5 P82 280

2 F8C(351-1) UY(I) F82 290
IP(ICODE(I) .EQ. 31 GO TO 4 F82 300
IFCICODF(I) .EQ. 5) GO TO 6 P82 310

3 I-8C(3*I ) UZ(I) P82 320
IF(ICODE(13 .EQ. 0) GO TO 7 F82 330
IF(ICODE (I) .EQ. 4) GO TO 5 P82 340

4 IOPC =IOBC + 1 P82 350
LDBC(IQBC) =3*1-2 P82 360
DbC(3*1-?) =UX (1) P82 370
IF(ICOOE(1) *EQJ. 1) GU TO 7 P82 380
IF(ICODE(1) oEQ. 3) GO 70 6 FB2 3902

5 IVIIC = IOBC + 1 P82 400
LUBC(ILJBCJ 341-1 P82 410
D8C(3*1-1) =UY (1) P82 420
IF(ICOOE(I) .EQ. 2 .OR. ICODECI) .EQ* 4) GO TO 7 P82 430

6 I~bC =IDBC + IP82 440
LOBC(1013C) = 3*1 F82 450
08CC3*I ) =UZ (1) F82 460

7 CONT INUE P82 470
NDBC = IDBC P82 480
RETURN P82 490
END P82 500
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L AAIN PROGRAM STEP 3 (ITERATION IN CORE VERSIUN) ESC 10
C ESC 20
C * ~****ESC 30
C * *ESC 40
C * STEP 3 PERFORMS FIVE FUNCTIONS * ESC 50
C * *ESC 60
C * 1. COMBINES NON-ZERf' DISPLACEMENT BOUNDARY CONDITIONS WITH * ESC 70
C * THE FORCE VECTOR * ESC sO
C * ESC 90
C * 2. SOLVES THE SYSTEM OF LINEAR EQUATIONS BY MINIMIZING THE * ESC 100
C * TOTAL PUTENI1AL ENERGY * ESC 110
C * * ESC 120

C * 3. CALCULATES AND PRINTS THE STRAIN ENERGY AND OTHER * ESC 130
C * CONVERGENCE PARAMETERS * ESC 140
C * * ESC 150
C * 4, PRINTS THE COORDINATE AND THREE (X#Yv&ZJ DISPLACEMENTS * ESC 160
C * AT EACH NODE * ESC 170
C * * ESC 18O
C * 5. WRITES DISPLACEMENTS ON DISK AND/OR CARDS * ESC 190
C * * ESC 200

C *4*********$********************** ESC 210

C ESC 220
C ** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ESC 230
C * * ESC 240
C * VARIABLE DEFINITIUNS AND DIMENSIONS FOR STEP 3 * ESC 250
L * * ESC 260

C * ACB ------- CHANGE IN STRAIN ENERGY OVER STRAIN ENERGY * ESC 270
C * * ESC 280
C * B(NGLDF) FORCE VECTOR * ESC 290
C * * ESC 300
C BNRM ------- MAGNITUDE OF THE FORCE VECTOR * ESC 510
C * * ESC 320
C * DBC(MM) ----- NON-ZERO DISPLACEPIENT BOUNDARY CONDITIONS * ESC 330
C * ESC 340
C * DELE ------- CHANGE IN STRAIN ENERGY * ESC 350
C * * ESC 360
C * DELXNR MAGNITUDE OF THE CHANGE IN DISPLACEMENT * ESC 370
C * VECTOR ESC 380
C * ESC 390
C * ENGY1 ------ STRAIN ENERGY * ESC 400
C * ESC 410
C * FNGY2-- - - - -- STRAIN ENERGY * ESC 420
C * 4 ESC 430
C * EPS ------- ENERGY CONVERGENCE TEST PARAMEThR * ESC 440
C 4 * ESC 450
C * G(NGLOF) ..... RESULTING VECTOR FROM KX OR KP MATRIX- * ESC 460
C * VECTOR PRODUCT * ESC 470
C * 4 ESC 480

C * GNMAT(NEL72) - - RELATES LOCAL AND GLO3AL DEGREES-OF-FREEDOM * ESC 490
C * * ESC 500

C * IX261NEL) ELEMENI TYPE FOR EACH ELEMENJT * ESC 510
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C * * ESC 520
C KEMAT(NTYEL,2b28)- MATRIX OF THE UPPER SYMMETRIC PORTION OF THE* ESC 530
C * UNIQUE ELEMENT STIFFNESS MATRICES - EACH * ESC 540
L * ELEMENT STIFFNESS MATRIX IS STURED AS A ROW * ESC 550
C * IN KEMAT * ESC 560
C * * ESC 570
C * KOUNT -------- TOTAL NUMBER OF ITERATIONS * ESC 580
C * * ESC 590

L * LUC(NDBC) - - - - INDEX FOR DISPLACEMENT BOUNDARY CONDITIONS * ESC 600
C * * ESC 610
L LLDBC(MM) - - - - INDEX NUMBERS FOR NON-ZERO DISPLACEMENT * ESC 620
C * BOUNDARY CONDITIONS * ESC 630
C * * ESC 640
C $ MM -------- NUMBER OF NON-ZERO DISPLACEMENT BOUNDARY * ESC 650

* CONDITIONS * ESC 660
C * ESC 70
L NDBC- ------- NUMBER OF DISPLACEMENT BOUNDARY CONDITIONS * ESC -,80
C * * ESC 690
C * NEL ------- NUMBER OF ELEMENTS * ESC 700
C * * ESC 710
L NGLDF ------ NUMBER OF DEGREES-OF-FREEDOM (GLOBAL SYSTEM)* ESC 720
C * • ESC 730
C * NTYEL ------ NUMBER OF UNIQUE ELEMENTS * ESC 740
C * * ESC 750

C * P(NGLDF) - CORRECTION VECTOR IN CO1JUGATE GRADIENT * ESC 760
C * ROUTINE * ESC 770
C * * ESC 780
C * R(NGLOF) ----- RESIDUr VECTOR IN CONJUGATE GRADIENT * ESC 790
C * ROUTINE * ESC 800
C * ESC 810
C * RNRM ------- MAGNITUDE OF THE RESIDUE VECTOR * ESC 820
C • * ESC 830
C UX(NGNP)- DISPLACEMENTS IN THE X-DIRECTION * ESC 840
C * * ESC 850
C * UY(NGNP) ----- DISPLACEMENTS IN THE Y-DIRECTION * ESC 860
C * ,ESC 870

/ C * UZ(NGNP) ----- DISPLACEMENTS IN THE Z-DIREC1IUN * ESC 880
r * ESC 890
C * X(NGLDF) -DISPLACEMENT VECTOR * ESC 900
C * * ESC 910
C * XCORD(NGNP) - - - X-COORDINATE (GLOBAL SYSTEM) * sSC 920
C * * ESC 930
C YCORD(NGNP) - - - Y-COORDINATE (GLOBAL SYSTEM) * ESC 940
' * ESC 950

C * ZCORD(NGNP) - - - Z-COURDINATE (GLOBAL SYSTEM) .* ESC 960
L * * ESC 970

L * * * * * * * * * * * * ** * * * ESC 980
C ESC 990
C s s * * * * *5* * * * ** * * *ESC 1000
I. * * LSC 1010

C LOGICAL SWITCH INFORMATION( ALL SWITCHES INITIALLY *FALSE.) ESC 1020
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C ESC 1030
C * SW(1) .TRUE. CONVERGED TO A SOLUTION * ESC 1040
C • .FALSE. DID NOT CONVERGE TO A SOLUTION * ESC 1050
C • SET IN CGJRD * ESC 1060
C * TESTED :N PAIN * ESC 1070
C * * ESC 1080
C * SW(2) .TRUE. CHANGE IN STRAIN ENERGY/STRAIN ENERGY .LT. EPS* ESC 1090
C * .FALSE. CHANGE IN STRAIN ENERGY/STRAIN ENERGY .GE. EPS* ESC 1100
C * SET IN CGJRD * ESC 1110
C * TESTED IN CGJRD * ESC 1120
C * * ESC 1130
C * SW(3) .TRUE. EXCEEDLO MAXIMUM NUMBER OF ITERATIONS * ESC 1140
C • .FALSE. DID NOT EXCEED MAXIMUM NUMBER OF ITERATIONS * ESC 1150
C * SET IN CGJRD * ESC 1160
C ' TESTED IN CGJRU * ESC 1170
C * * ESC 1180
C * SW(4) .TRUE. MAGNITUDE OF THE RESIDUE VECTOR .LT. .O0 * ESC 1190
C v .FALSE. MAGNITUDE OF THE RESIDUE VECTOR .GE. 1.OU * ESC 1200
C * SET IN CGJRU * ESC 1210
C * TESTED IN CGJRu * ESC 1220
C -* * ESC 1230
C * SW(b) .TRUE. INITIAL DISPLACEMENTS READ FROM DISK $ ESC 1240
C * .FALSE. INITIAL DISPLACEMENTS READ FROM CARDS * ESC 1250
C * SEr IN MAIN * ESC 1260
C • TESTED IN CGJRU * ESC 1270
C * SW(53, SW163, SW(7)t SW(91, SW(IO) SW!11 C. 5W(12) NOT USED * ESC 1280
C * * ESC 1290
C ** * * * * * * * * ~ * * * ** *~ * ESC 1300
C ESC 1310

IMPLICIT REAL*8 (A-HO-Z) ESC 1320
REAL*8KEMAT ESC 1330
LOGICAL*1 SW ESC 1340
INTEGER*2 GNMATtLUBCtLLDHC# 1X26 ESC 1350
COMMON / KLGN / KEMAT(3,2628), GNMAT( 64,72)tIX26( 65) ESC 1360
COMMON / CGVECT / G(1575)tX(Lb753,B(1575)tP(1575)tR(1575) ESC 1370
COMMON /BC/ DBC(2003) LLOBC(2COO, LDBC(700, NDBC ESC 1380
COMMUN /SCALAR/ EPS, ACB, XNIRM, BNRM, RNRMDELXNR, ESC 1390
1 UELE9 ENGYI, ENGY2, ESC 1400
2 NGLOF, LIMIT, NtL, KOUNlt ITYEL, ITRLMT, MM ESC 1410
COMMON / HEAD / HED(l0)ICRDLISTIPAGELINE ESC 1420
COMMON /SWITCH / 5W(12) ESC 1430

C ESC 1440
C CAUTION: DO NOT DIMENSION UX( GREATER THAN 1314 - SEE EQUIVALENCE ESC 1450
C STAIEMENT BELOW ESC 1460
C ESC 1470

DIMENSION XCORD(525), YCORDU525)t ZCORD(525)t ESC 1480
1 UX(525), UY(5251, UZ(525) ESC 1490
EQUIVALENCE (XCORDII)I(1.I)1 {YCORD(1) ,B(1)3 IZCORD11)9 PI1I)ESC 1500
LUIVALENCE (KEMAT(1,13tUXI1))(KEMAT(lt1315},UY(1))t ESC 1510
1 (R(1l) UZ(II) ESC 1520

100 FI)RMAT(ZI5t2F1O.0 15 } ESC 1530
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102 FURMAT(5Z16) ESC 1540
201 FORMAW(OMAXIMUM NUMBER OF ITERATIONS FOR THIS RUN IS'$ 15) ESC 1550
B01 FOkHAT(9ODELTA STRAIN ENERGY / STRAIN4 ENERGY DID CONVERGE 10 * ESC 1560

1 , E14.7,' AFTER' 9 16, 1 ITERATIONS AND ACCURATE TgliE14.71 ESC 1570
30Z FUR':AT(' TIMc 1N CG SUBROUTINE IS I , F7.20, 0 SECONDS#) ESC 1580
303 FORMAT(NODELTA STRAIN ENERGY / STRAIN ENERGY DID NO)t uNVERGE TO IESC 1590

1 , E14.7,' AFTER' 116, 6 ITERATIONS BUT ACCURATE TD',E14.7) ESC 1600
304 FORMAT('O', G14.79 4 IS THL INITIAL GUESS FOR ALL DISPLACEMENTS'),ESC 1610
305 FORMAT (O0THE INITIAL GUESSES FUR DISPLACEMENTS ARE READ FROM CARDESC 1620

IS AND MULTIPLIED BY A FACTOR OF' i G14.7) ESC 1630
306 FORRAT ('O07HE INITIAL GUESSES FOR DISPLACEMENTS ARE READ FROM CARDESC 1640

IS AND THE Z-OISPLACEMENTS ARE MULTIPLIED BY A FACTOR OF', G14.71 ESC 1650
307 FCJRMAT('OTHE INITIAL GUESSES FOR DISPLACEMENTS ARE READ FROM DISKIESC 1660

1 J ESC 1670
308 FORMAT(OSTRAIN ENERGY', T50t E14.7 9' K IN-LOS' ESC 1680

1 ' CHANGE IN STRAIN ENERGY', T509 E14.7 ,' K IN-LBS' ESC 1690
2 9 MAGNITUDE OF THE RESICUE VECTOR', 750t E14.7 92 K LBS*/ ESC 1700

3 I MAGN1TUDE OIF THE FORCE VECTOR', 750, E14.7 90 K LBSI/ ESC 1710
4 ' MAGN1TUUL OF THE CHANGE IN DISPLACEMENT VEClORtT50*E14*7ESC 1720
5,' INI/9 M4AGNITUDE OF THE DISPLACEMENT VECTOR', T50i E14.7,1 IN')ESC 1730

2000 FORMAT(I''7XtONDDE',13X,'X-COORD',13X, 'Y-COORD',13Xt OZ-COORD', ESC 1740
1 9X, 'X-DISPL', 13Xt OY-OISPL',13X, 'Z-DISPLO / ESC 1750
2 27X9 OINSI, 17X, 'INS't17Xt 'INS', 13X9 'INS', 17X, 'INS', ESC 1760
3 17X9 'INS' / )ESC 1770

2001 FORMAT(6Xi 15, 3F20.59 3E20.7) ESC 1780
DEFINE FILE 315596500,UiDXJA) CSC 1790
IUDA = 3 ESC 1800
LIST =6 ESC 1810

C ESC 1820
C READ CARD DATA FUR STEP 3 ESC 1830
C ESC 1840

READ15,I00) INTXM), ITPLMT, FACTOR, EPS, IDSPL ESC 1850
WRITE(LIST,201) ITRLMr ESC 1860

C ESC 1870
C READ DATA GENERATED IN STEP 2 ESC 1880
C ESC 1890r

READ (IUDAII) NEL, NGLDF, NOBC, N7YEL9 LIMIT, NGNPNMTL, ESC 190'M
I HED, IPAGE, AMBIMP ESC 1910
READ (IUOA'4) ( t(J)lJ=1,NGL0F) ESC 1920
1 , SW, NUCNV, (LDBCIJ),JzlttDBCI ESC 1930
READ (IUDA'S) ( P(J),J=19NGLDF) ESC 1940

1 (IX26(J),J1I,NEL) ESC 1950
READ (IUOA'6) ((GNMA7(19J),Jr=1,72)vI=I9NEL) ESC 1960

CESC 1970
C READ Uf!I(IUE ELEMENT STIFFNESS MATRICES ESC 1980
C ESC 1990

DO 44 I=IvN7YEL ESC 2000
44 kLADIIUI)AIDXDA) (KEMATIIt.',Jc1,2628) ESC 2010

IDXDA =NTYEL*7 ESC 2020
C ESC 2030
C DETERMINE INITIAL GUESS FOR THE DISPLACEMENT VECTOR ESC 2040

A-26



GO TO ( 21,22,23,24), INTXMD ESC 2050

21 DO 50 I=INGLOF ESC 207050 X(I) = FACTOR ESC 2080
WRITEILIST304) FACIOR ESC 2090
GO 10 Zv ESC 210022 READ(5,102) lX{J)pJ=I9NGLDF) ESC 2110DO 61 1=1,NGLDF ESC 2120

61 X(I) = FACTOR*X(I) ESC 2130WRITEfLIS7,3G5) FACTOR ESC 2140GO TO 29 ESC 215023 REAO(5,102) (X(JIJ=1,NGLJF) ESC 2160
DO 10 I=IPNGNP ESC 2170

10 X43*II = FACTOR*X(3*I) ESC 2180WRITE(LIST,306) FACTOR ESC 2190GO TO 29 ESC 220024 REAU (IUDAOIDXDA)SWpMMl (Dt$C(JlJ=lNN)t (LLDBC(J),J=1l#M)v KOUNTESC 2210
1" fXJtJ=I9NGLUF) ESC 2220
SW(8) = .TRUE. ESC 2230SW(3) = .FALSt. ESC 2240

35 IFI .NUT. SW(1O} ) GO TO 33 ESC 2250MN = 0 ESC 226033 READ {IUDAIIDXDA) (BIJ),J=NGLDF) ESC 2270
WRITEfLIST,307) 

ESC 2280GO 70 34 ESC 2290
29 CONTINUE 

ESC 2300ESC 2310
L CONVLRT INITIAL DISPLACEMENT BOUNDARY CONDITIONS TO FORCE BOUNDARY ESC 2320C CONDITIONS 

ESC 2330C tin = 0 ESC 2340
0 ESC 2350

00 60 I=INGLDF ESC 2360
IF( DABS(P(I)) .LT. 1.0-14) GO TO 60 ESC 2370

MH=N,1ESC 2380
MM = MM + L ESC 2380
DBC(MM) r P11) ESC 2390LLDBCIMM) = I ESC 240060 CONTINUE 

ESC 2410
DO 13 1=1,NGLUF ESC 242013 GII) = 0.00 ESC 2430
DO 15 ItEL=INEL ESC 2440ITEL = IX26IINEL) ESC 245015 CALL GVT(GNMAT, KEMAT, G, P, INLL, ITEL) ESC 2460
DO 80 I=19NGLDF ESC 247080 8(11 = B(I)'- G(I) ESC 2480

34 CALL TIMON ESC 2490C 
ESC 2500C MINIMIZE TOTAL POTENTIAL ENERGY ESC 2510C 
ESC 2520

CALL CGJRD ESC 2530
CALL TIMECKIITIME) ESC 2540
SEC = ITIME/io0. ESC 2550
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C ESC 2560
C WRITE FORCE AND DISPLACLMENr DATA ON DISK FOR USE IN FUTURE RUNS ESC 2570
C ESC 2580

IF( MM .NE. 0 ) GO TO 3L ESC 2590
SW(J-1) = .TRUE. ESC 2600
MM = I ESC 2610
DBC(I) = 000 ESC 2620

31 IDXDA = NTYLL + 7 ESC 2630
WRITLIIUDA'IDXDAISWMMt (DC(J)9J=1,MM), (LLDBC(J) J=IMM)f KOUNTESC 2640
1 IX(J),J=,lNGL0F) ESC 2650
WRITE(IUDASIUXDA) (8(JI J=INGLDF) FSC 2660

C ESC 2670
C PRINT STRAIN ENERGY AND CONVERGENCE DATA ESC 2680

ESC 2690
IF(SW(1)) GO TO 20 ESC 2700
WRITE(LIST,303) EPS, KOUNT, ACB ESC 2710
G0 10 9 ESC 2720

20 WRITL(LIST,301) LPS, KOUNT, ACB ESC 2730
9 WRITE(LIST0302) SEC ESC 2740
WRIIE(Ll,STt308) ENGYlv DELEt RNRM9 BNRM# DELXNR, XNRM ESC 2750
IF(IDSPL -EU. 0) GO TO 32 ESC 2760

C ESC 2770
C PRINT AND/OR PUNCH THE DISPLACEMENT VECTOR ESC 2780
C ESC 2790
C ESC 2800

IF(IOSPL °EQ. 2) GO TO 43 ESC 2810
READ(IUDAt3)(XCORD(J)J=INGNP), (YCORD(J),J=INGNP)t ESC 2820
1 (ZCURDIJJtJ=1tNGNP) ESC 2830
CALL TITLE ESC 2840
WRITE(LIST,2000) ESC 2850
DO 30 I=INGNP ESC 2860
IF(LINE .LT. 48) GO TO 94 ESC 2870
CALL TITLE ESC 2880
WRITL(LIST,2000) ESC 2890

94 CONTINUE ESC 2900
LINE = LINF + I ESC 2910
UX4I) = X(3eI-2) ESC 2920
UY(I) X(3*I-L) ESC 2930
UZI1) = X(3*Il ESC 2940

30 WRITE(LISTt2OOI) 1, XCORUII) p YCORDtI), ZCORDI)t ESC 2950
1 UXCI), UY(IIl UZl() ESC 2960
IFI1DSPL .EQ. 1) GO TO 32 ESC 2970

43 WRlTE(7TrO2) (XIl)tI=1,NGLDF) ESC 2980
32 SlOP ESC 2990

END ESC 3000
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SUBROUTINE CGJRD (.GC, 10
C CGC 20
C * * ** ** * * * * * ** C CC 30
C * CGC 40
C SLoA.OUT!NE ZCJ'0) MINIMZFS THE TOTAL POTENTIAL ENERGY BY THE * CGC 50
C *CONJUGATE GRADIENT METHOD AND TESTS THE STRAIN ENERGY FOR * CGC 60
C *CONVERGLN.& * CGC 70
C 4 CGC s0
C * HIS SUBROUTINE IS CALLED BY - v CGC 90
C *MAIN * CGC 100
C ** CGC. 110
C *THIS SUBROUTINE CALLS * CGC 120
C *GVT * CGC, 130
C ** CGC 140
C * ~I**** CGC 150
C CGC 160
C CGC 170

IMPLICIT RLAL*8 IA-H,O-Z) CGC, 180
RC AL*8KEMAT CGC 190
INTEGFR*2 GNMAT,LUBC,LLDBC, IX26 CGC 200
LOGICAL*I Sw CGC, 210
COMMON / KEGN / KEMAT(3t2628)t GNMAT( 64,721,1X26( 65) CGC. 220
COMMON / CGVECT / G(1575),X(15753,B11575),P11575),R(1575) CGC 230
COMMON /SCALAR/ EPS, ACB, XNRM# BNRM, RNRM,DELXNRt CGC 240
1 VELF, LNGYI, LNGY2, CGC 250
2 NGLDFt LIMIT, NbLt KOUNT, ITYEL, ITRLMT, MM CGC, 260
COMMON /BC/ UBC(2001, LLUBC(2OOJ, LDBC1700), NDBC CGC 270
COMMON /SW1TCH / SW(12) CGC 280
ITKN7 0 CGC 290
IF(SW(81 I GO 10 2 CGC 300
KOUNT 0 CGC 310
BETA 0.00 CGC 320

C CGC 330
C RESTART 17ERAIIVE PROCESS BY FINDING NEW RESIDUE VEC7OR CGC 340
C CGC 350

2 00 10 1 =1,NGLOF CGC 360
10 Gill 0.00 CGC, 370

rt) 70 1=1,NOBC CGC. 380
L$(LDbC(Ii)) 0.03 CGC, 390

70 X(LDBC(l)) 0 .00 CGC 400
0(1 31 INFL=1,N.L CGC 410
ITEL = X26(INELI CGC 420

31 CALL GVT(GNHAT, KEMAT, G, X, INEL, ITEL) CGC 430
DO 32 1=1,NEOC CGC 440

32 G(LDBC(IP) 0 .00 CGC 450
RNRMI 0.00 CGC 460
00 20 1 = ,NGLDF COC, 470
P~i ill 81 - Gill CGC. 480
Rill Pill CGC 490

20 RNRM1 =RNRM1 + R(ill Rill COC 500
C CGC 510
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CALCULATE STRAIN ENERGY CGC 520
C CGC 530

IF( .NOT. (SW(3) .OR. SW(4)) GO TO 5 CGC 540
IF(MM .EO. 0) GO TO 95 CGC 550
UU 9C ;=IMm CGC 560

90 X(LLDBC(I)) . UBCII CGC 570
95 ENGYI = 0.00 CGC S

DO 17 I=IvfNGLOF CGC 590
1? Gil) = O.DO CGC 600

O ?4 INEL=ItNFL CGC 610
ITEL = IX26(INEL) CGC 620

34 CALL GVT(GNMA1, KEMAT, Go Xt INLL, ITEL) CGC 630
00 92 I=INGLDF CGC 640

92 ENGYI = ENGY1 + X] * Gil) CGC 650
ENGY1 = .5DO * ENGY1 CGC 660
ENGY2 = ENGY1 CGC 670

C CGC 680
C FIND ALFA CGC 690
C CGC 700

5 DO 35 I=1,NGLOF CGC 710
35 GUI) 0.00 CGC 720

Do 33 IN L=INEL CGC 730
IIEL = IX26(INEL) CGC 740

33 CALL GVT(GNMA~T KEMAT, Go Po INEL, ITEL; CGC 750

00 36 I=INDBC CGC 760
36 G(LDBC(I)) = O.rf CGC 770

PKP = O.DO CGC 780
DO 30 1 = IvNGLDF CGC 790

30 PKP - PKP + PU1) * GUI CGC 800
ALFA = INRMI / PKP * CGC 810
IF(SW(31) GI 70 25 CGC 820

C CGC 830
C CORRFCT THIE DISPLACEMENT VECTOR CGC 840
C CGC 850

0U 40 1 z ItNGLUF CGC 860
40 X(I = X() + ALFA * P(I CGC 670

ITKfT = IIKNT + 1 CGC 880
KOUNT = KUUNT + I CGC 890
IF(I1KNT .L1. ITRLMT) (J TO 7 CGC 900
SW(3 = .TRUE. CGC 910
GO TO 2 CGC 920

7 IFiSW(4)) GO TO 12 CGC 930
IF (RNRM1 .GT. 1.) GO TO 11 CGC 940
SW(4) = .TRUE. CGC 950
GOl TO 2 CGC 960

11 RNRM2 = 0.IV CGC ' 970

C CGC 980
L FIND NLW RESIDUE VECTOR AND NEW P VECTOR CGC 990

C CGC 1000
DO 50 I = INGLDF CGC 1010
R() = RMil - ALFAG4II) CGC 1020
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50 RNRM2 = RNRH2 * R() * RUl) CGC 1030
BETA = RNRM2/RNRM1 CGC 1040
DO 60 1 = INGLOF CGC 1050

60 P(I1 = R(I) + BETA * P~l) CGC, 1060
RNkM1 = RNRM2 CGC 1070
GU TO 5 CGC 1080

C CGC 1090
C FIND CHANGE IN STRAIN ENE.G6Y FROM ALFA C RNRMI CGC 1100
C CGC 1110

12 DELE .500 * ALFA * RNRM1 CGC 1120
ENGYZ = ENGY2 - DELL CGC 1130
IF(OFLE/ENGYZ .LT. EPS) GO TO 14 CGC 1140
SK(2) = .FALSE. CGC 1150
GO TO 11 CGC 1160

14 IF(SW(2)) GO 10 15 CGC 1170
SW12) = .TRUE. CGC 1180
.GV TO 2 CGC 1190

15 SW(I) = .TRUE. CGC 1200
C CGC 1210
C CALCULATE CONVERGENCE PARAMETERS CGC 1220
C CGC 1230

25 XNRM = G.00 CGC 1240
BNRM = 0.00 CGC 1250
DELXNR = 0.DO CGC 1260
DO 16 I=19NGLCF CGC 1270
XNRM = XNRM + X(l) * XII) CGC 1280
BNRM = BNRM + blI) * B(I) CGC 1290

16 UELXNR = DELXNK + PCI) * PIl) CGC 1300
XNRM = OSURT(XNRM) CGC 1310
BNRM = OSQRI(BNRM) CGC 1320
RNRM DSORT(RNRM1) CGC 1330
UELXNR = ALFA * 0SQR(DELXNR) CGC 1340
IFI .NOT. SW(2)) UELE .500 * ALFA * RNRMI CGC 1350
ACB = DELE / ENGY2 CGC 1360
RETURN CGC 1370
END CGC 1380

/
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SUBROUTINE TITLE TIC 10
C TIC 20
C **********************************TIC 30
C * *TIC 40
C * SUBROUTIN TITLE PRINTS THE HEADING ON EACH PAGE * TIC 50
C * THIS SUBROUTINE IS CALLLD BY - * TIC 60
C * MAIN * TIC 70
C * TIC 80
C * * $ * * * * * * * * * * * * $ * $ * $ * * * * $ * * * * * * * $ TIC 90

C TIC 100
IMPLICIT REAL*8 (A-HtU-Z) TIC 110
COMMON / HEAD / HEOD10)CICRLISTIPAGELINE TIC 120

100 FORMAT (IH1,9FEM 72-DOF GENERAL HEXAHEDRONS THERMO-ELASTIC, VARYINTIC 130
IG MATERIAL PROPERTIES, DANAlt 9X9 IPAGEO, 13) TIC 140

101 FORMAT (IHO,1OA8 ) TIC 150
LIST = 6 TIC 160
IWRT = 6 TIC 170
WRITE (LISTI03) IPAGE TIC 180
WRITE (LIST,1O1) HED TIC 190
IPAGE= IPAGE +1 TIC 200
LINE = 0 TIC 210
RElURN TIC 220
END TIC 230
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SUBROUTINE GVT(GNMATKEMATG9PINEL, ITEL) qVC 10
C GVC 20

&C c ** s * * ** * * * * * * * * *GVC 30
C * *GVC 40
C * SUBROUTINE GVT FORMS THE MATRIX-VECTOR PRODUCT KP=G WHERE K * GVC 50
C REPRESENTS THE NUN-FORMED GLUBAL STIFFNESS MATRIX * GVC 60
C * GVC 70
C * THIS SUBRUUTINE IS CALLED BY - * GVC 80
C * MAIN * GVC 90
C * CGJRD * GVC 100
C * * GVC 110
C * NUTE: OVLR 90 PERCENT OF THE TIME IN STEP 3 IS SPENT IN THIS * GVC 120
C * SUBROUTINE - IT IS RECOMMFND THAT THIS SUBROUTINE BE REWRITTEN * GVC 130
C * IN ASSEMRLY LANGUAGE TO OPTIMIZE THE CODE. * GVC 140
C * * GVC 150

C ******* ******#******************* GVC 160
C GVC 170

"REAL*8 KEMAlt G P GVC 180
IN7LGER*2 GNMAT GVC 190
UIMENSION GNMAT( 6472), KEMAT(3t2628), G(1575), P(1575) GVC 200
M=O GVC 210
DO 20 I=172 GVC 220
K=GNMAT( INELt I) GVC 230
DO 2C J=172 GVC 240
L=GNMAT(INELJ) GVC 250
M=M+l GVC 260
G(K)=G(K)*KfMAT(IIELM)*P(LI GVC 270
IF(I.EQ.J) GO TO 2C GVC 280
G(LJ=G(L)+KEMAT(ITELM)*P(K) GVC 290

20 CONTINUE GVC 300
RETURN GVC 310
END GVC 320

A
/
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C MAIN PROGRAM STEP 3 (ITERATION FROM DISK VERSION) ESD 10
C ESD 20
C ** ********* * * *5*5*5* *********ESD 30
C * SESD 40
C * STEP 3 PERFORMS FIVE FUNCTIONS * ESD 50
C * ESD 60
C $ 1. COMBINES NON-ZERO DISPLACEMENT BOUNDARY CONDITIONS WITH * ESD 70
C * THE FORCE VECTOR * ESD 80
C * *ESD 90
C * 2. SOLVE.S TI:E SYSTEM OF LINEAR EQUATIONS BY MINIMIZING THE * ESD 100
C * TOTAL POTENTIAL ENERGY * ESO 110
C * * ESD 120
C * 3. CALCULATES AND PRINTS THE STRAIN ENERGY AND OTHER * ESD 130
C * CONVERGENCE PARAMETERS * ESO 14C
C * * ESD 150
C * 4. PRINTS THE COORDINATE AND THREE (XvY,&Z) DISPLACEMENTS * ESD 160
C * AT EACH NODE * ESD 170
C * * ESD 180
C * 5. WRITES DISPLACEMENTS ON DISK AND/OR CARDS * ESD 190
C * * ESD 200
C * * * * * * * * * $ * * * * * * * * * * * * * S* * * * * * * * ESO 210
C ESD 220
C * ***s***** ****** **$ ******** ** ESD 230
C * * ESD 240
C * VARIABLE DEFINITIONS AND DIMENSIONS FOR STEP 3 * ESD 250
C * * ESD 260
C * ACB ------- CHANGE IN STRAIN ENERGY OVER STRAIN ENERGY * ESD 270
C * * ESD 280
C * B(NGLOF) FORCE VECTOR * ESD 290
C * * ESO 300
C S BNRM ------- MAGNITUDE OF THE FORCE VECTOR * ESD 310
C * * ESD 320

C * DBC;MM) ----- NON-ZERO DISPLACEMENT BOUNDARY CONDITIONS * ESD 330
C * * ESD 340
C * DELE ------- CHANGE IN STRAIN ENERGY * ES0 350
C * *ES0 360
C * DFLXNR - - ---- MAGNITUDE OF THE CHANGE IN DISPLACEMENT * ESD 370
C • VECTOR * ESD 380
C * * ESD 390
C * ENGY- ------ STRAIN ENERGY * ES 400
C * * ESD 410
C ENGY2 ------ STRAIN ENERGY * ESD 420
C * * ESD 430
C * EPS ------- ENERGY CONVERGENCE TEST PARAMETER * ESD 440
C * * ESO 450
C * G(NGLDF) RESULTING VECTOR FROM KX OR KP MATRIX- * ESD 460
C * VECTOR PRODUCT * ESD 470
C * ESD 480

C * GNMAT(NEL,72) - - RELATES LOCAL AND GLOBAL DEGREES-OF-FREEDOM * ESD 490
C * * ESD 500
C * ICRD ------- UNIT NUMBER FOR CARD READER * ESD 510
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L * ESD 520
C * JUDA ------- UNIT NUMBER FOR DIRECT ACCESS FILE * ESO 530

* ESO 540

C * IX26(NEL) ELEMENT TYPE FOR EAC0 ELEMENT * ESD 550
C * * ESD 560

• KLMAT(2628) - - - UPPER SYMMETRIC PORTION OF AN ELEMENT * ESD 570
C * STIFFNESS MATRIX STORED AS A ONE DIMENSIONAL* ESD 580
C * ARRAY * ESD 590
C * * ESO 600
C * KOUNT -0- - --- TOTAL NUMBER OF ITERATIONS * ESD 610
C * * ESD 620
C • LDBC(NDBC) INDEX FOR DISPLACEMENT BOUNDARY CONDITIONS * ESD 630
C * ESO 640
C * LIST ------- UNI NUMBER FUR PRINTER * ESD 650
C * * ESO 660
C * LLDBC(tHM) - - - INDEX NUMBERS FOR NON-ZERO DISPLACEMENT * ES0 670
C * BOUNDARY CONDITIONS * ESO 680
C * * ESD 690
C * MM -------- NUMBER OF NUN-ZERO DISPLACEMENT BOUNDARY * ESO 700
C 0 CO1DiTIONS * ESD 710
C * * ES0 720
C * NDBC ------- NUMBER OF DISPLACEMENT BOUNDARY CONDITIONS * LSD 730
C * ESD 740
C * NEL ------- NUMBER OF ELEMENTS * ESO 750
C * • ESD 760
C * NGLDF ------ NUMBER OF DEGREES-OF-FREEDOM (GLOBAL SYSTEM)* ESO 770
C * .* ESD 780
C • NTYEL ------ NUMBEt OF UNIQUE ELEMENTS * ESD 790
C • * FSD' 800
C * P(NGLDF) ----- CORRECTION VECTOR IN CONJUGATE GRADIENT * ESD 810
C * ROUTINE * ES 820
C * * ESD 830
C * R(NGLDF| ----- RESIDUE VECTOR IN CONJUGATE GRADIENT * ESO 840
C * ROUTINE * ESD 850
C * •ESD 860
C * RNRM ------- MAGNITUDE OF THE RESIDUE VECTOR * ESD 870
C * ESD 880
L • UX(NGNP) -- DISPLACEMENTS IN THE X-DIRECTION * ESD 890
C * ESD 900
C * UY(NGNP) - - DISPLACEMENTS IN THE Y-DIRECTION * ESD 910
C * * LSD 920

C * UZ(NGNP- -- DISPLACEMENTS IN THE Z-DIRECTION * ESD 930
C * ESO .940

C X(NGLDF) - -DISPLACEMENT VECTOR * ESD 950
C * ESD 960
C XCORD(NGNP) --- X-COORDINATE (GLOBAL SYSTEM) * ESD 970

C •* ESD 960

C * XI(NGNP) ----- R-COORDINATE (GLOBAL SYSTEM) * ESD 990
C * ESD 1000
C *YCORU(NGNP) - - - Y-COORDINATE (GLOBAL SYSTEM) * ESD 1010
C * ESD 1020
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C * YT(NGNP) THETA-LOORDINATE (GLOBAL SYSTEM) * ESD 1030
C * * ESO 1040
C * ZCORD(NGNP) - - - Z-LOORDINAIE (GLOBAL SYSTEM) * ESD 1050
C * * ESD 1060

C * S 17
C , ESD 1080
C * * * 4 * * * , * * , , * * 4.* * * * , * , * * * * * * * * * * * * ESD 1090
C * * ESO 1100
C 4 LOGICAL SWITCH INFORMATION I ALL SWITCHES INITIALLY .FALSE.) * ESD 1110
C ESD 1120
C * SW(1) .TRUE. CONVERGED TO A SOLUTION * ESD 1130
C * *FALSE. DID NOT CONVERGE TO A SOLUTION * ESD 1140
C * SET IN CGJRD * ESO 1150
C * TESTED IN MAIN * ESD 1160
C * * ESD 1170

C * SW(2) .TRUE. CHANGE IN STRAIN ENERGY/STRAIN ENERGY .LT. EPS* ESD 1180
C * .FALSE. CHANGE IN STRAIN ENERGY/STRAIN ENERGY .GE. EPS* ESD 1190
C * SET IN CGJRD * ESD 1200
C * TE TED IN CGJRD * ESD 1210
C * * ESD 1220

C $ SW(3) .TRUE. EXCEEDED MAXIMUM NUMBER OF ITERATIONS * ESD 1230
C * .FALSE. DID NOT EXCEED MAXIMUM NUMBER OF ITERATIONS * ESO 1240
C * SET IN CGJRD * ESD 1250
C * TFSTED IN CGJRU * ESD 1260
C * * ESD 1270

C * SW(4) .TRUE. MAGNITUDE OF THE RESIDUE VECTOR .LT. 1.00 * ESD 1280
C * .FALSE. MAGNITUDL OF THE RESIDUE VECTOR .GE. 1.00 * ESO 1290
C * SET IN CGJRD * ESO 1300
C * TESTED IN CGJRD * LSD 1310
C * * ESD !320

C * SW(8) .TRUE. INITIAL DISPLACEMENTS READ FROM DISK * ESD 1330
C * .FALSE. INITIAL DISPLACEMENTS READ FROM CARDS * ESD 1340
C $ SET IN MAIN * ESD 1350
C * TESTED IN CGJRD * ESD 1360
C * SW(5), SW(6)v SW(7), SW(9)9 SW({O)1 SW11) . SW12) NOT USED * ESD 1370
C * * ESD 1380

C ********************************** ESO 1390

C ESD 1400
IMPLICIT REAL*8 (A-HU-Z) ESD 1410
REAL*BKEMAT ESD 1420
L01ICAL*1 SW LSD 1430
INTEGER*2 GNMATvLDBCvLLDBCv IX26 ESD 1440
COMMON / KECJI / KEMATC 2628), GNMAT(12O,72)tX26(121) ESD'1450
COMMON / CGVECT / G(2056)tX(2856),B(2856)bP(2856)R(2856) ESO 1460
COMMON /BC/ DBC(200), LLOBC1200), LDBC(700)9 NORC ESO 1470
COMMON /SCALAR/ EPS, ACB, XNRM, BNRM, RNRMDELXNR, ESD 1480
1 DELE, ENGYl, ENGY2, ESD 1490
2 NGLDF, LIMIT, NLL, KOUNT ZTYEL, ITRLMT, MM LSD 1500
COMMON f HEAD / HED(IO),ICRDLISTtIPAGELINE FSD 1510
COMMON /SWI1TCH / SW12) ESD 1520

C ESO 1530
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C CAUTION: DO iJOT DIMENSION UX GREATER THAN 1314 -SEE EQUIVALENCE ESO 1540
C STATEMENT BLIOV ESD 1550
C ESD 1560

DIMENSION XCORD(952), YCORD(952), ZCORD(952)v ESD 1570
1 UX(952)t UY(952)p UZ(952) ESO 1580
EQUIVALENLE (XCO!nD(1),G(l))r (YCORDWI ,111), (ZCORD(1), P(M)ESD 1590
FAOUIVALENCE (KE-'t(1), vxil)) t(KEMA1C1315), UYL1) ESD 1600
1 ;R(I), UZ(1)) ESC) 1610

100 FORMAT(215t2FI0.O, 15 3ESD 1620
102 FORMAT(5Z16) ESO 1630
2CI FORMAW'OKAXIMUM NUMBER OF ITERATIONS FOR THIS RUN IS' t 151 ESD 1640
301 FORMAT('ODELTA STRAIN LNERGY / STRAIN ENERGY DID CONVERGE TO ' ESO 1650

1 , E14.7,1 AFTER' t 16, f ITERATIONS AND ACCURATE TO',El4.7) ESD 1660
302 FOkMATI' TIME IN CG SUBROUTINE IS I q F7.2r ' SECONDS') ESD 1670
303 FURMAT(fO0FLTA STRAIN FNERcIY / SIRAIN ENERGY DID NOT LONVERGE TO 'ESD 1680

1 1 E14.791 AFTER' , 16, 1 ITERATIONS BUT ACCURATE TO9,E14.7) ESO 1690
304 FOkMAT('O', G14.7, ' IS THE INITIAL GUESS FOR ALL DISPLACEMENTS*) ESO 1700
305 FtJRAAT ('OT7HE INI71AL GUESSES FOR DISPLACEMENTS ARE READ FROM CARDESD 1710

IS AND MULTIPLIEU BY A FACTOR OF' , G14.7) ESD 1720
306 FORMAT ( 'OTHE INITIAL GUESSES FOR DISPLACEMENTS ARE READ FROM CARDESD 1730

IS AND THE Z-OISPLACfMENTS ARE MULTIPLIED BY A FACTOR (iF', G14.7) LSD 1740
307 FORMAT('OTHE INITIAL GUESSES FOR DISPLACEMENTS ARE READ FROM (ISK'ESD -1750

I 3 zSV 1760
308 FOkMAT(IOSTRAIN ENERGY', T50t E14.7 ,' K IN-L8S' ESO 1770

1 *CHfANGE IN STRAIN ENERGY', T509 E14.7 ,' K IN-LBS* ":~So 1780
2 'MAGNI7UDE OF THE RESIDUE VECTOR', T5C, E14.7 ,' K LBSf/ ESO 1790
3 'MAGNITUDE OF THE FORCE VECTOR', 750, E24.7 ,0 K LBSO/ ESO 1800
4 MAGNITUDE OF THE CHANGE IN DISPLACEMENT VECTOR'9T50,E14.7ESD 1810
5,' IN'/' MAGNITUDE OF THE DISPLACEMENT VECTOR', 750v E14.7,' INI)ESD 1820

2000 FOkMAT('0',7X,'NOLJE',13X,'X-CO URD',13X, 'Y-COORDgv13X, 'Z-COORD', ESO 1830
1 9X9 'X-DISPLO, 13X9 'Y-DISPL'913X, 'Z-OISPL1 / E:D 1840
2 27X, 'INS', 17X# 'INS'917X9 'INS', 13Xt IINS', 17X, 'INS', ESO 185C
3 17X, 'INS' / ) ESO 1860

ZCOl FORMAT(6X# 15, 3F2C.59 3E20.7) ESO 1870
D~rINE FILE 3(55#6500,UtIJXDA) ESD 1880
JUVA = 3 LSD 1890
ICRDS= FSO 1900
LIST =6 ESO 1910

C ESO 1920
C READ CARD DATA FOR STEP 3 ESD 1930
C ESD 1940

REAIO(ICRD,100)ltNTXMD,ITRLMT, FACTOR, EPS, IDSPL ESD 1950
C ESO 1960
C READ DATA GENERATED IN STEP 2 FSD 1970
C ESD 1980

READ (IUDAS1) NEL, NGLOF, NDBC, NTYEL, LIMIt NGNPNMTL, ESP 199C
I HED, IPAGE, AMBTMP ESiV 20O
READ CIUDA".) ( B(J),J1,PNGLDF) ESO 2010
1 , SW, NOCNV, (LD8C(J),J=I,NDBC) ESD 2020
READ IIUDA'!,) ( Pfi)pj=1,NGLDF) ESD 2031:

I IX26(J),J1l,t.EL) ESO 20-tO
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READ (IIJDA$6; ((&NMAT(I,JJ1,21,I=19NEL) ESD 2050
IDXUA =N7YLL+7 ESO 2060
CALL TITLE ESO 2070
WRITE(LIS7,201) ITRLM7 L:SD 2080

C ESD 2090
C OETERMINE INITIAL GUESS FOR THE UISPLACEMENT VECTOR FSC) 2100
C ESD 2110

GO TO ( 21,22,23,241, INTXMU ESO 2120
21 (0 50 I=1,NGLDF ESO 213C
50 X(I) FACTOR ESD 2140

WRITE(LIST,304) FACTOR ESD 2150
GO TO 29 LSD 2160

22 READ(59102) lX(J),J=IqNGLDF) LSD 2170
00 61 I=1,NGLDF ESO 2180

61 XEII FACTOR*X(I) ESO 2190
WRITE(LIST,3051 FACTOR ESO 2200
GO 70 29 ESO 2210

23 READ(59102) (XfJ),J1,*NGLOF) ESD 2220
00 10 1=1,NGNP ESO 2230

10 X(3*1) = FALTOR*~X(3*1I ESO 2240
WR1TE(LIST*306) FACTOR ESD 2250
GO TO 29 LED 2260

24 READ (IUDADIDXDA)SWNMM MOC(J),J lMM)i (LLDBC(J)vJ=1,MMR, KOUNT,ESD 2270
1 (X(J)tJ=1,NGLDF) ESD 2280
SW(8) = *TRUE. ESD 2290
SW13) = .FALSE. ESO 2300

35 IF( .NOT. SW(1OI ) GO TO 33 ESD 2310
"M= 0 ESO 2320

33 READ (XUL)AIIDXDA) (B(J),J=1,NGLDF) ESO 2330
WRIM~LIST9307) ESO 2340

GO TO 34 ESO 2350
29 CONTINUE ESD 2360

C ESO 2370
C CONVERT INITIAL DISPLACEMENT BOUNDARY CONDITIONS TO FORCE BOUNDARY ESO 2380
C CONDITION~S ESO 2390
C ESD 2400

MM =0 ESD 2410
00 60 I=1,NGLOF LSD 2420
IFf DA8WdP(Il3 .LT. 1.0-143 GO TO 60 ESD 2430
MV' = MM 4 1 ESD 2440
DBCCMM) =PUl) LSD 2450
LLDBCIMM) = I LSD 2460

60 CONTINUE ESO 2470
00 13 1=11NGLOF ESO 2480

13 G(I) = 0.00 LS0 2490
00 15 IffEL=INEL, ESO 2500
LOL = 1X26(INEL) + 6 ESO 2510
READ(3$LQEJ KEHAT ESD 2520

15 CALL GVT(GNMAT, KEMAT, Gi Pt INEL) ESD 2530
uu 80 I=1,NGLOF E SO 2540

80 B(1) = B(I) - G(I) ESO 2550
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34 CALL 11MON ESO 2560
C ESO 2570
C MINIMIZE TOTAL POTENTIAL ENERGY ESD 2580
C ESO 2590

CALL CGJRD ESO 2600
CALL 71MECK(ITIME) ESO 2610
SEC = ITIME/100. ESO 2620

c ESD 2630
C WRITE FORCE AND DISPLACEMENT DATA ON DISK FOR USE IN FUTURE RUNS ESO 2640
C ESD 2650

IF( MM .NE. 0 ) GO TO 31 ESD 2660
SW(10) = TRUJE. ESO 2670
MM =1 LSD 2600
DBC(I) = CO ESO 2690

31 IODA = NTYEL + 7 ESD 2700
WRlTE(IUDAIIDXOA)SWtMM9 (D6CC J ),J=IMM), (LLDBC(J),J=19MM), KOUNTESD 2710
1 (X(JI ,j~1 ,NGL!)Fl ESO 2720
WRITE(IUDA'IIUXA) (B(J) .J=1vNGLDc) ESD 2730

C ESO 2740
C PRINT STRAIN FNERGY AND) CONVERGENCE DATA LSD 2750
C LSD 2760

IF(SW~i)) GO TO 20 ESO 2770
WRITE(LIST*303) EP ,t KOUNTt ACB ESD 2780
Go 1O 9 ESO 2790

20 WRITE(LIST,3011 ES'S, KOUNT, ACB ESO 2800
9 WRIYE(LIST,302) SEC ESO 2810
WR1TEILIST,3081 INGYI, DELE, RNRM, BNRI, JELXNR, XNRM ESO 2820
IF(ID)SPL E0O. C) GO TO0 32 ESO 2830
IF(IDSPL .EQ. 2) GO TO 43 ESO 2840

C ESO 2850
C PRINT AND/OR PUNCH THE DISPLACEMENT VECTOR ESD 2860
C ESU 2870

READ(lUDA'31(XCORO(J),J-i,NGNP), (YCD(J~iJ=INGNP)v ESO 2680
1 (ZCORD(J),J=I,NGNP) ESO 2890
CALL TITLE ESO 2900
WRITE(LISI,iOO3 LSD 2910
DO 30 I=1,NGNP ESO 2920
IF(LINE .LT. 48) GO TO 94 ESO 2930
CALL TITLE ESO 2940
WRITEtLlST,2000) ESO 2950

94 CONT INUF ESO 2960
LINE LINE + 1 ESO 2970
UXCIl X(3*1-2) ESO 290
UY(I) =X(3*I-1) ESD 2993
UZ(I) =X(3*iJ ESO 3000

30 WR1TEtLIST#2001) It XCURD(I) ,YCORD(I), ZCORO(ii, ESO 3010
1 OX!!), UY(I)t Uz(I) ESD 3020
IF(IISPL P'Q. 1) GO 10 32 ESO 3030

43 WRITE(7,iOZ) (X II)i =1, NGLOF) I SD 3040
37 STOP ESD 3050

END ESD 3060
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SUBROUTINE CGJRD C.GD 10
c CG0 20
C ***~ * ** * * * * * * * * * * CGD 30
C * CGD 40
C. * SUBROUTINE CkbjR[ MINIMIZES TME TOTAL POT'NTIAL ENERGY BY THE * CGD 50
C * CONJUGATE GRADIENT METHOD AND TESTS THE STRAIN ENERGY FOR * CGD 60
C * CGNVERGENCE * CGD 70
C * *CGO 80
C *THIS SUBROUTINE IS CALLED BY * *CGD 90
C *MAIN * CGD 100

C * CGD 110
C *THIS SUBROUTINE CALLS * CGD 120

C. *GVT * CGD 130
C ** CGD 140
C ************* ******************* CGD 150

C Clio 10O
C CGD 170

IMPLICIT REAL*8 (A-HtO-7) CGD 160
HI:AL*I3KLMAl CGD 190
INTEGER*2 GNMATLD8CLLDBC, IX26 CGD 200
LO(,ICAL*l SW CGD 210
COMMON / KEGN / KEMAT( 2628)t GNMAT(1ZO,72),1X261 121) CGD 220
COMMON / CGVECT / G(2B56),XC?856bB8(2856),PC2856),RC2856) CGD 230
LOMMUN /SCALAR/ EPSt ACBt XNRM, BNRMt RNRMvDELXNR, CGD 240
1 FDLLE9 ENGYl, LNGY2, CGD 250

2 tIGLIJF, LIMIT, NEL, KOUNT9 ITYEL, IIRLMT, MM CGD 260
COMMON /BC/ DSC(20019 LLDBC12CO), LDBC(700)t NDBC CGD 270
C011MON /SWITCH / SW(12) CGD 280
17KNT =0 CGD 290
IF-CSWC8) ) GO TO 2 CGD 300
KOUNI r' CGD 310
isrTA 0.00 CGD 320

C CGD 330
L RESTART ITERATIVE PROCESS BY FINDING NEW RESIDUE VECTOR CGD 340
L CGD 350

2 00 10 1 n INGLUF CGD 360
10 GUI) 0.00 CGD 370

DO 70 l=I,NDDC CGD 380
H(LORC(III =O.D3 CGD 390

70 X(LDBC(II)) 0.00 CGD 400
DO 31 INELv1,NEL CGD 410
LOE =IX261INEL) + 6 CGD 420
READ(3'LQE) KEMAT 4.GD 430

31 CALL GVTIGNHAT, KEMA7, Gy Xt INEL) CGD 440
00 32 I=1,NDBC CGO 450

32 G(LOBCCIII = 0.00 CGO 460
RNRMI = C.0C' CGD 470
DO 20 I = 1,NGLDF CGD 480
PCI) = B(I) - GCI I CGD 490
R(II PCI) CGD 500

20 RNRMI =RNRM1, R(I) *R1I) CGD 510
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C CGD 520
C CALCULATE STRAIN ENERGY CGD 530
C CGD 540

IF( *NUT. (SW(31 DOR. 6N4(4)) GO TO 5 CGD 550
1F(MM .EO. 0) GO TO 95 CGO 560
0u '10 .=1,MM CGO 570

90 X(LLDBC(I)) = DBC(I) CGD 580
95 EfJGYI = .D(' CGD 590

0O 17 I=1,NGLOF CGO 600
17 G(1) = 0.00 CGD 610

DO 34 INEL=1,NEL CGO 620
LOE = IX26(INEL) + 6 CGO 630
R1AU(3$LQE1 KEMAT CGO 640

34 LALL c.,VT(GNM'Tv KEMAT, G, Xt INELI CGD 650
DO 92 I1,NGLDF CGO 660

Q2 E-NC-YI ENGY1 + X(I) * G(I) CGD 670
EN(,YI .50C * ENGYl CGD 680
ENGY2 =ENGY1 CGD 690

C CGD 700
C FIND ALFA CGD 710
L CGD 720

5 DU 35 I1,N(LDF CGD 730
35 G(1I = 0.00 CGD 740

DO 33 INEL=I#NEL CGD 750
LOE = X26(INELY 6 CGD 760
REAcJ(3sLLIE) KFMAI CGD 770

33 (.ALL GVT(GNMAT, KEMATt G, P, 1NkLI CGD 780
()0 36 1=11NDBC CGD 790

36 G(LDIRCM)I = .D) CGD 800
PKP = r.00 CGD 810
0O 30 1 =1,fNGLDF CGO 820

30 PKP PKP + PHI) * G(I) CGD 830
ALFA =RNRMI / PKP CGD 840
1I(W(3)) GO 70 25 CGD 850

C CGO 860
C CORRECT TIlE DISPLACEMENT VLCTOR CGO 870
C CGD 880

DO 40 1 = ,NGLDF CGD 890
40 X(I) = XIII + ALFA * P(I) CGD 900

ITKNT =ITKN7 + CGD 910
KOUNT = KOUNT 4 1 CGD 920
IF(17KNI .LT. ITRt.MT) GO TO 7 CGD 930
SW133 = TRUE. CGD 940
GO T0 2 CGD 950

7 IV-(SW(4)) GO TO 12 CO 960
IF (RNRM1 .GT- 1:1 6O TO 11 CGD 970
SW(4) =.TRUE. COO 980
GO 70 2 CGD 990

11 RNRH2 = 0.bQ CGD 1000
C COO 1010
C FIND NEW RESICUtE VECTOJR AND NEW P VECTOR COD 1020
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C CGD 1030
DO 50 1 = INGLDF CGD 1040
RUI) = KM) - ALFA*G(l) CGD 1050

50 .'NRt'. = RNRM2 + RII) * R() CGD 1060
BE1A = RNRM2/RNRM1 CGD 1070
DO 60 I = 1,NGLDF CGD 1080

b P(I) = R{1) * BETA * PI) CGD 1090
RNRM1 = RNRM2 CGD 1100
GO 10 5 CGO 1110

C CGD 1120
C RIND CHANGE IN STRAIN ENERGY FROM ALFA & RNRMI CGD 1130
C CGD 1140

12 DELE .!DO * ALFA * RNRM1 CGD 1150
EUNGY2 ENGY2 - DELE CGD 1160
IF(DELE/ENGY2 .LT. EPS) GO TO 14 CGD 1170
SW(21 .FALSE. CGD 1180
.GO TU 11 CGD 1190

14 IF(SW(2)I GO TO 15 CGD 1200
SW(,) .TRUE. CGO 1210
GU 70 2 CGD 1220

15 SW(l) .TRUE. CGD 1230
C CGD 1240
C CALCULATE CONVERGENCE PARAMETERS CGD 1250
C CGD 1260

25 XNRM = C.D0 CGD 1270
RNRM = 0.00 CGD 1280
OELX;= 0.00 CGO 1290
DO 16 I=1,NGLDF CGD 1300
XNRH = XNRM + XII) * XCI) CGD 1310
BNRM = BNRM + B(I) * BI) CGD 1320

16 DELXNR = OELXNR + P(I) * PIl) CGD 1330
XNRM = DSORT{XNRII) CGD 1340
BNRM = DSQRT(BNRH) CGD 1350
RNRM = USQRI(RNRMIJ CGD 1360
OELXNR = ALFA * DSURTCIELXNR) CGD 1370
IF( .NOT. S~W2)) DELE .5DO * ALFA * RNRMI CGD 1380
ACF = DELE / ENGY2 ' CGD 1390
RETURN CGD 1400
END CGD 1410

A-42



SUBROUTINE TITLE TID 10
C TID 20
C * * * * * * * 4 * * * * * * * * * * * * * * * * * * * * * * * * * * lID 30

L * TID 40

C * SUbROUIIN[ TITLE PRINTS THE HEADING ON EACH PAGE 4 TID 50
C * THIS SUBROUTINE IS CALLED BY - *TID 60
C * MAIN * TIO 70
C * TID 80

TID 100
IMPLII REAL*8 (A-H,0-Z) TID 110
COMHUN / HEAD / HED(IO),ICRDLISTIPAGE9LINE lID 120

100 FURMAT (1HI,'FEt4 72-DOF GENERAL HEXAHEDRONS THERMO-ELASTIC, VARYINTID 130
IG MATERIAL PROPER7IESt DANA't 9X9 'PAGE't 13) 7ID 140

101 FORMAT (IHO#IOAJ 710 150
LIST = 6 lid 160
'IWR1 = 6 TIE 170
WRITE (LISTtIO) IPAGE TID 180
WRITE (LISV,101) IEO 7ID 190
IPAGE= IPAGE +1 710 200
LINE = 0 71D 210
RETURN TID 220
ENO TID 230

/
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SUBROUTINE GVT(GNMATKEHATtGtPINEL) GVD 10
C GVD 20
C * * s t * * * *** *** ***GVD 30
C * *GVD 40
C * SUP'JUTINE G*!T 'ORHS THE MATRIX-VECTOR PRODUCT KP=G WHERE K * GVD 50
C * REPRESENTS THE NON-FORMEU GLOBAL STIFFNESS MATRIX * GVD 60
C * *GVD 70
C * THIS SUBROUTINE IS CALLED BY - * GVD 80
C * MAIN * GVD 9C
C c CGJRD * GVD 100
C * * GVD 110
C * NOTE: OVER 90 PERCENT OF THE TIME IN STEP 3 IS SPENT IN THIS * GVD 120
C * SUBROUTINE - IT IS RECOMMEND THAT THIS SUBROUTINE BE REWRITEN * GVD 130
C * IN ASSEMBLY LANGUAGE TO OPTIMIZE THE CODE. * GVV 140
C * * GVD 150
C * G VD 160
C GVD 170

.REAL*8 KEMAT, G P GVD 180
INTLGLR*2 GNMAT GVD 190
DIMENSION GNMAT(120,72)i KEMAT(26281# G(2856), P(2856) GVD 200
M=C GVD 210
DO 20 I=172 GVD 220
K=GNMATIINELti GVD 230
UO 20 J=I,72 GVD 240
L=GNMAT(INELJ) GVD 250
1=M+1 GVD 260
G(K3=G(K3.KEMAT(M)*P(L) GVD 270
IF(I.EQ.J) GO TO 2C GVD 280
G(L)=(;(L)*KEMAT(M)*P(K) GVD 290

20 CONTINUE GVD 300
RETURN GVD 310
END GVD 320

A
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C flAIN PROGRAM STEP 4 MN4. 10
C MN4 20
C * MN'. 30

C * STEr 4 PERFORMS THREE FUNCTIONS * MN4 40
L * *MN4 50
C * 1. READ PROBLEM DATA AND DISPLACEMENTS FROM DISK * MN4 60
C * *MN4 70
C * 2. CALCULATES SIX STRLSS COMPONENTS AT EACH NODE FUR EACH * MN4 80
C * ELEMENT IN RECTANGULAR OR CYLINDRICAL COORDINATES * MN4 90
C * * MN4 100
C * 3. PRINTS STRESSES AND/OR CYLINDRICAL DISPLACEMENTS * MN4 110
C * * MN4 120

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * MN' 130
C MN4 140
C * * * * * * * * * * * * * * * * * * * * * .N *** * * * * * * * * * $ *N 150
C * * MN4 160
C * VARIABLE DEFINIIIVNS AND DIMENSION: FOR STEP 4 * MN4 170
C * * MN4 180

C * ALFAI(NMIL) - - - THLRMAL EXPANSION COEFFICIENT 11 * MN4 190
C * * MN4 200

C e ALFA2(NfiTLI - - - THfRPtAL EXPANSION COEFFICIENT 22 * MN4 210
C * * MN4 220
C * ALFA3(NMTL) - - - THERMAL EXPANSION COEFFICIENT 33 * MN4 230

C * * MN4 240

C * AMBTMP ------ INI(IAL TEMPERATURE * MN4 250
C * * MN4 260
C * D(6bb) ------ ELASTIC MATRIX * MN4 270
C * * MN4 280
C * E(NMTL,9,NIMP) - - MATERIAL PRUPERTiES * MN4 290
C * * MN4 300
C * ETM(9) ------ NINE INDEPENDENT URTHOTROPIC MATERIAL * MN4 310
C * CONSTANTS * MN4 320
C * * MN4 330

C * FIDORTINMTL) - - - DIRECTION OF PRINCIPAL AXIS FOR FACH * MN4 340
C * MATERIAL * MN4 350
C * * MN4 360

C * ICRU ------- UNIT NUMBER FOR CARD READER * MN4 370
C * * MN4 380

C , ISTRS LODE TO SPICIFY STRESSES IN RECTANGULAR OR * MN4 390
C * CYLINDRICAL COORDINATES * MN4 400
C * * MN4 410

C * IUDA ------- UNIT NUMBER FOR DIRECT ACCEt> FILE * MN4 420
C * * MN4 430
C IX(NELo27) - - - - RELATES LOCAL AND GLOBAL NODAl. POINTS * MN4 440
C * * MN4 450
C * LIST ------- UNIT NUMBER FOR PRINTER * MN4 460
C * * MN, 470

C * MILND(NGNPI - - - MATERIAL AT EACH NODE * MN4 480
( * * MN4 490

C * NEL ------- NUMBLR OF LLEMENTS * MN4 500
C * * MN 510
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C * NGLDF ------ NUMBER OF DEGREES-OF-FREEDOM (GLOBAL SYSTEH)* MN 520
C * * MN4 530
C * NMTL ------- NUMBER OF MATERIALS * MN 540
C * * MN4 550
C * N..P('.TL) - - - - NUMBER OF MATERIAL PROPERTIES SPECIFIED FOR * MN4 560
C * EACH ELEMEil * MN4 570
C * * MN4 580
C * TMPEL(NMTLNTMP) - TFtIPERATURFS AT-WHICH MATERIAL PROPERTIES * MN4 590
C * ARE SPECIFIED FOR EACH MATERIAL * MN4 600
C * * MN4 610
C * THPND(NGNP) - - - FINAL NODAL POINT TEMPERATURES * MN4 620
C * * MN4 630
C L U(NGLNF) ---- -DISPLACEMENT VECTOR * MN4 640
C * * MN4 650

C * UX(NGNP) ---- X-DIRECTION DISPLACEMENTS * MN4 660
C * * MN4 670

C * UY(NGNP) ----- Y-DIRLCTION DISPLACEMENTS * MN4 680
C * * MN4 690

C * UZ(NGNP) - - ----- DIRECTION DISPLACEMENTS * MN 700
L * * MN4 710
C * X(NGNP) -X-COORDINATE (GLOBAL SYSTEM) * MN4 720
C * * MN4 730

C * Y(NGNP) ----- Y-COORDINATE (GLOBAL SYSTEM) * MN4 740
C * * MN4 750
C * Z(NGNP) ----- Z-COORDINATL (GLOBAL SYSTEM) * MN4 760
C * MN4 770
L * ******** * *** ** ** * * **** MN4 780

C MN4 790
IMPLICIT REAL*e IA-HO-ZJ MN4 800
LOGICAL*l SW(12) MN 810
INEGER*2 IX, MTLND, LLDBC(200) MN4 820
COMMON / GENLS / NEL, NGLDF, NGNP, NMTL, INEL, ILNP, IGNP, IMTL MN4 830
COMMON /MATL/ L(9,9,#Ol),t6,bJ, FIBORT9), ALFAI(93, MN4 840
1 ALFA2(9) , ALFA3(9),AMBTMP ,ETM(9), TMPEL(910)t NIMP(9) MN4 850
COMMON / NODAL / X(O15), Y(10I5), Z(105)t UX(1015),UY(1015 , MN4 860
I UZ(1015), TMPND(IOI}, U(3045, ALFTMP(6), XT(1015), YT(0ID5), MN4 870
2 ISTRS, IX(144,27), MTLNU.1015) MN4 880
COMMON / HEAD / HED{I(),ICRDLIST#IPAGEtLINE MN4 890

100 FORMAT(15) MN4 900
2000 FORMAI('O',7X'tNODE',13X,'R-COORD',I1X 'THETA-COORD*,I1X, MN4 910

1 'Z-CUORD',tX,'RAD-ISPL', 12X,'TANG-DISPL', i1X, IZ-OISPL' / MN4 920
2 27X, 'INS', 15X9 'DIGRFES', iSX, 'INS', 13Xt 'INS', 17X9 MN4 930
3 'DEGREES', 14X, 'INS' /I) MN4 940

2001 FORMAT(bXv 15, 3F20.5, 3E20.7) MN 950
DIMENSION DBC(20') MN4 960
DEFINE FILE 3(55t6500UiIDXDAJ MN 970
LIST = M NN4 980
ICRD = 5 MN' 990
IUOA = 3 MN4 1000

C MN4 1010
C READ STRESS TYPE CODE MN4 1020

A-46



C MN'. 1030
READ(ICRD,1Q)) ISIRS MN'. 1040

C MN. 1050
C READ DATA GENERATED IN STEP 2 -PROBLEM DATA MN'. 1060
C MN'. 1070

REt; (. U.A'1l trL, NGLDF, NDBC, NTYEL, LIMIT, NGNPtNMTL9 MN'. 1080
1 HED, IPAGE, AMBTMP MN'. 1090
READ (UUA12) ((NTMP(J3, FIBORr(J), ALFAI(J3, ALFA2(J), ALFA3(JJ3,MN4 1100
1 ITMPELCJi1), (EIJLI),L=1,9), I1,110)9 Jo1qNMTL) MN. 1110
2 , ((IX(1,J)qJ~1,27),I=1,NEL1, MP'. 1120
3 ITMPND(J), MTLND(J)9J=1,NGNP) MN. 1130
READ (IUDA13) (X(AJJ19NGNP), (Y(J),J=19NGNPI,(Z(J),J=19NGNP) MN. 1140

C MN. 1150
C READ DATA GEN&RATED IN STEP 3 - DISPLACEMENTS MN'. 1160
C MN'. 1170

IDXDA = N7YEL+? MN'. 1180
READ (lUDAOIDXDA)SW;MMt (OBC(J),J=1,MMI, (LLDBC(J)tJ=1,MMI, KOUNTMN. 1190

fi (IJJJ=1,N(,LOF) MN'. 1200
lF(IS7RS .EQ. 0) GO TO 12 MN'. 1210

C MN4 1220
C TRANSFORM X APID Y RECTANGULAR COORDINATES TO R AND 1HEIA MN. 1230
C CYLINDRICAL (.ORDINA7ES MN. 1240
C MN'. 1250

0O 3 11,pNGNP MN. 1260
XT(I) = 0S(.P1X(I)*Xfl) + Y(I)*Y(II I MN4 1270

3 YT(IU 180.DO * D)AIAN2fY(I)? X(I) 3.14.15926535897900 MN4 1280
IF(ISTRS .EQ. 11 GO TO 12 MN4 1290

C MN4 1300
C. PRINT DJISPLACFMENIS IN CYLINDRICAL COORDINATES MN. 1310
C MN'. 1320

CALL TITLE MN. 1330
WRITE(LIS1,2000) MN'. 1340
DO 30 I-1,NGlp MN. 1350
IF(LINE .LT. '.8) GO TO 94 MN4 13b0
CALL TITLE "MN. 1370
WRITE(LIST .2000) MN'. 1380

9'. CONTINUE MN'. 1390
LINE =LINE + 1 MN4 1400
UXCI) lJ(3*1-2) * OCO4S(3.1'.159265358979D0 * YT(I) / 180-DOI MN. 1410
1 +U(3*1-1I * DSIN(3.1415926535897900 * Y7f 1) / 180.00) MN'. 1420
UY(I) =-U(3*I-2) * DSIN(3.1'.1592b535897900 * YT(I) / 180.00) MN'. 1430
1 + U(341-1) * OCD!,d3.1'.15926535897900 * YT(13 / 180.00) MN'. 1440
UZ(I3 U(3*I) MN'. 1450

30 WRITE(LIST,2001) Is XT(I), YT(I1, Zf11, UXII), UYCI), UZ(I) MNt, 1460
1F(ISTRS .E0. 2) GO TO 9 MN. 1470

L. MN'. 1480
C CALCULATE STkFSSFS MN'. 1490
C MN'. 1500

12 CALL S1RaiSS MN'. 1510
9 STOP MN'. 1520

E NV MN'. 1530
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SUBROUTINE TIYLE T14 10
C T 14 20
C * *14 30
C * SUBROUTINE TITLE PRINTS THE HEADING ON EACH PAGE * T14 40
C * *T14 50
C * THIS SUBROUTINE IS CALLED BY - * 114 60
C * STRESS * T14 70
C * T14 80
L. ****$*********** * T14 90
C T14 "100

IMPLICIT REAL*8 (A-H#O-Z) 714 110
COMMON / HEAD / HEDV(Ol)ICRDLISTIPAGEtLINE 714 120

100 FORMAT (IH19'FEM 72-DOF GENERAL HEXAHEDRONS THERMO-ELASTICi VARYINTI4 130
IG MATERIAL PROPERTIES, DANAt, 9X9 OPAGE't 13) T14 140

101 FORMAT (IHOIOAB ) T14 150
WRIE (LIST,100) IPAGE T14 160
.WRITE (LIST,10l1 HED T14 170
'IPAGE= IPAGE -1 114 180
LINE = ( T14 190
RETURN T14 200
END T14 210

/
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SUBROUTINE STRESS ST4 10
C ST4 20
C S** * * ** * ** * * * ** * * * T4 30
C * *T4 40
C * SUBROUTINE STRESS CALCULATES AND PRINTS THE SIX STRESS *S14 50
C * LuiMP'jrEN7S AT EAC4 NODE FOR~ EACH ELEMENT ST4 60
C * ST4 70
L THIS SUBROUTINE IS CALLED BY - ST4 so
C *MAIN *ST4 90
C S T4 100
C *THIS SUBROUTINE CALLS - ST4 110
C *TITLE *ST4 120
C *ELAS7R *ST4 130
C S T4 140
C * T4 150
C ST4 160

IMPLICIT REAL*8 (A-H#U-Z) S74 170
.INTEGER*2 IX, MTLND S74 180
COMIMON / GENLS / NIL, NCLVF, NGNP, NMTL, INEL, ILNPq IGNP, IM7L ST4 190
COMMON /MA7L / E(9,9,IOiD(6t6)t FIBURT(9)i ALFAl(9), ST4 200
1 ALFA2(9)? ALFA3(9),AMBTMP tETM(9), TMPEL(9,10)9 NTMP(9) ST4 210
COMMON / NODAL / YflC15)9 Y(1015J, Z(1015)9 UX(1015),UY(1C15), ST4 220

1 UZ1lOIS), TMPND(1015), U(3045), ALFTMP461, XT(10153, YT11015), S74 230
2 ISTRSi IX(144t27), MTLND( 1015) ST4 *240
COMMON / HEAD / HED(1O),iCRDLISTtIPAGELINE ST4 250
DIMENSION XYZ(24,3), L(3,24), DI3,3), DJI(3,3), BA(6,72), 514. 260

1 B08(72,72), SICG(6), UkL(7Z), SIGSAV46,24J, T(393), ST4 270
2 SIGR7HC3t3), SIGXY(3,3) ST4 280

2000)C FORMAT (lHO,9X,6HEL.NDu.,6X,4HN(JDE,9X,BHX-STRESS,6X,8HY-STRESS, 5T4 290
16X, tHZ-STR(SSt6Xt IvXY-STRESS,5X,9HXZ-STRESS,5Xt9HYZ-STRESS/ 514 300
2 37X9 lKSIl, ICX, 'KS!', 12X# 'KS!', IlX 'KS!', liX, 'KS!', ST4 310
3 11X, 'KSI' ) ST4 320

2001 FORMAT (15XlI4X,6UI4.5) ST4 330
2002 FORMAT (lHO,9X,1l5pI11,4Xt6D14*5) 514 340
2003 FORMAT(90 EL.NO. NODE R-SIRESS THETA-STRESST4 350

is Z-S7RESS RTHETA-SIRESS Ri-STRESS THETAZ-STRESSI / 514 360
2 37.X, 'KSII, lOX, 'KSIV, 12X, 'KS!', IlX, 'KSI', 11X, OKS!', 574 370
3 IIX, IKSIt ) ST4 380

2004 FORMAT (15XIJ.I,4X,60I4.5) 514 390
2005 FORMAT (1HO,9X,15,Il1,4X,6D14.5) 514 400

C 514 410
C SOLVE FUR STRESSES SIG(6) AT EACH NODAL POINTS OF EACH ELEMENT 514 420
C ST4 430

CALL TITLE ST4 440
IF(ISTRS .EQ. 0 *OR. ISTRS .EO. 4) GO 10 31 S74 450
WRITE(LIST,2003) 514 460
GO TO 32 ST4 470

31 WRITE (LIST,2010) 514 480
32 CONTINUE ST4 490

QO 300 INEL=1,NEL 514 500
C ST4 510
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C PLACL PROPER NODAL DISPLACEMENTS IN U FROM A ST4 520
ST4 530

DO 121 I=1,24 ST' 540
"EL (4*1-2) = U(3*IY(INELI)-21 ST4 550
UEL (3*1-1) = U%3BIX(INELI)-) ) ST4 560

1?1 UEL (3*1 ) = U(3*IX(INEL,I) Sm4 570
L ST4 580
C FORM NODAL PT. COGIDS. MATRIX XYZ FOR J(3X3) C(3X241*XYZ(24X3) ST4 590
C ST4 600

DO 140 1=1,24 ST4 610
L = IX(INELI) ST4 620
XYZ(iI = X(L) ST4 630
XYZ(1,2) = Y(L) ST4 640

140 XYZEI,3) = Z(L) S14 650
C, ST4 660
C CALCULATE BA = U*,, 24 SETS OF (6X71) FOR EACH NODE OF THE ELEMENT ST4 670
C ST4 680

DO 200 ILNP=I,24 ST4 690
Do 150 I=l,6 ST4 700

150 SIG(I) = O.DO ST4 710
GO TO (1, 2, 3, 4, 5, t, 7, 8, 9, 10, 11, 12, ST4 720

1 13,14,15,16,17,18,19,20, 21, 22, 23, 242, ILNP ST4 730
1 XSII= -1.DO ST4 740

ETAA= -1.00 S74 750
ZTAA= -1.00 ST4 760
GO TO 25 ST4 770

2 XSII= -1.00/3.D0 ST4 780
GO TO 25 ST4 790

3 XS11= I.00/3.00 ST4 800
GO 10 25 ST4 810

4 XSII= 1.O ST4 820
GO TO 25 ST4 830

5 ZTAA= 1.00 S74 840
X!1I= -1.D0 ST4 850
GO TO 25 ST4 860

6 XSII= -1.D/3.00 ST4 870
GO TU 25 ST4 880

7 XSII= 1.Uf/3.00 ST4 890
GO TO 25 ST4 900

8 XSIl= 1.0 ST4 910
GO TO 25 ST4 920

9 ZTAA= -1.00 ST4 930
XSII= -1.00 ST4 940
ETAA= -1.00/3.0 ST4 950
GO TO 25 ST4 960

10 ETAA= 1.00/3.00 ST4 970
GO TO 75 ST4 980

11 XSII= 1.00 ST4 990
ETAA= -1.U0/3.U0 ST4 1000
GO TO 25 ST4 1010

12 E7AAr I.V0/3.00 ST4 1020
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GO TO 25 S74 1030
13 Z7AA= 1.00 ST4 1040

XSIZ= -1.00 ST4 1050
ETAA -1.00/3.00 ST4 1060
GO TU 25 ST4 1070

1', EiAA= 1.VO/3.1)0 ST4 1080
GO TO 25 ST4 1090

15 XSII= I.OC ST4 1100
FTAA= -1 .00/3.00 ST4 1110
GO 70 25 ST4 1120

16 EIAA= 1.00/3.00 S74 1130
6O TO 25 514 1140

17 EItA= 1.00 ST4 1150
17AA= -1.DC ST4 1160
XSI -1.00 ST4 1170
GO TO 25 5T4 1180

1P XSII= -1.V0/3.00O S14 1190
GO TO 25 S74. 1200

19 Sll= 1.D0/3.UC ST4 1210
GOW TO 25 SI'. 1220

20 XS11= 1.00 ST4 1230
GO 7O 25 ST4 1240

21 ZTAA= 1.00 ST4 1250
XSII=- 1.00 S14 1260
GO TO 25 ST4 1270

22 XSII= -1 .00/3.00 ST4 1280
GO TO 25 Si'. 1290

23 XSII= 1.00/3.00 ST4 1300
GO 10 25 Si'. 1310

24 XSII= 1.00 S14 1320
25 CONTINUE :TI- 1330

CST4 1340
C FORM C MATRIX ST4 1350

L ST4 1360
CI1,1) =(1.U0O-ErAA,*(1.00-zTAA)*(10.DO+18.D0*XSII-27.00*XSII**2 - 74 1370
19.b0*E7AA**2) ST4 1380

C(1,2) =(1.OO-ETAAI*(l.DO-ZTAAI*(8l.00*XSII**2-18.GO*XSII-27.OJ ST4 1390
C((1,2 =(.JEA)(.(ZA)(70-0E*SI8.OXI*2 ST4 1400
ClI,',) =(1.L0O-ETAA)*(1.OO-ZTAA)*(27.D0*XSII**2+9.00*E7AA**2+ S74 p410
1 1t.0*XS11-IO.-DCJ S14 1420
C(1,51 =(1.Vo-LTAA)*(1.DOZTAA).(10.0O,18.00*XSII-27.D0.XSII**2- S74 1430
1 9.D0*ETAA**2) ST4 1440

C(i,o) =l1.i>:i-ETAA)*I1.0,ZTAA)$(81.00*XSII**2-18.)C,*XS1II27.00) ST4 1450

C(1,7) =11.03-ITAA)*( 1.00,Z7AA)10(27.00-I8.DO*XS1I-b1.D0*XSI1**2) S74. 1460
CC1,8) =(1.00-ETAA)*(I.UO+ZTAA)*(27.DO*XSII**2+9.00*EIAA**2* ST4 1470
110.L,0*XSII-LO.00) ST4 1480
r(1,92 =(.03D*TA*10-TA~9D*TA*-.O ST4 1490
L(.1,10)=(1.00,3.00*FTAA)*(1.DO-ZTAA)*C9.00*ETAA**2-9.CVl ST4 1500
C41,11=-CI 1,93 S74. 3510
C(1,121:-CI1,101 S14 1520
Cfitl3I:(1.00-3.D0O*ETAA)*(l.EO+ZTAA)*I9.00*E1AA**2-9.O00 ST4 1530
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C(1,14)=(l.OO.)3.00*k7AAI*( 1.DO+ZTAA)*(9.DO*ETAA**2-9.DO) S74 1540
C(l,15)=-C(l,13) ST4 1550
C(1,16)=-C(ltl4J ST4 1560
C(97=IC+TA*ID-TA*(OD+8D*SI2.0XI*2 ST4 1570
19.DO*ETAA**21 ST4 1580

C(1,18ak(l.voETAAs1(.DO-ZTAA.(8.00*XSII..2-16.osXSI:.?7.DO3 SI'. 1590
CI 1,19J=(1.0.TAA)*t1.DO-ZTAA)*(27.DO-18.DO*XSII-8l.00*XSII**2) SI'. 1600
C(lt20)=(I.UO+ETAA)*(I.Do-ZTAA)*127.DD-%XSII**2+9.DO*ETAA**2+ SI'. 1610

118.DO*XSII-10.0)O) ST4 1620
C(1,21)=(1.U)O+ElAA)*(l.DC.ZTAAI*(10.DO+18.00*XSII-27.00*XSII**Z- SI'. 1630

I9.O0*ETAA**.Z) S74 1640
C(1,221=(1.t,)+,TAA)*(1.00,ZTAAJ*(B1.D0*XS1I**2-18.U04XSII-27.0j S74 1650
C(,3=ID~TA*ID+TA*(70-8D*SI8.0XI*2 ST4 1660
C(1,24h=(I.00O+ETAA)*(1.00,ZTAAI*(27.D0*XSII**2+9.DO*ETAA**2, ST4 1670

I1I.DO*XSII-10.DO) SST4 1680
C(2t13 =(1.L'-XSII)S(1.00-ZIAA)*(10.D0,18.00,E1AA-9.D0*XSII**2- ST4 1690

I27.DO*ETAA**2) SI'. 1700
M(2,2) =(1.D0-3.00*XS11)*(1.UO-ZTAA)*(9.DO*XSII**2-9.00) ST'. 1710
Cl;',3) =(1.D0+3.DC*XS1J)4(1.D0-ZTAA3*(9.DO*XS11*02-9.D0i SI'. 1720
C(294) =(1.DO+XSI1)*(1.DO-ZTAAJ*U0O.D0,18.DO*ETAA-9.D0*XSIl**Z- ST4 1730

127.0D*ETAA**2) ST4 1740
C(2,5) =(1.CJ3-XS11.(1.D+ZTAA*(10.00,18.U0*ETAA-9.U0O*XSIZ&**2- ST4 1750

127.D)O*EIAA**2) 514 1760
C(2,6) =(1.DO-3.00*XSII)*(1.U0+ZTAA)*(9.DO*XS1II*2-9.00) SI'. 1770
C(2,7) =t~j+>O*SI~lL0ZA)(.OXI*29D. SI'. 1780
C12,8) =(.)+ll)(.0ZA)(0.O1.OEA-.OXI*2 S14 1790

127.E00*EAA**2) 514 1800
C(299=(1.O(V-XSII)*(1.DO-ZTAAI*(81.00*EIAA**2-18.0C*ETAA-2T.00) S74 1810
C(?,1O1(.-XSI)*(.u-ZTAA)(27.D018.0*ETAA-81.00*ETAA** ) SI'. 1820
C(d,11)=(l.LIOtXSII *I0-TA*810*TA*-8.;*TA2.0 ST4 1830
C(2,12k=(1.U,X!,11)*(1.U0-ZTAA)*(27.00-18.DC*ETAA-RI.DO*ETAA**Z) S14. 1840
C(2,13J(1l.0-XSII)*(1.DO.ZTAA*81.DOEAA**2-IjO*EIAA-27.00) S74 1850
C(2,I4)=(1.D0-XS1I*O(1.UO4LIAA)*(27.00-18.U0O*ETAA-8'.0O*EIAA**2) 514 1860
Cg2,15)=(1.00O+XS11).(1.j0+ZTAA2*g81.0C*ETtA.*2-Is.u0*E1AA-2;..tm1 514 1870
C,1tb)(.DOXSIJ*(.0,ZTAA*27.O-1.DO*T.A-.DO*E1AA**2) ST4 1880
C(2,17)=(1.bO-XSII)*( 1.DU-l1AA)*(27.D0*EIAA**2+9.D0*Xc:*2+ ST4 1890

118.DO*ETAA-I0.VU) ST/4 1900
C(2,18 J=-C(2,2) ST4 1910
C(?919)=-C(2,3) SI'. 1920
C(e,,20):(l.b0,XS11)*(1.00-ZTAA)*(27.00oETAA**2.9.0OsXSII**t,18.D*ST4 1930

3ETAA-10.00) SI'. 1940
CI(,2lJ=(1.00-X3,11)*(1.0C.ZTAA)127.O*ETAA**2,9.')0*XS11*2+ 51'. 1950

118.L,0*ETAA-1c0.V0) S14 1960
C(Z,22J=(1.00-3.DC*x!~1I)*,,1.D04Z'TAA)*(9.DO-9.Do*XSIIs.2) S!4. 1970
C(7,231=(.D,3.0*XrSJ 1)*( .I4ZAA)*(9.00-9.oC*XSllp-.2) 514 1980
C(?,24)=(l.UOtXSII)*(1.00,ZTAA)*(27.00*ETAA.*2+9.DO*XSII**2+ ST4 1990

1 I.VDtEAA-I.L01 S14 2000
C(3,1) =(.IAI)(.0EA)(0LC-.0X1*7 .0EA*2 SI'. 2010
C(3,2) '(.C3D*S1)I.0V 1*(4..DO*XS11**2-q.DCj S14. 2020
C(3,.3) t1U,3DX1)EIL0- 4004XS11**2-9.O) ST4 2030
C(5,4.) =(1.0+XS11)*(1.D0-(TAA it-.DO*XSII**2-9.DO0*ETAA**21 SI'. ?040
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DO 26 N=1#4 SI'. 2050
26 C(BN+4) = -C139N) 514 2060

C(399) =(1.U;0-3.UO*ETAA)*(1.O0-XSII)*(9.DO*ETAA4*2-9.DO) ST4 2070
C(3,10Jz(1.O043.OC* IAAJ*( 1.DOXSII)*(9.D0*EIAA**2-9.C0) ST4 2080
CL-,ll' *l.00-3.DO0*VHAA)*(1.DOXSIII*(9.DO*ETAA**2-9.DO) 514 2090
C(3,1ZJ=(1.00,3.O*ETAA)*( 1.00+ 1II)*;9.D0*,rAA**2-9.DC) ST4 2100
00 27 N=0912 SI'. 211C

27 C(3,N+.l = -C(31N) S74. 2120
C(3,17)=(1.D-XSIl)*(1.O0,ETAA)*(10.DO-9.DO*XSII**2-9.DO*E7AA**2) Si'4 2130
C(3 118)=(1.0-3.00*XSIII*(1.O00LTAA*(9.DO*XSII**2-9.0O) 514 2140
C(3,19)=(1.DO,3.O0*XSII)*(1.00+ETAA)*(9.DO*XSI1**2-9.O) S14 2150
C13,20)=(I.UO4XSIII*(1.O0%+FTAAI*(10.0Q-9.O*XSII**2-9.00*ETAA**Z) ST4 2160
Dil 28 N=17120 514 2170

28 C(30144)- -C(3,NJ S14 2180
DO 30 11=1,3 S74 2190
00 30 KK=1,3 S74 2200
DJI(1,KK) =0.t)0 SI'. 2210
DO0 30 Jj=1,24 514 2220

30 DJ(1I,KK) = OJ(11#KKI 4 C(I1,JJ) * XYZIJJKKI / 64.00 S74 2230
C. ST4 2240
-FORM INVERSE J MATRIX VJI(3X3) 574 2250

514 2260
0D1J DJ(1,1)*(DJte,2J*DJ(3#3) - 0Jf2t33*OJ(392)) 514 2270
1 +J(1,71*(DJ(2,.,l*0J(3,I) - DJ(2,19*0J(3,3)) 514 2280

2 +DJ(193)*(DJ(3tz)*OJ(2vl) - DJ('#2)*DJ(3,11) ST4 2290
DJI(1919 = (DJ(2.23'DJ(3,31 - VJ(2,39*DJ(3,2)) /OETJ 514 2300
OJI(1,21 = lE)J(312)*OJ(It3) - DJ(3,3)*DJC1,2fl /DETJ SI'. 2310
DJI(1939 (OJ(1q23-*OJ(Zi3) - 0;J(1,3P*OJ(2,v2J1 /0F:TJ ST4 2320
DJI(2t1) = (DJ(2,i)J(391) - OJ(2,9*0J(3,3' /OETJ S14 2330
OJI(2,Z) =(UJ(3,31*UJ(1,1) - OJ(3,1)*0J(1,3J) /OETJ 514 2340
DJ1(2,3) =(UJ(1,31*LJJ(2,1) - UJ(1,1*1~O2,3)) /DETJ 514 2350
OJI(3tl) =(0J(2,1I)*IJ(3t21 - UJ(2,2)*UJ(3,1)i /DEIJ 514 2360
D0 40 1=19o TT4 2370

ST4 2380
FORM MAIRIX B(6X72), WHIERE (H) Ie9Al 514 2390

r S74 2400
OJI(3t3) = (DJ(1,1)*UJ(2,2) - J(1*2)*DJ(29lfl /UETJ 514 2410
DJI(3#2) (UJ(3,1l*OJ(I,2) OJ(3p2)*DJ(Ilfl /DEIJ S14 2420
00 40 L=1,72 514 2430

40 BA(IL) 0.00 514 2440
DO 50 N1=1070,3 514 2450
L (N -11/3 4 1 514 2460
BSA(19N) (OJII I,1)J*C(ItL9,DJI(1,2)*C(2,L9,DJ1(1,39*C(3,Ll./64.00 514 2470

W49H) OJII2,1 lC( 1,LI.0JI (21*C(2,L).OJI(2931*C(3,LI 1/64.00 S14 2480
50 BA(5,N) (OJI(3,11*C(lL).DJI(3,2)*C(2,L),DJI(3,3)*C(3,LJJ/64.D0 ST4 2490

DO 61, N=2971,3 514 2500
L =(N -2)/3 + 1 514 2510
BA(2,N) (OJI(291JA'C(1,L1,DJ1(22.C(2,LOJI(23*C31j9/6.0c SI'. 2520

BA(4tN) (v)JI(1, 1)*C( IL1+OJIUt,2)*C(2,L).0J1(1,31*C(3,L)9/64.00 574 7530
bO bA(bNj (0JJ(3?l)*C(IL)+0JJ1[3,2.*C(2,L9.JJI(3,3',*C(3,L)1/64.DO 514 2540

00, 70 N=1,729? 574 2550
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L (N - 3)/3 + 1 SI'4 2560
BA(31NI (DJI(3,I )*C( I,L)tDJI(3.2)*C(2,..3DJI(393)*C(3tL)i/64.DO Si'. 2570
BA(5tN) 0 DJI(1,IP4L( 1,L)+DJI(1,2)*C(2,L),DJI(1,3)*C(3,L) 3/64.00 Si'. 2580

70 BA(61NJ (DJI(2 1 1)*CI1.L3,DJI(292J*C(2,L)+OJI14231*C(3,L))/64.00 ST4 2590
C Si'. 2600
C FIND ELASTIC MATRIX AND FORM TRIPLE MATRIX PRJDUCT SI'. 2610
c. ST4 2620

IF(ILNP .ECQ. I .OR.IX(INLL,27) .EQ. 2 *OR. IX(INLLt27) .EQ. 4) Si'. 2630
1 CALL ELASTR 514 2640
DU) 8D N=196 ST4 26,50
DO 80 L=1972 Si'. 2660
BOB(NLI 0.00 Si'. 2670
(JO 80 NN=196 S74. 2680

S0 BDVt(NLJ = BD8(NtL) + LIAINN)*bA(NN,L) Si'. 2690
Do 90 I11b Si'4 2700
Do 90 J=1172 SI'. 2710

90 SIG(II=S1G(I3 + BDB(I,J3SUEL(J) Si'. 2720
SSi'. 2730

C INCLUDE THERMAL AFFECTS Si'. 2140
c - MOM T4 2750

itlP =TMPNVIIX(INELvILNP) I MSM T4 2760
Do 92 I=ltb Si'. 2770
DO 92 J=196 Si'. 2780

92 SIM() =SIG(!; - D(1,J3'ALFTMP(J) * TM)' 514 2790
IMtSTRS .EQ. 1 ODR. ISTRS .EQ. 3) GO TO 96 Si'. 2800

L PRINT STRESSES IN RECTANGULAR COORDINATES SI'. 2810
IF (LINE.LT.48) GO TO 94 SI'. 2820
CALL TITLE ST'. 2830
WRITE (LISI,2000) SI'. 2040

94 CONTINUE Si'. 2850
IF( ILNP .EO. I ) UO 70 95 51'. 2860
WRITE (LISI,20nl3 IX(INELILNP), (SIG(Ii,=1,6J SI'. 2870
If (ISTRS .EQ. 0) GO TO 100 S74. 2880
ISTHS .EQ. 4) GO TO 96 ST4 2890

95 WRITF(LIST, 002)INELiX(IINELILNP) ,(SIG(IJI=1.9') Si'. 2900
IF(ISTRS .EQ. 01 GO TO 100 51'. 2910

(. 54 2920
(. RANSF'RM STRESSES TO CYLINDRICAL COORDINATES S74. 2930

SI'. 2940
96 SIGXY(1,13 = SIGM 5T4 2950

SIC,XY(1#2) =SIGM4/2.UO 51'. 29,S0
SIC.XY(1,3) =SIG(53/Z.00 ST4 2970
SIGXY(291) = S16(43/2.00 Si'. 2980
SIGXY1292) = SI(2) 514 2990
S1GXY(2t3) SIG(63/Z.VO S14 3000
SIGXY13#1) SIG(5)/2.O Si'. 3010
SIGXY(392) S16(63/2.V0 Si'. 3020
SIGXY13#33 S16(3) SR4 3030
71t)DA 3.l'.159Z6535'897900 YT(IX(INELIILNP3) / 80.00 51'. 3040

540 1(1,13 DCOS(ThEDA) S1'. 3050
7(192) DSIN(THEDA) S74 3060
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0t1J .00 ST'. 3070
T(2,1) =-T(1,2) 514 3080
7(2,21 Tfl,1J SI'. 3090
1(?,3) O .00 S14 3100
T(3.1) 0.00 S74 3110
T(3,2) O.f.0 ST'. 3120
00 537 II=l,3 SI'. 3130
71393) 1 .00o 5!' 3140
DO 37 jj=1,3 514 3150

537 SIGRTHU;,JJ) = 0.00 ST4 3160
DO 538 11=1,3 ST4 3170
VO 538 JJ=1,3 SI'. 3180
DO 538 KK=193 514 3190
DO 538 LL=1,3 S74 3200
IF( DAI3S(T(11,KKJ .T. 1.0-16 7 (1I,KK) 0.00 SI'. 3210

538 SI(,RTH(1l,jj) =SIGR7H(II,jf) + T(IlKK3*T(JJ,LL)*SIGXYIKK,LL) SI'. 3220
SIGM = SIGRYH(ltl) 514 3230
*SIC.(2) = IGRTH(2,2) S74. 3240
SIG(3) =SIGRiI(3,) 514 3250
SIG(/PJ SIGRTH(1,21*2.Uo ST4 3260
SI!..d1 SIG'RTH(1,3)42.DO 514 3270
Slb(WO SIGRTH(2,3)*2.0c6 SI'. 3280

C SI' 3290
C PRIN7 STRESSES IN CYLINDRICAL COORDINATES SI'4 3300
c S14 3310

IF(ISTRS *NE. 4) GO TO 539 51'. 3320
DU 98 ISIG=1,6 SI'. 3330

98 S IGSAV (IS IG,,I LNP) = SIG(1SIGI ST4 3340
I(I1LNP .1T. 24) GO0 TO 100 ST4 3350
WRIIEALIST92003) S74 3360
W';I1E(LISTP2005) INEL, INL,1), (SIGSAV(1913,I=1,6) SY'. 3370
WP17L(LIST,2304) (IX(ItIEL,J) ,(SIGSAV(1,J)#,1,),J=2,24) S1'. 3380
LINM = LINE 4 24 SI'. 3390

539 IF (LINE.LT..8) GO TO 97 514 3400
CALL TITLE SI'. 3410
WRIIE (LIS1,2003) 514 3420

97 CONTINUE S14 3430
IF( ILHP li,. 1 ) G0 10 99 S74 3440
WRITE- (LISI,2004) IX(INEL,ILNP), (SIGMIItb,) S74. 3450
GO 7O 100 SI'4 3460

99 WHITE(LIST,2005)INEL, IX(INELILHPJ ,(SIGE I),!1,6) 514 3470
100 CONTINUE S74 3480

L I 'I =L INE + 1 S14 3490
k00 CONTINUE 514 3500
300 CUNTINUt S74 3510

REIURN S14 3520
END SI'. 3530
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SUBROUTINE ELASTR EL'. 10
C. EL'. 20
L * * * * * ** ** * * * * * * * * EL4 30

- * EL4 40
c * SLBRAIUTINE ELASTR, IN CONJUNCTION WITH DMATSTP CALC.ULATES THE * EL4 50
L * LLA:TIC MATRIX FuR EACH ELEN1rN1 * EL 60
c * *EL4 70
C *THIS SUBROUTINE IS CALLED BY - * EL4 80
L STRESS * EL4 90
C ** EL'. 100
C *THIS SUBROUTINE CALLS -* E'. 110
C *DMATST * EL'. 120
C ** EL4 130
C * LL4 140
C EL4 150

IMPLICIT REAL*8 (A-H,O-Z) EL'. 160
PlIFGI-R*2 IX, MILUD EL. 170
COMON / GLIJLS / NEL, NGLOF, NGNP, NMTL, INEL, ILNP, IGNP, IMTL EL'. 180
COMMON /MATL / Ef9,9,103,O(b,b3, FIBOR7(9)t ALFAI19), EL'. 190
1 ALFA2(93, ALEA3(9),AMVTMP vETM(9J, THPEL(9,103, NTMP(9) EL'. 200
COMMON / NODAL / )C1'5,Y(1015), Z(1015)t UX(1015),UY11015), EL'. 210
1 UZ(1015)9 TMPNO(1C15), U03045), ALFTMP(6), XT(1015), YT( 10153, EL'. 220
2 ISTRS, IX( 144,273, MTLND( 10153 EL'. 230
IF( IX(INEL,27) .EU. I .OR. IXIINEL,27) .EO. 3) GO TO 31 EL'. 240
IFI IX(INEL,27) Eu 2 ) GO T0 2 EL'. 250
NTMP1 = NTMP(IX(INEL,25)) EL'. 260
IF( NIMPI .EU. I I GO TO .31 EL'. 270
II11% = MTLNLfIX(jNLILNP)J EL'. 280
IF(IMIL D. 0 1 IMTL = IX(INEL,25) EL'. 290
IGNT = lX(INELILNPI EL'. 300
IFITHPNO(IGNT) .LT. TMPEL(IMTL,1) ) 6O TO 5 EL. 310
IF( TMPND(IGNT) .GE. TMPLL(IMTL9NTMPCIMTL33 GO TO 6 EL'. 320
N314PM1 =NTMP(IMTL) - 1 EL'. 330
DO 20 11,1NTMPM1 EL'. 340
IF( TMPPID(IGNT).GT. TFI'EL(IMTL,113 .AND. TMPNDIIGNT).LE. EL'. 350

1 TMPEL(IMTL,1II.1 I GO TO 4. EL'. 360r
20 CONTINUF EL'. 370

WRIME6,6001) EL'. 380
b001 FORMAT( I EkROR 1' 1 EL'. 390

5 DO 30 1=1,9 EL. '.00
30OFTM(13 = E(iIIL,1,13 EL'. '.10

GO TO I EL'. '.20
6 DO 4~3 1=1#9 EL'. 430

40 ETMII) =E(IMTL,IttiTMP(I4TL)) EL'. '.40
GO TO 1 EL'. 450

4 DIFP1P TMPEL(IMIL911+1J - TMPELIIMTLtXI) EL. '.60
DIFTP2 = TMI'ND(IGNT) - TMPEL(IMTLoIl) EL'. '.70
RAJOIF =DIf-1P2 / DIFTP1 EL'. '.80
DO 50 1=1,9 EL'. '.90

50 E7M(I) = E(IMTL?1,II) + RA70IF * (E(IMTL91,Il.1) -E(IMTL9II133 EL'. 500
GO TO 1 EL'. 510
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31 IMTL IXIINELt25) EL4 520
00 60 1=1#9 EL'. 530

60OErM(I) = LIMTL,1,1) EL'. 540
GO TO I EL'. 550

2 INTL =MTLNDj(IX(INELILNP)) EL'. 560
lFfifftC. .E(, 0 ; P'TL =IX(INEL,25) EL'. 570
Do flO 1=1,9 EL'. 580

80 ETMII) = E(JMTLI,1) EL'. 590
1 CALL DMATST EL'. 600
RETURN EL'. 610
END EL'. 620
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SUBROUTINE DMATST DM4 10
L. DM4 20

C **********************************DM4 30
C * DM4 40
C * SUBROUTINE OMAYST LALCULATES THE ELAST1C MATRIX AND PERFORMS A * DM4 50
C * ,RO.ATIONAL 7'AP'FORMATION ON THE ELASTIC MATRIX * DM4 60
C * *0M4 70
C * T1IS SUBROUTINE IS CALLED BY * *0M4 80
C *ELASTR * DM4 90
C ** DM4 100
c * * ** * * ** *s ** * * ** * ** * ** *.DM4 110
C. DM4 120

IMPLICIT REAL*J (A-HIO.-Z) DM4 130
INTEGER*2 IX9 M7LNO DM4 140
COMMON / GENLS / NEL, NGLOF, ND6NPt NMTL, INELt ILNPI IGNP, IMTL DM4 150
COMMUN /MATL / E(9,99,I0)t(6,6), F1BORT(9), ALFAI19), DM4 160
1 ALFA?(9), ALFA3(9hvAfrmP ,ETM(9)v TMPEL(9,10), NTMP(9) DM4 170

It COMMUN / IODAL / X(1015)9 Y(1015)9 Z(1015), UX(10I5)tUY(10153, DM4 180
1 UZ(10152, TMiPNfD(1O1,'), U(3045)9 ALFTMP(6), XT(10152,p YT(1015), DM4 190
2 ISTRS, IX114'.,27), PMTLND(1015) DM4 200
DIMENSION T16,6),IO(b,6)9 TT46,6)v TMPCOF(61, OTMP(6,63 DM4 210
00 1c0 1=1,6 DM4 220
UO 10 J=1#6 DM4 230
T(IJ) 0 .00 DM4 240
D(I#J) = DP DM4 250

1V TD(I,J) = 0.00 DM4 260
XNU21 =E7M14) * E7M(2) / ETM(1) DM4 270
XNU31 = EIM(5) * E7M(3) / ETMIl) 0!44 280
XNU32 =ETM(6) * LIM(3) / ETM(Z) DM4 290
FACT:1 .O0-LTt4(4)* (XNU2 ltf.TM(6) *XNU3I)-EIM(5)* (XNU31+XNU32*XNU21)- DM4 300

1 E7M(b)*XNU32 DM4 310
U1191) =ETM(l) *(1.00 - t7M(6) * XNU32; / FACT DM4 320
0(1121 ETM(2) * EMM14) + ETMS) * XNU32) FACT DM4 330
0(1,3) =ETM(3) *(ITM(5) + ETM(4) * ETM(b)) /FACT DM4 340
0)(2,1) U(1,2) DM4 350
0)(2,2) ETM(2) *(1.00 - ETM(5) * XNU31) / FACT DM4 360
()(293) =ETM(3) *(ETM(6) + E7M(5)* XNU21) / FACT DM4 370
0)(3,1) = (193) DM4 380
0(3,2) U (2,3) DM4 390
t(3*3) ETM(3)* (1.OC* - ElM(4W XNj21) /FAC, DM4 400
WC4,4) =ET'4(7) DM4 410
D(5,5) =ETM(&) DM4 420
U(6,6) =ETM(9) DM4 430
ALFTMP(l) ALFAI(IMTL) DM4 440
ALFTMP42) = ALFA2(IMTL) DM4 450
ALF7MP(3) =ALFA3(IMIL) DM4 460
00 60 1=4,6 DM4 470

60 ALFTMP(l) =000 DM4 480
IF( DABS(FIBORT(MTL) *LT. .5D-14 ) GO T0 50 DM4 490
FIPOR FII1KIHI1TL3 * 3.141592653589793200 180.00 DM4 500
T(1,I) OLUSIFIBUR )**2 DM4 510
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T(1,2) = SIN(FIBOR )**2 DM4 520

7(4#1) =DCOS(FIBOR ) * DSIN(FIBOR )DM4 530

T(1,'.) = -2.UD *T(4,1) OH'. 540

T(2,I) = (1,23 DM4 550

71 -? T1191) DM4 560

r(2,4) =-T(l14) DM4 570

T(3,3) = .V0 OH'. 500
T(4v23 -7(491) DM4 590

T(414) T(191) - 7(192) DM4 600

T(5,5) DOS(FIBOR ) DM4 610

7(6,5) =DSIN(FIBOR ) DM4 620

T(5#61 = -T(6v51 DM4 630

7(696) = (505) DM4 640

DO 70 1=116 DM4 650

TMPCOF(II) = 000 DM4 660

00 7C J=1,6 DM4 670

70 TMPCOF(I) =TMPCOF(I) 7 (1,J) *ALFYMP(J) DM4 680

1)0 90 1=1,6 DM4 690

9C ALFTMP(I) = TMPCDH-Il DM4 700

DO 20 Izl,6 DM4 710

DO1 20 J=1,6 DM4 720

DO 20 K=196 DM4 730

20 TO(1,J) = TD(I,J) I (ItK)*O(KgJ) DM4 740

DO 80 1=1,6 DM4 750

D0 VIC J=1,6 DM4 760

80 TTIJ,I) = MqIj) DM4 770

DO 30 Iz1,o DM4 780

D0 30 J=1,6 DM4 790

OTMP(IJ) = OO DM4 800

D0 30 K=1,6 DM4 810

30 D1MP(1,j3 DTMP(ItJI + 70(1,K) *171K,J) DM4 820

D0 40 1=1,6 DM4 830

DO 40 J=1.b DM4 840

40 D(J,JJ OTMP(1,JJ DM4 850

50 CONTINUE DM4 860

RETURN DM4 870

END DM4 880
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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

a dir,,-.t access 4ile with a minimum logical record length of 21024 bytes.

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.

/
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JCL to run four job steps

JOB ORIGIN FROM LOCAL DEVICE=RD! ,20C.
f//R1225TS1 JOB~ F0803,DANAqMSGLEVEL1l
/*MAIN REGION=(200,292?230,248),TIME=( 1,2,30,4) ,L1NES=4
,/S-'..Pl EXr-( FORTGCG
f/FURT.SYSIN 00

//GO.FrC1FOOI DO OSN=&DATATEMqUNIT=SYSDA9
/1 SPACE=( IRK, (5,1),RLSh);
// ISP=(NEW, PASS, DELETE ),I
/1 CE=(RECFM=FB,LRECL=80,[LKSIZE=POO)

//GO.SYSIN DO*

//STEP2 EXEC POR7GCG
//FORT.SYSLIN DO LSN=GLDADSEIDISP= (N4WPASS),
// UNIT=SYI-SQSPACE=(8O,(200,150),HLSE) ,DC8=[BLKSIZE=8O
//FORT.SYSIN 0)0 *
//GO.FTCIFOOI 00 DSN=&OATAT[M#UNIT=SYSDA,

// DISP=(ULD9OELETE)
//GO.FTC31-O01 DO DSN=&KEM7RbC,UNIT=SYSE)A,

/1 ISP= (NEW PASSDELL7 E),
1/ SPACC=(26000,(15,9),RLSE),
// UCB=(RECFMFTLRECL=26000, Bl2%SIZE=26OOO,BUFNO=1)

// 0.SYSIN DD

//STEP3 EXEC FORTGCG
//FORT.SYSIN DO*

//GO.FT03FOC1 DO (SN=LKEMTREC,UNIT=SYSDA,
ii DISP=IDLPAS.,?DELETE:)r
ii SPACE=(26000t(15,9),RLSE)r
/1 DCFI=CECFM=FTLRECL=2b000,OLKSZE=26000,BUFNO1l)

//GO.SYSIN DO'

//STEP4 EXEC FORTGCG
//FORT.SYSLIN 00 OSN=&LUADSET,DISP=(NEW,PASS),
// UNIT=SYSSQSPACE(80(200,150),RLSE) ,DCB=ELKSIZE=8O
//FORT.SYSIN UD

//GO.F703F001 Vt) DSN=&KEMTREC,UNIT=SYSDAt
/1SPACE= (26000, (159 9),RLSE),
if ISP=(ULDODELFTEL'FLFlE),

1/ L1=(RECFM=FTLRECL=26000,BLK;IZE=26000,BUFNU=1)
//GO.SYSIN DD
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JCL to run steps 1land 2

J~(IqIG'N FROM LL:CAL L)EVlCE=RL' t20C.
//1.1225T1? JU PM331ANAtMl(.LEVtL=.

1/EXEC PrMt4IEFBR14
//[)DI tJD LISPfILL',ILjLETE)1,)N:Jlt1N.AFC8Q?2,UNITjYsDAqVULSFI%=Il$VUJR

IISTEP1 FXEC FORTUCG
//FOR7,.*YSlN PD *
//G;O.FT01F OC~I DDL)DSN=&UA7ATEMtUN1T=YSL)A,

/1 SPACL=(TRKt15,1),RLSE),
/1 l)SP(NEW,PASSUEUh~

//GO.SYSIN DD)

//STEP2 EXEC FURTGCG
//FORT.SYSLIN LID LUSN=LDSEIjSP=(I4[W,PAb)S),
// UNTSSQSAE(0 2UlC)k!E,DCI-.=ILKSl7L~4(
//FUR1.SYSlN UD *
//GO.FTOIF'O1 OD L)SN=&UATAlEMUNlT=,Yb)At

/1DjSP(Lj[ ILLElE)
//GU.F-rQ3F 7 'l OL, IJSN=JUNU.AF-)t,03,ULN ISYSL)AVLL=SER=LISE PK,

/1DlSP=IMEW,PASS,DLL1E)t
// SPALL=(2bOOO,(15,3),RLSE)i

//GCI.SYSIN DO~

B-3



JCL to run step 3

JOB~ ORIGIN FROM LOCAL DEVICE=RD1 v20r-.
//P1225rl3 JU-4 FC8O3,DANA,MSGLE:'EL~l
/*MAIN REGIO)N=23OTIME=3OLINES=4
//57EP3 EXEC FORTGCG
//FORT.SYSIN DO

//GO.FTO3FC.)j DD USN=JOND.AFO033,UNI=SYSDAVOL=SER=USERPK,
// DISP=(ULDKEEP,KEEP),
// PACE=(26000,(15,3)vRLSE)v
1/ DCII=(RECFM=FTLRECL=26000,BLKSIZE=26000,BUFNO=1)

//G(J.SYSIN LDO*

JCL to run step 4

JOB ORIGIN FROM LOCAL DFVICE=RD1 *20C.
1/81225116 J()q FC8O3,DANA,MSGLEVEL~l
//SlEP4 EXLC FORIGCG
//FORT.SYSLIN OiD USN=&LOADSET,DISP=(NbW,PASS),
// UNIT=SYS$SJ,SPACF=(809(2oo,15O),RLSE)tDCB=BLKSIZE=ao
//FORT.SYSIN 'JD*

//GO.FTC03F001 DO DSN=JND.AFOG3UNI=SYSAVL=SERAJSERPK,
1/ DISP=(UL0,KEEPKEEP),
// SPACE=(2b000,(15,3),RLSE),
1/SPACE= (260001 15t3) tRLSE),t
II DCB=(RECFM=FTl-RECL=26000,BLKSIZF=260OOBUFNO=l)

//GO.SYSIN DD
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APPENDIX C

Rectangular Plate Mesh Generator

A. Introduction

This mesh generator will yield element, nodal, material, and

temperature distribution data necessary to idealize a rectangular

F-lid laminate subjected to plate bending loads or axial extension in

the x, y or z-directions. Force qnd 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

can be specified in the z-direction. Figure C-1 shows a typical mesh.

!I
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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

2. Output unit card (1615)

Columns 1-5 unit number (specifies the unit for passing data

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

to be punched on cards)

3. Control parameters cards two cards

First card (215, F10.2)

Columns 1-5 type of thermal-elastic problem (called classes)

'I' - 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 or 4 elements. Classes I and 2 can be mixed

and classes 3 and 4 can be mixed.)

6-10 type of temperature distribution

'0' - constant temperature

'I' - 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
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Second card (110, 2F10.S) 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

4. Plate and mesh dimensions card (3(IS, FlO.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 ('1' to '6')

21-30 y-dimension of plate, b

31-35 number of elements in the z-direction ('1' to '6')

36-45 z-dimension of plate, t

5. Material change data cards (1615)

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.)

6. Material data cards two cards

First cail (215, 7F10.0) one for each material

Columns 1-5 material number (in sequential order)

6-10 nunber of material cards

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

11-20 fiber orientation in degrees

21-30 thermal expansion coefficient, all

31-40 thermal expansion coefficient, a2 2

41-50 thermal expansion coefficient, a33

Subsequent cards (FS.0, 3Fl0.O, 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, E22, KSI

26-35 modulus of elasticity, E33, KSI

36-40 Poisson's ratio, v12

41-45 Poisson's ratio, 13

46-50 Poisson's ratio, v2 3

51-60 shear modulus, G12 KSI

61-70 shear modulus, C13 KSJ

71-80 shear modulus, G23 KSI

7. Element change data cards (1615)

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 requirea to describe at which element

number an element type is changed.)

8. z-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.

P=C+C+C2 2P = C1 + C2x + C3y + C4x + C5y + C6xy

+ C7(sin 'Tx. (sin 7jXJ + C8(sin !x sin J
Where:

Columns 1-10 C1, constant coefficient

11-20 C2, coefficient for linear variation in the

x-direction
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21-30 C coefficient for linear variation in the y-

direction

31-40 C4, coefficient for quadratic variation in the x-

direction

41-50 C5 , coefficient for quadratic variation in the y-

direction

51-60 C6, coefficient for product variation in x and y

directions

61-70 C 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 (8F1O.O) one card

(Leave blank for class 1 or 2)

Columns 1-10 temperature at corner 1 (x, y, z) = (0, 0, 0)

11-20 temperature at corner 2 (x, y, z) = (a, 0, 0)

21-30 temperature at corner 3 (x, y, z) = (0, b, 0)

31-40 temperature at corner 4 (x, y, z) = (a: b, 0)

41-50 temperature at corner 5 (x, y, z) = (0, 0, t)

51-60 temperature at corner 6 (x, y, z) = (a, 0, t)

61-70 temperature at corner 7 (x, y, z) = (0, b, t)

71-80 temperature at corner 8 Cx, y, z) = (a, b, t)

10. Material properties at nodes

First Card (415, 3F10.0) blank card for class 1, 3 or 4

Columns 1-5 number of material property cards

Second Card (415, 3FI0.0) no cards for class 1, 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/displacement boundary conditions (41S, 3F10.0)

Columns 1-5 boundary condition code
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6-10 index coordinate, x-direction

11-15 index coordinate, y-direction

16-20 index coordinate, z-direction

21-30 magnitude of x-direction boundary condition

31-40 magnitude of y-direction boundary condition

41-50 magnitude of z-direction boundary condition

/
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C MAIN PROGRAM STEP IA MGP 10
C MGP 20
C M** * * * * * * * * * * * * * * * GP 30
C ~ MGP 40
C * THIS MESH G NERATOR IDEALIZES A RECTANGULAR LAMINATED PLATE * MGP 50
C * *MGP 60
G. ** * *** * ** * * ** * * * *MGP 70
c MGP 80

IMPLICIT kEAL*8 (A-H,U-Z) MGP 90
INTEGC.R*2 IX, ICODE, IDPIXI, MTLND MGP 100
COM.:.ON /GENMAT/ X(1e'66),Y(1066JZ(1066bvUX(16-I,UY(1066),UZ(1066)MGP 110

1 9 TMPNO1O66) BC7MP(8i, MGP 120
2 ALFA1(10),ALFA2( 10),ALFA3(10J ,FIBORT(10),E(10,9,10),TMPELI1O,10J,MGP 130
3 NTMP(10),IX(1144,27),ICODE(1066),IDPIX1(19,19,11J,MILNO(1066i MGP 140
COMMON / GENII / 7MPIN7, EPS7MP, AX, BY, CZ, THELLXTHELLYELLZMGP 150
1 NEL, NGNP, NGLOFs NMTLv NTYEL, LMTMP, NELX, NELY, NELl, ICLASSMGP 160

Z 9ITYTO, NELX3I, NELY31, NELZI MGP 170
'COMM4ON / HE:AD /. HEUj(I0)jICRDvIWRT,IPAGE,LINE MGP 180

1000 FOkMAT( 1615) MGP 190
1091 FOkMAT(215, F10.21 3F10.8) MGP 200
1002 FORMAT(F5.0, 3F10.0, 3F5.29 3F10.0) MGP 210
1003 FORHlAT( 14, 14, 12t 6F10.o, F10.2) P4GP 220
1004 FORMAT( C 0Ad) MGP 230
1005 FORMAT( 415, F10.2) MGP 240
1011 FOP.MAT(I10, 2F10.53 MGP 250

ICRD 5 MGP 260
IPAGE =I MGP 270
IWRT =6 MGP 280.
REAO(511004) HED MGP 290
READ(5,1COO) NTUI MGP 300
RLADI5,1001) ICLASS, 17YTOv AMBTMP MGP 310
READ(591011) LMTMP, Tl4PINT, EPS7MP MGP 1:'0

c MGP 330
C GENERATE MESH AND BOUNDARY CONDITIONS MGP 340
C ?IGP 350

CALL MSHGEN MG,' 360
CALL BCGEN T4GP 370
DO 20 I=1,NGNP MGP 380

20 7MPND(I) = AMBTMP MOP 390
IF ( ICLASS .LE. 2 GO TO I MGP 400
L4LL 7MPDST MGP 410

1 C0141INUE MOP 420
CALL DISPILY MOP 430
CALL HOOF MOP 440

C MGP 450
C WRITV MESH DATA ON UNIT NTU7 MGP 460

CMGP 470
WRIIE(NTUT,1004) HED MGP 480
WRITE(NIUT,1005) NGNP, NMIL, NEL, NTYEL9 AMBYMP MGP 490
DO 10 IMTL1I,NMTL MOP 500
WRITE(NTUTt1001) IMTL9 N'IMP(IM7L)t FIBORT(IP4TL)t ALFA1(IMTL), MOP 510
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1 ALFA2(IMTL), ALFA3(IMTL) MOP 520
NTMP1 NTMP(IMTL) MGP 530
00D 10 ITMP=1,NTHPI MOP 540

10 WRITECNTUT,1OO2) 7MPEL(XM7L,17MP), (E(IMTLiJt1TMP3,J=I,9) MGP 550
DO 30 INEL=1,NEL MGP 560

30 WRITE(NTUT,1000J JNEL# (IXCINELPJ)tJ 1,27) MOP 570
DO 40 M=1,NGNfP MGP 580

40 WkITE(NTUT,1003) M, MTLND(M3, ICODE(M), X(M3, Y(MJ, Z(Mt MGP 590
I UX(H), UY(M. t UZ(M), TMPND(M) MOP 600
IF( NTUT .NE. 7) REWIND NTUT MGP 610
Slop MGP 620
END MGP 630
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SUBROUTINE MSHGEN MSP 10
C MSP 20
C * S * * * * ** ** * * * * ** *MSP 30
C * MSP 4.0
C * SUBROUTINE MSHGEN GENERATES THE: MESH AND NUMBERS NODES AND * MSP 50
C * ELEMENTS * MSP 60
C * *MSP 70
C ******** ************************* MSP 80
C MSP 90

IMPLICIT RFAL*8 lA-tlvO-Z) MSP 100
INTEGER*2 IX, ZCODE, 1UPIXi MTLND MSP 110
COMMON /GENMAT/ X(1066),Y(1066),Z(1066),UX(1066),UY(1066),UZ(1066)MSP 120

1 t TMPND1(k%),) BC7MP(8)t MSP 130
2 ALFA1(10),ALFA2(10),ALFA3(1O),PIBORT(l0),E(10,91OT7MPELI1O,103,MSP 140
3 NTMP(10),1X(144,27),ICUDE(1066),IDP1X1(19,19,11),MTLND(1066) MSP 150
COMMON / GENLI / TMPINT, EPSIMP, AX, bY, CZ, THELLX*THELLY*ELLZ,MSP 160
1 NEL, NGNP, fJGLOF, NMTL, NTYEL, LMTMP* NEIX, NELY, NELZ, ICLASSMSP 170

2 , ITYTO, NEL931, tN--Y31, NELZI MSP 180
COMMON / CORD / RUNX, RUNY, RUNZ, IRUNX, IRUNY, 1RUNZ, 1ST liSP 190
COMMON /DATDIS/ XCRD( 19), YCRD119), LCRD( 11) MSP 200
COMMON I HEAD / HEO(1O),ICRDqIWRTtIPAGELINE liSP 210
DIMENSION IMATL(IO), IXMLCH(IC)v ITYEL(IOI, IXELCH41O) liSP 220
DIMENSION INEWX(163, IRECX(8), IPSSX(b) liSP 230
DIMENSION INEWZ1112)9 IRECZ(1219 IPSSY(4), IRECYI4), liSP 240

1 INEWZ3U0t IPSSXZ14), IRECXZ(4) liSP 250
DIMENSIUN ISGI(3), ISG2(3)9 ISG313), ISG4(3) MSP 260
DIMENSION LNCRD(12)t 1STCDX(12), ISTCDY(12) liSP 270
DATA INEWX/ 2,3,4,6,7,8,11,12,15,16,18,19,20,22,23,24 I lSP 280
DATA IRECX/ 1,509,1C,13,14,17,21 / lSP 290
DATA IPSSX/ 4,0,11,11,15,16,20,24 / lSP 300

*DATA INEWZI / 5,6,7, 1!; 13v 141 15, 16, 21, 22, 23, 24 /MSP 310
DATA IRECZ / It 2, 39 4, 99 10, 11, 12, 17, 18t 19, 20 / lSP 320
DATA IPSSY / 21, 22, 23, 24 / lSP 330
DATA IRECY / 5, 6, 7, 8 / liSP 340
DATA INEWZ3 / 6, 7, 8, 15, 16, 22, 23, 24 / lSP 350
DATA IPSSXZ / 8, 15, 16, 24 / liSP 360r
DATA IRLLXZ / 5, 13, 14, 21 / liSP 370
DATA ISGI, ISG2v ISG3t 15G4 /8,1,7,7,1,8,4,1,5,3,2,2/ liSP 380
DATA LNCRD /59 6, 7, 8, 13, 14, 15, 16, 21, 22, 23, 24 / lSP 390
DATA ISTCDX /0, 1, 1, It -39 0, 39 0, -3, 1, It 1 / liSP 400
DATA ISTCDY / 0, 0, 0, 0, 1, 1, -1, 1, 1t 0, 0, 0 / liSP 410

100 FORMAT( 161W) 4SP 420
101 FORMATI 3(15 , F10.0)) 'VSP 430
204 FOkMAT(vOPLA7E DIMENSIONS', T40, OX =9, F9.3, ' V =09 F9.3, liSP 440

1 ' Z =I, F9.3 ) liSP 450
265 FORMAT(l NUMBER OF ELEMENT', 7409 *XN =09 13t 1 YN =It 13, liSP 460

1 9 ZN c-'. 13) liSP 4.70
20b FORMAW(OMATERIAL IYPL AND MATERIAL CHANGES# / lSP 480

1 TW, 'MATERIAL TYPE CHANGE AT ELEMENT' 3 SP '490
306 FORMAT 118Xt 129 22Xt I14) liSP 500
307 FOPMAI('OELEMENT TYPE AND ELEMENT CHANGES' / lSP 510
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I T1O, $ELEMENT IYPE CHANGE AT ELEMENT$ MSP 520
1001 FORMAT(215t 7F10.0) HSP 530
1002 FOflMAT(F5.O, 3FI0.C, 3F5.09 3F10.0) MSP 540

READ(ILROICU) NELX, AX, NELY, BY, NELZ, CZ MSP 550
READ(ICRO,100) NMILP NMLCH, (IMATL(J),IXMLCHlJ),J1NML.H) lSP 560
DO 71 IMTL~ltNMTL MSP 570
READ(ICRt) 11001) MTLNt NTMP(IMTLJ, FIBORT(IMIL)i ALFAI(IMTL), D4SP 580
1 ALFA2(IMTL), ALFA3(IMTL) lISP 590
NIMPI = NTMP(IMTL) MSP 600
DO 71 ITMP=ItNTMP1 MSP 610

71 READ(ICRD ,1002) TMPLL(IMTLI17MP~i (E(XMTLvJtITMP),J=1,9) lISP 620
READ(ICRoIOO) NTYEL, NELCH, (1TiF:L(J)9,IXELCH(J)tJ=1,NELCH) MSP 630
CALL TITLE MSP 640
WRITE(IWRTtZ04) AX. BY, CZ MSP 650
WRITE(IWRyi205) NELXw NELY, NELZ lISP 660
IR17E(XWRlt206) lISP 670
WRITE(IWRT,306) (IMATL(J)t IXMLCH(J), J=1,NMLCH) MSP 600
'WRITE( IWRTt3O71 MSP 690
WRITE(IWRT9306) (ITYEL(J), IXELCHtJ3,J=1,NELCH) MSP 700
INLL 0 MSP 710
DO I IELY=1,NELY M-SP 720
INEL = INL-L.1 ;ISP 730
IELYIZ IELY-1 MVp 740
D0 I J=1#24 I-'SP 750
IGNP = J+16*IELY1 lISP 760

1I X(INEL,J) =IGNP lISP 770
IF(NLLX -EQ. 1 ) GO 10 6 MSP 780
DO 5 IELX=2,NELX MSP 790
TGNPL =IGNP lISP 800
00 3 IELY1I,NELY tisp 810
INtL = TNF-L + 1 M59 820
IMNY = INEL-NELY lISP 830
0O 2 J=198 lISP 840

2 IXIINEL,IRECX(J)) IXIIMNY91PSSX(J)) lISP 850
3 COIT INUE lISP 860

INEL =INEL- NELY MSP 870
DO 5 II-LY=1,NELY lISP 880
INEL =INEL.1 lISP 890
1ELY1= IELY-1 lISP 900
DO 4 J1,1l6 lISP 910
I&,JP = IGNPL+J+1O*IELY1 lISP 920

4 IX(INEL,lNEWX(J)) =IGNP lISP 930
5 CONTINUE lISP 940
6 CONTINUE lISP 950

IF(NLLZ -EQi. 1 ) GO TO 59 lISP 960
(DO 22 IFLZ =2tNELZ lISP 970
INtL = INEL.1 lISP 980
IMNZ = INEL-41ELX*NELY lISP 9'40
DO 7 J=1912 lISP 1000

7 IXIINELPIRECZ(J3) = XIIMNZINEWZliJ)) lISP 1010
DO 8 J1,1l2 lISP 1020
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IGNP IGNP+I MSP 1030
0 IX(IN:LIN1W1(J)) = XGNP MSP 1040

IFINELY .EQ. 1) GU TO 66 MSP 1050
00 12 IELY =2,NELY MSP 1060
INEt. = NEL+l MSP 1070
IMNZ =INEL.4JELMENLY MSP 1080
D0 9 J=1,12 MSP 1090

9 IX(INELIRECZIJ)) = X(IMNZ,1NEWZ1(J)) lISP 1100
00 10 J=1,4 lISP 1110

10 I(NEL,IRECYIJi) = IX(INEL-1,1PSSY MJ) lISP 1120
DO 11 J=5,12 lISP 1130
IGNP = GNP.1 lISP 1140

11 IX(INELINEWZ1(J)) IGNP lISP 1150
12 CONTINUE lISP 1160
66 CONTINUE lISP 1170

IF(NELX E(U. 1) GO TO 2? [ISP 1180
D0 21 I1:LX =2,NELX lISP 1190
*INEL = INEL.1 lISP 1200
IMNZ =INEL-NELX*NELY lISP 1210
DO 13 J=1,12 lISP 1220

13 IX(INELtIRLCZ(J[) IX(IMNZINEWZIIJ)) lISP 1230
IHNX = INEL-NELY M4SP 1240
00 14 J=194 lISP 1250

14 IX(INEL91RECXZ(J)) IX(IMNX91PSSXZ(J)) lISP 1260
00 15 J=116 lISP 1270
IGNP = IGNP.1 [4SP 1200

L5 IX(1NELvINEWZ3(J)) IGNP lISP 1290
IF(NELY .1:0 1) GO TO 21 lISP 1300
D0 20 JELY = 21NELY lISP 1310
INEL =INEL+1 lISP 1320
IMNZ =INEL-NELX*NELY lISP 1330
1MNX =INEL-NELY lISP 1340
D0 16 J=1912 lISP 1350

16 IXI1NE1,1RECZ(Jl)) IX(IMNZINEWZI(JI3 lISP 1360
DJO 17 J=194 lISP 1370

17 IX(INELIRECXZ(Jfl !X(IMNXIIPSSXZ(J)[ lISP 1380
[JO 18 J=294 lISP 1390

18 IXf1tJELIRECY(J[) =1X(INEL-,ilPSSY WJ) lISP 1400
[JO 19 J=498 lISP 1410
IGNP = 1GNP.1 RSP 1420

19 IX(INELINLiJZ34J)) IGNP MV$,, 14.30
20 CONTINUE HSP :'-40
21 (.ONT INUE lISP 1460
22 CONlINUE lSP !460
59 NIL. = INEL lISP 1470

IX1:LCH(NELCH+1) r0 lISP 1480
IXMLCH(NMLCW1) =0 lISP 1490
1 =0 lISP 1500
j =0 lISP 1510
DO 23 INEL=1,NEL lISP 1520
IF(INELt .1Q. IXMLCH(1+1J1 1=1+1 lISP 1530
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IMINEL .EO. IXELCH(J+1Ii J=Je1 MSP 1540

IX(NEL,25) = IMATL(I) lISP 1550

IX(INEL926) =ITYEL(J) lISP 1560

1X(INELt27) r XCLASS lISP 1570

23 CONTINUE MSP 1580

ELLX = AX/NELX MSP 1590

ELLY = BY/NELY MSP 1600

ELLZ = CZ/NELZ MSP 1610

THELLX =ELLX/3. MSP 1620

THLLLY =ELLY/3. MSP 1630

IRUNX I lISP 1640

NFLX31 =NELX*3+1 MSP 1650

NELY31 =NELY*3+1 MSP 1660

NEL21 = NELZ+l lISP 1670

IRUNY =I lISP 1680

IRUN-Z = IMSP 1690

RUNX 000 lISP 1700

RUNY OD00 MSP 1710

RUNZ =ELLZ * lSP 1720

IGNP I 1 lSP 1730

IST 4 lISP 1740

Do 24 1=19NELX:)l lSP 1750

00 24 J=11NELY31 lISP 1760

00 24 K1,tNELZI lISP 1770

24 IDP1XI(IJK) = 0 lISP 1780

XCRD11) = 0.0 lISP 1790

YCRD(13 = 0.0 lISP 1800

ZCPD(I) = 0.0 lISP 1810

Do 25 I=2,NELX31 lISP 1820

25 XCROM1= XCRD(1-1) + IHELIX lISP 1830

OD 26 1=2,NLLY31 lISP 1840

26 YCRO(I) = YCRO(1-1) + THLLLY . lSP 1850

DO 27 1=1,NELZ lISP 1860

27 ZCRO(I.13 ZCRD(I) + ELLZ lISP 1870

Do 28 IELY=1,NELY lISP 1880

00 28 .1=193 lISP 1890

CALL COORD(IGNP) lISP 1900

IGNP IGNP + ISG1(J) lISP 1910

IRUNY I RUNY.1 lISP 1920

28 RUNY =RUNY + THELLY lISP 19.j0

CALL COORD(IGNP) lISP 1940

0O 30 I=1,2 lISP 1950

IRUNX =IRUNX+1 lISP 1960

RUNX = RUNX + THELLX lISP 1970

IGNP = 1+1 lISP 1980

IRUNY = 1 lISP 1990

RUNY = 0OG lISP 2000

DO 29 IELY=1,NELY lISP 2010

CALL COORDI!GNP) lISP 2020

IGNP I GNP + 16 lISP 2030

IRUNY =IRUNY+3 lISP 2040
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29 RUtJY mRUNY + ELLY "Sp 2050
CALL COORD(IGNP) MSP 2060

30 CON~TIN'UE MSP 2070
IRLNX = RWJ4X.1 MSP 2080
RUINX = RUNX + TIIELLX liSP 2090
IGNP =4 liSP 2100
IRUNY 1 I MSP 2110
RUNY =ODC) lSP 2120
DO 31 IELY=1,NELY liSP 2130
00 31 J=113 liSP 2140
CAL.L COORU(IGNP) liSP 2150
16JNP =IGNP + ISG2(J) liSP 2160
IRUNY =IRUNY+l liSP 2170

31 RINY -RUNY +THELLY liSP 2180
CALL COURDNIGNP) liSP 2190
IGNP 1GNP + L MSP 2200
1ST =3 liSP 2210
"IFANELX .EQ. I ) GO TU 61 liSP 2220
DO 35 IELX=29NELX liSP 2230
IGNPL = IGNP. 3 liSP 2240
DO 33 1=1,2 liSP 2250
IRUNX = IRUNX+1 liSP 2260
RUNX =RUINX + THELIX liSP 2270
IGNP =IGNPL + I liSP 2280
IRONY = I SP 2290
RUNY 0= liO SP 2300
DO 32 IELY=1,NELY liSP 2310
CALL COORDIGNP) liSP 2?20
IGNP =IGNP + 10 liSP 2330
IRUNY =IRUNY+3 liSP 2340

32 RUNY aRUNY + ELLY liSP 2350
CALL CO(JRD(GNPI liSP 2360

33 CONTINUE liSP 2370
IRUNX = IRUNX+1 liSP 2380
RL'NX = RUNX + THELLX , lSP 2390
IGNP =IGNPI + 3 liSP 2400
IRUNY =I liSP 241n)
RUNY =D 000 SP 2420
DO 34 ILLY=1,NLLY liSP 2430
00 34 J=193 liSP 2440
tDPIX1(IRUNX91RUNY*1) IGNP liSP 2450
JUIXiCIxj RUNXaRUNY,2)=IGNP+ISG4(J) liSP 2460
X(IGNP ) RUNX. liSP 2470
X(IGNP.15G4(JIJ = RUNX liSP 2480
Y(IGNP ) RUNY liSP 2490
Y(IGNP+ISG41J)) =RUNY liSP 2500
Z(IGNP ) = ODD liSP 2510
ZIIGNP.1SG4(J))3 RUNZ liSP 2520
IGNP = IGNP + 1-SG3(J) liSP 2530
IRLINY =IRUNY4 1 liSP 2540

34 RUNY = RUNY + THELLY liSP 2550
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35 CALL CO RD(IGNPJ MSP 256061 CONTINWI- lISP 2570INIL = Ntt.X*NELY lISP 2580IF(NELZ .LT. 2) GO 70 37 lISP 259000 36 IELZ=2,NELZ t4SP 2600'IRUNX = 1 MSP 2610IRUNZ =IhLZ~l lISP 2620Df, 36 IELX=lNELX lISP 2630IRLJNX = IRUNX + 3 MSP 2640IRONY 1 I 4SP 7650130 36 IELY=1,NELY lISP 2660IRUNX = IRUNX-3 HSP 2670INEL = INEL + 1 lISP 2680IMNZ = INEL-NELY*NELX lISP 2690D0 36 J=1,12 lISP 2700L =LNCRD(j) lISP 21ioX(1X(INELIL)) = X(1X(IMNZPL)) lISP 2720-Y My(INEL,,L)) Y(IX(IMNZtLl3 lISP 2730Z(IX(INEL,L)) =IELZ*ELLZ lISP 2740IRUNX = IRUNX + IS7CDXIJ) lISP 2750rRUNY = IRON.Y + ISTCOYMJ lISP 276036 IDPIX1(IRUNX,IRUNY,IRUNZ) =IX(INEL,L) lISP 277037 NELZ1 NEI-Z+1 lISP 2780NGNP =(IGNP +3 $NELZI/2 lISP 279000 38 1=1I,NGNP lISP 280038 "ITLND(I) =0 lISP 2810NGLOF 3*NGNP lISP 2820RETURN 
lISP 2830END 
lISP 2840
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SUBROUTINE COORO(IGNP) COP 10
C COP 20
C ** * * .' * $* * * * * ** * * * * OP 30
C *COP 40
C *SUBROtUTINE COORD CALCULATES THE XYEZ-COORDINATES FOR EACH NODE* COP 50
C * *COP 60
C ** * ** * *** * * * * * * * * *COP 70
c COP 80

IMPLICIT REAL*8 (A-H,0-Z) COP 90
IN7EGER*2 lXt ICOUEt IDPIX19 MTLND COP 100
COMMON /GENMAT/ X(1O66btY(1066)Z1i66),UX(10663,UY11066),UZ(1066)C0P 110
1 9 TMPND(1C663, BCTMP(8), COP 120
2 ALFA1030),ALFA2( 1O),ALFA3(10),FIBURT(103,E(10,9,1O) ,TMPEL(l1Ob)COP 130
3 NTMP(103,1X1144,273,ICODE110663,IDPIX1(19,19,113,MTLND(1066) CUP 140
COMMON / CORD / RUNX, RUNY, RIJNZ, IRUNX, IRUNYv IRUNZi 1ST COP 150
1CJPlXI(IRUNX, IRUNYI;)=IGNP COP 160
IDPIX1(IRUNX, IRUNY,23 =IGNPtIST COP 170
X(IGNP )3 RUNX COP 180
X(IGNP*IST)=RUNX COP 190
V(IGNP I =RUNY. COP 200
Y( IGNP+ISTJ=RUNY COP 210
Z(IGNP ) 000D COP 220
Z(I GNP+ISTJ=RUNZ COP 230
RE TURN COP 240
END COP 250
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SUBROUTINE BCGEN BCP 10
C BCP 20
C * * * * ** ** * * * * * * ** * BCP 30
C * *BCP 40
C * SUBROUTINE BCGEN GENERATES FORCE AND DISPLACEMENT BOUNDARY * BCP 50
C * CONDITION CODES I BCP 60
C * BCP 70
C ** **cp**s**** **.*****B*p 80
C BCP 90

IMPLICIT REAL*8 (A-HO-Z) * BCP 100
INTEGER*2 IXt ICODEt IDPIXIt M7LND BCP 110
COMMON /GENMA1/ X(1066),Y(1066),Z(1066),UX(1066)tUYf10661)UZI1O66)BCP 120
1 v TMPND(IC66), BCTMP(8), BCP 130
2 ALFAI(IO)IALFA2(10)tALFA3(10)tFIBDRT(1O)E(10,9tl),TMPEL(1O,10),BCP 140
3 NTMP(10I X(144 27)tICODE(1066)1DPIXI(1919l)MTLN(1066) BCP 150
COMMUN / GENLI / TMPINT, EPS7MP, AX, BYt CZ, THELLXtTHELLYIELLZBCP 160

1 NEL, NGNP, NGLDF, NMTL, NTYEL, LMTMPv NELX, NELY, NELZ, ICLASSBCP 170
2 v ITYTD, NELX31 NELY31I NELZI BCP 180
COMMON / HEAD / HEUlIO),ICRUIWRTIPAGELINE BCP 190
DIMFNSION ZLCOEF(B) BCP 200
DIMENSION LORLVT{12,2), PBAR(24)9 VLOMAT(78 P(1066)9 RELVT(78) BCP 210
DATA LORLVT / ,2,3,q417,I18,19t209t,10,l,12, BCP 220
1 5,6 7,,21,22,23t24Y13,14,15,16 / 8C' 230
DATA RELVT / 4126., -482,4oi -2421., 2864., 2864., -3546.t BCP 240
1 -1494., 2116., -4824o, -2421., -3546., -1494., BCP 250
2 12960.v -1620.t -2421., -3546., 6480., -810.t -1494.t 9072., BCP 260
3 2268., 2268., 567.r BCP 270
4 12960.t -4824.t -1494., -BO., 6480., -3546., 2268.9567., BCP 280
5 9072., 2268., BCP 290
6 4126.,v 2116., -1494., -3546., 2864., -3546., -1494., -4824., BCP 300
7 -2421., BCP 310
8 4126., -4824.,t -2421., 2864., -2421., -4824., -1494.1 -3546.t BCP 320
9 12960., -1620., -2421., 2268., 9072.s 567., 2268., BCP 330
A 12960.,t -4824., 567.,2268., 2268., 907Vt BCP 340
B 4126., -1494.t -3546., -2421., -4824.t BCP 350
C 12960., -1620.9 6480.9 -810., 12960., -810., 6480.t BCP 360

/ D 129b0.9 -1620.t 12960. / BCP 370
102 FURMATSFIO.0) BCP 380
103 FURMAT(15 , 3F10.0) BCP 390
208 FORMATtOLOADINGI / f CONSTANT COEFFICIENT2T409 F13.31 BCP 400
209 FORMAl(0 LINEAR IN Xt, T40, F13.3t 1X') BCP 410
210 FCRMATis LINEAR IN Ylp T409 F13.39 *Yl) BCP 420
211 FORMAT($ SQUARE IN X*, T40, F13.3t $X*X') BCP 430
212 FORMAT(' SQUARE IN Yl, T40v F13.3t $Y*Y'3 BCP 440
213 FORMAT(* CROSS TERM go T40t F13.39 'X*Y') BCP 450
214 FORMATI' FULL SINE 1, T40, F13.39 BCP 460

1 ISIN(PHI*X/A) * SIN(PHI*Y/l.)t  ) BCP 470
215 FORMAT(# HALF SINE IT T40, F13.39 BCP 480

1 *SIN(PHI*X/2*A)*SIN(PHI*Y/2*)' ) BCP 490
216 FORMAT(OUISPLACEMENT BOUNDARY CONDITIONS$ / BCP 500,

1 * ICUUE X-INDEX Y-INDEX Z-INDEX X-MAGNITUDE Y-MAGNBCP 510
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217UDE Z-MAGNITUOEI BCP 520
217 FOkMAT( 15,T13vl2,T23,12,T33,I2,Th1,Gll.3,T55,Gll.3,T69,GI1.3) BCP 530
218 FORMAT(IOMAIERIAL PROPERIES AT NODES$ / BCP 540

1 0MTLND X-INDtEX Y-INDEX Z-lNDEX ') BCP 550
DO1 75 1=1,78 BCP 560

75 VLOMAT(I) = RELYT(I) BCP 570
READi(ICRD,102) ZLCUEF BCP 580
READ(ICRD9102) BCTMP BCP 590
REAO(1CR0,103J NMTLCO BCP 600
WRITE(IWRT,2081 ZLCOEFI1) BCP 610
WRITE(IWRT,209) ZLCOEF(2) BCP 620
WRITEIIWRTt210) ZLCOEF(3) BCP 630
WRIIE(IWRTt211) ZLCOEVC4) BCP 640
WRITE(IWRT,212) ZLCOEF(5) BCP 650
WRITE(IWRT,213) ZLCOEI-(b) BCP 660
WRITE(IWR7#214) ZLCOEF(7) 6CP 670
WRITEtIRTtZ21 ZLCOEF(81 BCP 680

lU=2 8CP 690
00 42 I=1,NGNP BCP 700
ICODEM = 0 8CP 710

U = 000 BCP 720
UY(Z) = 000 f BCP 730
UZ(I) = 000 BCP 740

42 PCI) 0(10O BCF' 750
NMNr4I = NEL4Jr:LY*NELX~1 BCP 760
D0 45 INEL=NMNNI,NEL 8CP 770
00 43 I=1,12 BCP 780
L LURLVT(IsLU) BCP 790
T XfJX(INELPL)) BCP Fob
S Y(IX(INELL33 Bcp 3410

43 PBAR(1M ZLCUEF(I) + ZLCOEF(2)*T +. ZLCOEFC3)*S BCP 820
I + ZLCOEF(4)*T*T + ZLCUEF(5)*S*S + ZLCOEF(61*T*S 6CP 830
2 vZLCOEF(7)*DSINt3.14159*T/AX3 *DSIN(3..14159*S/BY) ecP 840
3 + ZLCOEF(B) *OSJNC3.14159*T/(2*AX)) *DSIN(3.14159*S/(2*tBY)l BC.P 850
M =0 BCP 860
DO 44 1=1912 BCP 870s
K =IX(INELLORLVT(ILU)) 8CP 880
DO 44 J=J11 BCP 890
Lt= IX(INEL*LDRLV~tJtLU)) BCP 900
M=M* 1 RCP 910
P(K) P(K) + VIDHATIM) * PDARMJ * CP 920
IM( .EQ. J) GO 70 4b 8CP 930
P(L) =P(L) * VLOMATIMl * PBARMI BCP 940

44 CONTINUE BCP 950
45 CONTINUE BCP 960

ELLY = BY/NELY BCP 970
ELLX = AX/NELX 8CP 980
AB = ELLX*ELLY BCP 990
00 46 IGNP=I, NGNP BCP 1000

46 UZtIGNP)= AB *P(IGNP) 100800. 8cr 1010
IF(NMTLCO .EQ. 0 3GO TO 41I BCP 1020

C-18



CALL TITLE 8CP 1030
WRITE(IWRT ,218) 8CP 1040
L0O 40 IMTLCI,11NMTLLD BCP 1050
READ(ICRO,103) MCODEv IXC, IYCP IZC aCP 1060
WRlTE(IWR~t217) HCODE, IXC9 IYL, INC BCP 1070
IF(IXC .NE* 0 1GO TO 78 BCP 1080
IXO = I BCP 1090
IXF =3*NELX+1 BCP 1100
GO TO 79 BCP 1110

78 IXO = IXC BCP 1120
IXF = IXC BCP 1130

79 IF(IYC .NE. 0 GO 10 80 BCP 1140
IYO 1 I 8CP 1150
IYF = 3*NELY.1 BCP 1160
GO TO 81 BCP 1170

80 IYO IYC BCP 1180
IYF =1YC 8CP 1190

81 1IF(IZC .NE. 0 GO TO 82 BCP 1200
io = i SCP 1210
IZF NELZ+1 BCP 1220
GO TO 83 BCP 1230

82 IZO c IZC BCP 1240
IZF = 1ZC SCP 1250

83 CONTINUE 8CP 1260
DO 86 1=IXOIXF SCP 1270
DO 06 J=IYOIYF BCP 1280
DO 86 K=IZOIZF 8CP 1290
IF(IIPIX1(1,JPK) .E0. C ) GO TO 86 BCP 1300
MTLND(IOPIX1(19JKII MCOOE BCP 1310

L16 CONTINUE BCP 1320
40 CONTINUE BCP 1330
41 CALL T17LE BCP 1340

WRITEt IWRT,216) 8CP 1350
47 READ(1CRD,103,END=58)LCODEIXCIYCIZC,OBCXDBCY,D8CZ BCP 1360

WR17E(IWRI9217) I COOEt IXCt IYC, IZC, O8CXi OBCY, D8CZ 8CP 1370
IF(IXC .NE. 0 ) WO TO 48 BCP 1380
IXO 1 BCP 1390
IXF =3*NELX+1 BCP 1400
GO TO 49 BCP 1410

48 IXO =IXC BCP 1420
IXF =IXC BCP 1430

49 IFlIYC .NE. 0 )GO TO 50 BCP 1440
IYO = I BCP 1450
IYF c3*NELY*1 BCP 1460
GO TO 51 BCP 1470

50 IYO = Iyc BCP 1480
IYF =Iyc BCP 1490

51 IHfIZC .NE. 0 1GO TO 52 BCP 1500
IZO 1 BCP 1510
IZF = NkLZ+I 8CP 1520
GO TO !53 BCP 1530
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52 IZO = IZC BCP 1540
IZF =IZC BCP 1550

53 CONTINtUE BCP 1560
00 56 11IX0,IXF BCP 1570
00 56 J=1YUP1YF BCP 1500
00 56 K=1ZO,IZF 8CP 1590
IF(IIPIXI(1,JK) LQ. V ) GO TO 56 BCP 1600
ICCOE(IDPIXlf1,JKI)) LCODE BCP 1610
IF(LCODE .Eu. 0) 40 TO 56 BCP 1620
IF(LCOIJE EO. 4 DOR. LCODE Eti. 6) GO T'j 54 8CP 1630
IF(LCOOF aE0. 5) GO TO 55 BCP 1640
UX(IOPIXItl#JK)) =DBCX BCP 1650
TF(LCODE .EQ. 1) GO 70 56 BCO 1660
IF(LCODE .EQ. 3) GO 10 55 SCP 1670

54 UY(lOPIXl(I.JtKl1J DBCY BCP 160
IF(LCUOE .EQ. 2 .OR. LCUDE EQU. 4) GO TO 56 BCP 1690

55 UZ(IOPIX1(1,J,K)) DBCZ BCP 1700
S6 CON7 It4UL BCP 1710

GO 10 47 SCP 1720
58 RETURN BCP 1730

END BCP 1740
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4s J_ _ _ _ _ __ _ _ _ _ _ _ _

!SjcAOUTINE DISPLY DIP 10
C DIP 20
C *** * * * ** * * * * * * * * * DIP 30
C ' DIP 40
C b UBROU7INE DISPLY DISPLAYS TH(: MESH * DIP 50
C * *DIP 60
C ********************************** DIP 70
C DIP 80

IMPLICIT RE' 9 (A-41,O-Z) DIP 90
DOUBLE PRE( !O~N NUMB16) DIP 100
IN7EGER*2 i~, ICODE, IOPIXi, NTLND DIP 110
INTEGER*2 IDPL1(193 DIP 120
COIMMON /GEMMAI/ X(106b),Y(1066),Z(W66J,UX(1066JUY(1066),UZ(;,4 6)DIP 130
1 9 TMPNDIIO66), BCTMP(8), DIP 140
2 ALFA1(I0)9ALFA2( IO),ALFA3(I0) 'URT(I03,E(10,9,10ITMPEL(I0,1U),DIP 150
3 NTMP(10),1X(IA442 7 ),ICODL.1t' -.IDP1XI(1~t9,19,13M7LNOL'066) DIP 160
COMMON / ("ENLI / 7MPINT, FLPSTMPt AX, BY, CZ# THELLXTHELLYELLZDIP 170
r1 NEL, NG4Pt NGLOF, 4MIL, NTYFL, LMTMP, NEIX, NELY, NELZ, ICLASSDIP 180
2 9 ITYTD, NIELX31p NELY31# NELIi DIP 190
COMMON /DATDIS/ XCRD(19), YCRD(193, ZCRD( 113 DIP 200
COMMON / HEAD / HED(10),IC, WR~tIPAGELINE DIP 210
DIMENSION VERTLN(193, EL -.16) DIP 220
DATA VERTLN / 6H4 I 6H4 It 61 I 6H4 I 6H4 It DIP 230
1 6H4 16H ,6H4 ,6H4 16H4 DIP 240
2 614 ,6H4 16H4 6H4 ,6H ,DIP 250
3 6H ,6H4 ,6H4 I6H4 I DIP 260
DATA ELEMT / 7HELEMENT, ?HELIEMENTt 7HELEMENTt iHELEMENT, DIP 270
1 7HELEMENT, 7HELEMLNT / DIP 280
DATA NUMB / 71NUMBERS,71NUMBERS,7MfUMERS7HNUMBERS,7HNUMBERS% DIP 290
1 7HNUMPERS / DIP 300

199 cORMA7(90 L-COORD =0 I E14.7) DIP 310
200 FUP.MAT(l0l, 14Xt 19F6.2) DiP 320
201 FORMAT(12X,19A6) DIP 330
202 FORMAl (FI1.Z, 1-- *, 19(14'--Il DIP 340
203 FORMATII2Xt A6, 6(12X, A63 DIP 350
204 FURMAT(F11..!,t -- 1* 14# 6(4XtA7il7J3 DIP 360
205 FORMA7(17Xt '11, 6(bXt A7, A6) DIP 370
206 FW(14A1(F1I.2,' -- 't 14, 18(161) DIP 380

IWRT =6 DIP 390
M=O DIP 400
00 38 I11NELX DIP 410
DO 38 L=19NELY DIP 420
M=M*1 DIP 430

38 IDPIX1(3*1 t?*L-lt 1I DIP 440
JF(NCLZ .LT. 21 GD TO 40 DXP 450
00 39 IELZ=2,NELZ DIP 460
DO 39 11,tNLLX DIP 470
DO 39 L=19NELY DIP 480
MH ~M 1 DIP 490
IDPIX1(3*1 ,3*L-IIIELZ) = M DIP S00

39 IUPIXI(3*1.-1,3*L-I,IELZ) =IDPIX1(3*1 93*L-1,IELZ-1) DIP 510
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40O 00 41 1=1,NELX DIP 520
00 41 L=1,NELY DIP 530
M z H 1 DIP 540

41 IDPIX1(3*1-1,3*L-lNELZ.1)=IDPIXI(3*I t3*L-1,NELZ DIP 550
NELX31 NELX*3+1 DIP 560
NELY31 =NELYt3+1 DIP 570
IELZ =0 DIP 580

11 NELX6 =NELX DIP 590
ISWJ.= 0 DIP 600
IELZ =IELZ~l DIP 610
CALL TITLE DIP 620
WR1TE(IWR ,199) ZCRL(IELZ) DIP 630

9 IF(NELX6 .G1. 6 )GO 70 8 DIP 640
NELX36 = 3*tfELX6+1 DIP 650
NELX16= NELX6*1 DIP 660
NELX26 = 2*NELX6+1 DIP 670
NELX62= 2*NLLX6 DIP 680
NELX60 = JE LX 6 DIP 690
GO 70 12 DIP 700

8 NELX36 = 19 DIP 710
NELX16 =7 DIP 720
NELX26 =13 DIP 730
NLLX62 =12 DIP 740
NELX60O 6 *DIP 750

12 IFIISWI .EQ. 0) GO TO 13 DIP 760
NI 3*INELXb+b).I DIP 770
DO 10 1=19,NI DIP 780
XCRD(I-10) =XCRDII DIP 790
DD 10 J=1,NLLY3I DIP 800

10 IDPIX1(I-18,J,IELZ) = DPIXI(I,JIELZ) DIP 810
13 ISWl 1 DIP 820

VIRITF(IWR7,ZO00 (XCRO(J3Jz1,INELX-16) DIP 830
WRIIEIIWRTZD1) (VERTLN(J),J=INELX36) PIP 840
WRITE(IWR7*201) (VERTLN(J3,jw1,NELX36) D;P 850
wRITE(IWR79202) YCRD(NELY31j I EIDpixi(JNELY31?IELZ)tJ=1,NELX361 DIP 860
DO 35 1,t4NELY DIP 870
NE-LY31 = 3ttNELY-1) DIP 880
WR11F(IWRT*2:)3) fVlTRRLN(J),JalNELX16) DIP 890
WRlIE(IWR79203) (VLRlLN(JIJ%JI,NELX16) DIP 900
M =0 DIP 910
DO 45 L=1,NELX36,3 DIP 920
M =8.1 DIP 930

45 IDPL1(M) = IDPIXI(LNELY31+3t IELZ) DIP 940
WRIIE(IWRT,2041 YCOD(NELY31+3J , I1DPL1(JREt.EMTIJ~tJ=1.NELX60),DIP 950
1 DPLI(NELX60.1) DIP 960

WRITE(IWRT,205l (NAJMB(J), VEMTN(JJ=1ELX6O) DIP 970
WRIIE(IWRT,203i (VERTLN(J),J1,qNELX16) DIP 980
WR17E(IWRT,206) YCRD(NELY3142) , (IDPIX1IJtNELY3I.ZIELZ)t DIP 990

1J=IPNELX361 DIP 1000
WRlTE(IWRT,203) (VLRTLN(JhvJ=INELX16) DIP 1010
WRI7EI~WRT,203) CVER7LN(J),J1,jNELXI6) DIP 1020
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35 WRIIE(IWRT,232)YCRD(NELY31.1bt(IDPIX1(JNELY31I.ILLZJJ=lNELX36IDIP 1030
NLLX6 = NELX6-6 DIP 1040
IF(NELX6 UL. 1) GO T0 7 DIP 1050
GO IU 9 DIP 1060

7 IM(ELZ .LE. NELL 60 70 111 DIP 1070
RE1TJRN DIP 1080
END DIP 1090
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SUbROUTINE TITLE TIP 10
C TIP 20
C ,***TIP 30

*TIP 40
L * SUBIROUTINE TITLE PRINTS THE HkADING ON EACH PAGE * TIP 50
C * * TIP 60
C. ************.*** * TIP 70
r TIP 60

IMPLICIT REAL*8 (A-HtU-Z) TIP 90
COMMON / HEAD / llLUlIOh)ICRUeIWRT9IPAGELINE TIP 100

100 FORMAT (IHlvfFEM 72-OUF GENERAL HEXAHEDRONS THERMO-ELASTIC# VARYINIP 110
IG MATERIAL PROPERTIES, UANAv 9X9 'PAGE', 13) TIP l.120

101 FORAT (IH0,O1A8) TIP 130
WRITE (IWRI7100) IPAGE TIP 140
WRITE IIWR7,lCl HED TIP 150
IPAGE= IPAGE +1 riP 160
LINL = 0 TIP 170
RETURN TIP 180
END TIP 190
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SUBROUTINE IMPOST IMP 10
C IMP 20
C 7** * * * * . * * * * * * * * * * MP 30
C * *TMP 40
C * SUBROUTINE TMPOST SOLVES FOR uNE-DIMENSIONAL TEMPERATURE * TMP 50
C * DISTRIBUIIOJS * IMP 60
c * *IMP 70
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * IMP 80
L IMP 90

IMPLICIT REAL*8 (A-HIO-Z} IMP 100
INTEGER*2 IX, ICODE, IDPIXI, MTLND IMP 110
COMMON /GENMAT/ X(lCbb),Y(1066)tZ(1066)PUX(1066)tUY(1066)UZ(1066)1MP 120
1 , TMPND(1066), UCTMP(8), IMP 130
2 ALFAI(IU03ALFA2(1O)ALFA3(10) -IBORTI1O)E(1Ov,91 O),TMPEL(10,IO}TMP 140
3 NTMP(1OI ,X(144o27)tICODE(1066),IDPIXI( 1919,11) ,TLNDI1066) IMP 150
C(IMMON / GENLI / .TMPINT, EPSIt4P, AX, BY, CZ, THELLXtTHELLYELLZTMP 160
1 NEL, NGNP, NGLDFv IJMTL, NTYLLv LMIMP, NELX, NELY, NELZ, ICLASSTMP 170
2 , ITYTU, NELX31, NELY31, NELZ1 IMP 180
COMMUN / HEAD / HLUDI0)ILROtIWRTIPAGELINE TMP 190
COMMON / TMPRTR/ TEMPI(19I, TEMP2(19t19), TEMP3(19,19911) IMP 200

200 FORMAT(IO THE TEMPERATURE UISTkIBUTION IS CONSTANT AT@, TMP 210
1 E15.7, ' DEGREES CENT.$ ) IMP 220

201 FOPMAT{'C THE TEMPERATURE DISTRIBUTION VARIES FROM' 9 E15.7t IMP 230
I ' TO', E15.7, ' IN THE X-LIRECTION ONLY' I TMP 240

202 FURMAT('O TlHE TLMPERATURE DISTRIBUTION VARIES FROM' , E15.7, IMP 250
1 ' TO', E15.7, I IN THE Y-DIkFtCTION ONLY' ) IMP 260

203 FORMAT(O TIlE TEMPERATURE DISTRIBUTION VARIES FROM' , E15.7, TMP 270
1 ' TO', E15.7, ' IN THE Z-UIRFCTION ONLY t  ) IMP 280

204 FORMAT('O f|MPERATURE DISTRIBUTION VARIES IN THE X-Y PLANE ONLY'/ IMP 290
1 '0 TEMPERATURE U(.1 ' E15.7/ IMP 300
I ' TFMPERATURE BC2 :' E15.7/ IMP 310
1 ' TEMPERATURE 8C3 = ' E15.7/ IMP 320
1 ' TEMPERATURE RL4 ', EIS.7) IMP 330

205 FPRMAT('0 IEMPERATURE UISTRIBUTION VARIES IN THE X-Z PLANE ONLY'/ IMP 340
1 '0 TEHPLRATURE VC1 = ' E15.7/ IMP 350
I ' TFMPERATURE BC2 = 0

, E15.7/ IMP 360
1 ' TFMPERATURE BC5 = ' E15.7/ IMP 370
I ' TEMPERATURE LC6 = t E15.7) IMP 380

206 FORMAT(°0 TEMPERATURE DISTRIBUTIUN VARIES IN THE Y-Z PLANE ONLYI/ IMP '390
1 '0 TEMPERATURE BCI = 09 E15.7/ IMP 400
I ' TEMPERATURE BC3 = 'l E15.7/ IMP 410
1 ' TEMPERATURE BC5 = ', E15.7/ IMP 420
1 ' TEMPFRATURE BC7 ', E15.7) TMP 430

207 F[RMAT'0 3-0 TEMPfRATURE DISTRIBUTION SUBRUUTINE NOT COMPLETE') IMP 440
IF (IIYTD .E. 0 )(0 TO 10 IMP 450
WRITE(IWRT,200) BCTMPlI) IMP 460
DU 2C I=INGNP IMP 470

20 It11ND(II = SCTMP(1) IMP 480
GU TO 9 IMP 490

10 NICMJX = NELX3I - 1 IMP 500
NICKIY = NELY31 - I IMP 510
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GO TO (1, 2, 3, 4, 5# 6,o 7), ITYTD TMP 520
1 TMPINC =(BCTMP(2) - (ICTMP(13 / NICMTX TMP 530
WR1TE(IWRT,2o11 BCTMP(1 3, BCTMPI2) IMP 540
DO 21 1=19N]CMTX IMP 550

21 TI-MPJIM = BCTMP(l) + IMPINC*(1-LJ IMP 560
IEMPI(NELX31) = B":IMPI2) IMP 570
DO 31 1=1,NLLX31 TMO 580
DO 31 J=11NELY31 TMP 590
DO 31 K1,INLLZ1 IMP 600

31 TEMP3(IJK) =TEMP(IM IMP 610
GO TO 8 IMP 620

2 TMPINC = ILTMPI3) - BC MP(1) )/NICMTY IMP 630
WRIIEJ IWRI,2023 BLTMP( 1), BCIMP(3) IMP 640
DO 22 J=1,N1CMTY IMP 650

22 TEMP1(J) = CIMP(l) + IMPINC*(J-1) IMP 660
7EMP1(NELY31) BCIMPUJ, TMP 670

*00 32 1=1,NrLX31 IMP 680
-DO 32 J1,vNELY31 TMP 690
DO 32 K=1,NLLZ1 IMP 700

32 7EMP3(ItJK) =TEMPI(J) IMP 710
(,o JO 8 IMP 720

3 TMPINC = (BCTMP45) - BCTMP(l)3 NELZ IMP 730
WRlTEI1WRT,203) BCTMP (1), BCTMP(5) IMP 740
DO 23 K=1,NLLZ IMP 750

23 lEMPlIK) =PCIMPf1) + TMPINC*(,(-1) TMP 760
TFMP1(NELZ+l) =BC7MP(5) TMP 770
DO 33 1=1,NLLX3I TMP 780
0O 33 J=19NELY31 IMP 790
0O 33 K=19NLLZI TMP 800

33 TEMP3(1,JK3 = TEMPI(K) IMP 810
GO TUB8 IMP 820

4 WRITElIWRTt204) BCTMP(1), 8C7MP(2), BCTMP(3), BC7MP(4) IMP 830
8C1 =BCTMP(1I IMP 8'40
BC2 =BCTMP(2) IMP 850
BC3 =BC1MP(3) IMP 860
BC'4 =BCTMP(4) IMP 870
CALL IWUD( IHELIXt TI4ELLY# NELX3I, NELY31, BC1, BC2, BC3, BC4) IMP 880
DO 34~ 11oNtLX3I IMP 890
LWU 34 J:19NCLi'31 IMP 900
00 34 K=1#NELZ1 IMP 910

34 1EMP3(IJ,K3 = TEMP2(1,J) IMP 920tGO TOB 8 IMP 930
5 WRIIE(IWRI,?05) OC7MP(1), BCIMP(2), BCTMP(5), 8CTMP(6) IMP 940
BCI =BCIMP(1) IMP 950
BC2 =BCIMP(2) IMP 960
BC3 BSCTMI'(5) IMP 970
BC4 =BCIMP(6) IMP 980
CALL 7WUO( THELLX, ELLZ, NELX31, NELZ1 , BC1, BC29 BC3, UC41 IMP 990
DO 35 1=1,NELX3I IMP 1000
00 35 J=1,NELY3I IMP 1010
00 35 K=1,NELZ1 IMP 1020
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35 TFMP3(1,JK g PVK) IMP 1030
GO TO 8 TMP 1040

6 WRIE(IWR7,206) BCIMP(IJ, BCIMP(3), BCTMP(5)t SCTMP(7) TMP 1050
Bcl =BCTMP11) IMP 1060
8C2 =BCTM'(3) IMP 1070
BC3 =BCTMP(5) IMP 1080
BC'. =BCTMP17) IMP 1090
CALL TWOOC 7HELLY, ELLZ, NELY319 NELZ1 , O%'i, 8C2, 8C3, 8C4) IMP 1100
DO 36 1=1,NELX31 IMP 1110
DO 3b J1,NLLY31 IMP 11Z0
DO 36 K=1,NELZI IMP 1130

36 TFMP3(IJK) = TEMP2(JYKI IMP 1140
GO TU 8 IMP 1150

7 WR17E(IWRT,207) IMP 1160
8 DO 40 I1,NELX31 IMP 1170

DO 40 J=1,NLLY31 IMP Ile0
.DO 40 K1I,N.LZ1 IMP 1190
lF(lDPIXI(1,JK) NO. 0) GO T0 40 IMP 1200
TMPNDIIDPIXI(I.JK)) TEMP3(1,JPKJ. IMP 1210

40 CONU NUE IMP 1220
9 RETURN IMP 1230

E ND IMP 1240
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SUBOUTINE TWODCHI, HZ, NPTSI, NPTS2, BCI, 8C2, BC3, BC41 TWP 10
C TWP 20
C * * * $ * *s * ** s * * * * . . TWP 30
C *TWP 40
C *"SUBROUTINE TWOD SOLVES FOR TWO-DIMENSIONAL TEMPERATURE * iMP 50
C DISTRUBUTIONS * TWP 60
C * *TWP 70
C ** * * * * * ** * * * ** * * * *TWP 80
C Twp 90

IMPLICIT REAL*8 (A'-H2O-Z) TUP 100
COMMON /GLNLI / THPINT, EPSIMP, AX, BY, CZY THELLXTHELLYELLZTWP 110
1 NEL, NGNP, NGLOF, NMIL, NTYELt LMTMP, NEIX, NELY, NELZ, ICL4SSTWP 120
2 , 17YTD, NELX31, NELY31t NELZI Twp 130
COMMON / HEAD / HED(102,ICRO,IWRT,IPAGE,LINE 7WP 140
COMMON / TMPRTR/ TEMP1(19lv 7EMP2(199193, TEMP3(19,19,11J TWP 150

1000 FORMAT( @0 TEMPERATURE DISTRIBUTION CONVERGED TO', E15.7# TWP 160
I I IN', 15, ' ITERATIONS' ) TWP 170

1001 *FDRI4AT( '0 TEMPERAT7URE DISTRIBUTION 010 NUT CONVERGE TO',E15.7, iMP 180
1 ' IN', 15, ' ITERA71ONS' I TWP 190
NICMTI NPTS1 - I TWP 200
NICM72 =NP7S2 - 1 7WP 210
DO 10 1=I,NPTSI 7WP 220
DO 10 .frINPTS2 TWP 230.

10 TEMP2(I,JI = MPINT 7WP 240
TMPINC = NC2 - BC1J / NICMT1 TWP 250
00 11 IZ,9NICMT1 TWP 260

11 TEMPZ(I,1) = CI +IMPINC*(1-1) TWP 270
TMPINC = (C4 - 8C3) / NICMTl TWP 280
DO 12 1=19NICM71 TWP 290

12 7EHP2(I,NPTS2) LIC3 + TMPINC*tI-1) 7WP 300
TMPINC z lbC3 - BCI) / NICMT2 7WP 310
00 13 J=1*NICMT2 TWP 320

13 TFMP2(1$J) BC1 + TMPINC*(J-11 TWP 330
TMPINC = IBC4 - BC2) / NICM4TZ TWP 340
00 14 J=1TJ1CMT2 TWP 350

14 7EMP2(NPTS1,JJ 8(2 +TMPINC*(J-1) TWP 360
TEMP2(NPTS1,NPTS2) BC4 TWP 370
NOCVT =0 TWP 380
KOUNT= 0 TWP 390
HISO =H1*H1 TWP 400
H250 m H2*H2 TWP 410
OEM =2.00 * (I.DV/HISQ * I.DO/H2SQ) TWP 420

1 IF( KOUT .GT. LMTHP) GO TO 2 7WP 430
ERRMAX 0.D0 TWP 440
KOUNT =KOUNT + 1 TWP 450
0O 20 I=2IJCMTI TWP 460
DO 20 J=2,NICMT2 TWP 470
OLDIMP = TEIIP2(lJ3 7WP 480
TEMP2IIJ) = (TEMPZ(I-19JJ + TEMP2(I+19J)) HISQ 7WP 490

1 + (TEMP2(19J-1! + TEMP2(1,J+1) 3/H2SQ / EM TWP 500
ERR = DAB~S( OLDTMP -TLMPZIvJ) 3 wP 510
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1Ff ERR t.~T. ERRMAX I bRRMAX = ERR TWP 520
20 CONTIM~t rWP 530

IlF( 'RRMAX .Gl. EPSTMP )GO TO 1 TWP 540
WR!TE(IWRT,1000) ERRMAX, KOUIJN TWP 550
RETURN TWP 560

2 WRITE(IWRY,1001) EPSTMPt KOUN7 TWP 570
NCYT I 1 WP 580
RETURN TWP 590
END TWP 600
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C MOP 2
SC RUIEMOF*:SOT MOP 3

L ~MOP 4

C *MOP 60

c MOP 9
IMPLICIT fREAL*8 (A-H,O-Z) MOP 100
INTLGER*2 IX, ICUL'E, IOPIX1, MTLND MOP 110
COMMON~ /GENMAI/ X(10663,Y(106b),Z(10663,UX(1066),UY(1066),UZI1166)MOP 120
itTMPND(1066), BC7MP(8)v MOP 130

2ALFAI(IO),ALFA2(10),ALFA3(10),FIBORTI10),E(10,9,1O) ,TMPEL(10,10),MOP 3.40
3tTMP(1OjIX(1427),ICOD)E(1066),IDPIX1(19,19,11),MILND(1O66I MOP 150
COMMON / GFNLI / TIIPINT, EPSIVP, AX, BY, CZ? THELLX,YHELLY,ELLZMOP 160
1 NEL, NGfJP, NGLOF, NMTLt NTYEL, LMTMP, NELX, NELY, NELZ, ICLASSMOP 170

,ITYlD, 14ELX31, NELY319 NELZI, MOP 180
COMMON / HEAD / HEDlIOJtiCROIWRTv1PAGELINE MOP 190
WRITET IWR~t,20R MIop 200

200 FORMATW/ '0 DATA GENERATION STEP HAS NOT BEEN MODIFIED' I MOP 210
REIURN MOP 220
ENO) MOP 230
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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 Figuze D-1 where a, b, t, c, e and R can be varied.

The number of elements through-the-thickness is also a variable.

D
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FIGURE D-l: Mesh for Rectangular Plate with a Hole
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B. Input Data

1. Heading card (1OA8)

Columns 1-80 information to bt printed with output

2. Output unit card (I5) one card

Columns 1-5 unit number for pt.ssing data to next job step

3. Control and problem parameter card (flo, 2F10.0) one card

Columns 1-10 type of thermal-elastic problem

11-20 initial temperature

21-30 final temperatures

4. Plate and mesh dimensions cards two cards

First card (3 G10.0, IS)

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

S. Load and hole parameters (315, F10.0) one card

Columns 1-5 '0' if hole open, 'I' if hole filled
/

6-10 'I' if circular hole

'2' if square hole

'3' if diamond hole

11-15 blank

16-26 magnitude of displacement, inches

6. Material change data cards (1615)

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.)

i. Material data cards two cards

First card (21S, F10.2, 3F10.8) one for each material

Columns 1-5 material number (in sequential order)

6-10 number of mate-ial cards

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

11-20 fiber orientation in degrees

21-30 thermal expansion coefficient, a11

31-40 thermal expansion coefficient, a22

41-50 thermal expansion coefficient, a33

Subsequent cards (F5.0, 3FO.O, 3F5.2, 3FO.O) (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)

6-15 modulus of elasticity, El, KSI

16-25 modulus of elasticity, E22, KSI

26-35 modulus of elasticity, E33, KSI

36-40 Poisson's ratio, v12

41-45 Poisson's ratio, v13

46-50 Poisson's ratio, v2 3

51-60 shear modulus, G12 ' KSI/ G12
61-70 shear modulus, G23' KSI
71-80 shear modulus, G23, KSI

8. Element changL data cards (1615)

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

number an element type is changed.)
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C MAIN PROGRAM STEP 1B 11GM 10
C M1GM 20
C * ** ** * * * S* * * * * * ** MGH 30
L* M 1GM 40
C * THIS MESH GENLRATOR IDiEALIZES A RICTANGULAP. LAMINt!D PLATE * M1GM 50
C * WITH A HOLE, LOADED IN UNIFORM EXTENSION IN THE X-OIRECTION * M1GM 60
C * M1GM 70
L ** * * * * * * * * * * * * * * * MGM 80
C M1GM 90

IMPLICIT REAL*8 (A-Hin-Z) M1GH 100
INT7EGER*2 IX, I(.ODE, IOPJXIt MTLND MGH 110
COMMOUN /GCEtMMAT/ X(1Ol5),YiI015),ZC1015)tJX(1015),UY(1015),UZ(1015)1GH 120
1 1 IHPND(1015)t BCTMP9 MGH 130
2 ALFAI(1chtALI-A2(10JALFA3(10I,FIBORT(10),E(1O,9,103,TPEL(1010)11GH 140
3 tT1P(),IX(144,27) ,ICODE(101±,),IOPIX1(19,19,III,MTLND(1015) M1GM 150
COMMON / GU:NLI / 7MPINT, EPSIMP, AX, BY, CZ, THELLXTMELLYELLZ,MGH 160

1 NEL, N01~P, NGLDF, MMTL,. NTYEL, LMYMP, NELXv NELY, NELZ, ICLASS11GH 170
Z j ITYTO, NELX31, NELY31t NELZ1 M1GM 180
COMMON / HEAD / HEDUOIIC.R0,IWRT,IPAGEvLINE M1GM 190

10)n FORMAT( IbI5) MGH 200
1001 FORMAT12159 F10.29 3F10.8) M1GM 210
1002 FORMAT(F5.0, 3F10.0, 3F5.2, 3F10.0) M1GM 220
1003 1-OkMAl( 14, 14, 12, 6FI0.0, F10.2) M1GM 230
10')4 FOkMATf 1CGAH) M1GM 240
10 F-OkMA'( 4151 F 10.2) M1GM 250
1011 FC)RMAM(109 ZFI10.±)) M1GM 260

ICRD = 5 M1GM 270
IPA(,E 1 MGH 280
IWk7 6 11GM 290
REAOI5,104) HED 11GM 300
READ(5,IC'OO1 NTUT MGM 310
RkAt)(591C1L) ICLASS, AMELIMP, I3CTMP M1GM 320

lbC M1GM 330
C GENERATL MESH AND BOUNDARY CUNDI TIONS M1GM 340
C 11GM 350

CALL DAIGEN M1GM 360
00 20 1=1,NGNP M1GM 370

23 TMP1nD(I) = Cr4P 11GM 380
CALL HOOLF M1GM 390

C M1GM 400
C WRIlL MESH DATA ON UNIT NIUT 11GM 410
C M1GM 420

WRITEtNTUT91004) HED M1GM 430
WRITE(NlU~t,005) NGNPv NMTL, NEL, NTYELt AMBTMP M1GM 440
DO 10 IMTLL1,NMIL M1GM 450
WRITE(NIUT91001) IMiTL, NTMP(I1ITL[, FIBORTlIMTL)r ALFA1(!MTL.j, 11GM 460
1 ALF-A2(IMTLJ, ALFA3(IM7L) M1GM 470
N7Il = NIMP(IMTlLI MGM 480
DO )0 ITMP=IPNYMPI M1GM 490

10 WHIIE(tJIU7,1U-02) IMPEL(IMTL#IIMP), (E(IMTL,J#ITMP)#J=lt9) MGM 500
DO 30 1NEL=1,NEL M1GM 510
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30 WRITE(NTU7,1000) INEL, (IX(INLJ),J=19Z7) 94G 520
DU 40 M=1,NGNP 94GH 530

40 WRITEINTUTt1003) M4, 94ILNIIM), ICOUE(94), X(94J, Y(9419 Z1942, MGH 540
1 ' UX(943 UY(M), UL(M)t TtIPIJD(M) 94GH 550
S10:1 M4GM 560
E ND 94G 570
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SUOROUTINE DATGEN DAH 10
C DAH 20
C * * * * * * ** * * ** * * * * * DAH 30
L *DAH 40
C * StlBROUTINE DATGEN GENERATES THIe MESH, svUMBERS THE tNC ES AND * DAH 50

* ELEMENTSt AND SPECIFIES BOUNDARY CONDITION CODES FOR EACH NODE * DAH 60
* * DAH 70

L * * * * ** * * * * ** * * * * DAH 80
C DAH 90

IMPLICIT REAL*8 IA-HIO-Z) DAH 100
INTEGER*2 IX, ICODE, IDPJXIv MTLND DAH 110
COMMON /GENMAT/ X(1q15),Y(1015),Z1015)tUX(101)UYI10151)UZtIO 5)DAH 120
I t TMPNDICI5), BCTMP, DAH 130
2 ALFAI(10),ALFA2(10)tALFA310),FIBORTjIC)E(10,9tl0ITMPEL(10,10)tDAH 140
3 NTMP(IObIX(144,27),ICODEII015)IDPIXI(1919,11),MTLNDIIO15) DAH 150
COMMON / GFNLI / TMPINI, EPSIMPp AX, BY, CZt THELLXIHELLYtELLZDAH 160
1 NEL, NGNP# NGLCF, NMIL, NTYLL, LMTMP, NELX, NELY, NELZ, ICLASSDAH 170
Z t ITYTU, NELX31, NLLY31, NELZ1 DAH 180
COMMON / HEAD / HEDI1I)ICRDLWVRTIPAGE.LINE DAH 190
DIMENSION DAH 200
1 IXFLCH(145)t IXMLCH(1451t IMATL(145), ITYEL(145) DAH 210
DIMENSION IXDTI124), IXD72(24 , IXDT3(24), IXDT4(241) IXDT5(24) DAH 220
DIMENSION IXDT6(24), IxDTT724 , IxOT8(24), IXDT9(24), JXDTlO(24) DAH 230
DIMENSION .JT11124),IXDTI2124),IXDT13(24)vIXD714(24),IXDT1"(24) DAH 240
UIMENSION IXDI16(24),IXUT17(24)*IXDT18(24 1XDT19124),IXDT20(24) DAN 250
DIMENSIUN IXOTP1(24), IXDTP2(24J, IXOTP3(24), IXDTP4(24) DAN 260
DIMENSION IPLNPI{IO), IPLNP2(IO), IPLNP3(10), IPLNP4(10) DAH 270
DIMENSION IDXI{10) IOX2(10), IDX3(10), IDX4(10) DAH 280
DIMENSION XLDSO(4) DAM 290
DATA IXDT1/19 14, 18, Z2, 137, 150, 154, 158, 2, 3v 23 24, 138, DAH 300
1 139, 159t 160, 4, 15, 19, 25, 140, 151t 155, 161 / DAN 310
DATA IXDT2/ 7t 6t 5t 4, 143, 142, 141, 140, 8, 9, 15, 19, 144t DAH 320
1 145t 151, 155, 10, 16, 20, 25, 146, 152, 156, 161 / DAH 330
DATA IXDT3/ 10, 16, 20, 25, 146, 152, 156, 161, 11, 12, 26, 27, DAH 340
1 147, 148, 162, 163, 13, 17, 21, 28, 149, 153, 157, 164 / DAH 350
DATA IXDT4/ 22, 29, 32, 35, 15', 165, 160, 171, 23, 24, 36, 37, DAH 360

1 159, 160 172, 173, 25, 309 33t 38, 161, 166, 169, 174 / DAH 370
DATA IX015/ 25, 30, 33, 38, 101, 166, 169, 174, 26t 27, 39, 40, DAH 380
1 162, 163, 175, I7, 28, 31, 34, 41v 1649 167, 170, 177 / DAH 390
DATA IXOT6/ 56, 52v 48t 42, 192, 188, 1U4, 178, 571 58, 43, 44t DAH 400
1 193, 194, 179, 180, 59, $3, 499 45, 1959 189, 185, 181 / DAH 410
DATA IXO77/ 45, 46, 47, 7, 1I1, 182, 183t 143t 49, 53, et 9, DAH 420
1 185, 189t 14,, 145, 59, 54, 50, 10, 195, 190, 186t 146 / DAH 430
DATA IX018/ 59, 54, 50, 10, 195, 190, 186, 146, 60, 61t Ili 12, DAH 440
1 196, 197, 147, 148, 62, 559 519 13, 198, 191, 187, 149 / DAH 450
DATA IXDT9/ 69, 66t 63, 56, 205t 202t 199, 192, 70, 71t 57, 58v DAH 460
1 206, 207, 193, 194, 721 67, 64, 59t 208t 203, 200, 195 / DAH 470
UATAIXDIIO/ 72, bt 64, 59t ZOP, 203, 200, 195, 73, 74, 609 61, DAH 480
1 209t '10, 196, 197t 75, 65, 65, 62, 211, 204, 201, 198 / DAH 490
DATA IXD111/ 9b 91, 88, 78, 232, 227, 224, 214t 95, 949 77, 76, DAH 500
1 231, 23n, 213, 21?, Sb, 52, 48, 42, 192, 188, 184, 178 / DAH 510
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DATA IX0T12/ 96, 92, 89t 84, 232, 228, 225, 220, 91, 88, 83, 82, DAH 520
1 227, 22. 219, 218, 78, 79, 80, 81, 214, 215, 216, 217 / DAN 530
DATA IXDT13/ 99, 93, 9*, 87, 235t 229, 226t 223, 98, 97, 86, 85, DAN 540
1 234, 233, 222v 221, 96, 92t P99 et 232v 228, 225t 220 I DAN 550
DA'A IXT.14/ 106, 102, 100, 96, 242, 238, 236, 232, 105, 104, 95t DAN 560
1 i'4, 241, 2401 231, 230, 69, b6, 63, 56, 205, 202, 199, 192 / DAH 570
UAT% IXUTI5/ 109t 103, 101, 99, 245, 239, 2371 235, 108, 107, 98t DAN 580
1 91, 244, 243, 234, 233, 106, 102t 100, 96, 242, 238, 236, 232 / DAN 590
DATA IXDT16/ 112t 115, 118, 123, 248, 251, 254, 259, Illy 110, DAN 600
1 122, 121, 247, 24t, 258, 257, Is 14, 18, 22t 137? 150, 154, 158/DAH 610
DATA IXUTI7/ 84, 116, 119, 123t 220, 2529 2551 259, 83t 82, 118, DAN 620
1 115, 215t 218, 254t 251, 81, 114, 113t 112, 217, 250, 249, 248/ DAN 630'
DATA IXD118/ 87, U1't 120t 126, 223, 2531 256, 2629 86, 85, 125, DAN 640

1 124, 22;!v 221, 2619 260, 84, 116, 119t 123, 220, 252, 255t 259 /DAH 650
DATA IXDIt9/ 123, 127, 129, 133, 259, 263, 2651 269, 122, 121,132tDAH 660
1 131, 25a, 257, 2614, 267t 22, 29, 32, 35, 158, 165, 168, 171 / DAN 670
DATA IXDT20/ 126, 128, 130, 136, 262t 264, 266, 272, 125t 124,135,UAH 680

1 134, 261, 260, 271, 270, 123, 127, 129, 133, 259, 263, 265, 269/DAN 690
DATA IXDTP1 / CtOtOlOOD,137tO,Ot2t3D0tOl38tl39, DAN 700
1 71bv5,4,143,142,141,14P / DAN 710
DATA IXUIP2 / 42t0O,O,178,OOQ,43,44,090,179,180,,0, DAN 720

1 45,46,47,7181t,182t183,143 / DAN 730
DATA IXDIP3 / 78,79,8VO81,214,215,2169217,77976tOOt213,212tOO DAN 740
1 42,0,0,0,178,0,0,0 / DAN 750
DATA IXDTP4 / 81,114,113t112,217t25Ot249t248,0,O,lll,llO,OtC247, DAN 760
1 246,OOO,tO0t0t,137 / DAN 770
DATA I)X1 / 1,2,3,5,67,9t10,l13,14 / DAN 780
DATA 1UX2 / 2t3,496,7,801#,12,15,16 / DAN 790
DATA !DX3 / llt12t15 ,I618v19t20,22t23v24 / DAN 800
DATA IDX4 / 9,10,13,14,17,18,19,21,22,23 / DAN 810
DATA IPLNPI / 3,4,,12*13,14,7,6,16,15 / DAN 820
DATA IPLNP2 / lt2,391O,11#12096tb16915 / DAN 830
DATA IPLNP3 / 9,8,18,17vl,2r3tICtll,12 / DAN 840
DATA IPLNP4 / 9,8,l8,17,3,4,5tlt13,14 / DAN 850
DATA XLDSU / 1.DOt 3.00, 3.DO, 1.00 / DAN 860

100 FORMAT(1615) DAN 870
102 FORMAT( 3GI0.0,I5) DAN 880
103 FORNAT(3GI.1) DAN 890
10' FORMAT(315, G10.0) DAN 900
202 FORMA11'OLENGTH OF STRIP' ,T50,G24.7 / DAN 910

1 'OHITH OF STRIP' ITSOG24.7 / DAN 920
2 'OTHICKNESS OF STRIP' tTSOG24.7 / DAN 930
3 t"NUMBER OF ELEMENTS THICK' 9T50tG24.7 / DAN 940
4 'OLENGIH OF INSERI' ,7509G24.7 / DAN 950
5 'OWIDTH OF INSERT' ,T50,G24.7 / DAN 960
6 'OMAXIMUM WIDTH OF HOLE' T50,G24.7 I DAN 970

213 FORMAT('CUNIFOkM DISPLACEMENT IN INCHES OF ' t 150t G24.7) DAN 980
204 FURMATI'0UNIFORM LOAD IN KIPS OF ' T50, G24*7) DAN 990
2n5 FOkMAT('CHOLE IS FILLE') DAN 1000
206 FURMAT('CMAIERIAL TYPE AND MATERIAL CHANGES' / DAN 1010

I TbO, 'MATERIAL TYPt CHANGE-AT ELEMENT' I DAN 1020
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207 FOWMAT(IOCIRCULAR HOLE@ DAN 1030
208 FORMAT('OSQUARE HOLE' IDAN 1040
209 FokMAT(IODIAMONU HOLE' DAN 1050
307 F'RMATIICELEMENT TYPE AND ELEMLNT CHANGFS# DAN 1060

1 T10, OELEMtNT TYPE CHANGE AT ELEMENT'I DAN 1070
306 FORMAT(18X, 12, 22X# 14) DAN 1080

1001 FORMAT(215, FIO.2, 31-10.el DAH 1090
104'2 FORMATCF5.0, 3F10.0, 3F5.2, 3F10.0) DAH 1100

READ(ICRDt102) XLNTH, YLNTHt ZLNTH, NELZ DAN 1110
READ(ICRD,103) XINSRT, YXNSRT, RADNL DAN 1120
READ(ICqD,104) IFLHL, ITYHL, LOMD, OSPLO DAN 1130
CALL TITLE DAN 1140
XLNTH2 2.00 * XLNTH DAN 1150
YLNTH2 =2.00 * YLNTH DAN 1160
ZLNTH2 = 2.03 * ZLNTH DAN 1170
XINSTZ 2.00 * XINSRT DAN 1180
YINST2 = 2.00 * Y1NSRT DAN 1190
'RADHL2 = 2.00 * RADHL DAN 1200
WRITE(lWRTt2021 XLNTH2,YLNTH2,ZLNTHZ,NELZ, XINS729 YJNSTZ, RADHL2DAH 1210
IF(IFLHL EQ0. 1) WRITE(IWRT,205) DAN 1220
GO TO (91, 92, 93 )t ITYHL DAN 1230

91 WRITE(IWP.T,207) DAN 1240
GO TO 94 DAN 1250

92 WRITE(IWRT,208) DAN 1260
GO TO 94 DAN 1270

93 WRITE(IWRI,209) DAN 1280
94 IF(LDMD .EQ. 1) GO 70 95 DAN 1290

WRITE(IWRTP203I DSPLD DAN 1300
GO TO 96 DAN 1310

95 WRITE(IWRT9204) DSPLD DAH 1320
96 CONTIN4UE DAN 1330

READ(ICRL,1CO) NMILt NMLCH, lIMATLlJ),IXMLCHfJIJ=INMLCNI DAN 1340
DO 71 IM7L=1,NMTL DAH-1350
REAO(ICRD ,1001) NTLN, NTMPIIMTL)g FIBORT(IMTL)t ALFA1(IMTL), DAN 1360

1 ALFA2(IM7L;, ALFA3(IMTLJ DAN 1370
NTMPI = NTMP(IMTL) DAN 1380
DO 71 ITMPIlN7MP1 DAN 1390

71 READ(ICRO Y1002) IMPLL(IMTL,#ITMP~i EIMTLiJOIMP),Jul,9) DAN 1400
IEAD(ICRO,100) NTYEI., NELCH, (ITYEL(JJIXELCH(J)vJ=1,NELCH) DAN 1410
CALL TITLE DAN 1420
WRITE(IWRTtk061 DAN 1430
WRITE(IWRT9306) (IMATLIJ), IXMLCH(J), J=1,NMLCH) DAN 1440
1 0 DAN 1450

9? CALL 71TLE DAN 1460
WRITEE IWRT,307) DAN 1470

98 1 1.1 DAN 1480
IF(1 .GT. NLLCH) GO TO 99 DAN 1490
WRITE(IWR7,306) ITYEL(13, IXELCH(I) DAN 1500
LINE =LINE + I DAN 1510
IF (LINE .LT. 48) GO 70 98 DAN 1520
GO ITO 97 DAN 1530
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99 CONIINUE DAM 1540
ZELTHS =ZLtITH/NELZ DAM 1550
NGNP =136*(NELZ41J DAN 1560
!4EL =20*NELZ DAN 1570
NELZI NELZ + 1 DAN 1580
DO 46 J=1924 DAM 1590
IX11,J) =IXDTI(J) DM 1600
IX(1?J) = 1X072(j) DAN 1610
IX(3,J) =IXD731JJ DAN 1620
IX(4,J) rIXDT4WJ DM 1630
IX(S,Jl IXDT5(J) DAN 1640
1X169J) IXOTbtJJ DM 1650
IX(79j) = XD17(J) DAN 1660
IX(89J) IXDTB(J) DAN 1670
IX(9tJ) = 1XDT9(J) DAN 1680
IX(10,J) = IXDT10(J) DAN 1690
.IX(11,J) = IXDT11(J) DAN 1700
IX(12tJ) = XU712(J) DAN 1710
191139J) IXDT13(J) DAN 1720
IX114tJ) =1XD114CJJ DAN 1730
IX115tJ) = IXDT15(J) DAN 1740
IX(16*J) = IXDT16(JJ DAN 1750
IX(17tJ) IXD117(J) DAN 1760
IX(18*Jl = XDT18(J) DAN 1770
IX(199J) = IXDT19(J) DAN 1780

46 IX(ZOJ) =IXDT2O(J) DAN 1790
IF(NELZ .EQ. 1 ) GO TO 47 DAM 1800
DO 48 IELZ=2,NELZ DAN 1810
DO 48 1=1,20 DAN 1820
M =136*(1ELZ-1) DAN 1830
L =14Z0*(IELL-1) DAN 1840
(JO 48 J1,t24 DAN 1850

48 IX(LJ) = IX(IJ) + M DAN 1860
47 CONIINUE DAN 1870

IF(IFLHL .LQ. 0) GO TO 75 DAN 1880
DO 78 IELZ=1,NELZ DAN 1890
IELZl41 IELZ-1 DAN 1900
L =136 *ILLZM1 DAM 1910
DJO 83 1=1,24 DAN 1920
IX(NEL+1,1) = IXDTPI(I) + L DAN 1930tIX(NEL+2,11 c IXDTPZ(1) + L DAN 1940
IX(NEL439I3 = IXD-P3(I) + L DAN 1950

83 IXINEL4,) = IXDTP4(l) + L DAN 1960
L1 9 * IELZM1 DAN. 1970
00 84 1=1,10 DAN 1980
lxtNEL*1,1DX1(I) = NGNP + IPINPiCI) +LDAN 1990
ZX(NEL+?,IDX2(I)) NGNP + 1PLNPZ(1) + L. DAN 2000
IX(NEL43vlDX3(l)) NGNP + IPLNP3(I) * L. DAN 2010

84 IXINEL.4tlDX4(l)) = ?GNP + IPLNP4(l) + L DAN 2020
78 NEL NEL # 4 DAN 2030

NGNP =NGNP + 9*INELZ41l DAN 2040
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75 CONTINUE DAM 2050
IXELCH(NELCHt1) = 0 DAM 2060
IXMLCH(NMLCt?*) = 0 DAM 2070
I = 0 DAM 2080
J = 0 DAM 2090
DO 23 1NEL=ItNEL DAM 2100
IF(INEL .EQ. IXMLCH(1+11) I=I*l DAM 2110
IF(INEL .EQ. IXELCH(J+11) J=J*l DAM 2120
IX(INELt25) = IMATL(I) DAM 2130
IX(INEL,26) = ITYEL(J) DAM 2140

23 CONTINUE DAM 2150
DO 33 I=INEL DAM 2160

33 IX(It271 = ICLASS DAH 2170
DO 35 I=19NCNP DAM 2180

35 MTLND(I) = 0 DAM 2190
X(1) = RADHL DAM 2200
DO 49 1=7,13 DAM 2210

49 X(I) = 0.00 DAM 2220
X(14) = (XINSRT-RADHL)/3.DO.RADHL DAM 2230
X(16) = XINSRT / 3.D0 DAM 2240
X(17) = X(16) DAM 2250
X(18) = 2.DO * (XINSR7-RADHL)/3.DO*RADHL DAM 2260
X(20) = 2.00 *X(16) DAM 2270
X(21F = X(20) DAM 2280
DO 50 1=22t28 DAM 2290

50 X(1) = X1NSRT DAM 2300
X(29) = (XLNTH-XINSRT) ' 3,00 + XINSRT DAM 2310
X(30) = X(29) DAM 2320
X(31) = X129) DAM 2330
X(32) = 2.DO*(XLNTH-XINSRT) / 3.DO + XINSRT DAM 2340
X(33) = X(32) DAM 2350
X(34) = X132) DAM 2360
00 51 1=35,41 DAM 2370

51 X(I) = XLNTH DAM 2380
Y(i) = 0.00 DAM 2390
Y(7)=RADHL DAM 2400
Y(8) = (YINSRT-RADHLI/3.DO+RADHL DAM 2410
Y(9) = 2.Do* IYINSRT-RADHL)/3.DO+RADHL DAM 2420

Y(10) = YINSRT DAM 2430
Y(12) = 2.DO * (YLNTH-YINSRT)/3.O0 + YINSR7 DAM 2440
Y(13) v YLNTH DAM 2450
Y(14) = 0.00 DAM 2460
Y(I13 = (YLNTH-YINSRTI/3.DO + YZNSRT DAM 2470
Y(16) v YINSRT DAM 2480
Y(17) r YLNTH DAM 2490
Y(18) £ O.DO DAM 2500
Y(20) = YINSRI UAH 2510
Y(21) = YLNTH DAM 2520
Y(22) = O.DD DAM 2530
Y(23) = YINSRT / 3.U0 DAM 2540
,(24) £ YINSRT / 3.DO * 2.00 . DAM 2550
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Y(25) = YINSRT DAN 2560
Y (26) =Yt 11) DAN 2570
Y(27) =Y( 12) DAM 2580
Y(28) = YLNIH DAN 2590
Y(29) =0.OD DAN 2600
Y(30) = YINSRr DAN 2610
Y(31) = YLNTH DAN 2620
Y(32) = O.D0 DAN 2630
Y(33) =YINSRT DAH 2640
Y(34) =YLNTIF DAN 2650
DO 52 1=35941 DAN 2660

52 Y(I) Y(1-13) DAN 2670
!FfIFLHL .EQ. 0) GO TO 79 DAN 2680
NGIJP1 =136*(NELZ+1J DAN 2690
NEUl 20*NELZ DAN 2700
DO 60 IE121,INELZI DAN 2710
M = NGNP1 + (IELZ-1)*9 DAN 2720
'XIM.12=-2.D0*RADHL/3.D0 DAN 2730
X(1442i = -RADHL/3.D^ DAN 2740
X(M43) = 0.D0 DAN 2750
X(M+4) = -X(M+Z1 DAN 2760
X(M.5) = -X(M+11 DAN 2770
X(M+6) = 0.00 DAN 2780
X(ti+7) 0.00 DAN 2790
X(M*8) = 0.00 DAN 2800
X1M49) = 0.00 DAN 2810
DO 816 1=1,5 DAN 2820

86 YIM+I) = 0.40 DAN 2830
Y(M~b) =X(N+5) DAN 2840
Y(M+7) = X(M.4) DAN 2850
Y(M.8) = X(M.2) DAN 28eb
Y(14,93 = X(M+1I DAN 2870
DO 80 1r1,9 DAN 2850

80 ltl+M) =(IELZ-1) ZELTNS DAN 2890
79 L0tJTINUE DAN 2900

GO TO (1,2v3), ITYNI DAN 2910
1 SXlHPI = 3.1415926135698D0 12.DO DAN 2920
X(2) = RAVHL * DCD(1~t.L,0*SXIHPI) DAN 2930
X(3) = RADHI * DCOSi2.DO*SXTHVI) DAN 2940
X(4) = RADNL * DCOS(3.DO*SXTHPI) DAN 2950
X(5) = RADHI * DCOS(4.D0*SX7HPI) DAN 2960
X(6) = RADHL * DCOS(5.DO*SXTHPI) DAN 2970
X(15) (XINSRT-RADUiL*DCOS(3.DD*SXTHPI))/3.DO DAN 2980

1 RAUHL*DCOS(3.DO*SXTNPI) DAN 2990
X(191 2.DO*(XINSR7 -RADHL*DCUS(3.00*SXTHPX) 3/3.00 DAN 3000

1 4 RADHL*DCOS(3.DO*SX7HPI) DAN 3010
Y(2) =RAUNHL*DSIN(1.DO*SXTHPI) UAN 3020
Y(3) =RAOHL*DSIN(Z.00*SX7HPI) DAN 3030
Y14) =RADHL*US!N(3.00*SXTHPI) DAN 3040
Y(5) = RAUHL*DSINC4.DO*SXTHPl) DAN 3050
Y(b) = RADHL*DSIN(5.DO*SXTHPI) DAN 3060
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Y(15) = (YINSRT-RADHL*DSIN(3.00*SXTHPI)) / 3.0 DAH 3070
1 * RAUHL * DSIN(3.DO*SXTHPI) DAH 3080
Y(19i = 2.0*:Y!iNSRT-RADHL*DSIN{3.DO*SXTHPI) / 3.D0 DAN 3090
1 + RAVHL * DSINi3.D0*SXTHPI) DAN 3100
GO 10 7 DAH 3110

2 00 e7 1=2,4 DAM 3120
X() t RADHL DAN 3130

87 Y(I+2)1= RADHL DAM 3140
X(5) = 2.D0 * RAOHL/3.UO DAN 3150
X(o) = RADHL/3.DO DAN 3160
Y(2) = X(6) DAN 3170
Y(3) = X(5) DAN 3180
X(15) = X(14) DAH 3190
X(19) = X(lb) DAN 3200
Y115) = Y(B) DAN 3210
Y(19) = Y(9) DAN 3220
GO TO 7 DAM 3230

3 X(2) = 5.00 * RADHL/6.DO DAN 3240
X(3) = 2.DO * RADHL/3.DO DAN 3250
X(4) = kAUHL/2.D0 DAH 3260
X{5) = XC3) / 2.00 DAN 3270
X(61 = X(S) / 2.00 DAN 3280
DO 08 1=296 DAH 3290

88 Y(I) = X18-1) DAN 3300
X(15) = (X(141 + X(1l1)/2.DO DAN 3310
X(19) = X 18) + X(20))/2.U0 DAN 3320
Y(15) = (Yt 8) + Y123))/2.bo DAN 3330
Y(19) = (Y( 9) + Y(24))/2.00 DAN 3340

7 CONTINUE DAN 3350
DO 601 1=1,6 DAH 3360
X(41+1) = -X(I) DAN 3370

601 Y(414I) = Y(I) DAH 3380
00 602 1=14,41 DAN 3390
X(34+1) = -X(I) DAN 3400

602 Y(34+I) = Y(I) DAN 3410
D 603 1=2,13 DAN 3420
X(74+1) = -XCI) DAN 3430

603 Y(74+I) = -Y(I) DAH 3440
00 604 1=15,17 DAN 3450
X173+I) = -XCI) DAH 3460

6G4 Y(73+1) = -Y(I) DAN 3470
DO 605 1=19,21 DAN 3480
X(72+1) = -X(I) DAN 3490

605 Y(72*1) = -Y(I) DAN 3500
D 601 1=23,28 DAN 3510
X(71+1) = -X(I) DAH 3520

606 Y{71+1) = -Y(I) DAH 3530
XC100) = -X(30) DAN 3540
X1101) = -X(31) DAH 3550
X(102) = -X(33) DAH 3560
X(103) = -X(34) DAN 3570
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YIIOO) = -Y130) DAM 3580
Y(101) = -Y1311 DAH 3590
-11071 = -Y(33) DAH 3600

Y(103) = -Y(34) DAM 3610
DO 607 1=36,41 DAN 3620
X(68+1) = -X(I) DAH 3630

607 Y(68+1) = -Yfl) DAN 3640
'DO 608 1=296 DAM 3650
X(108+1 = X(I) DAM 3660

608 Y(108+I) =-Y(1) DAH 3670
DO 609 1=88,109 DAM 3680
X(27.+I) =-X(I) DAN 3690

609 Y(27+1) = Y(I) DAM 3700
DO 53 l=1l136 DAM 3710

53 Z(I) = V.G DAH 3720
DO 54 IELZ=INELZ DAN 3730
.XL = IELZ * ZELTHS DAH 3740
UO 54 1=1,136 DAN 3750
L = IELZ * 136 + 1 DAM 3760
ZIL) = XL DAN 3770
Y(L) = Y(I) DAN 3780

54 X(L) = X(I) DAN 3790

DO 55 I=I,NGNP DAN 3800
ICUUE(Il) 0 DAM 3810
UX(I)=0.O0 DA 3820
UY(I)=O.DO DAM 3830

55 UZ(I)=U.DO DAN 3840"
00 58 1=1,136 DAH 3850

58 ICODE(I) =5 DAN 3860
L = 136*(NELZ+1) DAH 3870
DO 57 1=1,9 DAH 3880

57 ICODr(I L) = 5 DAH 3890
IF(LOMD oEQ. 1) GO 10 60 DAH 3900
DO 56 1=36,41 DAN 3910
ICODEII = 3 DAM 3920
IC0DEIJ+34) = 3 DAH 3930
ICUDE(I.68) = 3 DAH 3940
IC0DE(1+95) = 3 DAH 3950
UX(I ) = USPLO DAN 3960
IJX11495) = DSPLD DAH 3970
UX(1+681 =-USPLD DAN 3980
UXII+34) =-DSPLU DAM 3990
DO 56 IELZ=INELZ DAN 4000
L = 136 * ILLZ DAN 4010
ICODE(I+L ) = I DAH 4020
ICUODEI+L+34) = 1 DAN 4030
ICODEII+L+68) =1 DAN 4040
ICODE(I+L+95) = I DAM 4050
UX(IL ) = DSPLD DAH 4060
UX(I L+95) = USPLD DAN 4070
UX(I+L.34) =-DSPLD DAN 4080
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DAM 4090

56 UXII+L+68) =-DSPLD DAN 4100
ICaDE(35) =7 DAN 4110

IrODE149) = 7 DAN 4120
UX(35) = DSPLD DAN 4130
UX (693 =-OSPLD DAN 4140
DO 63 LELZ=1,NELZ DN45
L =136*IELZ DA4 4160

ICODE135+Ll = 1 DAH 4170

ICODE(69+L) 1 DM 4180
UX(35*L) = SPLD DN49

63 UX(69+L) =-DSPLD DAN 4100

GO TO 9 DM4 4210

60 CONTINUE DM4 4210

IF(NELZ .EQ. 1) GO 70 65 DAN 4220

DO 64 IELZ=2,NELZ DA1 4230

M =l36*(IELZ-1) DAN 4240

,DO 72 I=35938 
D445

72 UX(I4M) =XLDSQ(1-34) * YINSRT*ZELIHS *DSPLD/8.DO DAH 4260

D0 73 1=38,41 
DAH 4270

73 UX(I.M) =UX(1+M) +(XLDSOIIl-37) * (YLN7H-YINSRT)*ZELTHS DAM 4280

1 SDSPLD/O.O 
DAM 4290
DM4 4300

64 CONTINUE DN41
65 00 66 1=35038 

D4 1

UX(I) =XLDSO(I-34) * YINSRT*ZELTHS * D$PLD/16.D0 DAN 4320

M =1+13b*NELZ 
DAH 4330

66 UXIM) zXLDSQ(I-34) * YINSRT*ZELTHS * DSPLD/16.D0 DAN 4340

00 74 1=38941 DM4 4350

M =1,136*NELZ 
D446

UX(m3 = UX(m) + (XLDSO(I-37) * (YLNTH-YINSRT)*ZEL1NS DAN 4370

I*DSPLOf16.DO) 
DAN 4380

74 UXCI) rUXCI) + (XLDSU(1-37) * (LTYIS7*EH DAN 4390

41*DSPLDI 16.00) DANI 4400

NELLP1 = NELZ+1 DAN 4410

D0 81 I=36941 DAM 4420

0O 81 IELZ=1,NELZPI DAN 4430

M = 136 * IIELE-1) + I DM4 4440

UXCI4*341 = -IJX(I) DAN 4450
tJX(m4683 c -tJX(I3 DM4 4460

831 UX(m+953 = UXCI) DA4 4470

DO 82 1=1,NLLZPI DM4 4480

M 136*(I-ll DA 400
UX(M*351 = 2.00 * UX(M*35) DAH 4510

82 UX(M469) &. -UX(M+35) DAN 4510

ICODE(35) = 6 DAN 4520
ICUDE(69) = 6 DAN 4530

ICODE(13) = 3 DAN 4540

ICODE(87) r3 DAN 4550

9 RETURN DAN 4560

END
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SUBROUTINE TITLE TIH 10
TIH 20

C * . *** * ****** TIH 30
C TIH 40

C SUBROUTINE TITLE PRINTS THE HEADING ON EACH PAGE * TIM 50
C * *TIH 60

L. *************** * TIM 70
C TIH 80

IMPLICIT REAL*8 (A-HO-Z) TIH 90
COMMON / HEAD / HED(1OJICRDIWRT,1PAGELINE TIH 100

100 FORMAT (IHI,'FEM 72-DOF GENERAL HEXAHEORONS THERMO-ELASTIC, VARYINTIH 110

IG MATERIAL PROPFRTIES, DANA't 9Xt 'PAGE't 131 TIH 120

101 FORMAT (1HO,10A8 ) TIH 130

WRITE (IWRT,1003 IPAGE TIH 140

WRITE CIWRTi,01 HED TIH 150

IPAGE= IPAGE +1 TIH 160

LINE = 0 TIH 170

RETURN TIH 180

END TIH 190
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SUISNOUT INE M00L1' 11

c SUBROJUTINE MOUF DUES IJOTHING -- THIS SUFW11UTIN; rAN BIE USEU TO t MOH
C *MOUlIFY ANY INFURMATIDN THAT HAS BEEN (,ENEQATED v t MIf

C * t MUll

IMPLICIT REAL*A (A-fIC-1) MOH
IN~tibER*2 IX, !CUUbf IDPIXI, MT~LNI) MUN
COM.4UN /GENMAT/ X(IUL5)tY(1015),11(1015),UX( IUI5)UYI 1015),UlI 1015)MOH
1 9 MPNL)(10152t fICIMP, MU14
2 ALFA1C1O),ALFA2(1O2,ALFA3(1IFIBURT(1l,1(U,9O),ItIPEL(Ou),IlrIMI
3 NTMP)(1O1,IX(144,27),ICCUE(iO159LIPJXI1t,.11),MTLND(1015) MOH
COMMON / GENLI / IMPINTt EPSIMP, AX, BY# Cl, TllELLXvTHELLYtLLImUH4

1 NL, NINP, N(.LOF9 toiL, NTYEL9 LMTMP, NLLX, NE-L'r NELl, ICLASSMOH
2 9 ITYTO, NI:1X31, NELY31, NELZI MUN
C(W4UN / LIAU HEU(10)tICRDIWRTvIPAGFtLINt MOH
RETURHN Mili
END MOHI
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